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This book is designed to teach the 
basic principles and fundamentals of 
electricity as it related to repairing 
commercial cooking equipment and 
other appliances. This book presents 
simple, beginner level material on the 
subject on electricity and gradually 
increases in difficulty throughout. 
Considerable emphasis is laid on the 
fundamentals, physical concepts, 
principles and functions of various 
electrical components and the role 
they play in cooking equipment. 
Students are taught how to maintain 
and repair electrical appliances and 
electrical machines. They will also 
learn how to connect electrical 
circuits, and repair minor or major 
faults in the circuits both theoretically 
and practically. By learning this 
subjects students are able to gain the 
skills needed to become an entry-level 
commercial food equipment service 
technician.
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Almost everyone is aware of the benefits of electricity. Electricity, defined as the flow of electrons in a 
conductor, is used every day by millions of people to power up electrical devices and appliances in their 
homes such as: lights, fans, refrigerators, air conditioners, toasters, computers, and hair dryers. 
Electricity is also used in our vehicles to start the engine, operated headlights, and power our radio 
among other things.  

Electricity has been around since the ancient times and was known to the early Egyptians and 
Greeks. In the 18th century, the basic principles of electricity began to be researched. Many scientists 
were instrumental in developing the electrical theory we know today.  

Benjamin Franklin’s investigations into electricity caused him to be the first to propose that 
“vitreous” and “resinous” electricity were not different types of “electrical fluid”, but the 
same electrical fluid under different pressures. He also was the first to label them as 
positive and negative. He also was the first to discover the principle of conservation of 
charge.  

Luigi Galvani (1737 – 1798) was an Italian physician and physicist who investigated the 
nature and effects of what he conceived to be electricity in animal tissue. He is recognized 
as the pioneer of the bio electromagnetics. This was one of the first forays into the study 
of bioelectricity, a field that still studies the electrical patterns and signals of the nervous 
system. 

Alessandro Volta (1745 – 1827) was an Italian physicist whose invention of the electric 
battery provided the first source of continuous current.  He discovered and isolated 
methane gas in 1776. Three years later he was appointed to the chair of physics at the 
University of Pavia. The volt, a unit of the electromotive force that drives current, was 
named in his honor in 1881. 

Michael Faraday (1791 – 1867) was an English physicist and chemist who discovered 
electromagnetic induction, diamagnetism, and electrolysis. He was the first to produce an 
electric current from a magnetic field, invented the first electric motor, demonstrated the 
relation between electricity and chemical bonding, discovered the effect of magnetism on 
light, and discovered and named diamagnetism, the peculiar behavior of certain 
substances in strong magnetic fields. The farad, unit of electrical capacitance is named in 
his honor. 
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Georg Simon Ohm (1789 – 1854) was a German physicist who was best 
known for his controversial “Ohm’s Law”, which implies that the current flow 
through a conductor is directly proportional to the potential difference 
(voltage) and inversely proportional to the resistance.  The physical unit of 

electrical resistance, the Ohm, also was named after him. 
 

James Watts (1736 – 1819) was a Scottish instrument maker and inventor whose steam 
engine contributed substantially to the Industrial Revolution. He was elected fellow of the 
Royal Society of London in 1785. Because of his contributions to science and industry, the 
watt, the unit of power in the International System of Units (SI) equal to one joule of work 
performed per second (or 1/746 horsepower), was named after him. 
 
Andre’-Marie Ampère (1775 – 1836) was a French physicist who founded and named the 
science of electrodynamics, now known as electromagnetism. His name endures in 
everyday life in the ampere, or amp, the unit for measuring electric current. 
 
 
Thomas Alva Edison (1847-1931) was an American inventor who invented a revolutionary 
generator of unprecedented efficiency, the first commercial electric light and power 
system, an experimental electric railroad, and key elements of motion-picture apparatus, 
as well as a host of other inventions. He was also partially deaf. He also heavily promoted 
the concept of a direct current electrical grid but lost out to Tesla’s alternating current. 

 
Nikola Tesla (1856 – 1943) was a Serbian-American inventor and engineer who discovered 
and patented the rotating magnetic field, the basis of most alternating-current machinery. 
He also developed the three-phase system of electric power transmission. He immigrated 
to the United States in 1884 and sold the patent rights to his system of alternating-current 
dynamos, transformers, and motors to George Westinghouse. In 1891 he invented the 
Tesla coil, an induction coil widely used in radio technology. 

 
Heinrich Rudolf Hertz (1857 – 1894) was a German physicist. He showed that Scottish physicist 
James Clerk Maxwell’s theory of electromagnetism was correct and that light and heat are 
electromagnetic radiations. He produced electromagnetic waves in the laboratory and 
measured their length and velocity. He showed that the nature of their vibration and their 
susceptibility to reflection and refraction were the same as those of light and heat waves. 
Hertz (abbreviated Hz) is the unit of frequency and equals the number of cycles per second 
and was named after Heinrich Hertz in the 1920s.  
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As a Commercial Food Equipment Service Technician, 

you will need to understand many aspects of 

electricity. You need to know what electricity is, 

where it comes from, what it does, how it behaves, 

how to measure it, and how to work around it safely. 

We are going to learn the basics of electricity. When 

you understand how electricity works, how to read 

and interpret electrical wiring diagrams, and how to 

use a meter to check various electrical readings, you 

are well on your way to being able to troubleshoot 

and repair a large number of electrical devices and 

appliances. Electricity is not difficult to learn if you 

start out with the basics. Once you learn the basic 

concepts of electrical circuits and what different 

electrical components in those circuits do, you will be 

able to build on that knowledge and develop the 

troubleshooting skills needed to repair equipment. 

Electricity is a vast topic and there are many career 

paths you can take that require this knowledge. As 

with anything, it will take dedication and practice. 

Here we will break electricity down into bite size 

pieces that are easy to understand and build on. We 

will start out with where electricity comes from and 

then systematically follow electricity on its journey 

through the various components and circuits that it 

will encounter and explain along the way, what it is 

doing, why it is doing it and what happens when a 

problem arises. So, let’s start where it all begins and 

explain what exactly electricity is.

16

16

Notes:____________________________________________
_________________________________________________
_________________________________________________
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In this modern world, electricity is an energy source that plays a vital role in our lives. It is 
used in our homes, vehicles, businesses, and just about everywhere else. Most 
appliances need electricity to operate and do the work we require of them. To repair 
cooking equipment, students must know about this energy source and how it is applied. 
Electricity is one type of energy. All matter whether solid, liquid or, gaseous consists of 
minute particles known as Atoms. According to modem research electric current means 
flow of electrons. Electrons are a parts of the atom. So we need to know about the atom. 

Atoms
Everything is made up of atoms. Atoms have a central 
core known as nucleus. It contains two type of 
particles. One is known as proton and carries positive 
charge (+) and the other is neutron, which is 
electrically neutral, which means it has not charge. 
Around the nucleus in elliptical orbit the electrons are 
revolving. Electrons carry a negative (-) charge. The 
number of electron are number of protons in a atom 
are equal. So the atom is electrically neutral. The 
number of protons in the nucleus of the atom gives 
the atomic number. The total numbers of neutrons 
and proton are known as atomic weight. The 
negligible weight of the electron is not taken in 
consideration to calculate atomic weight. Most 
electrons in atoms are bound together but if any 
electrons are on the outer shell of the orbit and are 
not tightly bound they can be removed easily by a 
magnetic force.

Ions
When the number of protons and electrons are not 
equal in an atom, it is called an ion instead of an 
atom. If an atom has more electrons than protons, it 
is called a negative ion. If an atom has less electrons 
than protons, it is called a positive ion.
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How is electricity produced?
Electricity is produced by the extraction of electrons 
from an atom. Electrons are extracted from an atom 
due to magnetism. Generators are used to 
accomplish this. In a generator the energized 
electricity is produced by the magnetic poles and 
armature winding. Basically, spinning a copper wire 
loop through a magnetic field will cause the 
electrons in the wire to move from one atom to 
another atom. This movement of electrons in a 
conductor (wire) is what we call electricity. 

Current Types
Electricity is the flow of electrons around a circuit. 
There must be a complete circuit for this flow to 
happen. Electrons flowing through a circuit is called 
current. The two types of electrical current used are 
direct current (DC) and alternating current (AC). 

Direct Current
An example of a direct current power source is a 
battery. A battery creates voltage through a chemical 
reaction that takes place inside the battery. Batteries 
are used to power things like flashlights, vehicles, 
portable radios, and other portable devices.  Current 
in a DC circuit only flows in one direction.

Alternating Current
Alternating current is the type of current used to 
supply power to electrical outlets found in homes 
and businesses. AC current powers the appliances 
we plug into those outlets such as coffee makers, 
televisions, computers, refrigerators, etc. Current in 
an AC circuit flows in two directions.  AC current 
leaves the power source in one direction and then 
reverses and flows in the opposite direction. It 
alternates its direction sixty times per second. This is 
why it is called alternating current.
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What is a Battery?
A battery is a device that converts chemical energy into electrical energy in 
the form of voltage, which in turn can cause current to flow.

How a Battery Works
A battery works by immersing two plates made of different metals into a 
special chemical solution called an electrolyte. The metals react with the 
electrolyte to produce a flow of charges that accumulate on the negative 
plate, called the anode. The positive plate, called the cathode, is sucked 
dry of charges. As a result, a voltage is formed between the two plates.
These plates are connected to external terminals to which you can connect 
a circuit to cause current to flow. Batteries produce direct current (DC). DC 
Current flows in one direction only and flows from negative to positive.

Battery Variations
Batteries come in many different shapes and sizes, but for electronics 
projects, you need concern yourself only with a few standard types of 
batteries, all of which are available at any grocery, drug, or department 
store. Cylindrical batteries come in four standard sizes: AAA, AA, C, and D. 
Regardless of the size, these batteries provide 1.5 V each; the only 
difference between the smaller and larger sizes is that the larger batteries 
can provide more current.

The cathode, or positive terminal, in a cylindrical battery is the end with 
the metal bump. The flat metal end is the anode, or negative terminal.

The rectangular battery is a 9 V battery. That little rectangular box actually 
contains six small cells, each about half the size of a AAA cell. The 1.5 volts 
produced by each of these small cells combine to create a total of 9 volts.

Here are a few other things you should know about batteries:

•Besides AAA, AA, C, D, and 9 V batteries, many other battery sizes are 
available. Most of those batteries are designed for special applications, 
such as digital cameras, hearing aids, laptop computers, and so on.

•All batteries contain chemicals that are toxic to you and to the 
environment. Treat them with care, and dispose of them properly 
according to your local laws. Don’t just throw them in the trash.

•You can (and should) use your multimeter to measure the voltage 
produced by your batteries. Set the multimeter to an appropriate DC 
voltage range (such as 20 V). Then, touch the red test lead to the positive 
terminal of the battery and the black test lead to the negative terminal.
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Home Electric Wiring
This section covers the principles of electric wiring in homes. There are two 120 volt circuits 
coming from the power company’s distribution system that go to a breaker panel and then 
out to many individual circuits in your home.

Power Company Distribution System
All power companies use an alternating current transmission scheme with long-range 
transmission voltages, sometimes in excess of 100,000 volts. The voltage phase changes 60 
times per second and facilitates the use of transformers to step the voltage down at 
substations for local distribution and one more drop before it enters your home as two 120 
volt circuits.

Local Distribution
Power is brought down from the high voltage transmission towers to substation 
transformers. Substation transformers lower the voltage for local distribution via power 
poles. The power pole line can come all the way to your home or be converted to an 
underground distribution system for the final leg to your house. Another transformer steps 
the voltage down to the two 120 volt circuits, plus a neutral wire, to your house. 
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Electrical Service Types and Voltages

This page describes various types of utility electrical services and supply voltages. 

The nominal system supply voltages listed below can vary by ±10% or more. 

Classification of Electrical Services

Alternating current electric power distribution systems can be classified by the 

following properties:

•Frequency: 50 Hz or 60 Hz

•Number of phases: single or three phase

•Number of wires: 2, 3, or 4 (not counting the safety ground)

•Neutral present:

• Wye connected systems have a neutral

• Delta connected systems typically do not have a neutral

•Voltage classes: (ANSI C84.1-2016) 

• Low Voltage: 1000 volts or less

• Medium Voltage: greater than 1000 volts and less than 100 kV

• High Voltage: greater than 100 kV and equal to or less than 230 kV

• Extra-High Voltage: greater than 230 kV but less than 1000 kV

• Ultra-High Voltage: equal to or greater than 1000 kV

• Line-to-line voltages are typically 1.732 times the phase-to-neutral 

voltages: square root{3}=1.732

• In symmetrical three-phase electrical system, the phase-to-neutral 

voltages should be equal if the load is balanced.
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Common Electrical Services & Loads

In the following drawings, the coil symbols 

represent the secondary winding of a utility 

service transformer or other step down 

transformer. Electrical code regulations in most 

jurisdictions require that the neutral conductor 

be bonded (connected) to the earth safety 

ground at the electrical service entrance.

Single Phase Three Wire

Also known as an Edison system, split-phase or 

center-tapped neutral. This is the most common 

residential service in North America. Line 1 to 

neutral and Line 2 to neutral are used to power 

120 volt lighting and plug loads. Line 1 to Line 2 

is used to power 240 volt single phase loads 

such as a water heater, electric range, or air 

conditioner.

Three Phase Four Wire Wye 

The most common commercial building electric 

service in North America is 120/208 volt wye, 

which is used to power 120 volt plug loads, 

lighting, and smaller HVAC systems. In larger 

facilities the voltage is 277/480 volt and used to 

power single phase 277 volt lighting and larger 

HVAC loads. In western Canada 347/600V is 

common. 

Three Phase Three Wire Delta 

Used primarily in industrial facilities to provide 

power for three-phase motor loads, and in utility 

power distribution applications. Nominal service 

voltages of 240, 400, 480, 600, and higher are 

typical.

Single Phase Three Wire

Three Phase Four Wire Wye 

Three Phase Three Wire Delta 

ctlsys.com
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Three Phase Four Wire Delta

Also known as a high-leg or wild-leg delta 

system. Used in older manufacturing facilities 

with mostly three-phase motor loads and some 

120 volt single-phase lighting and plug loads. 

Similar to the Three Phase Three Wire Delta 

discussed above but with a center-tap on one of 

the transformer winding to create neutral for 120 

volt single-phase loads. Motors are connected 

to phase A, B, and C, while single-phase loads 

are connected to either phase A or C and to 

neutral. Phase B, the high or wild leg, is not 

used as the voltage to neutral is 208 volt.

Three Phase Two Wire Corner Grounded 

Delta 

Used to reduce wiring costs by using a service 

cable with only two insulated conductors rather 

then the three insulated conductors used in a 

convention three phase service entrance.

Three Phase Four Wire Delta

Three Phase Two Wire 
Corner Grounded Delta 

ctlsys.com
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There are two types of system available in electric circuit, single phase and three phase 
system. In single phase circuit, there will be only one phase, i.e. the current will flow 
through only one wire and there will be one return path called neutral line to complete 
the circuit. So in single phase minimum amount of power can be transported. Here the 
generating station and load station will also be single phase. This is an old system using 
from previous time. In 1882, new invention has been done on polyphase system, that 
more than one phase can be used for generating, transmitting and for load system. Three 
phase circuit is the polyphase system where three phases are send together from the 
generator to the load. Each phase are having a phase difference of 120°, i.e. 120° angle 
electrically. So from the total of 360°, three phases are equally divided into 120° each. The 
power in three phase system is continuous as all the three phases are involved in 
generating the total power. The sinusoidal waves for 3 phase system is shown below:

The three phases can be used as single phase each. So if the load is single phase, then one 
phase can be taken from the three phase circuit and the neutral can be used as ground to 
complete the circuit. 

https://www.electrical4u.com/three-phase-circuit-star-and-delta-system/
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Why Three Phase is preferred Over Single Phase?
There are various reasons for this question because there are numbers of advantages over 
single phase circuit. The three phase system can be used as three single phase line so it 
can act as three single phase system. The three phase generation and single phase 
generation is same in the generator except the arrangement of coil in the generator to get 
120° phase difference. The conductor needed in three phase circuit is 75% that of 
conductor needed in single phase circuit. And also the instantaneous power in single 
phase system falls down to zero as in single phase we can see from the sinusoidal curve 
but in three phase system the net power from all the phases gives a continuous power to 
the load.

Till now we can say that there are three voltage source connected together to form a 
three phase circuit and actually it is inside the generator. The generator is having three 
voltage sources which are acting together in 120° phase difference. If we can arrange 
three single phase circuit with 120° phase difference, then it will become a three phase 
circuit. So 120° phase difference is must otherwise the circuit will not work, the three 
phase load will not be able to get active and it may also cause damage to the system. The 
size or metal quantity of three phase devices is not having much difference. Now if we 
consider the transformer, it will be almost same size for both single phase and three phase 
because transformer will make only the linkage of flux. So the three phase system will 
have higher efficiency compared to single phase because for the same or little difference 
in mass of transformer, three phase line will be out whereas in single phase it will be only 
one. And losses will be minimum in three phase circuit. So overall in conclusion the three 
phase system will have better and higher efficiency compared to the single phase system. 

