Comprehensive Training Curriculum for Commercial Refrigeration Service Technicians
Introduction

This document provides a formal training curriculum for aspiring commercial refrigeration
service technicians. It is structured to build knowledge progressively, commencing with
foundational scientific and safety principles. The curriculum then advances through the core
refrigeration cycle, detailed component analysis, and complex system diagnostics. It culminates
in an exploration of specialized equipment and the essential professional business practices
required for a successful career in the HVACR industry.

Module 1: Foundations for the HVACR Technician

Before a technician can master the complexities of refrigeration-specific systems, they must
possess a strong and unwavering grasp of the underlying principles of mathematics, physics,
thermodynamics, and safety. This foundational knowledge is non-negotiable for professional
competence. It is the bedrock upon which all advanced skills are built, ensuring that every
diagnostic decision and service procedure is grounded in a solid understanding of how and why
these systems operate.

1.1 Applied Mathematics and Sl Units

A technician's daily tasks are deeply rooted in applied mathematics. Proficiency in basic
arithmetic—addition, subtraction, multiplication, and division—as well as comfort working with
fractions, decimals, and percentages is essential. For example, calculating the pressure exerted
by a unit (Pressure = Force / Area) or the volume of a refrigerant receiver (Volume = \pi r*2 h)
requires these fundamental skills for tasks like calculating system loads, refrigerant charges,
and other critical values.

S| Unit Description Symbol

Mass The quantity of matter a body kg
contains.

Pressure [The force per unit area. Pa

Force That which produces or tends [N
to produce a change in motion.

Energy The capacity of a body or J
substance to perform work.

Power The rate of doing work. W

The concept of unit analysis is a critical skill for preventing calculation errors on the job. It
involves ensuring that units in an equation cancel out correctly to yield the expected unit in the
answer. For example, when converting millimeters to centimeters, a technician must know to
divide by 10. A quick unit analysis confirms the operation:

109 mm \times (1 cm /10 mm) = 10.9 cm

The mm units cancel out, leaving the desired cm unit. Performing this check prevents costly and
dangerous calculation mistakes.



1.2 Principles of Mechanics, Power, and Energy

A technician's work involves the constant application of mechanical principles. Understanding
these core concepts is fundamental to understanding how refrigeration components function.
Mass: The quantity of matter that a body contains.
Force: A push or pull that produces, or tends to produce, a change in a body's motion.
Velocity: The rate of change of a body's position in a specific direction.
Acceleration: The rate of change of velocity.
Pressure: The force acting per unit of area.
These concepts are linked by the fundamental relationship Force = Mass x Acceleration. This
principle has direct practical implications; it explains how a compressor imparts force to a mass
of refrigerant vapor to accelerate it and increase its pressure, or how a fan imparts force to a
mass of air to move it across a coil.
Furthermore, a technician must understand the concepts of Work, Power, and Energy:

e Work is performed when a force moves an object over a distance (Work = Force \times

Distance).

e Power is the rate at which work is done (Power = Work / Time).

e Energy is the capacity to perform work.
These concepts directly relate to the efficiency and ratings of HYACR components. A
compressor's horsepower rating is a measure of its power, while a system's cooling capacity is
rated in energy units over time (e.g., Btuh, or British thermal units per hour).

1.3 Introduction to Thermodynamics

Thermodynamics is the study of heat and its conversion to other forms of energy. For a
refrigeration technician, it is the science that explains the entire refrigeration process. Heat
transfer occurs in three primary modes, all of which are present in a refrigeration system:

e Conduction: Heat transfer through a solid material. Example: Heat from the refrigerated
space conducts through the metal fins and tubing of the evaporator coil.

e Convection: Heat transfer through the movement of a fluid (liquid or gas). Example: A fan
creates forced convection, moving warm air from the refrigerated space across the
evaporator coil.

e Radiation: Heat transfer via electromagnetic waves. Example: A hot condenser coil
radiates heat into the surrounding ambient air.

Heat itself is categorized into two types, and understanding the difference is critical:

e Sensible Heat: Heat that, when added or removed, causes a change in a substance's
temperature but not its state.

e Latent Heat: "Hidden" heat that, when added or removed, causes a change in a
substance's state (e.g., liquid to vapor) without changing its temperature. Understanding
latent heat is absolutely essential to comprehending the refrigeration cycle. For example,
it takes 970 Btu of latent heat to change one pound of water at 212°F into steam at 212°F,
demonstrating the immense energy transfer involved in a change of state.

Temperature is measured using four common scales: Fahrenheit (°F), Celsius (°C), Rankine
(°R), and Kelvin (K). Fahrenheit and Celsius are relative scales, while Rankine and Kelvin are
absolute scales where zero represents the theoretical point of no molecular motion (absolute
zero).



1.4 Workplace Safety and Professional Conduct

A technician's most important tool is their commitment to safety. This begins with the consistent
use of Personal Protective Equipment (PPE), including:

e Eye Protection: Safety glasses or goggles to protect against flying debris and chemical
splashes.

e Hearing Protection: Earmuffs or earplugs in noisy mechanical rooms.

e Respiratory Protection: Respirators or masks when working with dust, fumes, or certain
chemicals.

