
Core Essentials



Introduction

• NATE or North American Technician 
Excellence.

• Independent third party, nonprofit 
certification body.

• Installation and service tests available.

• Paper or electronic tests available.

• All tests must be proctored.



Prepare for the Test

• Don’t wait until the last minute.

• Study in a proper environment.

• Get plenty of sleep.

• Multiple sources

– Book

– Presentation/discussion

– Experience



Test Day

• Non-programmable calculator.

• Leave cell phone and any other electronic 
devices at home or in the car.

• #2 pencils.

• Photo ID.

• Test fee.

• Be on time.



Certification

• Must pass the Core to get any type of 
certification.

• Must then pass one of the specialties.

• Passing service tests automatically includes 
installation certification.



Test Format

• All test are multiple choice.

– There is only one correct answer.

• Core and installation tests are 50 questions.

• Service tests are 100 questions.
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Soft Skills

 Define soft skills.

 Communications.

 Math.

 Judgment.

 Ethics.

People skills.

Lesson Objectives



Define “Soft Skills”

• Communication.

• Math.

• Judgment.

• Ethics.

• People skills.



Communication

• Written

– Service reports:

• A legible summary.

– Proposals:

• Proper detail without slang and technical terms.

– Invoices.

– Service Manuals:

• Doing things in proper order; and

• Unwritten instructions.



Communication

• Oral:

– Directions from the supervisor.

– Information from the customer.

– Instructions and training the customer.

– Never use foul language or discuss items that may 
offend some people.



Communication

• Listening:

– Listening without interrupting;

– Respond appropriately  by nodding and body 
language to let people know you are paying 
attention;

– Look for feedback when you are talking; and

– Ask questions and repeat instructions to insure 
you have heard them correctly.



Computers

• Used for a variety of jobs in today’s business 
world.

• Hardware to run the programs.

• Software to provide programs for many 
different tasks:

– Service tickets;

– System design; and

– Proposals.



Math

• Basic math skills are important to the 
technician.

• Calculators can be used but you need to know 
how to enter the information.

• NATE provides several formulas on the test:

– You need to know how to put the numbers into 
the equations.



Math



Math

• The technician should know how to calculate 
basic problems not on the formula page:

– Percentages:

• Discounts;

• Markups; and

• Leak rates.

– Temperature conversions:

• °C = °F – 32/1.8; and

• ° F = °C X 1.8 + 32.



Ethics and Conduct

• Always represent yourself and your company 
in a professional manner:

– Be as neat and clean as possible;

– Arrive on time for appointments;

– Be aware of cultural and religious differences; and

– Never talk bad about others.



Ethics and Conduct

• Alcohol and drugs have no place in the work 
environment:

– Never arrive at work, even after normal hours, 
with alcohol on your breath.

– Prescription drugs could have side effects that 
may influence your safety or judgment.

– Smoking is far less acceptable than it once was:

• Never smoke in a customers home or business; and

• Be conscious of the odor on yourself and your clothes.



Ethics and Conduct

• Honesty and loyalty are very important 
characteristics for a technician:

– Be truthful and provide honest answers to 
customers.

– Explain the options and benefits.

– Avoid opinions.

– Be loyal to your employer and follow the rules:

• Side jobs; and

• Use of the company truck.



Interpersonal Relations

• All of your communication skills effect how 
well you work with customers, supervisors, 
and coworkers.

• Always be respectful.

• Keep your cool when they are upset.

• Educate the customer:
– Explain the features of their equipment and the 

benefits of each.

• Happy customers mean repeat business.



Contracts

• A contract is as simple as someone agreeing to 
do something in exchange for something else.

• Written contracts are used to help avoid 
misunderstandings.
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Lesson Objectives

 Tubing tools.

 Measuring temperature and humidity.

 Measuring pressure.

 Refrigerant tools.

 Air measurements.

 Soldering and brazing.



Basic Tools

• The technician uses a large number of 
common hand tools such as screwdrivers, 
hammers and wrenches.

• This lesson will attempt to review some of the 
more specialized HVACR tools.



Tubing Tools

• Copper tubing is commonly used for 
refrigerant in HVACR systems.

• Tubing must be cut, bent and joined:

– Hack saws and power saws should not be used.



Tubing Cutters

• Cut tubing squarely without shavings.



Cutting Cap Tube 

• Cap tube should be scored with a triangular 
file or knife edge file, and then snapped.

• A special cap-tube cutter also may be used.



Deburring

• Deburring the tubing is important to eliminate 
restriction and turbulence in the pipe.



Tube Benders

• Only soft drawn copper can be bent.

• Tube benders should be used to prevent 
kinking or reducing the pipe diameter.