In three phase circuit, connections can be given in two types: 
1. Star connection
2. Delta connection
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Star Connection
In star connection, there is four wire, three wires are phase wire and fourth is neutral 
which is taken from the star point. Star connection is preferred for long distance power 
transmission because it is having the neutral point. In this we need to come to the concept 
of balanced and unbalanced current in power system. 

When equal current will flow through all the three phases, then it is called as balanced 
current. And when the current will not be equal in any of the phase, then it is unbalanced 
current. In this case, during balanced condition there will be no current flowing through 
the neutral line and hence there is no use of the neutral terminal. But when there will be 
unbalanced current flowing in the three phase circuit, neutral is having a vital role. It will 
take the unbalanced current through to the ground and protect the transformer. 
Unbalanced current affects transformer and it may also cause damage to the transformer 
and for this star connection is preferred for long distance transmission. The star 
connection is shown below- star connected source. In star connection, the line voltage is 
√3 times of phase voltage. Line voltage is the voltage between two phases in three phase 
circuit and phase voltage is the voltage between one phase to the neutral line. And the 
current is same for both line and phase. It is shown as expression below: 

https://www.electrical4u.com/three-phase-circuit-star-and-delta-system/
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Delta Connection
In delta connection, there is three wires alone and no neutral terminal is taken. Normally 
delta connection is preferred for short distance due to the problem of unbalanced current 
in the circuit. The figure is shown below for delta connection. In the load station, ground 
can be used as neutral path if required. delta connected source. In delta connection, the 
line voltage is same with that of phase voltage. And the line current is √3 times of phase 
current. It is shown as expression below:

In three phase circuit, star and delta connection can be arranged in four different ways-
1. Star-Star connection
2. Star-Delta connection
3. Delta-Star connection
4. Delta-Delta connection

https://www.electrical4u.com/three-phase-circuit-star-and-delta-system/

But the power is independent of the circuit arrangement of the three phase system. The 
net power in the circuit will be same in both star and delta connection. The power in three 
phase circuit can be calculated from the equation below:

Since, there are three phases, the multiple of 3 is made in the normal power equation and 
the PF is power factor. Power factor is a very important factor in three phase system and 
some times due to certain error, it is corrected by using capacitors.
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Notes:_________
_______________
_______________
_______________
_______________
_______________
_______________
_______________
_______________
_______________
_______________
_______________
_______________
_______________

Power Meter
The power meter is much like the water meter in line with the water coming into your 
house. The power meter is in line with the power feed from your nearest transformer. The 
power meter is read by the local power company and displays the amount of power you 
use each month. The power is measured in kilowatt hours. The watt is the unit of 
electrical energy. One kilowatt-hour is equivalent to the use of 1000 watts of electricity 
(ten 100 watt light bulbs) for one hour. A kilowatt-hour typically costs from 7 – 10 cents.
Breaker Panels
The two primary 120 volt power feeds from the power meter are routed into the breaker 
panel for distribution into your home as power circuits.
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The three-phase sub-panel shown below gets its power 
from a 3-pole, 80amp breaker in the main panel. Running 
power to this sub-panel allows the user to protect the 
circuit with fuses and shut off power to the appliance 
using this power whenever necessary. Three-phase power 
supplies 3 hot lines to the load. In this case there are 3 
hot lines of 120 VAC each and the top (green) line is 
Ground. The lines are labeled line 1 (L1 – Phase A), line 2 
(L2 – Phase B), line 3 (L3 – Phase C).

L1 L2 L3

A   B   CGround Bar



Unit 1: 
Intro to 
Electricity

Fundamentals of Electricity

Hands On Exercise: Check voltage at a 
three phase breaker panel

Electricity

23

In this procedure, you will use a DMM to check voltage at a three-phase breaker panel. 
Set DMM to the highest AC voltage setting. With panel disconnect lever turned on, 
check and record the voltage found at across the specified points. 
CAUTION: HIGH VOLTAGE

 What is the voltage from L1 to ground? __________
 What is the voltage from L2 to ground? __________
 What is the voltage from L3 to ground? __________
 What is the voltage from L1 to L2?          __________
 What is the voltage from L2 to L3?          __________
 What is the voltage from L1 to L3?          __________

Test 
Point

Ground

Power 
On
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120 Volt AC outlet

240 Volt, Single Phase AC outlet

3-Phase Power Connection
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The-appliance-clinic.com

Do not remove the ground prong on any appliance. It is 
there for safety and sometimes required for proper 
operation of the appliance. In commercial businesses it is 
often against electrical code to remove the ground plug.

Notes:_________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
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Most electrical circuits have four basic components, a power 
supply, conductors, a switch, and a load. The switch can 
theoretically be eliminated but that would cause the load to 
operate continuously as long as the power supply is on.

Power Supply
The most common power supply is an electrical outlet. Electrical 
outlets in homes provide a constant 120 volts of alternating 
current (AC). This voltage is provided by the power company. 
Another type of power supply is a battery. Batteries use a 
chemical reaction to produce voltage. Batteries provide a 
constant source of voltage until they loose their charge.

Conductors
The conductor in a circuit connects all the component in the 
circuit together. They are typically made out of copper, but can 
also be other conductive materials such as aluminum, silver, and 
gold (extremely good conductors but not used much due to cost). 
Nickel wiring is used in cooking equipment where the wiring is 
subject to high temperatures. The “hot” conductor supplies 
voltage to the circuit and the “neutral” conductor provides a 
return path back to the source voltage to complete the circuit.

Control Device (Switches)
Control devices are components that open and close circuits to 
control when the power is applied to a load to make it operate. 
Example: visualize turning on the light switch in your bedroom. 
When you turn off the switch, you are actually opening (or 
disconnecting) the circuit that sends power to the light bulb and 
the bulb goes out. When you turn the light switch on, you are 
closing (or connecting) the circuit that sends power to the light 
bulb and the bulb comes on.

Loads
Loads are components that consume electrical power such as 
light bulbs, motors, heating elements, etc. In other words, loads 
do work of some kind. Some produce light (bulbs), some produce 
motion (motors), some produce heat (heating element).
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What is a conductor?
A conductor is the wire which carries (Conducts) current 
from the supply point to the load is called conductors. 

Loads
The component or device that is operated by using the 
current is called load. Some common loads are light bulbs, 
motors, solenoids, and heating elements.

Conducting Materials
Generally all types of metal can be used for conducting 
electricity. Some metals are better suited for conductivity 
than others. These are called “Good Conductors”. 

Properties of a Good Conductor
A good conductor:
• Allows current to flow easily through it
• Has low resistance
• Can handle high stress
• Is fairly flexible
• Doesn’t corrode easily
• Isn’t affected by heat
• Is cost effective

Common Conductors
Copper is the most common conductor due to its good 
conductivity, high availability and reasonable cost. Silver, 
Brass. Aluminum, Tungsten, and Nichrome are also 
considered good conductors. Nichrome is commonly used 
in heating elements.

Photo credit: wisc-online.com

Photo credit: wisc-online.com
Wiring Tips 

When splicing wires in an oven, remember that 
you're dealing with high temperatures. Normal 

connectors and wire insulation will melt under 
these conditions. Your parts dealer has high-

temp connections, porcelain wire nuts and fiberglass-insulated wire for this 
purpose. 
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An electrical load is an electrical component or portion of a circuit that consumes electric 
power. This is opposed to a power source, such as a battery or generator, which produces 
power. In electric power circuits examples of loads are appliances and lights. The term 
may also refer to the power consumed by a circuit.

Loads affects the performance of circuits with respect to output voltages or currents, 
such as in sensors, voltage sources, and amplifiers. Mains power outlets provide an easy 
example: they supply power at constant voltage, with electrical appliances connected to 
the power circuit collectively making up the load. When a high-power appliance switches 
on, it dramatically reduces the load impedance.

If the load impedance is not very much higher than the power supply impedance, the 
voltages will drop. In a domestic environment, switching on a heating appliance may 
cause incandescent lights to dim noticeably. Below are some examples of different types 
of loads.
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Voltage is named after Alexandro Volta. In 
electricity, voltage is called Electromotive 
Force (E). Voltage is the force causing the 
electrons to flow. Think of it as electrical 
pressure. This force is constant and is 
generated by the power company. The voltage 
supplied to standard wall outlets in 120 volts 
AC. Some equipment requires 208, 240, or 480 
volts A.C.

Electrical Pressure
Think of voltage as electrical pressure. Just like 
there is a certain amount of constant water 
pressure as you kitchen sink, there is a 
constant amount of “electrical” pressure 
(voltage) at your wall outlets. The standard 
household outlet has 120 volts waiting to flow 
when the circuit is completed by plugging in an 
appliance to that outlet. Batteries provide a 
constant voltage as well.

Potential Difference
Voltage is also called “potential difference”. It 
is the push behind the electrons created by 
differences in atomic charges. In order for 
anything to flow (air, water, electrons), there 
must be a difference in pressure between the 
supply and the destination. The “hot” side of 
an electrical outlet has a potential of 120 volts 
and the neutral or ground has a potential 
voltage of zero volts. Because of this 
difference, electrons will flow from the hot to 
the neutral or ground. This difference can be 
measured with a device called a voltmeter.

Photo credit: Kelly Wells

Photo credit: wisc-online.com
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ELECTRIC COOKTOPS AND OVENS 

Most electric cooking equipment uses two different electrical circuits. The 
heating elements usually run on 240 volts, and accessories such as lights, 

timers and rotisserie motors run on 120 volts. There are a few notable 
exceptions. Some smaller cooktops run on 120 volts. Also, in some fixed-

temperature switch applications, 120 volts is applied to a 240-volt surface 
unit (burner) to achieve a "low" heat setting. 

Grounding Wires 

Always replace the green (ground) leads when 
you remove an electrical component. They're 

there for a reason. And NEVER EVER remove 
the third (ground) prong in the main power plug! They 

are especially important in spark ignition systems; the 
spark electrode will not spark without grounding. 

Checking for Power 

When testing for a 120-volt power supply from a 
wall outlet, you can plug in a small appliance 

such as a small fan or blow dryer (which you 
should have on your vehicle for thawing out 

froze up evaporators). If you're not getting full power out of the 
outlet, you'll know it right away. If you're testing for 240-volt 

power you need to use the DMM. 

Electrical Safety  

In electric cooking equipment, you're usually dealing with 
240 volt circuits. DO NOT TAKE THIS LIGHTLY. Being hit 

with 120 volts is not fun. Anyone who works with 
electrical equipment has at one time or another. It's 

unpleasant, but unless exposure is more than a second or 
so, the only harm it usually does is to tick you off pretty 

good. However, 240 VOLTS CAN KNOCK YOU OFF YOUR FEET. IT CAN DO 
YOUR BODY SOME SERIOUS DAMAGE, VERY QUICKLY.  
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Frequency
Hz” stands for the unit of Hertz, the 
measure of how rapidly alternating 
current alternates, a measure 
otherwise known as frequency. So, 
the column of figures labeled ”60 Hz 
AC” refers to current that alternates 
at a frequency of 60 cycles (1 cycle = 
period of time where electrons flow 
one direction, then the other 
direction) per second. 

Frequency Measurement Overview 
Circuits and equipment may be designed to operate at a fixed or variable frequency. 
They may perform abnormally if operated at a different frequency than specified.

Example: An ac motor designed to operate at 60 Hz operates slower if the frequency 
is less than 60 Hz, or faster if frequency exceeds 60 Hz. For ac motors, any change in 
frequency causes a proportional change in motor speed. A five percent reduction in 
frequency yields a five percent reduction in motor speed.

Some digital multimeters include optional modes related to frequency measurement:
•Frequency Counter mode: It measures the frequency of ac signals. It can be used to 
measure frequency when troubleshooting electrical and electronic equipment.
•MIN MAX Recording mode: Permits frequency measurements to be recorded over a 
specific time period. It provides the same function with voltage, current and 
resistance.
•Autorange mode: Automatically selects the frequency measurement range. If the 
frequency of the measured voltage is outside of the frequency measurement range, a 
DMM cannot display an accurate measurement. Refer to the user’s manual for 
specific frequency measurement ranges

In some circuits, there may be enough distortion on the line to prevent an accurate 
frequency measurement. Example: ac variable frequency drives (VFDs) can produce 
frequency distortions.

Reference: Digital Multimeter Principles by Glen A. Mazur, American Technical Publishers.
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How to Measure Frequency 
If your digital multimeter offers a frequency setting (Hz is the symbol) on the dial:

1. Turn the dial to Hz. It usually shares a spot on the dial with at least one other 
function. Some meters enter the frequency through a secondary function accessed by 
pushing a button and setting the rotary switch to ac or dc.

2. First insert the black test lead into the COM jack.

3. Then insert the red lead into the V Ω jack. When finished, remove the leads in 
reverse order: red first, then black.

4. Connect the black test lead first, the red test lead second. When finished, remove 
the leads in reverse order: red first, then black.

5. Read the measurement in the display. The abbreviation Hz should appear to the 
right of the reading.

Fluke.com



Unit 2: 
Measurement

Fundamentals of Electricity

Kirchhoff's Laws

Electricity

34

What is Kirchhoff’s Voltage Law?
Kirchhoff’s voltage law states that the total 
voltage in a series circuit is equal to the sum of 
the individual voltage drops in the circuit.

Once the voltage drop across each load is 
found, add them all together and you will get a 
sum of the source voltage.

How to Find Voltage Drop
The example below shows how to find the 
voltage drop across a load. 
1. Turn on the power to the unit so the 

machine is operating and has current 
flowing through it.

2. Set your meter to voltage.
3. Measure the voltage from the input of the 

load to ground. This voltage is your first 
value (VA).

4. Measure the voltage from the output of the 
load to ground. This voltage is your second 
value (VB) and should be lower than the 
first.

5. Subtract the second value from the first 
value to get the voltage drop for that load. 
VA - VB = VT

Voltage Drop Example

Kirchhoff’s Voltage Law (KVL)
”The algebraic sum of all voltages in a loop 
must equal zero.”

Kirchhoff’s Current Law (KCL)
”The algebraic sum of all currents entering 
and exiting a node must equal zero.”
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We have just learned that voltage is the force 
that makes free electrons flow through a 
conductor. Current is the flow of electrons. We 
measure this flow in units of amperage or amps. 
Amperage is named in honor of Andre Ampere.

Amperage
Current is measured in amps with an ammeter.
When 6.24 x 1018 (6.24 billion billion) electrons 
flow past a point (e.g. ammeter) per second it is 
measured as 1 amp. Increasing voltage also 
causes increased amperage. 

Electrical Safety
A common phrase heard in reference to 
electrical safety goes something like this: “It’s 
not voltage that kills, its current!” While there is 
an element of truth to this, there’s more to 
understand about shock hazard than this simple 
adage. If voltage presented no danger, no one 
would ever print and display signs saying: 
DANGER—HIGH VOLTAGE! The principle that 
“current kills” is essentially correct. It is electric 
current that burns tissue, freezes muscles, and 
fibrillates hearts. However, electric current 
doesn’t just occur on its own: there must be 
voltage available to motivate electrons to flow 
through a victim. A person’s body also presents 
resistance to current, which must be taken into 
account.

Ground Fault Circuit Interrupters
GFCI plugs and outlets detect any current 
flowing to ground instead of neutral and opens 
the circuit immediately to prevent current flow 
and possible electrocution.
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Resistance
Electrical resistance may be defined as the basic property of any substance due to which it 
opposes the flow of current through it.

While a voltage is applied across any substance, current starts flowing through it. But if we 
observe carefully, the current flows through the all substances are not equal even when 
the same voltage is applied across each of the substances. This is because current carrying 
capacity of all substances is not equal. The current depends upon the number of electrons' 
crossing the cross-section per unit time. Again this number of electrons crossing the cross-
section is dependable on the free electrons available in the substances. If free electrons 
are plenty in a substance, the amount of current is more for same applied voltage across 
the substances.

The current through a substance not only depends upon the number of free electrons in it, 
but also depends upon the length of path an electron has to travel to reach from lower 
potential end to higher potential end of the substance. In addition to that, every electron 
has to collide randomly with other atoms and electrons in numbers of times during its 
traveling. So, every substance has a property to resist current through it and this property 
is known as electric resistance. If one volt across a conductor produces one ampere of 
current through it, then the resistance of the conductor is said to be one ohm (Ω). 

Laws of Resistance
The resistance of any substance depends on the following factors, 
1. The resistance of a substance depends on its length.
2. The resistance of a substance depends on its cross sectional area. 
3. The resistance of a substance depends on the nature of material of the substance.
4. The resistance of a substance depends on the temperature of the substance.

Resistance Variation with Temperature
There are some materials mainly metals, such as silver, copper, aluminum, which have 
plenty of free electrons. Hence this type of materials can conduct current easily that 
means they are least resistive. But the resistivity of these materials is highly dependable 
upon their temperature. Generally metals offer more electrical resistance if temperature is 
increased. On the other hand the resistance offered by a non - metallic substance (carbon 
resistor) normally decreases with increase of temperature. 

https://www.electrical4u.com/electrical-dc-series-and-parallel-circuit/
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Power
In addition to voltage and current, there is another 
measure of free electron activity in a circuit: power. 
First, we need to understand just what power is 
before we analyze it in any circuits.