Technicians handle potentially dangerous substances daily. The Workplace Hazardous
Materials Information System (WHMIS) provides a framework for managing these risks
through three core components:

e Labeling: Standardized labels on hazardous products that identify their risks.

e Material Safety Data Sheets (MSDS): Detailed documents providing information on a
product's properties, hazards, and safe handling procedures.

e Employee Training: Education that ensures technicians understand how to read labels,
interpret MSDSs, and work safely with controlled products like refrigerants and cleaning
chemicals.

With this foundation in universal scientific and safety principles, we can now apply them to the
specific processes of the commercial refrigeration cycle.



Module 2: Fundamentals of the Refrigeration Cycle

This module is the theoretical core of the curriculum. It deconstructs the refrigeration cycle,
introducing the primary components and the physical laws that govern their interaction to move
heat from one space to another. The refrigeration cycle is a continuous process of changing a
refrigerant's state to absorb heat in one location and reject it in another. A complete mastery of
this cycle is the essential first step toward diagnosing any refrigeration system.

2.1 The Refrigeration Cycle Explained

The refrigeration cycle moves heat by continuously circulating, evaporating, and condensing a
refrigerant in a closed system. The cycle can be described as follows: Low-pressure,
low-temperature liquid refrigerant enters the evaporator. Inside the evaporator, it absorbs heat
from the refrigerated space and boils, changing into a low-pressure vapor. This vapor is drawn
into the compressor, which compresses it into a high-pressure, high-temperature superheated
vapor. This hot vapor then flows to the condenser, where it rejects heat to the surrounding
environment, causing it to condense back into a high-pressure liquid. This liquid then passes
through a metering device, which creates a pressure drop, turning it back into a low-pressure,
low-temperature liquid, ready to repeat the cycle.

The entire system is divided into two distinct sides based on pressure:

Low-Pressure Side High-Pressure Side

Components: Metering device, evaporator, Components: Compressor, discharge line,
suction line. condenser, receiver, liquid line.

Refrigerant State: Low-pressure saturated Refrigerant State: High-pressure superheated
mixture in the evaporator, becoming a vapor in the discharge line, becoming a
low-pressure superheated vapor in the suction fhigh-pressure subcooled liquid in the liquid line.
line.

2.2 The Four Core System Components

The refrigeration cycle is driven by the interaction of four essential components:

e Evaporator: The evaporator absorbs heat from the refrigerated space, causing the liquid
refrigerant inside to boil into a vapor.

e Compressor: The compressor acts as a vapor pump, pulling low-pressure vapor from the
evaporator and compressing it into a high-pressure, high-temperature vapor.

e Condenser: The condenser rejects the heat absorbed by the evaporator (plus the heat of
compression) to the surrounding environment, condensing the high-pressure vapor back
into a high-pressure liquid.

e Metering Device: The metering device controls the flow of liquid refrigerant into the
evaporator and creates a pressure drop, reducing the high-pressure liquid to a
low-pressure liquid.



2.3 Comparing Commercial Refrigeration and Air Conditioning

While commercial refrigeration and air conditioning (AC) operate on the same fundamental
cycle, their applications and operating conditions differ significantly. The primary difference lies
in the temperature of the space being cooled and, consequently, the required evaporator
temperature and pressure.

e An AC system cools a 75°F space, requiring an evaporator to operate at approximately
40°F. For a system using R22 refrigerant, this corresponds to an evaporator pressure of
69 psig.

e In contrast, a medium-temperature commercial refrigeration system cools a 35°F space.
To absorb heat from this colder environment, the evaporator must operate at an even
lower temperature, typically around 25°F. For the same R22 system, this requires
reducing the evaporator pressure to 49 psig. This lower operating pressure places
different demands on the system, particularly the compressor.

2.4 Modern Refrigerants and Pressure-Temperature Relationships

The Pressure/Temperature (P/T) relationship is a physical law stating that for a given
refrigerant in a saturated state (a mix of liquid and vapor), its temperature is directly dictated by
its pressure. This relationship is a technician's most powerful diagnostic tool. By measuring the
pressure of the refrigerant in the evaporator or condenser, a technician can use a P/T chart to
determine its saturation temperature.
Modern systems often use blended refrigerants, which are mixtures of two or more
single-component refrigerants. These blends do not have a single boiling/condensing point at a
given pressure. Instead, they have a temperature range known as "glide." For these
refrigerants, technicians must use two values from the P/T chart:
e Dew Point: The temperature at which the last bit of liquid boils into a vapor. This value is
used to calculate superheat.
e Bubble Point: The temperature at which the first bit of vapor condenses into a liquid. This
value is used to calculate subcooling.
Having reviewed the refrigeration cycle at a high level, the curriculum will now proceed to a
deep dive into the specific design, function, and service considerations of each core component.