Flaring Tool

• A flaring tool is used to make a removable 
joint in copper tubing.

• Only soft-drawn copper
can be flared.



Swaging Tool

• Swaging tools expand the
pipe to create a bell fitting.

• The swaged joint eliminates
the use of a coupler.

• The swaging tool can only be used on soft-
drawn copper.



Measuring Temperature

• Glass-stem thermometers are often used due 
to their accuracy.

• They are very fragile and must be treated with 
great care.



Measuring Temperature

• Dial stem thermometers are often used due to 
their relatively low cost and durability.



Measuring Humidity

• The sling psychrometer is used to measure 
humidity.

• Two thermometers are placed on a board:

– One plane serves as the dry bulb; and

– One with a moistened cloth wick is the wet bulb.



Sling Psychrometer

• The sling psychrometer is spun in the air.

• As moisture evaporates from the wick it cools 
the wet-bulb thermometer.

• The deference between the wet-bulb and dry-
bulb temperature can be used to determine 
relative humidity.



Digital Psychrometer

• Digital  version provides wet bulb, dry bulb, 
relative humidity and dew point.



Manifold Gauge Set
• The manifold set allows the
technician to read the pressure
in the system and determine the 
boiling and condensing points.

• The manifold set also allows 
access to add or remove 
refrigerant from the system.



Differential Pressure Gauge

• Used to measure pressure drop 
between two points or pressure 
in relation to atmosphere such 
as static pressure.

• One side of blower to the other.

• Pressure drop across filter coil.



Vacuum Pump

• Provides a deep vacuum to remove moisture 
and noncondensibles before charging a 
system.



Vacuum Gauge

• Vacuums are measured in microns (one one-
thousandth of a millimeter).

•Deep vacuums of 500 
microns or less will 
require a special gauge to 
measure.



Leak Detectors

• Leak detectors are used to check for leaks in 
the refrigerant system:

– Soap bubbles;

– Electronic; and

– Ultrasonic.



Recovery Machine

• Recovery machines are required to remove 
refrigerant from a system for proper repair or 
disposal.



Charging Scale

• Used to weigh the proper refrigerant charge 
into a system.

• Used to track refrigerant use
and recovery to comply with
Section 608 of the Clean Air Act.



Differential Pressure Gauge

• Mechanical or diaphragm style.
• Measures (in. w.g.)

Magnehelic gauge.

• Handheld digital.



Vane Anemometer

• Uses a fan blade to measure air velocity in feet 
per minute:
– Can be used with the duct size to

determine volume.



Balometer/Flow Hood

• Measures airflow by 
catching and directing all 
airflow through a hood.



Velometer

• Measures total pressure and static pressure to 
determine velocity in the duct.



Soldering and Brazing

• Both methods are commonly used to join copper 
tubing.

• Soldering is often referred to as soft solder:

– Lower melting temperature of the filler material.

• Brazing is often referred to as hard solder:

– Higher melting temperature above 800°F.

• Brazing with silver bearing brazing rod generally 
does not require flux for copper to copper joints:

– Flux is required for copper to brass or steel.



Oxyacetylene Torch

• Generally used when brazing to provide the 
higher temperature required.



Electrical Test Meters

• Frequently needed to test voltage, current and 
resistance.
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Lesson Objectives

 Housekeeping.
 Eye protection.
 Service vehicles.
 Hazardous materials.
 Refrigerants and cylinders.
 Fire hazards.
 Confined space.
 Ladders.
 Electrical safety.



Safety

• Safety begins with you.

• Follow safety precautions and regulations.

• Wear proper PPE.

• Report accidents and hazards.

• No pranks or horseplay on the job site.



New Employee

• New Employees on the work site should be 
shown:

– Job and safety manuals;

– First aid station;

– Fire extinguishers;

– Exits;

– Work hazards; and

– Emergency procedures.



Housekeeping

• Maintaining a clean and orderly worksite helps to 
reduce safety hazards.

• Keep materials stored neatly and out of the way 
of work while maintaining clear isles.

• Remove empty packaging and scrapes on a daily 
basis to prevent slips, trips and fire hazards.

• Replace burned out light bulbs.

• Keep fire extinguishers accessible and properly 
maintained.



Eye Protection

• Proper eye protection is important on every 
job.

• One type does not cover all situations.

• Make sure eye protection fits properly, stays 
on securely and fits comfortably:

– Eye protection dose not work if you are not 
wearing it.



Goggles

• Goggles provide a tighter fit and should be 
worn when working overhead or when 
generating dust and flying particles.



Glasses

• Safety glasses are the minimum eye 
protection and must be equipped with side 
shields.