Power is a measure of how much work can be 
performed in a given amount of time. Work is 
generally defined in terms of the lifting of a weight 
against the pull of gravity. The heavier the weight 
and/or the higher it is lifted, the more work has been 
done. Power is a measure of how rapidly a standard 
amount of work is done. 

In electric circuits, power is a function of both 
voltage and current. The formula for power is P = I x 
E (power equals amperage multiplied by voltage.

When using this formula, the unit of measurement
for power is the watt, abbreviated with the letter 
”W.”

It must be understood that neither voltage nor 
current by themselves constitute power.

Rather, power is the combination of both voltage 
and current in a circuit. Remember that voltage is 
the specific work (or potential energy) per unit 
charge, while current is the rate at which electric 
charges move through a conductor. Voltage (specific 
work) is analogous to the work done in lifting a 
weight against the pull of gravity. Current (rate) is 
analogous to the speed at which that weight is lifted. 
Together as a product (multiplication), voltage (work) 
and current (rate) constitute power. 

Notes:____________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________

Allaboutcircuits.com
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How voltage, current, and resistance relate
An electric circuit is formed when a conductive path is created to allow free electrons to 
continuously move. This continuous movement of free electrons through the conductors 
of a circuit is called a current, and it is often referred to in terms of ”flow,” just like the 
flow of a liquid through a hollow pipe. The force motivating electrons to ”flow” in a circuit 
is called voltage. Voltage is a specific measure of potential energy that is always relative 
between two points. When we speak of a certain amount of voltage being present in a 
circuit, we are referring to the measurement of how much potential energy exists to move 
electrons from one particular point in that circuit to another particular point. Without 
reference to two particular points, the term ”voltage” has no meaning. 

Electron Movement
Free electrons tend to move through conductors with some degree of friction, or 
opposition to motion. This opposition to motion is more properly called resistance. The 
amount of current in a circuit depends on the amount of voltage available to motivate the 
electrons, and also the amount of resistance in the circuit to oppose electron flow. Just 
like voltage, resistance is a quantity relative between two points. For this reason, the 
quantities of voltage and resistance are often stated as being ”between” or ”across” two 
points in a circuit.
To be able to make meaningful statements about these quantities in circuits, we need to 
be able to describe their quantities in the same way that we might quantify mass, 
temperature, volume, length, or any other kind of physical quantity. For mass we might 
use the units of
”kilogram” or ”gram.” For temperature we might use degrees Fahrenheit or degrees 
Celsius. Here are the standard units of measurement for electrical current, voltage, and 
resistance:

www.allaboutcircuits.com - Lessons in Electric Circuits - Volume 1 - Direct Current
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These units and symbols for electrical quantities will become very important to know as
we begin to explore the relationships between them in circuits. The first, and perhaps 
most important, relationship between current, voltage, and resistance is called Ohm’s Law, 
discovered by Georg Simon Ohm and published in his 1827 paper, The Galvanic Circuit 
Investigated Mathematically. Ohm’s principal discovery was that the amount of electric 
current through a metal conductor in a circuit is directly proportional to the voltage 
impressed across it, for any given temperature. Ohm expressed his discovery in the form 
of a simple equation, describing how voltage, current, and resistance interrelate:

www.allaboutcircuits.com - Lessons in Electric Circuits - Volume 1 - Direct Current

https://www.google.com/imgres?imgurl=http://www.inchcalculator.com/wp-content/uploads/2015/10/ohms-law-calculator-1024x921.png&imgrefurl=http://www.inchcalculator.com/ohms-law-calculator/&docid=ChOTB6VLTNlxhM&tbnid=Mn04-xl6_Rnv5M:&w=1024&h=921&hl=en&bih=722&biw=1280&ved=0ahUKEwinm8PP1e7NAhUB72MKHR9mCQg4yAEQMwgIKAUwBQ&iact=mrc&uact=8
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How does Ohm’s Law work?
If you know two values, you can find the third 
with Ohm’s Law. The two values on the 
bottom are always multiplied together. The 
value on top is always divided by the known 
value on the bottom.

Voltage (Electromotive Force)
To find voltage (E) required for the circuit, you 
must multiply the amperage (I) and resistance 
(R) together.

Amperage (Intensity of Current)
To find amperage (I), voltage (E) would be 
divided by resistance (R).

Ohm’s (Resistance to current Flow) 
To find resistance (R), voltage (E) must be 
divided by amperage (I).

Watts (Power)
To find power (P), multiply amperage (I) by 
voltage (E).

X

?

X

÷

÷

?

?
?

Notes:________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
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Sometimes when dealing with electrical 
measurements the values can be very large or very 
small. To make things easier, prefixes are used. 
Some common used prefixes in electricity include:

Right Side of Zero
Mega (M) = 1,000,000 (One Million)
1,000,000Ω = 1MΩ
Application: Checking wiring insulation

Kilo (k) = 1,000 (One Thousand)
1,000 Watts  = 1kW
Application: Power rating

Left Side of Zero
Milli (m) = 1/1000th (One one-thousandth)
0.001 volt = 1mV
Application: Thermocouple voltage range

Micro (µ) = 1/1,000,000th (One millionth)
0.000001 amp = 1µA
Application: Flame rectification
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Multimeters are instruments used for taking a variety 
of electrical measurements types. Most multimeters 
will measure AC voltage, DC voltage, AC and DC 
amperage (up to 10 amps), resistance (Ohms), and 
continuity. Some are also clamp-on ammeters and 
some will even take temperature measurements 
using a thermocouple.

Measuring Circuit Voltage
Plug the probes into the meter. Red goes to the 
positive (+) and black to the negative (-).

Turn the selector dial or switch to the type of 
measurement you want. To measure alternating 
current, such as a wall outlet for home appliances use 
ACV or V~.  To measure direct current, a battery for 
example - use DCV or V-.

Choose the range setting. The dial may have options 
from 10 to 1000 on the ACV side, and 5 to 1000 on 
the DCV side.  The meter should be set at the top end 
of the voltage you are reading.  For example the 
setting should be higher than 120 for a 120V wall 
outlet. If the measurement scale is set too low, the 
meter's internal fuse may burn out.  

Hold the probes by the insulated handles and touch 
the red probe to the positive side of a DC circuit or 
either side of an AC circuit. Touch the other side with 
the black probe.

Read the digital display or analog dial for voltage 
measurement. 

A digital multimeter is often referred to as a DMM.
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Multimeters can also be used to measure resistance. 
Resistance is measured in Ohms. The symbol for 
Ohms is the Greek Omega symbol . This setting will 
measure the resistance of components or the 
continuity of conductors, component windings, and 
component contacts.

Measuring Circuit Resistance
Select a setting within the Ω (ohms) section on the 
meter dial. Setting options are usually between 200 –
20M (million). Using higher range settings will 
increase the meters sensitivity to resistances.

Disconnect the power and isolate the component. 

Touch the positive (red) and negative (black) probes 
together, the reading you receive is a closed circuit 
(power can flow with 0 resistance). Now place the 
leads across the component. You should receive a 
resistance reading. If it reads “I” or O.L, there is no 
resistance and the circuit is open.
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Notes:_______________________
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How to test for continuity
1. Turn the dial to Continuity Test mode ( continuity ). It will 
likely share a spot on the dial with one or more functions, 
usually resistance (Ω). With the test probes separated, the 
multimeters display may show OL and Ω.
2. If required, press the continuity button.
3. First insert the black test lead into the COM jack.
4. Then insert the red lead into the V Ω jack. When finished, 
remove the leads in reverse order: red first, then black.
5. With the circuit de-energized, connect the test leads across 
the component being tested. The position of the test leads is 
arbitrary. Note that the component may need to be isolated 
from other components in the circuit.
6. The digital multimeter (DMM) beeps if a complete path 
(continuity) is detected. If the circuit is open (the switch is in 
the OFF position), the DMM will not beep.
7. When finished, turn the multimeter OFF to preserve battery 
life.

Continuity testing overview
•Continuity is the presence of a complete path for current flow. 
A circuit is complete when its switch is closed.
•A digital multimeters Continuity Test mode can be used to test 
switches, fuses, electrical connections, conductors and other 
components. A good fuse, for example, should have continuity.
•A DMM emits an audible response (a beep) when it detects a 
complete path.
•The beep, an audible indicator, permits technicians to focus on 
testing procedures without looking at the multimeter display.
•When testing for continuity, a multimeter beeps based on the 
resistance of the component being tested. That resistance is 
determined by the range setting of the multimeter. Examples: 
◦If the range is set to 400.0 Ω, a multimeter typically beeps if 
the component has a resistance of 40 Ω or less.
◦If the range is set 4.000 kΩ, a multimeter typically beeps if the 
component has a resistance of 200 Ω or less.

•The lowest range setting should be used when testing circuit 
components that should have low-resistance value such as 
electrical connections or switch contacts. 
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The ammeter show is a digital clamp-on 
ammeter/multimeter. It will also check voltage, 
resistance, temperature and other things.

Since an ammeter is used to measure current 
through a wire you must clamp it around only 
one wire at a time. If you need to check 
amperage at the power supply, a cord or device 
must be used to separate the hot and neutral 
wires so they can be clamped around 
individually. Here we will check the amperage 
draw of a desk fan.

The photo shows the ammeter set to read 
amperage and clamped around the black (hot) 
wire. This gives a reading of +0.241 amps. The 
fan is pulling 0.241 amps on its medium setting.

This photo shows the ammeter clamped around 
the white (neutral) wire. It gives a reading of       
- 0.247 amps. In AC voltage the voltage 
alternates between hot and neutral. This is why 
there is an amp reading on the neutral side.

This photo shows the ammeter clamped around 
the black (hot) and white (neutral) wires at the 
same time. This gives a reading of 0.001 amps. 
This is because the positive current running 
through the black wire (+0.24 amps) and the 
negative current running through the white wire 
(-0.24 amps) cancel each other out to give a 
reading of zero. 
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What are Circuit Breakers? 
Circuit Breakers are reusable overcurrent protection 
devices. After tripping to break the circuit, the 
breaker can be reset to protect the circuit again. 

There are two accepted definitions for circuit 
breakers:
• The National Electrical Manufacturers 

Association (NEMA) defines a circuit breaker as a 
device designed to open and close a circuit, by 
non-automatic means, and to open the circuit 
automatically on a predetermined overcurrent 
without injury to itself when properly applied 
within its rating. 

• The American National Standards Institute (ANSI) 
states that a circuit breaker is a mechanical 
switching device capable of making, carrying and 
breaking currents under normal circuit 
conditions. Also, it is capable of making and 
carrying a current for a specified time, and 
breaking currents under specified abnormal 
circuit conditions such as those of a short circuit.  

1 amp Circuit Breaker in the on position

Circuit Breakers in a Breaker Panel
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All circuit breakers have the following common design and 
functional characteristics: 

Circuit Breaker Frame 
The circuit breakers frame provides a method by which all the 
required components can be mounted and kept in place, 
ensuring the proper operation of the circuit breaker. The 
circuit breaker frame provides the rigidity and strength 
required to successfully deal with the interruption process and 
achieve the desired Interrupting Ratings. The frame's 
mechanical strength must be sufficient to withstand the forces 
created by the square of the current (I2), which could be quite 
large and potentially destructive. The frame provides for 
insulation and isolation of the current path, offering personnel 
protection near the equipment during operation. The frame 
also plays a critical role in the circuit breakers ability to comply 
with standards. There are two types of frames: 

• Metal Frame  - Metal Frame circuit breakers are 
assembled from precise metal pieces that are bolted 
and welded together to form the frame. Older low 
voltage power circuit breakers and current medium 
voltage power circuit breakers are of the metal frame 
design. Historically, all power circuit breakers, both 
above and below 600 volts, have been referred to as 
metal frame circuit breakers. The metal frame design 
is still being used for higher voltages.

• Molded Insulating Material  - Molded insulated 
material frames are made from a strong insulating 
material, such as glass-polyester or thermoset 
composite resins. Sizes vary according to the Ampere 
Rating size of the circuit breaker. Molded insulated 
material frames are primarily associated with low 
voltage molded case circuit breakers and insulated 
case circuit breakers. Because of advances in materials 
and technology, we are now seeing molded insulated 
case power circuit breakers at 600 volts and higher. 
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Contacts and Operating Mechanism 
Contacts in a circuit breaker provide a method for connecting the circuit with the system. They 
also provide a method for isolating a part of a circuit from the rest of the system. A contact set 
contains a fixed and movable contact. As a circuit breaker opens or closes, the fixed contact 
maintains its position while the movable contact moves to close (make) or open (break) the 
circuit. When all is said and done, contacts perform a simple function; they open and close. Circuit 
breakers require some type of operating mechanism to open and close the contacts. This 
operating mechanism can be mechanical or a combination of mechanical and power. Depending 
upon the type of circuit breaker being considered, the operating mechanism could be called upon 
to: 
1. Open and close the contacts manually
2. Open and close the contacts on demand
3. Open the contacts automatically

Springs 
Springs play a big role in the precise functioning of circuit breaker mechanisms. Springs are 
stretched or compressed to provide the energy necessary to assist with the proper opening or 
closing of the contacts. There are two types of spring-assisted mechanisms:

• Over Toggle Mechanism  - A manual handle on the circuit breaker is operated to set the 
mechanism in motion. The handle is moved, whether opening or closing the circuit 
breaker, until a point is reached where the handle goes over-toggle (past the point of no 
return), and the spring-assisted mechanism automatically opens or closes the circuit 
breaker. This toggle mechanism is called the Quick-Make, Quick-Break type, which means 
that the speed with which the contacts open or close is independent of how fast the 
handle is moved. A motor operator can be used to operate the handle automatically in 
lieu of manual operation. The design is such that the circuit breaker would trip open 
when required, even if the manual handle was held in the ON (closed) position.

• Two Step Stored Energy Mechanism  - The two-step stored energy mechanism is used 
when a lot of energy is required to close the circuit breaker and when it needs to close 
rapidly. The two-step stored energy process is designed to charge the closing spring and 
release energy to close the breaker. It uses separate opening and closing springs. This is 
important because it permits the closing spring to be changed independently of the 
opening process. This allows for an open-close-open duty cycle. The motor can be 
operated remotely, allowing maximum safety for the operator. The major advantages of 
the two-step stored energy mechanism are rapid reclosing and safety. Rapid reclosing is 
achieved by storing charged energy in a separate closing spring. Safety is achieved by 
providing remote charging of the spring.
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Trip Unit 
For a circuit breaker to be effective, it needs to have some intelligence to enable 
it to perform automatically or respond to a command. Without this capability, a 
circuit breaker would just be a fancy switch. A trip unit is the circuit breakers 
intelligence. Its function is to trip the operating mechanism (open the circuit) in 
the event of these overcurrent conditions: 
1. Thermal Overload
2. Short Circuit
3. Ground Fault
There are two types of Trip Units: 

• Electromechanical  - This type of trip unit is generally used in low 
voltage circuit breakers. It is integrally mounted into the circuit breaker 
and is temperature sensitive. Thermal magnetic trip units act to protect 
the conductor (wire), safeguarding equipment under high ambient 
conditions and permitting higher safe loading under low ambient 
conditions. This trip unit utilizes bimetals and electromagnets to provide 
overload and short circuit protection, which is referred to as thermal 
magnetic. The thermal trip portion is used for overload protection. Its 
action is achieved using a bimetal heated by the load current. On a 
sustained overload, the bimetal will deflect, causing the operating 
mechanism to trip. The magnetic trip portion is used for short circuit 
(instantaneous) protection. Its action is achieved with an electromagnet 
whose winding is in series with the load current. When a short circuit 
occurs, the current passing through the conductor causes the 
electromagnet's magnetic field to rapidly increase, attracting the 
armature and causing the circuit breaker to trip.

• Electronic  - In general, electronic trip units are composed of three 
components, which are internal to the trip unit. These components 
include the current transformer, circuit board and flux transfer shunt trip. 
The current transformer is used in each current phase to monitor and 
reduce the current to the proper input level. The circuit board is the 
brains of the system. It interprets input current and makes a decision 
based on predetermined parameters. A decision to trip sends an output 
to the flux-transfer shunt trip. The flux-transfer shunt trip is the 
component that trips the circuit breaker.
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What is a fuse?
Fuses are circuit protection devices 
installed (in series) in circuits to protect 
the circuit from excess current. Current 
flows through a circuit and is controlled 
by resistance in the circuit. If for some 
reason this resistance is reduced (i.e., a 
direct short) then current flow increases. 
If current flow increases too much, the 
circuit is at risk. Conductors (wire) in the 
circuit are rated to handle only a certain 
amount a current. If the current flowing 
through a conductor exceeds the 
conductors rating, the conductor can 
heat up. If it heats up too much, the 
insulation on the conductor may melt 
which will expose the live wires. If the 
wires come in contact with the neutral 
wires, this can create a spark and start a 
fire. Fuses should never be bypassed and 
should always be replaced with the 
proper size replacement fuse.