Module 3: In-Depth Component Analysis

With a foundational understanding of the refrigeration cycle, the curriculum will now dissect
each of the four primary components in detail. This module moves beyond what each
component does to how it does it, covering design variations, operational physics, and common
issues a technician will encounter. Mastering the nuances of each component is essential for
accurate diagnostics and effective service.

3.1 Evaporators: Heat Absorption and Humidity Control

The evaporator has two primary functions: to absorb heat from the refrigerated space and to
dehumidify the air. As air passes over the evaporator coil, which operates below the dew point
temperature of the air, moisture condenses on the cold surfaces and is removed via a
condensate drain line.
Two key measurements are used to diagnose evaporator performance:
e Temperature Difference (TD): The difference between the temperature of the air entering
the evaporator and the saturation temperature of the refrigerant inside the coil.
e Superheat: The amount of sensible heat added to the refrigerant vapor after all the liquid
has boiled off. It is a critical measure to ensure that only vapor returns to the compressor.
To measure superheat, a technician:
1. Measures the suction pressure at the evaporator outlet and uses a P/T chart to find the
corresponding saturation temperature.
2. Measures the actual temperature of the suction line at the same point (typically where the
TEV sensing bulb is located).
3. Subtracts the saturation temperature from the actual line temperature. The result is the
superheat. As a rule of thumb, 10°F of superheat is usually adequate for commercial
refrigeration systems.

Common evaporator problems are defined by their superheat readings:

e Flooding: A condition where liquid refrigerant is returning to the compressor. This is
indicated by very low superheat (e.g., below 5°F on a system designed for 10°F).

e Starving: A condition where the evaporator is not receiving enough refrigerant. The
refrigerant boils off too early in the coil, leading to poor performance and high superheat
(e.g., above 20°F on a system designed for 10°F).

Because they operate at or below freezing, evaporators accumulate frost, which must be
periodically removed. The three primary defrost methods are:

e Air Defrost: Used for medium-temperature applications (above 33°F). The compressor
cycles off, but the evaporator fans continue to run, circulating the relatively warm box air
over the coil to melt the frost.

e Electric Defrost: Used for low-temperature freezers. Electric heating elements are
energized to melt frost and ice from the coil. This method is effective but consumes
significant electrical energy.

e Hot Gas Defrost: Used primarily in supermarkets for its speed and efficiency. Hot
discharge vapor from the compressor is diverted directly into the evaporator to melt ice
from the inside out. While more energy-efficient than electric defrost, it requires more
complex piping and controls.



3.2 Condensers: Heat Rejection and Subcooling

The condenser is the mirror image of the evaporator; its function is to reject the heat absorbed
by the evaporator, plus the heat of compression. This process occurs in three distinct phases:
1. De-superheating: The hot discharge gas from the compressor is cooled to its condensing
(saturation) temperature.
2. Condensing: The refrigerant changes state from a high-pressure vapor to a
high-pressure liquid at a constant temperature.
3. Subcooling: After all the vapor has condensed, the liquid refrigerant is cooled further
below its saturation temperature.
Maintaining adequate subcooling is critical to prevent flash gas—the premature vaporization of
liquid refrigerant in the liquid line due to a pressure drop. Subcooling ensures a solid column of
liquid reaches the metering device.
A key diagnostic indicator for condenser performance is the Condenser Split (CS), which is the
temperature difference between the refrigerant's condensing temperature and the ambient air
entering the condenser. For example, if a unit is designed for a 30°F CS and is operating in
95°F ambient air, its condensing temperature should be approximately 125°F.
Proper maintenance is crucial for condenser efficiency. For air-cooled condensers, this involves
regular cleaning of coils and fan blades. Technicians must use appropriate, non-damaging
chemical cleaners and always wear proper PPE. For water-cooled condensers, maintenance
involves cleaning mineral scale buildup from water tubes using brushes or circulating approved
acid cleaners.

Condensers that operate year-round must have Low-Ambient Controls to maintain adequate
head pressure in cold weather. Common methods include:
e Fan Cycling/Speed Controls: Using pressure or temperature switches to cycle fans off
or vary their speed to reduce airflow.
e Condenser Flooding: Using a Head Pressure Regulating (HPR) valve to back up liquid
refrigerant in the condenser, reducing the available surface area for heat transfer and thus
raising the head pressure.

3.3 Compressors: The Heart of the System

The compressor is the heart of the refrigeration system, pumping refrigerant vapor throughout
the cycle. lts primary function is to increase the pressure and temperature of the refrigerant. A
key performance metric is the Compression Ratio, calculated by dividing the absolute
discharge pressure by the absolute suction pressure.

The importance of matching a compressor to its application is clear when comparing
compression ratios. For example, consider two R404A systems with a 125°F condensing
temperature (approx. 320 psia):

e An AC compressor designed for a 45°F evaporator (approx. 100 psia) operates at a low
compression ratio of 3.2:1 (320 \div 100).

e A freezer compressor for a -20°F evaporator (approx. 25 psia) must operate at a much
higher compression ratio of 12.8:1 (320 \div 25). Using an AC compressor in a freezer
application would subject it to a compression ratio nearly four times higher than its design,
leading to extreme heat of compression and rapid failure.