Face Shield

• A face shield provides some protection to the 
whole face and should be worn when there are 
splash hazards.



Reporting Accidents

• All accidents should be reported.

• Serious accidents require a full investigation.

• All accidents should be reviewed and 
procedures changed to prevent future 
accidents.



Service Vehicles

• Service vehicles are an extension of your work 
site, practice proper housekeeping.

• Keep loads properly distributed and secured.

• Service vehicles are regulated by DOT 
regulations.



Chemical Safety

• The HVAC technician uses a variety of 
chemicals:
– Refrigerants;

– Oils;

– Cleaners; and

– Adhesives.

• Always take time to read the labels and the 
Material Safety Data Sheet(s).

• MSDSs should be carried for all products.



Pressurized Cylinders

• Pressurized cylinders are used for nitrogen, 
oxygen and acetylene.

• Cylinders must be properly secured and 
moved with storage caps in place.

• Never place oxygen into a refrigeration 
system:

– The oils will cause a violent explosion.



Refrigerants and Refrigerant Cylinders

• Due to the extremely low boiling points, 
proper eye and hand protection are critical 
when working with refrigerants.

• The oils in the system may also be acidic.

• The maximum safe storage temperature for 
refrigerant cylinders is 125°F.



Refrigerants and Refrigerant Cylinders

• Most common refrigerants have A-1 safety 
classification.

• In concentration or in a poorly ventilated room 
refrigerant gases can accumulate and displace 
oxygen:
– Dizziness.

– Nausea.

– Heart irregularities.

– Unconsciousness.

– Even death.



Gas-filled Rooms

• The technician must be extra cautious when 
working around areas that may contain 
medical or flammable gases.



Fire Hazards

• Combustion requires fuel, oxygen and heat.

• Need to use extra care when working with 
solvent and other flammable materials.

• Welding, brazing, soldering, and cutting 
operations all require extreme care:

– Clear area of all combustibles; and

– Provide fire watch.



Fire Hazards

• Fire extinguishers are broken into four 
categories:

– A – Solids

– B – Liquids

– C – Electrical

– D – Flammable metals

• Some extinguishers are classified ABC and can 
be used for A, B and C types of fires.



Confined Space Hazards

• Entry into confined spaces requires special 
procedures and training.

• Air should be tested before entry for:

– Oxygen;

– CO;

– Methane; and

– Flammables.

• An attendant is often required.



Confined Space Flammable Atmospheres

• Trapped gases can create a flammable 
atmosphere.

• Explosions can be caused by welding in a 
confined space.



Confined Space Toxic Gases

• Toxicity is the condition of being poisonous.

• Refrigerants and other gases can vary in 
toxicity.

• Carbon monoxide is an example of a 
poisonous gas in a confined space.



Confined Space Irritants

• Examples of irritants:

– Chlorine;

– Hydrochloric acid; and

– Ammonia.

• Can be found in the refrigeration industry.

• Can also be found in plastic chemical and 
petroleum industry.



Confined Space Asphyxiation

• Asphyxiation occurs when oxygen is displaced.

• Non-toxic inert gases have claimed many lives.

• Eyes, throat, and lungs can be burned severely 
by ammonia or sulfur dioxide.



Precaution When Working 
in Confined Spaces

• Ventilation can create additional hazards via 
the recirculation of contaminants.

• Air and oxygen are sometimes considered 
synonymous.

• Careful planning is needed when working in a 
confined space.



Ladders

• Ladders are used regularly 
by the HVACR technician, 
and improper use can 
cause severe injuries.

• Make sure ladder is on 
solid footing set 1 ft out 
for every 4 ft of height, 
tied off and extended at 
least 3 ft beyond the roof 
line.



Ladders

• Never stand on the top 
two steps of a stepladder.

• Never straddle the ladder 
and another object.

• Don’t work outside your 
center of balance.



Ladders

• Always climb in the center of the ladder.

• Always maintain three points of contact:

– two feet and one hand; or

– two hands and one foot.



Construction Safety

• Technicians must be aware of how their 
actions may affect the integrity of the 
structure:

– Cutting holes in beams or posts.

– Cutting load bearing walls:

• All original walls should be considered load bearing 
until determined otherwise.

– Cutting through fire walls.



Construction Safety

• Different type of material may also create 
safety hazards.

• Slippery roofs:

– Metal, slate, rubber or plastic.

• Metal studs and pipes will conduct electricity.

• Some pipe insulation, transite ducts, siding 
and paneling may contain asbestos.



Electrical Safety

• Electricity provides the source of energy that 
drives the loads in most of the HVACR 
systems.

• Types of hazard:

– Electric shock;

– Burns;

– Blast; and

– Related accidents.