Blown Fuses
Fuses installed in circuits will open the 
circuit if excess current starts to flow in 
the circuit due to a fault. If a fuse opens 
(blows) it must be replaced in order for 
the circuit to work again. A blown fuse 
indicates a fault in the circuit and the 
technician should resolve this fault 
before returning the machine to 
operation.
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Switches
Most electric circuits contain an on/off switch. In addition to the on/off 
switch, many circuits contain switches that control how the circuit works 
or activate different features of the circuit. One way to classify switches is 
by the connections they make. Two important factors that determine 
what types of connections a switch makes are poles and throws.

Switch Poles
A switch pole refers to the number of separate circuits that the switch 
controls. A single-pole switch controls just one circuit. A double-pole 
switch controls two separate circuits. A double-pole switch is like two 
separate single-pole switches that are mechanically operated by the 
same lever, knob, or button.

Switch Throws
The number of throws indicates how many different output connections 
each switch pole can connect its input to. The two most common types 
are single-throw and double-throw.

Single-Throw Switch (SPST)
A single-throw switch is a simple on/off switch that connects or 
disconnects two terminals. When the switch is closed, the two terminals 
are connected and current flows between them. When the switch is 
opened, the terminals are not connected, so current does not flow.

Double-Throw Switch (SPDT)
A double-throw switch connects an input terminal to one of two output 
terminals. Thus, a double-pole switch has three terminals. One of the 
terminals is called the common terminal. The other two terminals are 
often referred A and B or as normally open (NC) and normally closed 
(NO). A normal position indicates the position of the switch when it is not 
being actuated.

How Poles and Throws Work
When the switch is in one position, the common terminal is connected to 
the NC terminal, so current flows from the common terminal to the NC 
terminal but no current flows to the NO terminal. When the switch is 
moved to its other position, the terminal connections are reversed: 
current flows from the common terminal to the NO terminal, but no 
current flows though the NC terminal.
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Switch Types
Switches vary in both the number of poles and the number 
of throws. Most switches have one or two poles and one or 
two throws. This leads to four common combinations:

• SPST (single pole, single throw): A basic on/off switch
that turns a single circuit on or off. An SPST switch has two
terminals: one for the input and one for the output. 

• SPDT (single pole, double throw): An SPDT switch routes
one input circuit to one of two output circuits. This type of
switch is sometimes called an A/B switch because it lets 

you choose between two circuits, called A and B. An SPDT 
switch has three terminals: one for the input and two for 
the A and B outputs. 

• DPST (double pole, single throw): A DPST switch turns
two circuits on or off. A DPST switch has four terminals: 

two
inputs and two outputs. 

• DPDT (double pole, double throw): A DPDT switch 
routes

two separate circuits, connecting each of two inputs to one 
of two  outputs. A DPDT switch has six terminals: two for 
the inputs, two  for the A outputs, and two for the B 
outputs. 

Switches With More Than Two Poles or Throws
Switches with more than two poles or more than two 
throws are not commonplace, but they do exist. Rotary 
switches lend themselves especially well to having many 
throws. For example, the rotary switch in a multimeter 
typically has 16 or more throws, one for each range of 
measurement the meter can make. These types of switches 
are common in the cooking equipment industry.

Common Variation
A common variation of a double throw switch is to have a 
middle position that does not connect to either output. 
Often called center open, this type of switch has three 
positions, but only two throws. For example, an SPDT 
center open switch can switch one input between either of 
two outputs, but in its center position, neither output is 
connected.
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Definition of Transformer
A transformer is a static machine used for
transforming power from one circuit to another
without changing frequency. This is a very basic
definition of transformer. Since there is no rotating or
moving part so transformer is a static device.
Transformers operate only on AC supply.
Transformers work on the principle of mutual
induction.

Types of Transformers
Transformers can be categorized in different ways,
depending upon their purpose, use, construction etc.
The types of transformer are as follows: Step Up
Transformer and Step Down Transformer. Step up
transformers have a higher voltage on the secondary
side than they do on the primary side. Step down
transformers have a lower voltage on the secondary
side than they do on the primary side.

Primary Voltage
Line voltage from the AC power source connects to
the primary (line) side of the transformer.

Secondary Voltage
Secondary voltage is the voltage induced by the
primary voltage. The load that is using the induced
voltage is connected to the secondary side. Some
transformers have a circuit breaker on the secondary
side.

Applications
A common application in food equipment is a step
down transformer that reduced the line voltage
supplied to the machine (typically 208 or 240 volts
AC) to 24 volts AC to supply power for the electronics
circuit. Typically electronic control boards use a
supply voltage of 24 volts AC.
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If your range's surface element is not heating at all and a check of the element and 
wiring didn't turn up any problems, there may be a problem in the control switch. For 
the element to totally not heat, no power can be getting to it. If a good element was 
getting power it HAS TO heat. There are no two ways about it! 
The switch for the element will need to be accessed to have tests performed on it. 
Disconnect power from the appliance by either turning the house breakers off or 
unplugging the range from the wall. The rear panel of the range may need to be 
removed to access the switch wiring and terminals. On some newer range models or 
models with upfront controls, access to the switch terminals and wiring may be able to 
be done from the front. 

Electric Range Surface Element Switch
There have been several manufacturers that have produced different styles of element 
switches over the years. The most popular element control switch in use to this point has 
the "Infinite Heat Switch" manufactured my Robertshaw. 

The-appliance-clinic.com
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Surface Element Not Heating At All
The first test that can be done is checking the switch contacts for continuity. This 
must be done with power disconnected from the whole appliance and wiring 
removed from the element switch terminals. 

With the wiring disconnected from the switch and the switch in the "HI" position, 
there should read continuity between terminals L1 and H1. There should also be 
continuity between terminals L2 and H2. If either of those tests show no continuity 
(ie. infinite resistance), the switch is likely defective and needs to be replaced. 

The wiring diagram is for a Robertshaw infinite heat surface element control switch. 
If your switch terminal numbering differs, consult the range's wiring diagram or the 
images above to try to ascertain the correct terminals to test between. 

If the above tests check out and there is no problem in the wiring from the switch to 
the element and the elements tests as good and you are still not getting any heat 
from the element, someone will have to verify that 240 volts is getting to the L1 and 
L2 terminals of the switch. There may be a problem with the range's wiring leading 
up to the switch. If 240 volts is present at terminals L1 and L2, someone can confirm 
power out of the switch by checking for 240 volts between switch terminals H1 and 
H2 with the switch set on "HI". 

Switching
Uncontrollable element  
When turned "ON", the switch contact connecting 
terminals L1 and H1 closes and the contact 
between L2 and H2 closes. When the switch cycles 
power to the element to control its heat, the 
switch opens the contact between L2 and H2 
stopping power flow to the element. The contacts 
between terminals L1 and H1 remain closed the 
whole time the switch is in an "ON" position. 

If the element stays on "HI" regardless of the knob 
setting, the L2 to H2 contact is likely shorted 
closed. If the element stays on "HI" even when in 
the "OFF" position, both the L1 to H1 contact and 
L2 to H2 contact are shorted. 
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Heating Elements 

In most cooktops, the heating element is simply a 
big resistor wire, with enough resistance to generate 

a high heat. Usually these are nichrome wire, 
surrounded in ceramic insulation, with a steel sheath 

around the ceramic. On higher settings, the element 
glows red when operating. Heating occurs mainly by 

conduction; that is, the direct contact of the heating 
element to the cookware. Since the surface unit coil is flat, flat-bottomed 

cookware provides the best contact with these units and thus the most 
efficient operation. 

 
Radiant Heating Elements 

A fairly recent development is the radiant heat cooktop. 
These have a radiant element (something like a very 

intense sunlamp) underneath a glass surface. These 

units do not heat the pot or pan by direct contact 
(conduction) like coil surface units. They heat by 

radiation, much like a sunlamp heats your skin. 
 

Infinite Switch 
To maintain a set 

temperature, the element is 
cycled on and off, usually by 

a switch called an infinite 
switch, and so named 

because it theoretically 
provides an infinite number 

of heat cycles. There are also fixed-
temperature switches that vary the voltage going to the heating elements to 

maintain fixed, pre-set temperatures. These are push-button or rotary 

switches with fixed settings such as warm, low, medium and high.  
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What is a diode? 
A diode is a semiconductor device that essentially 
acts as a one-way switch for current. It allows 
current to flow easily in one direction, but severely 
restricts current from flowing in the opposite 
direction.

Rectifiers 
Diodes are also known as rectifiers because they 
change alternating current (ac) into pulsating direct 
current (dc). Diodes are rated according to their 
type, voltage, and current capacity.

Polarity 
Diodes have polarity, determined by an anode 
(positive lead) and cathode (negative lead). Most 
diodes allow current to flow only when positive 
voltage is applied to the anode. A variety of diode 
configurations are displayed in this graphic.

Current Flow Direction 
When a diode allows current flow, it is forward-
biased. When a diode is reverse-biased, it acts as an 
insulator and does not permit current to flow.
Strange but true: The diode symbol's arrow points 
against the direction of electron flow. Reason: 
Engineers conceived the symbol, and their 
schematics show current flowing from the positive 
(+) side of the voltage source to the negative (-). It's 
the same convention used for semiconductor 
symbols that include arrows—the arrow points in 
the permitted direction of "conventional" flow, and 
against the permitted direction of electron flow.

Diodes are available in various configurations. From left: 
metal case, stud mount, plastic case with band, plastic 
case with chamfer, glass case.
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Testing Diodes
A digital multimeters Diode Test mode produces a small voltage between the test leads 
sufficient to forward-bias a diode junction. Normal voltage drop is 0.5 V to 0.8 V. The 
forward-biased resistance of a good diode should range from 1000 ohms to 10 ohms. When 
reverse-biased, a DMM's display will read OL (which indicates very high resistance).
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Diode Current Ratings
Diodes are assigned current ratings. If the rating is exceeded and the diode fails, it may 
short and either a) allow current to flow in both directions or b) halt current from flowing in 
either direction.
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What is a Relay?
A relay is a switching device. It causes switch contacts to 
open or close through electromagnetism. This 
electromagnetism is produced by a coil in the relay. 
When power is applied to the coil, a magnet is created 
which pulls the switch contacts down. When power is 
disconnected from the coil, the magnetism goes away 
and the switch contacts go back to their original position 
because a spring is pulling them back.

The Coil
The voltage applied to the coil must be the amount and 
type specified on the relay. It may be AC or DC and the 
voltages range from 12 volts to 240 volts. The coil 
typically gets its power from a remote device such as a 
temperature switch other device.

Switch Contacts
Relays can have two or more sets of switch contacts. 
Each set of switch contacts have a common terminal, 
normally closed terminal, and a normally open terminal. 
The switch contacts typically operate a circuit that uses a 
higher voltage than the coil. A switch opens and closes 
live voltage to the circuit. Live voltage is connected to 
the “Common” terminal. This voltage is also at the 
normally closed switch contact because there is a wire 
that connects each common terminal to the normally 
closed terminal. When the coil is energized and 
magnetism is created, the contacts pull towards the 
normally open contacts and power is now at the 
normally open contacts. Whatever is connected to the 
normally open contacts now receives the voltage that is 
connected to the common terminal. When power is 
removed from the coil a spring pulls the contact lever 
back to the normally closed contacts and power is back 
at the normally closed terminal. Not all sets of switch 
contacts have to be used.

NC  NO    Com      Coil

Power from 
remote 
device to 
operate coil.

Line 
Power 
in

Line 
Power 
out 
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Relay condition when 
there is no power sent 
to the coil.

NC  NO    Com      Coil

Line 
Power 
in

Line 
Power 
out 

Power from 
remote 
device to 
operate coil.

Relay condition when 
there is power sent to 
the coil.

NC  NO    Com      Coil

Line 
Power 
in

Line 
Power 
out 

No Power 
Applied to 
coil.

24 Volts from thermostat sent to coil 

Hot Neutral

Com

NO

NC

NO

NC

Com

NC

NO

Com

Example of Application: A thermostat sends 24 VAC to the coil contacts which causes 120 
VAC to be sent to two exhaust fan motors simultaneously. Middle switch contacts are not 
used.

120 VAC Power In 120 VAC Power In

120 VAC Out 120 VAC OutN N

NHot

Relay 
Schematic 
Symbol

Coil

The coil and the 
switch contacts on a 
relay are electrically 
isolated from one 
another. The dotted 
line represents a 
magnetic pull.
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Contactors
Contactors are a common type of ac relay whose 
current (amperage) rating is much higher than that of 
other types of relays. 
This makes contactors ideal to control many types of 
high-power loads such as heavy-duty motors, lighting 
and heating equipment, and capacitor banks.

Contactor Function 
A contactor can stand on its own as a power control 
device, or as part of a starter. Contactors are used in 
applications ranging from a light switch to the most 
complex, automated industrial equipment. Contactors 
are used by electrical equipment that is frequently 
turned off and on (opening and closing the circuit), 
such as lights, heaters and motors. The function of 
the contactor is always the same; to make and break 
all power supply lines running to a Load or, as defined 
by NEMA, to repeatedly establish and interrupt an 
electrical power circuit. 

Magnetic Contactors 
A magnetic contactor is operated electromechanically 
without manual intervention. This means that the 
contactor can be operated remotely, without the 
need for putting a person in a potentially dangerous 
location. Magnetic contactors use a small control 
current to open and close the circuit. The materials 
used to construct contacts or contactors are generally 
dependent on the kind of environment in which they 
will be used. Common contact materials are fine 
silver, coin silver, silver cadmium oxide, and the noble 
metals. In addition to these materials, special contact 
finishes may be required for certain applications. For 
example, if a relay is to be used in a mildly corrosive 
atmosphere, contactors should have a chromate-
conversion coating. 

Contactor on Conveyor Oven

Normally Closed Contactor Contacts

Normally Open Contactor Contacts

Contactor Coil

Contactor Schematic Symbols

Galco.com
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Definite Purpose Contactors 
Definite Purpose Contactors are electrically 
operated switching devices specifically designed 
for the heating, ventilation, air conditioning and 
refrigeration (HVAC) industry. They are controlled 
by automatic thermostat control or manual 
pushbutton interfaces. 

How Contactors Operate 
The following components can be found in a 
contactor:
1. Movable contacts
2. Stationary contacts
3. Armature
4. Spring
5. Coil
6. E-Frame

The E-Frame, when energized by the coil, 
becomes an electromagnet. The armature, a 
companion to the E-frame, is connected to a set 
of contacts. The armature is moveable but is held 
by a spring. When the coil is energized, the 
moveable contacts are pulled toward the 
stationary contacts because the armature is 
pulled toward the E-frame. Once the two sets of 
contacts meet, power can flow through the 
contactor to the load. When the coil is de-
energized, the magnetic field is broken and the 
spring forces the two sets of contacts apart. 
Contactors are used when no overload 
protection is necessary, and at lower levels of 
electrical current. They are also operated 
electromechanically and use a small control 
current to open and close the circuit. 

Galco.com
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Contactor Data Plate Explanation 

Load Voltage 
T1 and T2Supply Voltage 

L1 and L2

Schematic 
Diagram

Coil

Manual Push 
Button Actuator

Contact supply voltage

Full Load Amps
Coil RatingModel

Terminal 
Torque Rating

Locked Rotor Amps, sometimes abbreviated 
LRA, is the current that a motor draws as power 
is first applied to start turning the rotor.
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Definite Purpose Contactors 

Marsdelivers.com
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The most common contactor 
failure is a open contactor 
coil. 

The switch contacts of the 
contactor will sometimes 
build up carbon on them 
over time. Carbon on the 
contacts introduces 
resistance into the circuit and 
opposes current flow.

Sometimes debris or insects 
can get between the contacts 
and prevent current flow.
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What is a Solenoid?
A solenoid is an electrical device that produces 
linear mechanical motion. A solenoid consists 
of a coil, an armature (plunger) and a spring.

How a Solenoid Works
When power is supplied to a solenoid coil, an 
electromagnet is created. The magnetism 
causes an armature that is in the center of the 
coil to pull in. When power is disconnected 
from the coil, the magnetism goes away and a 
spring inside the coil pushes the armature or 
plunger out.

Solenoid Applications
Solenoids are used in all sorts of applications 
such as water valves, refrigerant valves, gas 
valves, etc.

Testing Solenoids

Solenoid Valve

Notes:___________________________________________
________________________________________________
________________________________________________
________________________________________________
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Capacitors are used frequently in the food equipment 
industry. They are used on electronic printed circuit 
boards (PCBs) and are used to help motors get 
started and keep running.

Motor Capacitors 
In some cases, single-phase induction motors use 
capacitors to create a much larger phase 
displacement to help start the motor. Capacitors 
cause capacitive reactance in a circuit, which is the 
opposition to the flow of current that causes voltage 
to lag behind current in a cycle. In a motor with both 
start and run windings, capacitors are added in series 
with the start winding.

When power is applied to the motor, electricity flows 
through the start and run windings. In the run 
winding, current lags behind voltage due to inductive 
reactance. In the start winding with a capacitor wired 
in series, voltage lags behind current due to 
capacitive reactance. This causes phase splitting, but 
with a larger displacement between the phases than 
can be caused by just the start and run windings 
alone.

A larger phase displacement leads to a higher starting 
torque, which means motors that use capacitors can 
start under heavier loads.

Modern Refrigeration and Air Conditioning 19th Edition

Notes:________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
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Motor Capacitor Types 
There are two types of capacitors used 
with motors: start capacitors and run 
capacitors. 