Proper lubrication is critical to compressor longevity. Oil circulates with the refrigerant and must



return to the compressor crankcase. The entire system's piping must be correctly sized and
installed to ensure this oil return.
Failure to manage liquid refrigerant can lead to catastrophic compressor failure:

e Flooding: The return of liquid refrigerant to the compressor crankcase during operation.
This dilutes the oil, causing bearing wear and eventual failure.

e Slugging: A severe form of flooding where a large volume of liquid refrigerant or oil is
drawn directly into the cylinder. Since liquids cannot be compressed, this results in almost
immediate mechanical failure, such as broken reed valves or blown head gaskets.

On systems with varying refrigeration loads, compressor capacity control is necessary to
prevent short-cycling and maintain stable operating pressures. The two most common methods
are:

e Hot Gas Bypass: Diverts a small amount of hot discharge gas to the low-pressure side of
the system to create an artificial load, preventing suction pressure from dropping too low.

e Unloaders: A mechanism in the compressor head that temporarily prevents one or more
cylinders from compressing vapor, effectively reducing the compressor's pumping
capacity.

3.4 Metering Devices: Refrigerant Flow Control

The metering device has two primary functions: it creates a pressure drop between the high
and low sides of the system, and it controls the rate of liquid refrigerant flow into the evaporator.
The most common type in commercial refrigeration is the Thermostatic Expansion Valve
(TEV). A TEV is a modulating valve that works to maintain a constant superheat at the
evaporator outlet. Its operation is governed by a balance of three fundamental pressures:

e Bulb Pressure (Opening Force): The pressure of a refrigerant charge inside a sensing
bulb, which is strapped to the suction line. As the suction line warms, pressure increases,
pushing the valve open.

e Evaporator Pressure (Closing Force): The pressure at the evaporator outlet, which
pushes up on the diaphragm, tending to close the valve.

e Spring Pressure (Closing Force): An adjustable spring pressure that also pushes the
valve closed.

For larger evaporators with significant pressure drop, an externally equalized TEV is required.
It senses evaporator pressure at the coil outlet, rather than the inlet, providing a more accurate
signal for controlling superheat.

Proper TEV bulb placement is crucial for correct operation. Using a clock face analogy for a
horizontal suction line, the bulb should be placed between the 8 o'clock and 4 o'clock positions
(e.g., at 10 o'clock) to sense vapor temperature accurately without being influenced by any
liquid oil flowing along the bottom of the pipe.

Other common metering devices include:

e Capillary (Cap) Tube: A long, narrow copper tube that provides a fixed restriction. Cap
tube systems are charged with a precise, "critical charge" of refrigerant and are less
responsive to load changes than TEV systems.

e Electronic Expansion Valve (EEV): Uses a small motor to precisely control the valve
opening. It receives input from a pressure transducer and a temperature sensor
(thermistor) to maintain a highly accurate superheat setting, improving system efficiency
and control.



Now that the individual components have been analyzed, the next module will examine the
controls and accessories that integrate them into a fully functional system.

Module 4: System Controls and Accessories

Individual components of a refrigeration system are tied together by a network of controls and
accessories that ensure safe, efficient, and automated operation. These devices are the
nervous system and supporting organs that allow the core components to function as an
integrated whole. This module explores these critical devices, from simple thermostats to
complex oil safety controls, providing the knowledge needed to understand the complete system
logic.

4.1 Operating and Safety Controls

Thermostats are the primary operating controls, cycling the refrigeration system on and off to
maintain a desired temperature. In commercial refrigeration, they come in two main types:

e Air-Sensing Thermostats: Monitor the return air temperature in the refrigerated space. A
differential of 3°F to 5°F prevents short-cycling.

e Coil-Sensing Thermostats: Use a remote bulb placed in the evaporator coil fins. These
are often used on medium-temperature units to ensure the coil fully defrosts during the
off-cycle before the compressor is allowed to restart.

Pressure controls serve both operational and safety functions and are divided by which side of
the system they monitor:

Control Type Primary Purpose Typical Setting & Reset

Low-Pressure Control Can act as a temperature Settings vary by application.
control (in TEV systems) or as [Typically an automatic reset
part of a pump-down cycle. device.

Shuts the compressor off when
suction pressure drops to a set

point.
High-Pressure Control A safety device that shuts the [Set well above normal
compressor off if discharge operating pressure. Must be a

pressure exceeds a safe limit |manual reset device to force a
(e.g., due to a dirty condenser [technician to investigate the
or failed fan). cause of the high pressure.




4.2 Ancillary Components

Several other components are essential for the proper function and serviceability of a
refrigeration system.