Shock Hazard
• A shock happens when 

the body becomes a 
path for electrical 
current.

• It takes a very small 
amount of current to 
be serious.



Burns

• Burns may be caused by electrical shock:

– Few survive this type of shock.

• Burns may also be caused by an arc from a 
bad switch, broken wire or short circuit.



Blast

• The blast is the pressure wave resulting from 
the intense sudden heating of material in the 
path of an electrical arc.

• Can cause flying objects and molten metal.



Related Accidents

• A relatively mild shock may cause a reaction 
that could result in severe injury.

• The jerk of pulling away from a shock could 
cause:

– Fall from a ladder;

– Move into moving machinery; or

– Movement into open electrical panels.



Electrical-hazard Precautions

• Never work on live circuits.

• Never create a path through your body.

• Always inspect power cords before using.

• Never bypass fuses.

• Always pay close attention to what you are 
doing:

– Avoid distractions.



Ground-fault Circuit Interrupters

• Ground-fault circuit interrupters provide 
protection from currents that are flowing in a 
path other than the conductor such as your 
body.

• Should be used:

– Damp locations and outside; and

– Around metal ducts and air handlers .



Ground-fault Circuit Interrupters



Lockout/tagout

• Equipment must be locked out/tagged out 
before working on electrical circuits.

• When locking out a system, follow four steps:

1. Notify everyone concerned.

2. Turn off the power and verify.

3. Install locking device.

4. Install proper warning labels.



Lockout/tagout



Lockout/tagout



Extension Cords

• Use outdoor grounded cords.

• Never use defective cords:

– Defective cords should be destroyed .

• Protect cords from sharp edges, traffic and 
flames.

• Use GFCI in metal enclosures or damp 
locations.



On-site Safety

• It is the technicians responsibility to insure his 
own safety and the safety of occupants.

• Test safety controls:

– Never allow unsafe equipment to continue to 
operate.



Insurance Compliance

• You must follow all the safety rules:

– Your company.

– Location you are working.

– OSHA.

– Local codes.



Government Compliance

• You must follow all the safety rules:

– Your company.

– Location you are working.

– OSHA.

– EPA.

– Local codes.



•The ultimate 
responsibility for safety 
on the job belongs to 

YOU.
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Lesson Objectives

 HVAC system.

 Phases of matter.

 Superheat and subcooling.

 Sensible and latent heat.

 Elements, atoms and molecules.

 Temperatures.

 Gas laws.



HVAC System

• The HVAC system involves controlling 
temperature, humidity, filtration and 
ventilation.

• The primary goal is to maintain a comfortable 
temperature.

• Heat can be added by:
– Electrical elements;

– Heat pumps; and/or

– Burning of fossil fuels.



HVAC System

• Heat is removed from the space by:

– Natural or forced ventilation; or

– By a mechanical refrigeration system.



Humidity

• Relative humidity is important to human 
comfort.

• Since the body controls temperature by 
evaporating moisture:

– When relative humidity is high the process is 
slowed and the body feels warmer; and

– When relative humidity is low the process is 
accelerated and the body feels cooler.



Humidity

• Humidity is often added during the heating 
season to improve the comfort level.

• Fan-powered humidifiers move air across a 
wetted pad to add moisture to the air.

• Bypass humidifiers take air from the supply 
side and bypass it through a wetted pad to the 
return side.

• Bypass-type humidifiers have a damper which 
should be closed during the cooling season.



Filtration

• Filtration helps reduce the particles floating in 
the air.

• Maintaining clean filters helps reduce static 
pressure to maintain proper airflow and keep 
the motor’s current flow lower.



Filtration

• Filtration helps reduce the particles floating in 
the air.

• Maintaining clean filters helps reduce static 
pressure to maintain proper airflow and keep 
the motor’s current flow lower.



Ventilation

• Ventilation is important to bring in fresh air for 
breathing and reduce pollutants that are 
produce within the space.



Heat and Phases of Matter

• Matter exists in three forms:

– Solid;

– Liquid; and

– Gas.

• Heat is a form of energy.

• Cold is the absence of heat or a reduced 
amount of heat.



Sensible Heat

• Heat energy that is added or removed from a 
material that causes a change in temperature.



Latent Heat

• Heat energy that when added or removed 
causes a change in the state of a material with 
no change in temperature.

• Relatively large quantities of heat are 
absorbed or rejected during the change in 
state.



Latent Heat of Water



Latent Heat of Water



Evaporation

• The change in state from a liquid to a vapor.



Vapor Pressure

• The pressure that is exerted by the vapor in a 
closed container above its saturated liquid.