Start Capacitors 
A capacitor used only during motor start-
up to provide initial starting torque is 
called a start capacitor. A start capacitor is 
never used in a stator’s run winding circuit. 
Start capacitors are usually dry electrolytic 
capacitors.

Run Capacitors 
A run capacitor operates in the same way 
as a start capacitor, except it remains in the 
start winding circuit while the motor is 
running. It provides a signal that is out of 
phase for added torque during the motor’s 
entire operation. Run capacitors are filled 
with oil and are designed to dissipate the 
heat generated by a running motor. 

Start capacitors increase a motors starting 
torque and typically have a high microfarad 
rating.

Run capacitors increase a motor’s running 
torque.

Modern Refrigeration and Air Conditioning 19th Edition
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When a voltage is applied across the two plates of a 
capacitor, a concentrated field flux is created 
between them, allowing a significant difference of 
free electrons (a charge) to develop between the two 
plates:

As the electric field is established by the applied 
voltage, extra free electrons are forced to collect on 
the negative conductor, while free electrons are 
”robbed” from the positive conductor.

This differential charge equates to a storage of energy 
in the capacitor, representing the potential charge of 
the electrons between the two plates. The greater 
the difference of electrons on opposing plates of a 
capacitor, the greater the field flux, and the greater 
”charge” of energy the capacitor will store.

Because capacitors store the potential energy of 
accumulated electrons in the form of an electric field, 
they behave quite differently than resistors (which 
simply dissipate energy in the form of heat) in a 
circuit. Energy storage in a capacitor is a function of 
the voltage between the plates, as well as other 
factors which we will discuss later in this chapter. 

A capacitor’s ability to store energy as a function of 
voltage (potential difference between the two leads) 
results in a tendency to try to maintain voltage at a 
constant level. In other words, capacitors tend to 
resist changes in voltage drop. When voltage across a 
capacitor is increased or decreased, the capacitor 
”resists” the change by drawing current from or 
supplying current to the source of the voltage 
change, in opposition to the change.

Allaboutcircuits.com

Notes:___________
________________
________________
________________
________________
________________
________________
________________
________________
________________
________________
________________
________________



Unit 3: 
Components

Fundamentals of Electricity

Capacitor Operation

Electricity

86

Storing Energy
To store more energy in a capacitor, the voltage across it 
must be increased. This means that more electrons must 
be added to the (-) plate and more taken away from the 
(+) plate, necessitating a current in that direction. 

Releasing Energy
Conversely, to release energy from a capacitor, the 
voltage across it must be decreased. This means some of 
the excess electrons on the (-) plate must be returned to 
the (+) plate, necessitating a current in the other 
direction.

Maintaining Charge
A capacitor’s tendency to oppose changes in voltage as 
such: ”A charged capacitor tends to stay charged; a 
discharged capacitor tends to stay discharged.” 
Hypothetically, a capacitor left untouched will indefinitely 
maintain whatever state of voltage charge that its been 
left it. Only an outside source (or drain) of current can 
alter the voltage charge stored by a perfect capacitor.

Charging
When the voltage across a capacitor is increased, it draws 
current from the rest of the circuit, acting as a power 
load. In this condition the capacitor is said to be charging, 
because there is an increasing amount of energy being 
stored in its electric field. Note the direction of electron 
current with regard to the voltage polarity.

Discharging
Conversely, when the voltage across a capacitor is 
decreased, the capacitor supplies current to the rest of 
the circuit, acting as a power source. In this condition the 
capacitor is said to be discharging. Its store of energy –
held in the electric field – is decreasing now as energy
is released to the rest of the circuit. Note the direction of 
electron current with regard to the
voltage polarity. 

Discharging

Charging

Maintaining Charge
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If a source of voltage is suddenly applied to an uncharged capacitor (a sudden increase of voltage), the 
capacitor will draw current from that source, absorbing energy from it, until the capacitor’s voltage 
equals that of the source. Once the capacitor voltage reached this final (charged) state, its current 
decays to zero. Conversely, if a load resistance is connected to a charged capacitor, the capacitor will 
supply current to the load, until it has released all its stored energy and its voltage decays to zero. Once 
the capacitor voltage reaches this final (discharged) state, its current decays to zero. In their ability to 
be charged and discharged, capacitors can be thought of as acting somewhat like secondary-cell 
batteries.

Dielectrics
The choice of insulating material between the plates, as was mentioned before, has a great impact 
upon how much field flux (and therefore how much charge) will develop with any given amount of 
voltage applied across the plates. Because of the role of this insulating material in affecting field flux, it 
has a special name: dielectric. Not all dielectric materials are equal: the extent to which materials 
inhibit or encourage the formation of electric field flux is called the permittivity of the dielectric.

Capacitance
The measure of a capacitor’s ability to store energy for a given amount of voltage drop is called 
capacitance. Not surprisingly, capacitance is also a measure of the intensity of opposition to changes in 
voltage (exactly how much current it will produce for a given rate of change in voltage). Capacitance is 
symbolically denoted with a capital ”C,” and is measured in the unit of the Farad, abbreviated as ”F.”
Convention, has favored the metric prefix ”micro” in the measurement of large capacitances, and so 
many capacitors are rated in terms of micro- Farad values. The symbol for the micro-Farad is μF. 
Sometimes it is UF.

Condensers
An obsolete name for a capacitor is condenser or condensor. These terms are not used in any new 
books or schematic diagrams (to my knowledge), but they might be encountered in older electronics 
literature. Perhaps the most well-known usage for the term ”condenser” is in automotive engineering, 
where a small capacitor called by that name was used to mitigate excessive sparking across the switch 
contacts (called ”points”) in electromechanical ignition systems.

REVIEW:
• Capacitors react against changes in voltage by supplying or drawing current in the direction
necessary to oppose the change.
• When a capacitor is faced with an increasing voltage, it acts as a load: drawing current
as it absorbs energy (current going in the negative side and out the positive side, like a
resistor).
• When a capacitor is faced with a decreasing voltage, it acts as a source: supplying current
as it releases stored energy (current going out the negative side and in the positive side,
like a battery).
• The ability of a capacitor to store energy in the form of an electric field (and consequently
to oppose changes in voltage) is called capacitance. It is measured in the unit of the Farad
(F). 
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A multimeter determines capacitance by 
charging a capacitor with a known current, 
measuring the resulting voltage, then 
calculating the capacitance.

Warning: A good capacitor stores an 
electrical charge and may remain energized 
after power is removed. Before touching it 
or taking a measurement, 
a) turn all power OFF, 
b) b) use your multimeter to confirm that 

power is OFF and 
c) c) carefully discharge the capacitor by 

connecting a resistor across the leads 
(as noted in the next paragraph). Be 
sure to wear appropriate personal 
protective equipment.

To safely discharge a capacitor: After 
power is removed, connect a 20,000 Ω, 5-
watt resistor across the capacitor terminals 
for five seconds. 
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Capacitor Schematic Symbols
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Start Capacitor

Top Terminals of a run capacitor

10 microfarad run capacitor
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How to measure capacitance
Use your multimeter to confirm the capacitor is fully discharged.
1. Use your digital multimeter (DMM) to ensure all power to the circuit is OFF. If the capacitor is 
used in an ac circuit, set the multimeter to measure ac voltage. If is used in a dc circuit, set the 
DMM to measure dc voltage.
2. Visually inspect the capacitor. If leaks, cracks, bulges or other signs of deterioration are 
evident, replace the capacitor.
3. Turn the dial to the Capacitance Measurement mode ( Capacitance symbol ). The symbol often 
shares a spot on the dial with another function. In addition to the dial adjustment, a function 
button usually needs to be pressed to activate a measurement. Consult your multimeter’s user 
manual for instructions.
4. For a correct measurement, the capacitor will need to be removed from the circuit. Discharge 
the capacitor as described in the warning above.
Note: Some multimeters offer a Relative (REL) mode. When measuring low capacitance values, the Relative 
mode can be used to remove the capacitance of the test leads. To place a multimeter in Relative mode for 
capacitance, leave the test leads open and press the REL button. This removes the residual capacitance 
value of the test leads.

5. Connect the test leads to the capacitor terminals. Keep test leads connected for a few seconds 
to allow the multimeter to automatically select the proper range.
6.Read the measurement displayed. If the capacitance value is within the measurement range, 
the multimeter will display the capacitor’s value. It will display OL if a) the capacitance value is 
higher than the measurement range or b) the capacitor is faulty. 

Fluke.com
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Capacitance measurement overview 
Troubleshooting single-phase motors is one of the most practical uses of a digital 
multimeter’s Capacitance Function.

A capacitor-start, single-phase motor that fails to start is a symptom of a faulty capacitor. 
Such motors will continue to run once operating, making troubleshooting tricky. Failure 
of the hard-start capacitor for HVAC compressors is a good example of this problem. The 
compressor motor may start, but soon overheat resulting in a breaker trip.

Single-phase motors with such problems and noisy single-phase motors with capacitors 
require a multimeter to verify properly functioning capacitors. Almost all motor 
capacitors will have the microfarad value marked on the capacitor.

Three-phase power factor correction capacitors are typically fuse protected. Should one 
or more of these capacitors fail, system inefficiencies will result, utility bills will most 
likely increase and inadvertent equipment trips of may occur. Should a capacitor fuse 
blow, the suspected faulty capacitor microfarad value must be measured and verified it 
falls within the range marked on the capacitor.

Some additional factors involving capacitance are worth knowing:
•Capacitors have a limited life and are often the cause of a malfunction.
•Faulty capacitors may have a short circuit, an open circuit or may physically deteriorate 
to the point of failure.
•When a capacitor short circuits, a fuse may blow or other components may be 
damaged.
•When a capacitor opens or deteriorates, the circuit or circuit components may not 
operate.
•Deterioration can also change the capacitance value of a capacitor, which can cause 
problems. 

Fluke.com
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Capacitor Types 
Capacitors are components designed to take 
advantage of this phenomenon by placing two 
conductive plates (usually metal) in close 
proximity with each other. There are many 
different styles of capacitor construction, each 
one suited for particular ratings and purposes. 
For very small capacitors, two circular plates 
sandwiching an insulating material will suffice. 
For larger capacitor values, the ”plates” may 
be strips of metal foil, sandwiched around a 
flexible insulating medium and rolled up for 
compactness. The highest capacitance values 
are obtained by using a microscopic-thickness 
layer of insulating oxide separating two 
conductive surfaces. In any case, though, the 
general idea is the same: two conductors, 
separated by an insulator. Various Capacitor Types

Fan Motor Run Capacitor on Conveyor Oven
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Storing Charge 
Practically speaking, capacitors will eventually lose 
their stored voltage charges due to internal leakage 
paths for electrons to flow from one plate to the 
other. Depending on the specific type of capacitor, 
the time it takes for a stored voltage charge to self-
dissipate can be a long time (several years with the 
capacitor sitting on a shelf!).

Caution
Start Capacitor Duty 
Start capacitors are built to specifications for cyclical 
duty. They are only meant to operate for short 
periods of time. If a start capacitor is left in a circuit 
too long (due to a faulty centrifugal switch or relay), 
it may damage the motor windings.

Caution
Defective Run Capacitors 
Be sure that any run capacitors you encounter on 
service calls are operating properly. Defective run 
capacitors can cause a motor to draw high current. 
This could trip the overload protection device or 
damage the motor.

Notes:_____________
___________________
___________________
___________________
___________________
___________________
___________________
___________________
___________________
___________________
___________________
___________________
___________________



Unit 3: 
Components

Fundamentals of Electricity

AC Induction Motor 

Electricity

93

One of the most common electrical motor used in most applications which is known as 
induction motor. This motor is also called as asynchronous motor because it runs at a 
speed less than its synchronous speed. Here we need to define what is synchronous 
speed. Synchronous speed is the speed of rotation of the magnetic field in a rotary 
machine and it depends upon the frequency and number poles of the machine. An 
induction motor always runs at a speed less than synchronous speed because the 
rotating magnetic field which is produced in the stator will generate flux in the rotor 
which will make the rotor to rotate, but due to the lagging of flux current in the rotor 
with flux current in the stator, the rotor will never reach to its rotating magnetic field 
speed i.e. the synchronous speed. There are basically two types of induction motor that 
depend upon the input supply - single phase induction motor and three phase induction 
motor. Single phase induction motor is not a self starting motor which we will discuss 
later and three phase induction motor is a self-starting motor. 

Working Principle of Induction Motor
We need to give double excitation to make a machine to rotate. For example if we 
consider a DC motor, we will give one supply to the stator and another to the rotor 
through brush arrangement. But in induction motor we give only one supply, so it is really 
interesting to know that how it works. It is very simple, from the name itself we can 
understand that induction process is involved. Actually when we are giving the supply to 
the stator winding, flux will generate in the coil due to flow of current in the coil. Now 
the rotor winding is arranged in such a way that it becomes short circuited in the rotor 
itself. The flux from the stator will cut the coil in the rotor and since the rotor coils are 
short circuited, according to Faraday's law of electromagnetic induction, current will start 
flowing in the coil of the rotor. When the current will flow, another flux will get generated 
in the rotor. Now there will be two flux, one is stator flux and another is rotor flux and 
the rotor flux will be lagging w.r.t to the stator flux. Due to this, the rotor will feel a 
torque which will make the rotor to rotate in the direction of rotating magnetic flux. So 
the speed of the rotor will be depending upon the ac supply and the speed can be 
controlled by varying the input supply. This is the working principle of an induction motor 
of either type – single and three phase.

Electrical4u.com
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We had mentioned before that single phase induction motor is not a self starting and 
three phase induction motor is self starting. So what is self starting? When the machine 
starts running automatically without any external force to the machine, then it is called 
as self starting. For example we see that when we put on the switch the fan starts to 
rotate automatically, so it is self starting. Point to be noted that fan used in home 
appliances is single phase induction motor which is inherently not self starting. How? 
Question arises How it works? We will discuss it now. 

Why is Three Phase Induction Motor Self Starting?
In three phase system, there are three single phase line with 120° phase difference. So 
the rotating magnetic field is having the same phase difference which will make the rotor 
to move. If we consider three phases a, b and c, when phase a is magnetized, the rotor 
will move towards the phase a winding a, in the next moment phase b will get 
magnetized and it will attract the rotor and then phase c. So the rotor will continue to 
rotate. 

Why Single Phase Induction Motor is not Self Starting?
It will be having only one phase still it makes the rotor to rotate, so it is quite interesting. 
Before that we need to know why single phase induction motor is not a self starting 
motor and how the problem is overcome. We know that the ac supply is a sinusoidal 
wave and it produces pulsating magnetic field in uniformly distributed stator winding. 
Since pulsating magnetic field can be assumed as two oppositely rotating magnetic fields, 
there will be no resultant torque produced at the starting and due to this the motor does 
not run. After giving the supply, if the rotor is made to rotate in either direction by 
external force, then the motor will start to run. This problem has been solved by making 
the stator winding into two winding, one is main winding and another is auxiliary winding 
and a capacitor is fixed in series with the auxiliary winding. This will make a phase 
difference when current will flow through the both coils. When there will be phase 
difference, the rotor will generate a starting torque and it will start to rotate. Practically 
we can see that the fan does not rotate when the capacitor is disconnected from the 
motor but if we rotate with hand it will start to rotate. So this is the reason of using 
capacitor in the single phase induction motor. There are several advantages of induction 
motor which makes this motor to have wider application. It is having good efficiency up 
to 97%. But the speed of the motor varies with the load given to the motor which is an 
disadvantage of this motor. The direction of rotation of induction motor can easily be 
changed by changing the sequence of three phase supply, i.e. if RYB is in forward 
direction, the RBY will make the motor to rotate in reverse direction. This is in the case of 
three phase motor but in single phase motor, the direction can be reversed by reversing 
the capacitor terminals in the winding.
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Basic diagnostic tools
Before you begin, assemble some basic diagnostic equipment for the job. Typical tools 
used for troubleshooting motor operation problems include an ac voltmeter, ac clamp-on 
ammeter, ohmmeter and meg-ohmmeter. These tools are used to measure the motor 
voltage, current and resistance.
Motor overheating
One of the most common sources of motor operating problems is overheating. It’s no 
secret that motors produce heat as a byproduct of their operation. This heat is a result of 
winding resistance and other inefficiencies in the generation and induction of the 
magnetic flux used to produce torque at the motor shaft. The rule of thumb for motor life 
expectancy is “every 10 degrees C rise in motor temperature results in a 50% decrease of 
motor life.” It is important to minimize the adverse effects of overheating.
This is why motors are designed to dissipate heat during normal operation by use of their 
external surfaces and typically a cooling fan. Other motor configurations are available for 
improved heat reduction including totally enclosed non vent (TENV), water cooled and air-
to-air heat exchangers.
Still, despite the best efforts of the manufacturers, overheating is a common operating 
problem. Symptoms for motor overheating problems include excess heat on the motor 
exterior, tripping of the motor overload or drive and motor winding failure.
Unbalanced voltage
Voltage imbalance is a common and damaging source of overheating. A rule of thumb for 
the effect of voltage imbalance is “the percent of motor temperature rise equals two 
times the square of the percentage of voltage imbalance.” For example, a 3% voltage 
imbalance can result in an 18% (calculated as: 2 X (3%)2 ) temperature rise in the motor.
To determine if a voltage imbalance exists, first check the supply voltage to the motor 
control device when the motor is not running. Set the ac voltmeter to the range for the 
three-phase voltage of the motor supply. At the line side of the motor control device 
(power supply side of a motor starter), check and record the voltage phase-to-phase and 
phase-to-ground for each combination.
The voltage measurements from phase-to-phase should be very close to the same 
readings. If a voltage imbalance is present on the supply side when the motor is not 
running, the problem is in the voltage supply. Check out your facility’s power system and 
resolve the supply problem. Problems could include an open fuse, incoming utility 
imbalance, transformer problems or feed-wire sizing. Voltage measurements from phase-
to-ground may vary due to incoming voltage configurations and these measurements may 
be useful for further troubleshooting.