Solenoid Valves: Electrically operated valves used to stop the flow of refrigerant. They
are a key component in a pump-down system, where the thermostat closes a liquid line
solenoid valve, allowing the compressor to pump the remaining refrigerant out of the low
side before shutting off on the low-pressure control. This prevents liquid refrigerant
migration during the off-cycle. Pump-down systems can be automatic (restarting on a
pressure rise) or one-time (requiring the thermostat to call for cooling again).

Receiver: A storage tank for liquid refrigerant located on the high side, after the
condenser. It ensures a solid column of liquid is available to the metering device under all
operating conditions and holds excess refrigerant in systems with condenser flooding
controls.

Filter Drier: Installed in the liquid line to remove moisture, acid, and solid contaminants
from the refrigerant. A core rule of thumb is that the filter drier must be replaced whenever
the system is opened for repairs.

Sight Glass: A small window in the liquid line that allows a technician to visually inspect
the condition of the refrigerant. A clear sight glass indicates a solid column of liquid, while
bubbles can indicate a low charge or a restriction.

Suction Line Accumulator: A tank installed in the suction line before the compressor. Its
purpose is to trap any liquid refrigerant, especially after a defrost cycle, and allow it to
vaporize before returning to the compressor, protecting it from liquid floodback.

4.3 Oil Management Systems

On larger systems, especially supermarket racks, managing compressor oil is critical.

Oil Separator: Installed in the compressor discharge line. It separates oil droplets from
the hot discharge gas and returns the oil directly to the compressor crankcase before it
can circulate through the entire system.

Oil Safety Control: A safety device that monitors the net oil pressure of the compressor.
Net oil pressure is the difference between the oil pump's discharge pressure and the
suction pressure in the crankcase. If this differential drops below a safe level for a set time
period (e.g., 120 seconds), the control will shut down the compressor to prevent
catastrophic failure due to lack of lubrication.

Having explored the parts and controls that make up a complete system, the curriculum now
moves from the "what" to the "how-to," focusing on the practical skills needed to install, service,
and repair these systems.



Module 5: Essential Service and Installation
Procedures

This section of the curriculum shifts from theoretical knowledge to the core hands-on skills every
technician must master. A deep understanding of refrigeration theory is useless without the
ability to apply it through correct service procedures. This module covers the critical tasks of
handling refrigerant, retrofitting older systems, and correctly installing refrigerant piping to
ensure long-term system reliability and performance.

5.1 Refrigerant Handling: Recovery, Evacuation, and Charging

Proper refrigerant handling is mandated by law and is essential for system performance. The
three key procedures are:

e Recovery: The process of removing refrigerant from a system into an approved recovery
cylinder before performing repairs. For large systems, the "push-pull" method can speed
up the recovery of liquid refrigerant.

e Evacuation: After repairs are completed, a vacuum pump is used to evacuate the
system, removing air and non-condensable gases. Critically, this process also boils off
any moisture inside the system. A deep vacuum is measured in microns. While a single
evacuation to 500 microns is standard, a triple evacuation (evacuating, breaking the
vacuum with dry nitrogen, and evacuating again) is necessary for systems that have been
exposed to significant moisture.

e Charging: The process of adding the correct amount of refrigerant to a system.

o Charging by Weight: For critically charged systems (like those with capillary
tubes), an electronic scale must be used to weigh in the precise amount of
refrigerant specified by the manufacturer.

o Charging by System Readings: For TEV systems, refrigerant is added until
performance indicators are normal. The primary method is to charge until the
condenser split and subcooling match the manufacturer's design specifications for
the given ambient temperature.

When charging systems that use HPR valves for low-ambient control, technicians must add
extra refrigerant to "flood" the condenser coil in cold weather. This additional charge is
calculated based on the condenser's total volume and the required percentage of fill needed for
the target low ambient temperature. For example, if a condenser holds 10 pounds of refrigerant
and the manufacturer's chart indicates it must be 75% full to maintain pressure at +10°F
ambient, the technician must add an additional 7.5 pounds of refrigerant beyond what is needed
for a clear sight glass in warm weather.



5.2 System Retrofitting and Oil Management

Refrigerant retrofitting is the process of modifying an existing system to use a new, different
type of refrigerant, typically to replace an older, ozone-depleting refrigerant.

A primary concern during retrofitting is oil miscibility—the ability of the refrigerant oil to mix
with and be carried by the refrigerant. If the new refrigerant is not miscible with the old oil, the oil
will not return to the compressor, leading to lubrication failure. Proper oil changes are therefore
essential.

Retrofit Scenario Required Oil Change
CFC (e.g., R-12) to HCFC Replace at least 50% of the mineral oil with
alkylbenzene oil.
CFC (e.g., R-12) to HFC (e.g., R-134a) Replace at least 95% of the mineral oil with
olyolester (POE) ail.