• Vapor pressure has a direct relationship with 
temperature: As the temperature increases 
the pressure also increases.



Saturation

• A material that is at the boiling point for the 
given pressure:

– Liquid in contact with vapor.

• If liquid and vapor both exist within a closed 
container, it will be at saturation.



Superheat

• Sensible heat added to a vapor to raise its 
temperature above the saturation point.

• To have superheat you must have 100% vapor 
at that point.



Subcooling

• Sensible heat removed from a liquid to reduce 
its temperature below the saturation point.

• To have subcooling you must have 100% liquid 
at that point.



Sublimation

• Change in state from a solid directly to a vapor 
without passing through the liquid state, such 
as:

– Dry ice (CO2); and

– Ice.



Properties of Matter

• Technicians must understand some basic facts 
about the properties and behavior of matter.

• These are necessary to study basic gas laws.



Element

• A substance that can not be broken down any 
further.

• There are over 100 basic elements.



Atoms

• The part of each element.

• Made up of:

– Protons (positive charge);

– Neutrons (no charge); and

– Electrons (negative charge).



Molecules

• Made up of one or more atoms.

• The smallest particle of a material that exist 
and still is that material.



Solids

• The phase of matter containing the least 
amount of energy.

• Little  movement of the molecules.

• Holds its shape.



Liquids

• Contain more energy, allowing the molecules 
to move more freely.

• Will take the shape of the container.



Gases

• Gases contain the greatest amount of energy, 
allowing the molecules to move freely.

• Gases will completely fill a sealed container or 
escape an open container.



Thermal Expansion

• When solids are heated, the motion of the 
molecules increases and the material expands.

• This linear expansion must be considered if 
solids experience wide-ranging temperatures, 
such as a length of pipe that carries hot steam 
or cold fluids.



Diffusion

• Diffusion is the continuous motion of the 
molecules in a liquid or gas.

• Liquids in contact with each other will mix 
together.

• Will occur faster in gases.



Enthalpy

• All matter has enthalpy.

• Total heat energy in a substance, including:

– Sensible heat; and

– Latent heat.



Mass

• Mass is the basic property of matter.

• Mass is the measured amount of matter, not 
the weight.

• You would weigh 80% less on the moon but 
your mass would be the same.



Density

• Weight per unit of volume.

• Measured in pounds per cubic foot.



Specific Volume

• Volume per unit of weight.

• Measured in cubic feet per pound.



Temperature Measurement

• The United States commonly uses the 
Fahrenheit scale:

– Water freezes at 32°F; and

– Water boils at 212°F.

• Most of the world uses the metric Celsius 
scale:

– Water freezes at 0°C; and

– Water boils at 100°C.



Temperature Conversion

• °C = °F – 32/1.8.

• °F = °C X 1.8 + 32.



Temperature Measurement

• Absolute zero is the point at which heat no 
longer exists.

• Rankine and Kelvin are scientific scales, and 
also are known as absolute scales:

– Rankine = -460°F; and

– Kelvin =  -273°C.

• The absolute scales should be used in 
equations such as the gas laws.



Charles’ Law
• At constant pressure, the volume of a  given 

gas is directly proportional to the absolute 
temperature.

• This relationship can be expressed with this 
equation:



Boyle’s Law

• At a constant temperature, the volume is 
inversely proportional to the pressure.

• For useful mathematical results, pressure 
must be expressed as absolute pressure.

• Most instruments measure gauge pressure or 
pressure related to the atmosphere—
conversion to absolute pressure is required.



Boyle’s Law

• Boyle’s Law is one of inverse proportion—if 
one of the variables changes, the other 
variable changes by the inverse.

• This law is expressed mathematically as:



Combined Gas Law

• The combination of Charles’ and Boyle’s law is 
illustrated in the equation below:

f

ff

i

ii

T

PV

T

PV 






Dalton’s Law

• Law of partial pressures.

• The pressure exerted by a mixture of gases is 
equal to the sum of the pressures that would 
be exerted by the individual gases in the same 
container.
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Lesson Objectives

 Electrical terms.

 Voltage.

 Ohm’s Law.

 Series circuit.

 Parallel circuit.

 Power.



Coulomb

• Measurement of electrical charge.

• Charge of 6.28 X 1018 electrons.



Ampere

• The rate of current flow equal to one coulomb 
per second.

• Intensity of electron flow.

• Represented by “I.”



Volt

• A measurement of potential energy or 
electrical pressure.

• Also known as potential difference or 
electromotive force.

• Represented by “E.”



Ohm

• A measure of the resistance to electrical flow.

• Represented by “R.”

• Often written with the Greek symbol Omega 
(Ω).



Conductors

• Materials that allow current to flow freely are 
know as conductors.