Unit 3: 
Components

Fundamentals of Electricity

Troubleshooting Motors

Electricity

100

Plantengineering.com

If the voltage supply is okay, next use the ac voltmeter to check the voltage on the load 
side of the motor control device when the motor is running (motor “T” leads T1 to T2, T2 
to T3, T3 to T1, T1 to ground, T2 to ground, and T3 to ground). These measurements will 
check the voltage going to the motor and the wiring from the motor control device to the 
motor.
If the voltage imbalance is present only when the motor is running, the problem is in the 
motor or the wiring from the motor starting equipment to the motor. Remove the power 
from the motor control device and follow all plant lock-out/tag-out and safety 
requirements. Using the ohmmeter, check the resistance of the motor leads at the control 
equipment. This will check the motor and the wires to the motor. Check and record phase-
to-phase and phase-to-ground resistances.
The resistance measurements phase-to-phase should be very close for each measurement 
and within the specifications for the motor as suggested by the manufacturer. Resistance 
values vary based on motor horsepower and voltage hookup. The resistance from phase-
to-ground should be very high for each combination of measurements.
If the phase-to-phase resistance is high, there may be an open winding in the motor, open 
wire to the motor or a bad connection in the motor connection box. Open the motor 
connection box, disconnect the motor connections and check the motor windings using 
the ohmmeter. Determine if the problem is the motor or the feed wires. Replace the 
motor, feed wires or repair the motor connections at the connection box.
If the phase-to-ground resistance is low, disconnect the motor at the motor connection 
box and check the motor leads. If the resistance on the motor is low phase-to-ground, 
there is a short in the motor, and it must be replaced. If the motor resistance to ground is 
high on the motor leads, check the feed wires. Replace the bad wires or reconnect and 
insulate the motor connections in the motor connection box to eliminate the short circuit.
If there are no resistance problems found using the ohmmeter use the meg-ohmmeter to 
test the same series of test measurements as described with the ohmmeter. A meg-
ohmmeter tests the wiring with a higher voltage to determine if an intermittent or 
breakdown in the insulation of the motor windings, motor wires, or motor connections 
exists.



Unit 3: 
Components

Fundamentals of Electricity

Troubleshooting Motors

Electricity

101

Plantengineering.com

Motor overload
Motors are designed to run during normal operation within the ratings on the motor 
nameplate. The nameplate has a full-load amp rating. This rating should not be exceeded 
during normal operation, however occasional and brief occurrences are typically not a 
problem. The motor is not designed to remove the heat that is generated at levels above 
the full load amp rating except for starting and intermittent load surges.
After verifying that the motor voltage and motor resistance are okay, use an ac ammeter 
to check the motor current. Set the ac ammeter to a level higher than the full load rating 
of the motor. Affix the ac ammeter clamp around one of the motor wires. Measure and 
record the amp reading for each phase (T1, T2 and T3).
The amp reading for each phase should be similar. If the amperage reading for each phase 
is larger than the full load nameplate reading, the motor is overloaded. Check the load for 
problems such as a jammed load, too much material or bearing failure. The motor may 
also be sized incorrectly for the load requirements. If the amp readings for each phase are 
very different, this may indicate a problem with the voltage or a failure in a motor winding 
or connection. Then check the motor voltage and resistance readings as described earlier.
Environment
Motors require cooling to remove heat generated during operation. If the motor is 
overheating, check the area around the motor for high ambient temperature conditions. 
Heat can be transferred to the motor from the environment by radiation, convection and 
conduction. If the motor is mounted near an oven, burner or other heat source, move the 
motor to an area away from the heat if possible. Heat can be transferred to the motor 
through the mechanical connection to a hot load.
Is the motor located in a dirty or dusty environment? Accumulation of dust and dirt on a 
motor insulates the motor. This will decrease the ability of the motor fan to remove the 
heat produced by the motor.
Other sources of overheating
Another possibility is that the motor may be running too slow. Motors are designed for 
running near their nameplate RPM and may run above or below this rating depending on 
the manufacturer’s specifications. When running a motor with a variable frequency drive, 
motors have a speed range rating at which it effectively removes the heat at the rated 
load. Motors should offer a constant-torque load speed range for conveyors, augers, 
extruders, etc., and for variable-torque loads such as centrifugal pumps and blowers. The 
ratings refer to the speed range capability of the motor below the nameplate RPM rating.
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When operating a motor on a VFD above the nameplate RPM, the motor output torque 
capability is reduced. Typical motor torque curves indicate a constant motor horsepower 
output and a variable torque operation above base speed. The higher the motor speed 
above base RPM, the less torque available from the motor.
High cycle operation of a motor also adds heat to the motor. When a motor starts, higher 
current than the full load rating is typically required to begin motor rotation and bring the 
motor up to speed. If the motor is started and stopped frequently, the motor may not be 
running long enough at speed for the fan to remove the heat.
Alternatives for removing the heat from a motor include a constant velocity blower fan, 
ducting outside air to the motor and the use of a heat exchanger.
Low speed or lack of torque
A motor in proper working order should rapidly reach near-nameplate speed when started 
across the line. If the motor takes a long time to reach the nameplate RPM or has little 
torque check for the following:
Low voltage — A basic cause of a poor performing motor is low voltage. A low voltage 
situation does not provide the necessary power to allow the motor to achieve the 
expected torque rating. If your motor is not generating the required torque for your 
operation, first check motor voltages as described previously.
Single phase — Single-phase voltage, like low voltage, does not provide the necessary 
power to develop the torque rating of the motor. Typical motor characteristics may 
include a motor hum or a motor with very little torque when turning. Again, check motor 
voltages as described previously.
Excessive vibration — Excessive vibration is as much a symptom as it is a cause of motor 
operating problems. Excessive motor vibration is usually a sign of either motor or load 
problems and can lead to premature failure of the motor and the load. The following steps 
should assist you in discovering and fixing vibration problems:
Misalignment and unbalanced loads — Misalignment between the motor shaft and the 
load shaft causes unnecessary vibration. Premature bearing failure in the motor and/or 
the load can result from misalignment. The motor shaft must be centered with the load 
shaft to optimize operating efficiency. Various tools for motor and load alignment are 
available such as laser alignment kits. Motors and loads must also be firmly mounted to a 
base to maintain alignment and minimize vibration from loose mounting hardware.
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Load imbalance — Load imbalance is an additional cause of motor vibration. Check the 
load for unbalanced conditions such as excess material on the outside of the drum, broken 
fan blades, etc. Clear the material or repair the load and run the equipment again to check 
for imbalance problems.
Pump cavitation — Pump cavitation is a common cause of excessive pump vibration 
which may in turn damage the motor. Cavitation is present when the pump is running 
outside its capabilities. This could include a head pressure that’s too low, an impeller 
that’s too large, a pump running too fast or a discharge pressure that’s too low. Check with 
your pump manufacturer to ensure the pump is operating within the design capabilities.

Motor selection and maintenance
Generally, modern electric motors provide long trouble-free service if care is taken in the 
initial application and routine maintenance of the motor. Correct motor selection and 
application criteria include:
•Voltage
•Horsepower requirement
•Mounting requirements (Foot mount, C-Face mount, etc.)
•Base RPM
•Enclosure type (TEFC, ODP, washdown, etc.)
•Environmental concerns (temperature, moisture, dust, dirt, hazardous, etc.)
•Load type (constant torque, variable torque, high inertia)
•Duty cycle
•Starting method (across the line, VFD etc.)
•Special considerations (regenerative load, positioning, etc.)
•Proper motor maintenance includes regular bearing greasing (do not over-grease), 
vibration monitoring, cleaning and conditioning monitoring. Proper application and 
preventive maintenance practices can provide reliable production uptime.

•The Bottom Line... 
•Motor operational problems are a common cause of downtime and maintenance 
headaches.
•Good troubleshooting skills help to identify the root cause of motor problems and avoid 
their recurrence.
•Take time when handling a motor failure situation to carefully diagnose the situation and 
gain a complete understanding of the source (or sources) of the problem.
•Analyzing application issues and applying long-term corrective solutions will help to 
minimize your operational disruptions.
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Notes:___________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
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 Check a circuit breaker for continuity
 Check a fuse for continuity
 Check a switch for continuity and resistance
 Check a transformer for continuity
 Check an infinite switch for continuity
 Check a heating element for continuity and resistance
 Test a diode
 Check a relay for continuity
 Check a contactor for continuity
 Check a solenoid coil for continuity
 Test a capacitor
 Check a motor for continuity
 Check a thermostat for continuity
 Identify electrical components on a machine
 Read a schematic
 Check voltage at a 120 VAC outlet
 Check voltage at a 208 VAC outlet
 Check voltage at a 208 3-Phase outlet
 Check voltage at breaker panel
 Check a wire for continuity
 Connect a series circuit
 Connect a parallel circuit
 Connect a series-parallel circuit
 Solve a circuit
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Definition of Electrical Circuit
An electrical circuit is a combination of two or more electrical components which are 
interconnected by conducting paths. The components may be active or inactive or both. 
This is a very basic definition of electrical circuit. 

Types of Circuits
There are two types of electricity - direct current and alternating current, i.e., DC and AC. 
The circuit that deals with direct current or DC, is referred as DC circuit and the circuit 
that deals with alternating current or AC, is generally referred as AC Circuit. The 
components of the electrical DC circuit are mainly resistive, where as components of the 
AC circuit may be reactive as well as resistive. Any electrical circuit can be categorized 
into three different groups - series, parallel and series parallel. So for example, in the case 
of DC, the circuits can also be divided into three groups, such as series DC circuit, parallel 
DC circuit and series and parallel circuit. 

https://www.electrical4u.com/electrical-dc-series-and-parallel-circuit/
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Series Circuit
When all the resistive components of a circuit are connected end to end to form a single 
path for flowing current, then the circuit is referred as series circuit. The manner of 
connecting components end to end is known as series connection. Suppose we have n 
number of resistors R1, R2, R3............Rn and they are connected in end to end manner, 
means they are series connected. If this series combination is connected across a 
voltage source, the current starts flowing through that single path. As the resistors are 
connected in end to end manner, the current first enters in to R1, then this same current 
comes in R2, then R3 and at last it reaches Rn from which the current enters into the 
negative terminals of the voltage source. In this way, the same current circulates through 
every resistor connected in series. Hence, it can be concluded that in a series DC circuit, 
the same current flows through all parts of the electrical circuit.

Again according to Ohm’s law, the voltage drop across a resistor is the product of its 
electrical resistance and the current flow through it. Here, current through every resistor 
is the same, hence the voltage drop across each resistor's proportional to its electrical 
resistance value. If the resistances of the resistors are not equal then the voltage drop 
across them would also not be equal. Thus, every resistor has its individual voltage drop 
in a series circuit. 

https://www.electrical4u.com/electrical-dc-series-and-parallel-circuit/

Series Circuit with Three Resistors
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Circuits consisting of just one battery and one 
load resistance are very simple to analyze, but 
they are not often found in practical 
applications. Usually, we find circuits where 
more than two components are connected 
together.

There are two basic ways in which to connect 
more than two circuit components: series and 
parallel. First, an example of a series circuit:

Here, we have three resistors (labeled R1, R2, 
and R3), connected in a long chain from one 
terminal of the battery to the other. 

(It should be noted that the subscript labeling –
those little numbers to the lower-right of the 
letter ”R” – are unrelated to the resistor values 
in ohms. They serve only to identify one resistor 
from another). 

The defining characteristic of a series circuit is 
that there is only one path for electrons to flow. 
In this circuit the electrons flow in a counter-
clockwise direction, from point 4 to point 3 to 
point 2 to point 1 and back around to 4. 
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Parallel Circuit
When two or more electrical components are connected in a way that one end of each 
component is connected to a common point and the other end is connected to another 
common point, then the electrical components are said to be connected in parallel, and 
such an electrical circuit is referred as a parallel circuit. In this circuit every component will 
have the same voltage drop across them, and it will be exactly equal to the voltage which 
occurs between the two common points where the components are connected. Also in a 
parallel circuit, the current has several parallel paths through these parallel connected 
components, so the circuit current will be divided into as many paths as the number of 
components.

Here, in this electrical circuit, the voltage drop across each component is equal. Again as 
per Ohm’s law, voltage drop across any resistive component is equal to the product of its 
electrical resistance and current through it. As the voltage drop across every component 
connected in parallel is the same, the current through them is inversely proportional to its 
resistance value.

https://www.electrical4u.com/electrical-dc-series-and-parallel-circuit/

Parallel Circuit with Three Resistors
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Now, let’s look at the other type of circuit, 
a parallel configuration:

Again, we have three resistors, but this 
time they form more than one continuous 
path for electrons to flow.

There’s one path from 8 to 7 to 2 to 1 and 
back to 8 again.

There’s another from 8 to 7 to 6 to 3 to 2 
to 1 and back to 8 again. 

And then there’s a third path from 8 to 7 
to
6 to 5 to 4 to 3 to 2 to 1 and back to 8 
again.

Each individual path (through R1, R2, and 
R3) is called a branch.

The defining characteristic of a parallel 
circuit is that all components are 
connected between the same set of 
electrically common points. 

Looking at the schematic diagram, we see 
that points 1, 2, 3, and 4 are all electrically 
common. So are points 8, 7, 6, and 5. Note 
that all resistors as well as the battery are 
connected between these two sets of 
points. 

Photo credit:

Allaboutcircuits.com
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Series -Parallel Circuit
So far we have discussed series circuit and parallel circuit separately, but in practice, the 
electrical circuit is generally a combination of both series circuits and parallel circuits. Such 
combined series and parallel circuits can be solved by proper application of Ohm’s law and 
the rules for series and parallel circuits to the various parts of the complex circuit. 

https://www.electrical4u.com/electrical-dc-series-and-parallel-circuit/

Series-Parallel Circuit with Five Resistors
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And, of course, the complexity 
doesn’t stop at simple series and 
parallel either! We can have 
circuits that are a combination of 
series and parallel, too:

In this circuit, we have two loops 
for electrons to flow through: one 
from 6 to 5 to 2 to 1 and back to 
6 again, and another from 6 to 5 
to 4 to 3 to 2 to 1 and back to 6 
again. 

Notice how both current paths go 
through R1 (from point 2 to point 
1). 

In this configuration, we’d say 
that R2 and R3 are in parallel with 
each other, while R1 is in series 
with the parallel combination of 
R2 and R3. 

Allaboutcircuits.com
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http://studylib.net/doc/18406917/characteristics-of-the-series-and-parallel-circuit
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http://teachingthekid.blogspot.com/2015/03/series-or-parallel-circuits.html
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Perhaps the most valuable but difficult-to-learn skill any technical person could 
have is the ability to troubleshoot a system. For those unfamiliar with the term, 
troubleshooting means the act of pinpointing and correcting problems in any kind of 
system. For an auto mechanic, this means determining and fixing problems in cars based 
on the car’s behavior. For a doctor, this means correctly diagnosing a patient’s malady and 
prescribing a cure. For a business expert, this means identifying the source(s) of 
inefficiency in a corporation and recommending corrective measures. 

Troubleshooters must be able to determine the cause or causes of a problem 
simply by examining its effects. Rarely does the source of a problem directly present itself 
for all to see. Cause/effect relationships are often complex, even for seemingly simple 
systems, and often the proficient troubleshooter is regarded by others as something of a 
miracle-worker for their ability to quickly discern the root cause of a problem. While some 
people are gifted with a natural talent for troubleshooting, it is a skill that can be learned 
like any other. 

Sometimes the system to be analyzed is in so bad a state of affairs that there is no 
hope of ever getting it working again. When investigators sift through the wreckage of a 
crashed airplane, or when a doctor performs an autopsy, they must do their best to 
determine the cause of massive failure after the fact. Fortunately, the task of the 
troubleshooter is usually not this grim. Typically, a misbehaving system is still functioning 
to some degree and may be stimulated and adjusted by the troubleshooter as part of the 
diagnostic procedure. In this sense, troubleshooting is a lot like scientific method: 
determining cause/effect relationships by means of live experimentation. Like science, 
troubleshooting is a mixture of standard procedure and personal creativity. 

There are certain procedures employed as tools to discern cause(s) from effects, 
but they are impotent if not coupled with a creative and inquisitive mind. In the course of 
troubleshooting, the troubleshooter may have to invent their own specific technique –
adapted to the particular system they’re working on – and/or modify tools to perform a 
special task. Creativity is necessary in examining a problem from different perspectives: 
learning to ask different questions when the ”standard” questions don’t lead to fruitful 
answers. 