5.3 Refrigerant Piping: Best Practices for Installation

Correct installation of refrigerant piping is arguably the most important factor in ensuring
long-term compressor reliability. Suction lines must be correctly sized, sloped, and trapped to
ensure that oil, which circulates with the refrigerant, is properly returned to the compressor.
When the condenser is located above the evaporator, suction line risers present a challenge to
oil return. The following rules must be observed:
e The horizontal suction line leaving the evaporator must be sloped down toward the
compressor at a rate of at least 1/16" per foot.
e A P-trap must be installed at the bottom of any vertical suction riser to collect oil, which
can then be carried up the riser by the velocity of the refrigerant vapor.
Drain lines for both refrigerators and freezers must also be piped correctly:
e Refrigerator drain lines require a P-trap to prevent warm, moist air from being drawn back
into the refrigerated space.
e Freezer drain lines must be sloped steeply and be wrapped with a properly installed and
functioning heat tape to prevent the condensate from freezing and blocking the line.

5.4 Walk-In Box Installation

The successful installation of a walk-in box begins with the very first step.

e Ensure a level floor. This is the single most critical step. If the floor is not level, the
insulated panels will not lock together correctly, and the door will not form a proper seal,
leading to constant air leakage, excessive frost, and poor performance.

Proper door hardware is essential for maintaining a good seal and ensuring safety. This
includes:

e Cam-lift hinges: These hinges lift the door slightly as it opens, allowing its own weight to
help it swing shut.

e Door closers: A spring or hydraulic device that pulls the door fully closed and latched.

e Pressure relief ports: A heated vent that allows air to move between the inside and
outside of a freezer as temperatures change, preventing a vacuum from forming that can
make the door difficult or impossible to open.

Knowledge of proper installation and service provides the context for the next critical skill: using
that knowledge to diagnose a malfunctioning system.



Module 6: Systematic Troubleshooting and
Diagnostics

This module represents the culmination of all previous learning, transforming theoretical
knowledge into practical diagnostic skill. Troubleshooting is a logical process of deduction, not
guesswork. It involves collecting accurate data, understanding how components should behave,
and methodically identifying the discrepancy between expected and actual performance. This
module provides a systematic framework for using temperature and pressure readings to
accurately diagnose the root cause of any system fault.

6.1 Interpreting System Readings

An accurate diagnosis relies on interpreting four critical system indicators:

1. Condensing Temperature (derived from head pressure)

2. Condenser Subcooling

3. Evaporator Temperature (derived from suction pressure)

4. Evaporator Superheat

Itis crucial to understand how different systems react to changing loads.

e A TEV system is designed to maintain a constant superheat. As the heat load on the
evaporator changes, the TEV will modulate to keep superheat steady while evaporator
and condenser pressures fluctuate.

e A Cap Tube system has a fixed metering device and a critical charge. As the heat load
changes, the amount of refrigerant fed to the evaporator remains relatively constant. This
causes the superheat to fluctuate significantly, rising under a high load and falling under a
low load.

6.2 A Systematic Approach to Diagnosis

Effective troubleshooting begins with disciplined information gathering. Before connecting
gauges, a technician should complete a System Information sheet to document the unit's design
conditions and the customer's complaint.

Once the four critical readings have been taken, they can be compared against a diagnostic
logic chart. The Refrigeration System Diagnostic Chart provides a method for
cross-referencing symptoms to identify a probable cause.

For example, a technician services a TEV system and finds the following symptoms:

Low condensing temperature

Low subcooling

Low evaporator temperature

High superheat

Bubbling sight glass

By circling the corresponding "X" for each symptom in the chart's rows, the technician would find
that Column 3, "Low Charge," has the most circled Xs, leading to a confident diagnosis.



6.3 Common Fault Scenarios and Their Signatures

Technicians will repeatedly encounter a set of common system faults. Understanding their
unique "signatures"—the pattern of readings they produce—is key to rapid and accurate

diagnosis.

Symptom

Possible Cause (TEV System)

Possible Cause (Cap Tube
System)

High Superheat

Low charge, restricted filter
drier, restricted TEV, TEV
adjusted too high, TEV bulb
issue.

Low charge, restricted filter
drier or cap tube, high heat load
(hot pull-down).

Low Superheat (Flooding)

Overcharge, TEV adjusted too
low, oversized TEV, TEV bulb
issue, low airflow over
evaporator.

Overcharge, low heat load, low
@irflow over evaporator.

High Subcooling

Overcharge, non-condensables
(air) in the system, restriction in
the liquid line after the
condenser.

Overcharge, non-condensables
(air) in the system.

Low Subcooling

Low refrigerant charge.

Low refrigerant charge.

High Head Pressure

Dirty condenser, condenser fan
failure, non-condensables,
overcharge, high ambient
temperature.

Dirty condenser, condenser fan
failure, non-condensables,
overcharge, high ambient
temperature.

Low Suction Pressure

Low charge, restricted metering
device, low airflow/load on

evaporator (iced coil).

Low charge, restricted metering
device, low airflow/load on

evaporator (iced coil).

Once a system-level diagnosis is made, the technician often needs to investigate
component-level failures, which frequently involve the electrical systems that drive and control

the compressor.