• Conductors of shorter length and larger cross 
sectional area have a lower resistance.



Insulators

• Materials that don’t allow electrons to flow 
freely are known as insulators.

• Include plastic, air, glass, rubber and ceramics.



Voltage

• The electrical push that moves electrons 
through a circuit.



Voltage
• Current flow through an electric circuit is 

directly proportional, just as the flow of water 
through the pipe is directly proportional to 
the difference in water level in the two tanks. 



Voltage

• The electrical push that moves electrons 
through a circuit, produced by:

– Friction – static electricity;

– Pressure – piezoelectric;

– Heat – thermocouple;

– Light – photovoltaic;

– Chemical – batteries; and

– Magnetism – generators.



Electric Current

• Number of electrons passing through a 
conductor.

• Coulomb used as a unit for measuring 
quantity of electricity.



Direct Current

• Direct current is voltage that causes electrons 
to flow in one direction.

• Direct current can be produced by:

– Chemical action (batteries); or

– Direct current (dc) generators.



Alternating Current
• Alternating current has electrons flowing in one 

direction then flowing the opposite direction to 
complete a cycle.

• Current in North America operates at 60 cycles/second.

• Alternating current is produced by generators.



Ohm’s Law

• Ohm’s law states the relationship of volts, 
amps, and resistance.

• It takes one volt to push one amp through one 
ohm of resistance.

– E = I X R

– I = E ÷ R

– R = E ÷ I



Ohm’s Law

A simple circuit showing a load connected across a source 
of electrons.



Ohm’s Law

• Cover one value and the other two will be in 
correct relationship.



Series Circuit

• Current is the same throughout the series 
circuit.

• Voltage divides proportional to the 
resistances.

• Total resistance equals the sum of the 
individual resistances.



Series Circuit

• One path for electrons to flow.



Parallel Circuit

• Voltage is the same in each branch of the 
parallel circuit.

• The total amperage is equal to the sum of the 
individual branch amperages.

• The total resistance is equal to the sum of the 
reciprocals of the additional resistances.



Parallel Circuit

• Multiple paths for current to flow.



Series Parallel Circuits
• A combination of both series and parallel 

loads within the same circuit.



Work

• Performed any time force causes motion.



Power

• Measure of work being done.

• Measured in watts or kilowatts (1000 watts).

• Represented by “P.”

• P = E x I
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Lesson Objectives

 Diagram components.
 Types of diagrams.
 Symbols.
 Wires.
 Switches.
 Loads.
 Line numbering.
 Legends.
 Types of circuits.



Electrical Diagrams

• The electrical diagram for any piece of 
equipment provides the road map of how all 
the components connect together and how 
each component affects the system.

• The technician must become familiar with the 
different styles of diagrams and how they 
relate to the actual piece of equipment.



Components of the Wiring Diagram

• Power supply.

• Path for the power.

• Loads.

• Switches.

• Legend.



Types of Diagrams

• Ladder.

• Pictorial:

– Point to point.

• Installation.



Ladder Diagram

• The ladder diagram will be the most 
commonly used diagram.

• Provides the best indication of how the 
components affect the system.

• Starts with the power supply down the sides 
like the rails of the ladder.

• The loads and controls are placed between 
the rails like rungs on a ladder.



Ladder Diagram



Pictorial Diagrams

• Pictorial diagrams provide a good indication of 
the actual location of the components.

• Usually combined with a point-to-point 
diagram:

– The point-to-point diagram shows the wire 
connections from one component to another but 
does not show the function of the components.



Pictorial Diagram



Installation Diagram

The installation diagram shows all of the wiring 
connections that need to be made in the field in 
order for the unit to operate, including:

– Power supply;

– Thermostat wiring;

– Connections between indoor and outdoor units; and

– External components.



Installation Diagram



Symbols

• Symbols are used to represent the different 
components within the system.

• The technician needs to become familiar with 
the symbols used so they are able to follow 
the map.

• Not all manufacturers use the same symbols, 
but most are similar in nature.



Power Supply
• The HVACR industry uses a wide range of 

power supplies.

• Power supplies may be noted in a schematic 
as solid, dashed or dotted lines, depending on 
their function.



Wiring

• Solid lines indicate factory wiring.

• Dashed lines indicate field-installed wiring.

• Thicker lines indicate line voltage.

• Thinner lines represent low voltage.



Wire Connections
• Many manufacturers use a dot on the wire to 

indicate a connection.

• No dot would indicate no connection.



Wire Connections

• Manufacturers that do not use dots to 
indicate connections will use a loop to show 
the wires are not connected.



Wire Colors

• Some color standardization is used.
– Line voltage:

• Colored wires – line voltage (hot).