If there is one personality trait I’ve seen positively associated with excellent 
troubleshooting more than any other, its technical curiosity. People fascinated by learning 
how things work, and who aren’t discouraged by a challenging problem, tend to be better 
at troubleshooting than others. 

Allaboutcircuits.com
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Questions to ask before proceeding

• Has the system ever worked before? If yes, has anything happened to it since then that

could cause the problem?

• Has this system proven itself to be prone to certain types of failure?

• How urgent is the need for repair?

• What are the safety concerns, before I start troubleshooting?

• What are the process quality concerns, before I start troubleshooting (what can I do without

causing interruptions in production)?

These preliminary questions are not trivial. Indeed, they are essential to expedient and

safe troubleshooting. They are especially important when the system to be trouble-shot is

large, dangerous, and/or expensive.

Sometimes the troubleshooter will be required to work on a system that is still in full operation

(perhaps the ultimate example of this is a doctor diagnosing a live patient). Once the cause or 

causes are determined to a high degree of certainty, there is the step of corrective action.

Correcting a system fault without significantly interrupting the operation of the system

can be very challenging, and it deserves thorough planning.

When there is high risk involved in taking corrective action, such as is the case with performing

surgery on a patient or making repairs to an operating process in a chemical plant, it is essential for 

the worker(s) to plan ahead for possible trouble. One question to ask before proceeding with repairs 

is, ”how and at what point(s) can I abort the repairs if something goes wrong?” In risky situations, it 

is vital to have planned ”escape routes” in your corrective action, just in case things do not go as 

planned. A surgeon operating on a patient knows if there are any ”points of no return” in such a 

procedure, and stops to re-check the patient before proceeding past those points. He or she also 

knows how to ”back out” of a surgical procedure at those points if needed.
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General troubleshooting tips
When first approaching a failed or otherwise misbehaving system, the new troubleshooter often

doesn’t know where to begin. The following strategies are not exhaustive by any means, but provide 

the troubleshooter with a simple checklist of questions to ask in order to start isolating the problem.

As tips, these troubleshooting suggestions are not comprehensive procedures: they serve as 

starting points only for the troubleshooting process. An essential part of expedient troubleshooting

is probability assessment, and these tips help the troubleshooter determine which possible points of 

failure are more or less likely than others. Final isolation of the system failure is usually determined 

through more specific techniques.

Prior occurrence
If this device or process has been historically known to fail in a certain particular way, and

the conditions leading to this common failure have not changed, check for this ”way” first. A

corollary to this troubleshooting tip is the directive to keep detailed records of failure. Ideally,

a computer-based failure log is optimal, so that failures may be referenced by and correlated

to a number of factors such as time, date, and environmental conditions.

Example: The car’s engine is overheating. The last two times this happened, the cause was

low coolant level in the radiator.

What to do: Check the coolant level first. Of course, past history by no means guarantees

the present symptoms are caused by the same problem, but since this is more likely, it makes

sense to check this first.

If, however, the cause of routine failure in a system has been corrected (i.e. the leak causing

low coolant level in the past has been repaired), then this may not be a probable cause of

trouble this time.

Recent alterations
If a system has been having problems immediately after some kind of maintenance or other

change, the problems might be linked to those changes.

Example: The mechanic recently tuned my car’s engine, and now I hear a rattling noise

that I didn’t hear before I took the car in for repair.

What to do: Check for something that may have been left loose by the mechanic after his or

her tune-up work.

Function vs. non-function
If a system isn’t producing the desired end result, look for what it is doing correctly; in other

words, identify where the problem is not, and focus your efforts elsewhere. Whatever components

or subsystems necessary for the properly working parts to function are probably okay.

The degree of fault can often tell you what part of it is to blame.

Example: The radio works fine on the AM band, but not on the FM band.

What to do: Eliminate from the list of possible causes, anything in the radio necessary for

the AM band’s function. Whatever the source of the problem is, it is specific to the FM band

and not to the AM band. This eliminates the audio amplifier, speakers, fuse, power supply, and

almost all external wiring. Being able to eliminate sections of the system as possible failures

reduces the scope of the problem and makes the rest of the troubleshooting procedure more

efficient.
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Hypothesize
Based on your knowledge of how a system works, think of various kinds of failures that would

cause this problem (or these phenomena) to occur, and check for those failures (starting with

the most likely based on circumstances, history, or knowledge of component weaknesses).

Example: The car’s engine is overheating.

What to do: Consider possible causes for overheating, based on what you know of engine

operation. Either the engine is generating too much heat, or not getting rid of the heat well

enough (most likely the latter). Brainstorm some possible causes: a loose fan belt, clogged

radiator, bad water pump, low coolant level, etc. Investigate each one of those possibilities

before investigating alternatives.

Specific troubleshooting techniques
After applying some of the general troubleshooting tips to narrow the scope of a problem’s

location, there are techniques useful in further isolating it. Here are a few:

Swap identical components
In a system with identical or parallel subsystems, swap components between those 
subsystems and see whether or not the problem moves with the swapped component. If 
it does, you’ve just swapped the faulty component; if it doesn’t, keep searching!
This is a powerful troubleshooting method, because it gives you both a positive and a 
negative indication of the swapped component’s fault: when the bad part is exchanged 
between identical systems, the formerly broken subsystem will start working again and the 
formerly good subsystem will fail.
I was once able to troubleshoot an elusive problem with an automotive engine ignition
system using this method: I happened to have a friend with an automobile sharing the 
exact same model of ignition system. We swapped parts between the engines (distributor, 
spark plug wires, ignition coil – one at a time) until the problem moved to the other 
vehicle. The problem happened to be a ”weak” ignition coil, and it only manifested itself 
under heavy load (a condition that could not be simulated in my garage). Normally, this 
type of problem could only be pinpointed using an ignition system analyzer (or 
oscilloscope) and a dynamometer to simulate loaded driving conditions. This technique, 
however, confirmed the source of the problem with 100% accuracy, using no diagnostic 
equipment whatsoever. Occasionally you may swap a component and find that the 
problem still exists, but has changed in some way. This tells you that the components you 
just swapped are somehow different (different calibration, different function), and nothing 
more. However, don’t dismiss this information just because it doesn’t lead you straight to 
the problem– look for other changes in the system as a whole as a result of the swap, and 
try to figure out what these changes tell you about the source of the problem.
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An important caveat to this technique is the possibility of causing further damage. Suppose

a component has failed because of another, less conspicuous failure in the system. Swapping the 

failed component with a good component will cause the good component to fail as well. For

example, suppose that a circuit develops a short, which ”blows” the protective fuse for that

circuit. The blown fuse is not evident by inspection, and you don’t have a meter to electrically

test the fuse, so you decide to swap the suspect fuse with one of the same rating from a working

circuit. As a result of this, the good fuse that you move to the shorted circuit blows as well,

leaving you with two blown fuses and two non-working circuits. At least you know for certain

that the original fuse was blown, because the circuit it was moved to stopped working after the

swap, but this knowledge was gained only through the loss of a good fuse and the additional

”down time” of the second circuit.

Another example to illustrate this caveat is the ignition system problem previously mentioned.

Suppose that the ”weak” ignition coil had caused the engine to backfire, damaging

the muffler. If swapping ignition system components with another vehicle causes the problem

to move to the other vehicle, damage may be done to the other vehicle’s muffler as well.

As a general rule, the technique of swapping identical components should be used only when

there is minimal chance of causing additional damage. It is an excellent technique for isolating

non-destructive problems.

Example 1: You’re working on a CNC machine tool with X, Y, and Z-axis drives. The Y axis

is not working, but the X and Z axes are working. All three axes share identical components

(feedback encoders, servo motor drives, servo motors).

What to do: Exchange these identical components, one at a time, Y axis and either one of

the working axes (X or Z), and see after each swap whether or not the problem has moved with

the swap.

Example 2: A stereo system produces no sound on the left speaker, but the right speaker

works just fine.

What to do: Try swapping respective components between the two channels and see if the

problem changes sides, from left to right. When it does, you’ve found the defective component.

For instance, you could swap the speakers between channels: if the problem moves to the other

side (i.e. the same speaker that was dead before is still dead, now that its connected to the right

channel cable) then you know that speaker is bad. If the problem stays on the same side (i.e.

the speaker formerly silent is now producing sound after having been moved to the other side

of the room and connected to the other cable), then you know the speakers are fine, and the

problem must lie somewhere else (perhaps in the cable connecting the silent speaker to the

amplifier, or in the amplifier itself).

If the speakers have been verified as good, then you could check the cables using the same

method. Swap the cables so that each one now connects to the other channel of the amplifier

and to the other speaker. Again, if the problem changes sides (i.e. now the right speaker is

now ”dead” and the left speaker now produces sound), then the cable now connected to the right

speaker must be defective. If neither swap (the speakers nor the cables) causes the problem

to change sides from left to right, then the problem must lie within the amplifier (i.e. the left

channel output must be ”dead”).
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Remove parallel components
If a system is composed of several parallel or redundant components which can be removed

without crippling the whole system, start removing these components (one at a time) and see

if things start to work again.

Example 1: A ”star” topology communications network between several computers has

failed. None of the computers are able to communicate with each other.

What to do: Try unplugging the computers, one at a time from the network, and see if

the network starts working again after one of them is unplugged. If it does, then that last

unplugged computer may be the one at fault (it may have been ”jamming” the network by

constantly outputting data or noise).

Example 2: A household fuse keeps blowing (or the breaker keeps tripping open) after a

short amount of time.

What to do: Unplug appliances from that circuit until the fuse or breaker quits interrupting

the circuit. If you can eliminate the problem by unplugging a single appliance, then that

appliance might be defective. If you find that unplugging almost any appliance solves the

problem, then the circuit may simply be overloaded by too many appliances, neither of them

defective.

Divide system into sections and test those sections
In a system with multiple sections or stages, carefully measure the variables going in and out

of each stage until you find a stage where things don’t look right.

Example 1: A radio is not working (producing no sound at the speaker))

What to do: Divide the circuitry into stages: tuning stage, mixing stages, amplifier stage,

all the way through to the speaker(s). Measure signals at test points between these stages and

tell whether or not a stage is working properly. 

What to do: I would test the passive averager network (the three resistors at the lower-left

corner of the schematic) to see that the proper (averaged) voltage was seen at the noninverting

input of the op-amp. I would then measure the voltage at the inverting input to see if it was the

same as at the noninverting input (or, alternatively, measure the voltage difference between

the two inputs of the op-amp, as it should be zero). Continue testing sections of the circuit (or

just test points within the circuit) to see if you measure the expected voltages and currents.
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Simplify and rebuild
Closely related to the strategy of dividing a system into sections, this is actually a design and

fabrication technique useful for new circuits, machines, or systems. It’s always easier begin

the design and construction process in little steps, leading to larger and larger steps, rather

than to build the whole thing at once and try to troubleshoot it as a whole.

Suppose that someone were building a custom automobile. He or she would be foolish to bolt

all the parts together without checking and testing components and subsystems as they went

along, expecting everything to work perfectly after its all assembled. Ideally, the builder would

check the proper operation of components along the way through the construction process:

start and tune the engine before its connected to the drivetrain, check for wiring problems

before all the cover panels are put in place, check the brake system in the driveway before

taking it out on the road, etc.

Countless times I’ve witnessed students build a complex experimental circuit and have

trouble getting it to work because they didn’t stop to check things along the way: test all

resistors before plugging them into place, make sure the power supply is regulating voltage

adequately before trying to power anything with it, etc. It is human nature to rush to completion

of a project, thinking that such checks are a waste of valuable time. However, more time

will be wasted in troubleshooting a malfunctioning circuit than would be spent checking the

operation of subsystems throughout the process of construction.

Take the example of the analog summer circuit in the previous section for example: what

if it wasn’t working properly? How would you simplify it and test it in stages? Well, you

could reconnect the op-amp as a basic comparator and see if its responsive to differential input

voltages, and/or connect it as a voltage follower (buffer) and see if it outputs the same analog

voltage as what is input. If it doesn’t perform these simple functions, it will never perform its

function in the summer circuit! By stripping away the complexity of the summer circuit, paring

it down to an (almost) bare op-amp, you can test that component’s functionality and then build

from there (add resistor feedback and check for voltage amplification, then add input resistors

and check for voltage summing), checking for expected results along the way.

Trap a signal
Set up instrumentation (such as a data logger, chart recorder, or multimeter set on ”record”

mode) to monitor a signal over a period of time. This is especially helpful when tracking down

intermittent problems, which have a way of showing up the moment you’ve turned your back

and walked away. This may be essential for proving what happens first in a fast-acting system. 

Many fast systems (especially shutdown ”trip” systems) have a ”first out” monitoring capability to 

provide this kind of data.

Example #1: A turbine control system shuts automatically in response to an abnormal condition.

By the time a technician arrives at the scene to survey the turbine’s condition, however,

everything is in a ”down” state and its impossible to tell what signal or condition was responsible

for the initial shutdown, as all operating parameters are now ”abnormal.”

What to do: One technician I knew used a video camera to record the turbine control panel,

so he could see what happened (by indications on the gauges) first in an automatic-shutdown

event. Simply by looking at the panel after the fact, there was no way to tell which signal shut

the turbine down, but the videotape playback would show what happened in sequence, down

to a frame-by-frame time resolution.
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Example #2: An alarm system is falsely triggering, and you suspect it may be due to a

specific wire connection going bad. Unfortunately, the problem never manifests itself while

you’re watching it!

What to do: Many modern digital multimeters are equipped with ”record” settings, whereby

they can monitor a voltage, current, or resistance over time and note whether that measurement

deviates substantially from a regular value. This is an invaluable tool for use in ”intermittent”

electronic system failures.

Likely failures in proven systems
The following problems are arranged in order from most likely to least likely, top to bottom.

This order has been determined largely from personal experience troubleshooting electrical

and electronic problems in automotive, industry, and home applications. This order also assumes

a circuit or system that has been proven to function as designed and has failed after

substantial operation time. Problems experienced in newly assembled circuits and systems do

not necessarily exhibit the same probabilities of occurrence.

Operator error
A frequent cause of system failure is error on the part of those human beings operating it.

This cause of trouble is placed at the top of the list, but of course the actual likelihood depends

largely on the particular individuals responsible for operation. When operator error is the

cause of a failure, it is unlikely that it will be admitted prior to investigation. I do not mean

to suggest that operators are incompetent and irresponsible – quite the contrary: these people

are often your best teachers for learning system function and obtaining a history of failure –

but the reality of human error cannot be overlooked. A positive attitude coupled with good

interpersonal skills on the part of the troubleshooter goes a long way in troubleshooting when

human error is the root cause of failure. 

Bad wire connections
As incredible as this may sound to the new student of electronics, a high percentage of electrical

and electronic system problems are caused by a very simple source of trouble: poor (i.e. open

or shorted) wire connections. This is especially true when the environment is hostile, including

such factors as high vibration and/or a corrosive atmosphere. Connection points found in any

variety of plug-and-socket connector, terminal strip, or splice are at the greatest risk for failure.

The category of ”connections” also includes mechanical switch contacts, which can be thought

of as a high-cycle connector. Improper wire termination lugs (such as a compression-style

connector crimped on the end of a solid wire – a definite faux pas) can cause high-resistance

connections after a period of trouble-free service.

It should be noted that connections in low-voltage systems tend to be far more troublesome

than connections in high-voltage systems. The main reason for this is the effect of arcing across

a discontinuity (circuit break) in higher-voltage systems tends to blast away insulating layers

of dirt and corrosion, and may even weld the two ends together if sustained long enough. 
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Power supply problems
These generally consist of tripped overcurrent protection devices or damage due to overheating.

Although power supply circuitry is usually less complex than the circuitry being powered, and

therefore should figure to be less prone to failure on that basis alone, it generally handles more

power than any other portion of the system and therefore must deal with greater voltages

and/or currents. Also, because of its relative design simplicity, a system’s power supply may

not receive the engineering attention it deserves, most of the engineering focus devoted to more

glamorous parts of the system.

Active components
Active components (amplification devices) tend to fail with greater regularity than passive

(non-amplifying) devices, due to their greater complexity and tendency to amplify overvolt8.6.

LIKELY FAILURES IN UNPROVEN SYSTEMS 125

age/overcurrent conditions. Semiconductor devices are notoriously prone to failure due to 

electrical transient (voltage/current surge) overloading and thermal (heat) overloading. Electron

tube devices are far more resistant to both of these failure modes, but are generally more prone

to mechanical failures due to their fragile construction.

Passive components
Non-amplifying components are the most rugged of all, their relative simplicity granting them

a statistical advantage over active devices. The following list gives an approximate relation of

failure probabilities (again, top being the most likely and bottom being the least likely):

• Capacitors (shorted), especially electrolytic capacitors. The paste electrolyte tends to lose

moisture with age, leading to failure. Thin dielectric layers may be punctured by overvoltage

transients.

• Diodes open (rectifying diodes) or shorted (Zener diodes).

• Inductor and transformer windings open or shorted to conductive core. Failures related

to overheating (insulation breakdown) are easily detected by smell.