Module 7: Electrical Systems for HVACR Technicians

Mechanical refrigeration systems are driven and controlled by a complex array of electrical
components. A competent service technician must be as skilled with a multimeter as they are
with a gauge manifold, able to read a wiring diagram as fluently as a P/T chart. This module
covers the essential knowledge of compressor motors, controls, and electrical troubleshooting
needed to diagnose and repair the electrical heart of any refrigeration unit.

7.1 Single-Phase and Three-Phase Motor Theory

The fundamental difference between motor types lies in their power supply and starting method:

e Single-Phase (19) Motors: Common in smaller commercial equipment, these motors
operate on a single alternating current wave. Their magnetic fields are not inherently
rotating, so they require separate start and run windings. A phase shift must be created
between these windings to generate the initial torque needed to start the motor.

e Three-Phase (3@) Motors: Used in larger commercial and industrial equipment, these
motors operate on three overlapping alternating current waves. This creates a rotating
magnetic field, making them self-starting. They do not require start windings, relays, or
capacitors.



7.2 Motor Controls: Contactors, Relays, and Capacitors

Several components are used to control and assist compressor motors:

e Contactor vs. Motor Starter: A contactor is a heavy-duty relay used to switch
high-amperage loads like a compressor. A motor starter is a contactor that includes
integrated overload protection to de-energize the motor in an over-current situation.

e Capacitors: These components store an electrical charge and are used to create the
phase shift needed to start single-phase motors.

Capacitor Type

Function & Wiring

MFD Rating

Start Capacitor

Provides a large boost of
starting torque. Wired into the
start winding circuit temporarily
via a start relay only during
startup.

High capacitance, expressed
as a range (e.g., 145-174
MFD).

Run Capacitor

Improves motor running
efficiency and torque. Wired
into the circuit permanently and
remains energized while the
motor runs.

Low capacitance, expressed as
a specific value with a tolerance
(e.g., 25 MFD +6%).

e Start Relays: These devices switch the start capacitor and/or start winding out of the
circuit once the compressor is up to speed.

o Current Relay: Used on fractional horsepower compressors. An internal coil
senses the high starting current, closing contacts to engage the start winding. As
the motor speeds up and current drops, the contacts open.

o Potential Relay: Used on larger single-phase compressors. Senses the back-EMF
(voltage) generated in the start winding as the motor approaches full speed. When
this voltage reaches a specific pickup value, the relay coil energizes, opening its
normally closed contacts to disconnect the start capacitor.

7.3 Troubleshooting Compressor Electrical Failures

When a compressor fails to start, a technician must follow a systematic diagnostic process:
e Verify Voltage: Confirm that proper voltage is being supplied to the contactor and to the

compressor terminals.

e Test Start Components: If voltage is correct, check the start relay and start capacitor for
proper operation using a multimeter or capacitor tester.

e Check Windings: With power disconnected, use an ohmmeter to check the compressor
motor windings for continuity. Test for open windings, shorted windings (a reading
between start and run that is not the sum of the other two), or windings grounded to the

compressor shell.




Motor overloads are safety devices that protect the motor from overheating due to excessive
current draw. They can be internal (embedded in the motor windings) or external. A critical step
in diagnosis is to allow a tripped overload adequate time to cool down and reset before
attempting a restart or condemning the compressor. This can take several hours for an internal
overload.

Having covered the mechanical, thermodynamic, and electrical principles of refrigeration, the
curriculum now applies this knowledge to specific types of equipment commonly found in the
field.

Module 8: Specialized Commercial Refrigeration
Systems

While the fundamental principles of refrigeration are universal, their application varies
significantly across different types of commercial equipment. Each system presents unique
design characteristics, operational cycles, and service considerations that a technician must
understand. This module will explore the specific details of three major categories of commercial
equipment: walk-ins, commercial ice machines, and supermarket refrigeration systems.

8.1 Commercial Ice Machines

The process for making commercial cube ice differs significantly from that of a residential
refrigerator. Residential ice is cloudy because impurities and air are trapped as the water
freezes. Commercial ice is clear because water is continuously cascaded over a vertical
evaporator plate; as pure water freezes to the plate, the impurities are washed away and
drained at the end of the cycle.

The basic ice-making process consists of two distinct cycles:

e Freeze Cycle: Water is circulated over the refrigerated evaporator plate, gradually
building up a slab of clear ice.

e Harvest Cycle: The refrigeration system reverses, typically using hot gas defrost to
slightly warm the evaporator. This releases the ice slab, which then slides onto a cutter
grid (if applicable) and falls into the storage bin.

The single most critical maintenance task for any ice machine is the regular cleaning of the
entire water circuit. Scale buildup from mineral deposits in the water will accumulate on the
evaporator and other components, preventing proper ice formation and release. An approved,
nickel-safe ice machine cleaner must be circulated through the machine according to
manufacturer specifications to dissolve this scale.