• White wires – neutral.

• Green wires – ground.

– Low voltage:
• Red – power.

• White – heat.

• Yellow – cooling.

• Green – fan.



Wire Colors

• Some manufacturers will mark drawings to 
indicate  the wire color.



Switches

• Switches open and close the path to complete 
the circuit.

• Switches can be activated by a variety of 
things such as temperature and pressure.

• Switches can be normally open or normally 
closed.



Switches

• Switches can have single or multiple poles:
– Poles would be the number of contacts.

• Switches can be single- or double-throw:
– Number of positions for each contact.

• Switch indicators:
– SPST – single-pole single-throw;

– SPDT – single-pole double-throw;

– DPST – double-pole single-throw; and

– DPDT – double-pole double-throw.



Switches

• Examples of schematics showing switches in the 
closed position.



Switches

• Examples of schematics showing switches in the 
open position.



Switches



Switches



Switches



Switches



Switch Symbols



Loads

• A load would be something that consumes 
power to do useful work:

– Motors.

– Heaters.

– Lights.

• A transformer is a device that converts voltage 
in the circuit from one voltage to another.



Load Symbols



Diagram Configuration

• Loads are generally place on the right side of 
the drawing with the switches to the left.

• The left side of the switch is called the line 
side because it is connected to the line.

• The right side of the switch is called the load 
side because it is connected to the load.



Diagram Configuration



Diagram Configuration

• Up-and-down arrangement divides the 
schematic into high- and low-voltage sections.

• Generally the high-voltage side of the diagram 
is on the top; and the low voltage is on the 
bottom.



Diagram Configuration



Locators/Line Numbering

• Line numbers are often used on larger 
drawings to help find connecting pieces.

• A relay may have multiple switches that are 
controlled by one coil:
– Next to the coil or in the margin to the right, the 

numbers would indicate which lines the effected 
switches are located in.

– The contacts also would have a line number 
indicating the location of the coil that operates 
them.



Line Numbering



Line Numbering



Legends

• Legends are an important part of the drawing.

• The legend identifies the letter or number 
indicators used for the different parts of the 
circuit.

• The legend also may contain notes such as the 
timing of time delay relays or the resistance of 
a heater.



Legends



Breaking Down Complex Schematics

• HVACR technicians who understand the major 
parts of any schematic―power supply, 
pathways, switches, loads, etc.―can read 
more complex diagrams by breaking them 
down.

• Examining individual control circuits and their 
related components will make larger diagrams 
easier to understand.



Switch Symbols

• No power = normally open or normally closed.

• Switch is characterized as number of poles 
and the number of positions or throws.

• A switch can control more than one circuit.



Switch Symbols



Switch Symbols



Controls

• Pressure and temperature controls are 
switches.

• They may be configured with various 
combinations of poles.

• The position of the switch arm indicates the 
operation of the control.



Controls



Controls



Relays

• Relays are switches that are operated by an 
electrical magnetic coil.

• Multiple-pole relays, such as multiple-pole 
switches, are connected mechanically but not 
electrically.



Relays



Contactors

• A heavy-duty relay.

• Almost identical to relays on schematics.

• Appearance is similar to a relay.



Contactors



Basic Diagrams

• Heating and cooling circuits.

• Broken down into several parts.

• High-voltage circuits.

• Low-voltage control circuits.



Basic Wiring Diagrams



Basic Wiring Diagrams



Basic Wiring Diagrams



Equipment

• An HVACR technician should make themselves 
familiar with any equipment they work on.

• Before visually inspecting equipment, review 
the schematic for an overview of the 
equipment type and components being 
serviced.



Relays
• Relays have 1 or more 

contacts.

• One relay may play a role in 
multiple circuits.

• A relay may have contacts in 
various parts of the 
schematic, and an HVACR 
technician must know how 
to locate all of these points 
to understand how the 

equipment functions.



Circuit Breakdown

• The drawings can look complex but can be 
broken down into simple circuits by looking at 
them one line at a time.

• All electric circuits conform to one of three 
basic arrangements:

– Series circuits.

– Parallel circuits.

– Series-parallel circuits.



Series Circuit

• A series circuit has only one path for current 
to flow.



Parallel Circuit

• A parallel circuit has more than one path for 
current to flow.



Series-parallel Circuit
• A series-parallel circuit has a combination of 

both series and parallel circuits mixed together.



Connections and Wiring

• Some manufacturers may terminate more 
than one coil connection at the same point, to 
save  wire and space.



Connections and Wiring
• Circuit boards are often shown on the diagram to 

indicate inputs and output to the board.

• A circuit is tested by checking the input to the 
board and then the corresponding outputs.