When responding to a "No Ice" service call, the top three diagnostic steps are:

1. Verify the unit has power and water.

2. Check for obvious mechanical issues.

3. Determine if the failure is occurring in the freeze cycle or the harvest cycle.



8.2 Supermarket Refrigeration Systems

Supermarkets utilize large, complex refrigeration systems to manage a wide variety of loads.
The most common architecture is a Parallel Rack System. This design combines multiple
compressors in parallel on a single "rack" in a mechanical room. These compressors share
common suction and discharge headers and serve various refrigerated cases and walk-ins
throughout the store. Individual compressors cycle on and off based on the common suction
pressure to match the store's total refrigeration load.

To allow cases operating at different temperatures (e.g., a 36°F dairy case and a 26°F meat
case) to be connected to the same suction group, an Evaporator Pressure Regulator (EPR) is
used. This valve is installed at the outlet of the higher-temperature evaporators and maintains a
higher minimum pressure (and thus temperature) within those coils, regardless of the lower
pressure in the main suction header.

Supermarket systems are designed for energy efficiency, often incorporating Heat Reclaim. In
this process, the waste heat rejected by the refrigeration system's condenser is captured and
used to supplement the store's space heating and hot water systems. This dramatically reduces
the building's overall energy consumption, especially in colder climates.

8.3 Regulations and Professional Practices

A technician's work is directly tied to food safety and business profitability.

When a health inspector visits a facility, their primary refrigeration concerns are product
temperatures. According to FDA Food Code, refrigerated food must be held at a minimum of
41°F, and frozen food must be "frozen solid."

Itis crucial to understand that standard commercial refrigeration equipment is designed for
storage, not for the rapid pull-down of warm product. Overloading a unit with warm product will
exceed its capacity, causing the compressor to run continuously and the evaporator to freeze
into a solid block of ice.

Beyond technical skill, professional business practices are vital for success.

e Paperwork: Maintaining accurate and detailed service records, time sheets, and invoices
is not just administrative overhead; it is critical for tracking equipment history, ensuring
proper billing, and justifying repairs, all of which directly impact company profitability and
customer satisfaction.

e Pricing Models:

o Time & Material (T&M): The customer is billed for the technician's time plus the
cost of any parts. This can lead to customer uncertainty about the final cost.

o Flat Rate Pricing (FRP): The technician quotes a fixed price for a specific repair
from a pre-determined price book. This provides the customer with an upfront,
guaranteed price, leading to higher customer satisfaction and allowing the service
company to price based on value rather than just time.

This comprehensive training provides the technical knowledge, diagnostic skill, and professional
understanding necessary for a successful and rewarding career in the HVACR industry.



Appendix

A: Technician's Rules of Thumb (TROT) Compendium

Evaporator Superheat: 10°F is usually adequate for commercial refrigeration systems.
(Chapter 2)
Filter Drier Replacement: Filter driers must be replaced whenever the system is opened
for repairs. (Chapter 6)
Cap Tube Replacement: When replacing a capillary tube: Larger must be longer; smaller
must be shorter. (Chapter 5)
TEV Bulb Placement: Fasten the bulb to the side of the suction line. (Chapter 5)
Btuh to Horsepower Approximation: (Chapter 11)

o 1 hp = 8,000 Btuh for medium-temperature refrigeration

o 1 hp =4,000 Btuh for low-temperature refrigeration
Condenser Split (CS) Averages: (Appendix)

o AC units = 30°F

o Standard remote refrigeration condensers = 30°F

o High-efficiency condensers = 20°F and below

o Low-temperature refrigeration = 25°F
Subcooling Averages: (Appendix)

o Standard refrigeration systems = 10°F

o Minimum subcooling = 5°F

o Maximum subcooling = 20°F
Superheat Averages (TEV System): (Appendix)

o AC=15F

o Medium-temperature refrigeration = 10°F

o Low-temperature refrigeration = 5°F
Liquid Line Temperature Drop: The maximum temperature drop across a liquid-line filter
drier before it requires replacement is 2°F. (Chapter 6)
Retrofit Charging: Charge the unit to a head pressure equal to the original R12
refrigerant when retrofitting an R12 cap tube system with an HCFC refrigerant. (Chapter
9)



B: Glossary of Key Terms

Term

Definition

Compression Ratio

The ratio between the low and high side of a

system, determined by dividing the absolute

head pressure by the absolute suction
ressure.

Conduction The transfer of heat through a substance by
molecular action.

Convection The transfer of heat by the movement of a fluid
(a liquid or a gas).

Energy The capacity of a body or substance to perform
work.

Flash Gas \Vapor that is formed when a saturated liquid is
exposed to a drop in pressure.

Force That which produces or tends to produce a

change in the state of rest or motion of a body.

Latent Heat

Heat that causes a change of state of a
substance without changing its temperature.

Mass The quantity of matter that a body contains.
Power The rate of doing work.

Pressure Force per unit area.

Radiation The transmission of energy by means of

electromagnetic waves.

Sensible Heat

Heat that causes a change in temperature.

Subcooling Cooling liquid refrigerant below its condensing
(saturation) temperature.

Superheat The number of degrees a vapor is heated
labove its saturation temperature.

Work The product of a force and the distance through

which it moves.
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