Legends
• A listing of abbreviations used in a schematic.



Chapter 8: Test Instruments

Core Essentials 
NATE Review



Lesson Objectives

 Meter types.

 Using meters.

 Measuring resistance:

– Continuity.

 Measuring voltage.

 Measuring amperage.

 Measuring capacitance.



Test Equipment

• Good test equipment is a valuable part of your 
tools.

• Test equipment allows you to properly 
troubleshoot and inspect equipment.

• Test equipment can protect your life and the 
lives of your customers.

• Be sure you learn how to properly use and 
care for this equipment.



Voltmeter

• Voltmeters are used to measure voltage or 
potential difference between two points.

• A meter may use a multiplier, in which case 
the meter reading would be multiplied by that 
number to get the actual reading.



Ohmmeter

• An ohmmeter is used to measure resistance.

• An analog meter must be zeroed before using.

• The circuit must be de-energized to test 
resistance.

• The component to be tested must be isolated 
before testing.



Multimeter

• A multimeter or VOM combines the voltmeter 
and ohmmeter into one:

– Other features also are available.

• A good multimeter is one of an HVACR 
technician’s most-versatile and most-used 
tools.



Analog 
Multimeter

• Uses a moving 
needle to indicate 
the meter reading.



Digital Multimeter

• A digital multimeter has 
a direct numeric readout 
on the display.



Using meters

• All meters have differences and a technician 
must familiarize themselves with the proper 
use of the meter before making any tests.

• The technician will need to measure both ac 
and dc voltages from zero to 1000 V (or more).

• The technician will need to measure 
resistance from zero to several thousand 
ohms.



Measuring Resistance

• Disconnect power from circuit.

• Select the best range for your meter:
– The lowest range should be used:

• If the needed range is not known start high and work 
down.

• Insert probes and zero meter if necessary.

• Isolate the component to be measured.

• Place probes across item to be measured.

• View reading and use appropriate multiplier.



Multiplier



Multiplier



Multiplier



Continuity

• Continuity is a simple resistance test to 
determine if the electrical circuit is complete.

• An infinite resistance indicates an open circuit or 
an incomplete path:
– Digital meters will flash “OL” or the highest reading of 

the scale—this indicates there is more resistance than 
that scale can measure.

• A zero or near zero resistance indicates a closed 
or complete path:
– Some meters will have an audible beep.



Continuity

• A good fuse offers little 
resistance.

• A good fuse will 
indicate 0 Ω.



Continuity
• An open fuse has no path 

for current flow.

• An open fuse will cause 
the meter to point to the 
far left, indicating infinite 
resistance.

• A short circuit means two 
conductors are either 
directly touching or 
conducting via another 
element.



Voltage Test

• Voltage checks are made to check:

– Supply voltage;

– Voltage drop; and

– Voltage imbalance.

• Voltage checks must be made with the power 
applied:

– Great care must be taken to avoid contact with 
energized circuits.



Voltage Range

• The range that allows a 
reading as near the 
center of the range as 
possible.

• If the voltage is not 
known start with a high 
range and work down.



Probes

• Insert the probes in the meter:

– If measuring dc voltage the polarity must be 
observed.

– A digital meter will read negative if polarity is 
reversed.



Voltage Readings

• To check voltage 
place the meter in 
parallel or across 
the circuit being 
tested.

• Always check the 
meter against a 
known power 
source first and 
again after testing 
to insure the meter 
is working properly.



Switches

• Switches can be checked with a voltage meter.

• A voltage reading across a switch indicates 
that the switch is open (potential difference).

• A zero V reading would indicate no potential 
difference:

– This could be a closed switch; or

– This could also mean the circuit is open at a 
different location.



“Hopscotching”

• Hopscotching is the best method of testing 
switches through a circuit.

• Connect one lead to neutral or L2 with an 
alligator clip and work across the circuit:

– The same reading on both sides of the switch 
would indicate a closed switch; and

– A different reading would indicate an open 
switch.



Ammeter

• The most common style 
of ammeter used by the 
HVACR technician is the 
clamp-on meter.



Ammeter

• The meter works by measuring the magnetic 
field produced by the current flowing in the 
wire.



Ammeter

• The ammeter jaw 
must be clamped 
around only one 
wire at a time.



Ammeter
• An ammeter’s operation is based on the 

“transformer effect of the jaws and the 
conductor (wire) they encircle.



Capacitance Meter

• Ohm meters can provide some 
basic tests to help determine if a 
capacitor has an open, shorted 
or grounded circuit.

• A capacitance meter must be 
used to determine if the 
capacitance is correct:

– Some multimeters have a 
capacitance function.