• Resistors open, almost never shorted. Usually this is due to overcurrent heating, although

it is less frequently caused by overvoltage transient (arc-over) or physical damage

(vibration or impact). Resistors may also change resistance value if overheated! 

Likely failures in unproven systems
”All men are liable to error;”

John Locke

Whereas the last section deals with component failures in systems that have been successfully

operating for some time, this section concentrates on the problems plaguing brand-new

systems. In this case, failure modes are generally not of the aging kind, but are related to

mistakes in design and assembly caused by human beings.
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Wiring problems
In this case, bad connections are usually due to assembly error, such as connection to the wrong

point or poor connector fabrication. Shorted failures are also seen, but usually involve 

misconnections

(conductors inadvertently attached to grounding points) or wires pinched under box

covers.

Another wiring-related problem seen in new systems is that of electrostatic or electromagnetic

interference between different circuits by way of close wiring proximity. This kind of

problem is easily created by routing sets of wires too close to each other (especially routing

signal cables close to power conductors), and tends to be very difficult to identify and locate

with test equipment. 

Power supply problems
Blown fuses and tripped circuit breakers are likely sources of trouble, especially if the project in

question is an addition to an already-functioning system. Loads may be larger than expected,

resulting in overloading and subsequent failure of power supplies.

Defective components
In the case of a newly-assembled system, component fault probabilities are not as predictable

as in the case of an operating system that fails with age. Any type of component – active or

passive – may be found defective or of imprecise value ”out of the box” with roughly equal 

probability,

barring any specific sensitivities in shipping (i.e. fragile vacuum tubes or electrostatically

sensitive semiconductor components). Moreover, these types of failures are not always as

easy to identify by sight or smell as an age- or transient-induced failure.

Improper system configuration
Increasingly seen in large systems using microprocessor-based components, ”programming”

issues can still plague non-microprocessor systems in the form of incorrect time-delay relay

settings, limit switch calibrations, and drum switch sequences. Complex components having

configuration ”jumpers” or switches to control behavior may not be ”programmed” properly.

Components may be used in a new system outside of their tolerable ranges. Resistors, for

example, with too low of power ratings, of too great of tolerance, may have been installed.

Sensors, instruments, and controlling mechanisms may be uncalibrated, or calibrated to the

wrong ranges.
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Design error
Perhaps the most difficult to pinpoint and the slowest to be recognized (especially by the 
chief designer) is the problem of design error, where the system fails to function simply 
because it cannot function as designed. This may be as trivial as the designer specifying 
the wrong components in a system, or as fundamental as a system not working due to the 
designer’s improper knowledge of physics.
I once saw a turbine control system installed that used a low-pressure switch on the 
lubrication oil tubing to shut down the turbine if oil pressure dropped to an insufficient 
level. The oil pressure for lubrication was supplied by an oil pump turned by the turbine. 
When installed, the turbine refused to start. Why? Because when it was stopped, the oil 
pump was not turning, thus there was no oil pressure to lubricate the turbine. The low-oil-
pressure switch detected this condition and the control system maintained the turbine in 
shutdown mode, preventing it from starting. This is a classic example of a design flaw, and 
it could only be corrected by a change in the system logic.
While most design flaws manifest themselves early in the operational life of the system,
some remain hidden until just the right conditions exist to trigger the fault. These types of
flaws are the most difficult to uncover, as the troubleshooter usually overlooks the 
possibility of design error due to the fact that the system is assumed to be ”proven.” The 
example of the turbine lubrication system was a design flaw impossible to ignore on start-
up. An example of a ”hidden” design flaw might be a faulty emergency coolant system for 
a machine, designed to remain inactive until certain abnormal conditions are reached –
conditions which might never be experienced in the life of the system.
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Potential pitfalls
Fallacious reasoning and poor interpersonal relations account for more failed or belabored 
troubleshooting efforts than any other impediments. With this in mind, the aspiring 
troubleshooter needs to be familiar with a few common troubleshooting mistakes.
• Trusting that a brand-new component will always be good. While it is generally true
that a new component will be in good condition, it is not always true. It is also possible 
that a component has been mislabeled and may have the wrong value (usually this mis-
labeling is a mistake made at the point of distribution or warehousing and not at the 
manufacturer, but again, not always!).
• Not periodically checking your test equipment. This is especially true with battery 

powered meters, as weak batteries may give spurious readings. When using meters to 
safety check for dangerous voltage, remember to test the meter on a known source of 
voltage both before and after checking the circuit to be serviced, to make sure the 
meter is in proper operating condition.

• Assuming there is only one failure to account for the problem. Single-failure system
problems are ideal for troubleshooting, but sometimes failures come in multiple numbers.
In some instances, the failure of one component may lead to a system condition that 
damages other components. Sometimes a component in marginal condition goes 
undetected for a long time, then when another component fails the system suffers from 
problems with both components.
• Mistaking coincidence for causality. Just because two events occurred at nearly the
same time does not necessarily mean one event caused the other! They may be both 
consequences of a common cause, or they may be totally unrelated! If possible, try to 
duplicate the same condition suspected to be the cause and see if the event suspected to 
be the coincidence happens again. If not, then there is either no causal relationship as 
assumed. This may mean there is no causal relationship between the two events 
whatsoever, or that there is a causal relationship, but just not the one you expected.
• Self-induced blindness. After a long effort at troubleshooting a difficult problem, you
may become tired and begin to overlook crucial clues to the problem. Take a break and let
someone else look at it for a while. You will be amazed at what a difference this can make.
On the other hand, it is generally a bad idea to solicit help at the start of the 
troubleshooting process. Effective troubleshooting involves complex, multi-level thinking, 
which is not easily communicated with others. More often than not, ”team 
troubleshooting” takes more time and causes more frustration than doing it yourself. An 
exception to this rule is when the knowledge of the troubleshooters is complementary: for 
example, a technician who knows electronics but not machine operation, teamed with an 
operator who knows machine function but not electronics.
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Failing to question the troubleshooting work of others on the same job. This may
sound rather cynical and misanthropic, but it is sound scientific practice. Because it is easy 
to overlook important details, troubleshooting data received from another troubleshooter 
should be personally verified before proceeding. This is a common situation when 
troubleshooters ”change shifts” and a technician takes over for another technician who is 
leaving before the job is done. It is important to exchange information, but do not assume 
the prior technician checked everything they said they did, or checked it perfectly. I’ve 
been hindered in my troubleshooting efforts on many occasions by failing to verify what 
someone else told me they checked.
Being pressured to ”hurry up.” When an important system fails, there will be pressure
from other people to fix the problem as quickly as possible. As they say in business, ”time
is money.” Having been on the receiving end of this pressure many times, I can understand
the need for expedience. However, in many cases there is a higher priority: caution. If the
system in question harbors great danger to life and limb, the pressure to ”hurry up” may
result in injury or death. At the very least, hasty repairs may result in further damage 
when the system is restarted. Most failures can be recovered or at least temporarily 
repaired in short time if approached intelligently. Improper ”fixes” resulting in haste often 
lead to damage that cannot be recovered in short time, if ever. If the potential for greater 
harm is present, the troubleshooter needs to politely address the pressure received from 
others, and maintain their perspective in the midst of chaos. Interpersonal skills are just as 
important in this realm as technical ability!
Finger-pointing. It is all too easy to blame a problem on someone else, for reasons of
ignorance, pride, laziness, or some other unfortunate facet of human nature. When the 
responsibility for system maintenance is divided into departments or work crews, 
troubleshooting efforts are often hindered by blame cast between groups. ”It’s a 
mechanical problem . . . Its an electrical problem . . . its an instrument problem . . .” ad 
infinitum, ad nauseum, is all too common in the workplace. I have found that a positive 
attitude does more to quench the fires of blame than anything else. On one particular job, 
I was summoned to fix a problem in a hydraulic system assumed to be related to the 
electronic metering and controls. My troubleshooting isolated the source of trouble to a 
faulty control valve, which was the domain of the millwright (mechanical) crew. I knew 
that the millwright on shift was a contentious person, so I expected trouble if I simply
passed the problem on to his department. Instead, I politely explained to him and his 
supervisor the nature of the problem as well as a brief synopsis of my reasoning, then 
proceeded to help him replace the faulty valve, even though it wasn’t ”my” responsibility 
to do so. As a result, the problem was fixed very quickly, and I gained the respect of the 
millwright.
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www.allaboutcircuits.com
www.fluke.com
www.electrical4u.com
www.plantengineering.com
www.klein.com
www.applianceassistant.com
www.wisc-online.com
www.galco.com
www.cfesa.com
www.khanacademy.com
www.Alison.com
www.jacquesricher.com/neets
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Introduction to Gas Systems

Benefits of cooking with gas
There are several reasons why the 
best chefs, as well as most 
foodservice operators, prefer natural 
gas cooking equipment over electric 
equipment, including: 
• Instant on/off and precise 

heat control 
• Reliability and easy, 

inexpensive maintenance 
• High-quality results 
• Easy to clean 
• 1/3 carbon footprint of 

electricity, natural gas is the 
cleanest burning fossil fuel 

• And, natural gas gives you 
more for your energy dollars. 

When used properly, new natural 
gas cooking equipment can save 50 
percent or more in operating costs 
over electric. 
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Gas Cooking Appliances and their Applications 
 

Ranges 
There are two types of ranges, heavy-duty and restaurant style. Top 

variations for both types include: 
  
Open Burner Range  

Open burner ranges are versatile and 

adaptable. They are basic in all kitchens. 

Open burners produce from 15,000 to 

40,000 Btu of input per burner and have 

a visible heat source allows you to make 

instant and accurate flame adjustments. 

 

Hot Top / French Top Range 

A hot top range has a flat, solid 1/4'' to 3/4'' cast iron 
or steel top. Chefs can choose between two Burner 

configurations: concentric for sautéing in an à la carte 
line or straight line for boiling, stewing or simmering 

in a production kitchen. 
 

 
 

 
 

 

Fry and Griddle Tops 
These units have a 1/2'' to 1'' rolled steel top with 

splash guard sides and drip drawer, with burners 
every 12''. Some griddle plates are chrome plated 

with a mirror finish which increases heat retention 
in the plate to lower operating costs. This also 

reduces flavor transfer between foods and makes 
for easy clean up. They are basic in most kitchens. 

The key to a great griddle is heat control across the 
griddle plate. Taller splash plates protect nearby 

equipment and keep the heat in the cooking zone. 
Many have U-shaped burners for maximum heat 

coverage. 

Gas Cooking Appliances and their Applications 
 

Ranges 
There are two types of ranges, heavy-duty and restaurant style. Top 

variations for both types include: 
  
Open Burner Range  

Open burner ranges are versatile and 

adaptable. They are basic in all kitchens. 

Open burners produce from 15,000 to 

40,000 Btu of input per burner and have 

a visible heat source allows you to make 

instant and accurate flame adjustments. 

 

Hot Top / French Top Range 

A hot top range has a flat, solid 1/4'' to 3/4'' cast iron 
or steel top. Chefs can choose between two Burner 

configurations: concentric for sautéing in an à la carte 
line or straight line for boiling, stewing or simmering 

in a production kitchen. 
 

 
 

 
 

 

Fry and Griddle Tops 
These units have a 1/2'' to 1'' rolled steel top with 

splash guard sides and drip drawer, with burners 
every 12''. Some griddle plates are chrome plated 

with a mirror finish which increases heat retention 
in the plate to lower operating costs. This also 

reduces flavor transfer between foods and makes 
for easy clean up. They are basic in most kitchens. 

The key to a great griddle is heat control across the 
griddle plate. Taller splash plates protect nearby 

equipment and keep the heat in the cooking zone. 
Many have U-shaped burners for maximum heat 

coverage. 
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Rack Oven 

Product is placed on sheet pans which are loaded on 
mobile racks. The loaded racks are then rolled into the 

oven.  A rotation system is activated when doors close, 
providing fast cook times and even browning. 

 
 

 
 

 
 

Conveyor Oven 
Conveyor ovens move food products through a heated 

chamber at a constant speed where a high-speed fan 
distributes heat. These ovens cook two to four times 

faster than conventional ovens due to their intense 

temperatures. Heat zones and conveyor speed can be 
controlled and since they are stackable, they save space. 

 
 

 
Convection Oven 

Convection ovens are ideal for baking, roasting and 
broiling. A fan inside the oven moves heated air around 

the oven interior for rapid defrosting, reheating, roasting 
and baking. 

 
 

 
 

 

Hands-On Exercise: 
Locate and identify three types 
of cooking equipment.
 1. _____________________
 2. _____________________
 3. _____________________
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Data Plate / Name Plate / Rating Plate 

The data plate is typically a metal plate riveted on 
the appliance that gives information about the 

machine such as the manufacturer, model, serial 
number, voltage requirements, amperage draw, 

type of gas fuel, gas pressure requirements (W.C), 
type and amount of refrigerant used (if applicable), 

etc. Each range is factory equipped for use with the 
type of gas specified on the range rating plate. The 

rating plate is located on the back of the machine 
or on the reverse side of the kick panel. 

Voltage 
Requirements

Hertz and 
Phase

Power 
Rating
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Choose the machines, locate the data plate and find and document the information 
available. Write N/A if the information is not found on the data plate.

Machine 1        Machine Type: __________________
Manufacturer: _______________________________
Model:_____________________________________
Serial Number:_______________________________
Voltage Requirements: ________________________
Phase: _____________________________________
Amperage: __________________________________
Wattage: ___________________________________
Refrigerant Type: _____________________________
Amount of Refrigerant: ________________________
Water Column: ______________________________

Machine 2        Machine Type: __________________
Manufacturer: _______________________________
Model:_____________________________________
Serial Number:_______________________________
Voltage Requirements: ________________________
Phase: _____________________________________
Amperage: __________________________________
Wattage: ___________________________________
Refrigerant Type: _____________________________
Amount of Refrigerant: ________________________
Water Column: ______________________________

Machine 3        Machine Type: __________________
Manufacturer: _______________________________
Model:_____________________________________
Serial Number:_______________________________
Voltage Requirements: ________________________
Phase: _____________________________________
Amperage: __________________________________
Wattage: ___________________________________
Refrigerant Type: _____________________________
Amount of Refrigerant: ________________________

Water Column: ________________________
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Good maintenance and proper use of equipment
Good maintenance and proper use of gas 
appliances is essential to prevent exposure to 
carbon monoxide and fire hazards. 

Equipment Inspections
Gas appliances should be inspected annually. This 
inspection should be documented and performed 
by an authorized agent.

Fire and Explosion Hazard
Never store or use flammable products in the same 
room as or near any gas or heat-producing 
appliances. Flammable products include gasoline, 
spray paints, solvents, insecticide, adhesives, 
foggers, varnish, cleaning products and other 
pressurized containers. This will reduce the risk of 
flammable vapors being ignited by the main burner 
flame found in all gas appliances or the pilot flame 
found in many gas appliances.

Flame Evaluation
If a burner flame is yellow, large and unsteady, the 
appliance needs to be inspected immediately. Also 
never store anything near a gas appliance that 
might interfere with normal appliance airflow.

Proper Clearance
Manufacturers design equipment to have a certain 
amount of clearance around them for proper and 
safe operation. See the manufacturer’s service 
manual for recommended clearances.
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High Voltage
Gas equipment contains components that require voltages ranging from 120 
Volts AC to 480 Volts AC. Always unplug equipment before servicing or 
removing covers and guards. Perform Lockout-Tagout procedures where 
necessary. Use insulated electrical tools. Always check for the presence of 
voltage using a voltmeter before beginning work.

High Pressure
Some steam systems are gas-fired. Pressurized steam systems operate under 
a pressurized condition. Pressure release in these systems can be extremely 
dangerous. Pressurized steam can burn you, penetrate your skin, or blow 
scale particles at you. To protect yourself from pressure, wear safety goggles 
and gloves. Avoid disconnecting any pressurized lines.

High Temperatures
Working on gas equipment involves working with fire. There is the risk of 
getting burned with fire or hot product such as fryer oil when servicing gas-
fired equipment. Follow gas Lockout-Tagout procedures before servicing gas 
equipment.  Exposed surfaces may be hot to the touch. Wear safety glasses 
and gloves whenever necessary. Keep loose hair and clothing away from 
flames.

Heavy Equipment
Cooking equipment is very heavy in many cases. Some equipment weighs 
several hundred pounds. When moving heavy equipment or parts, have 
someone help you, use a dolly, forklift, or pallet jack whenever possible. Don’t 
risk it. Back injuries are the number one injury in the commercial equipment 
industry. A back injury can end your career.

Safety is of utmost importance when working with gas equipment. When working with 
gas equipment there are dangerous hazards involved including: 
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INTRODUCTION TO COOKING AND TEMPERATURE 
 

Cooking and Temperature 

To cook food properly, you have to know about 
temperature. Cooking equipment has temperature 

control devices such as thermostats. Setting a 
thermostat at a certain temperature will heat up the 

cooking space to that temperature. Sometimes you 
set the oven thermostat at 350 degrees and it heats 

up to 400 degrees. This means the thermostat is 50 
degrees out of calibration. In the food service industry, temperature will be a 

part of your everyday life. You will use thermometers almost every day. 
Technicians need to have a good understanding of temperature and its units 

of measurement. We will begin this session by learning about temperature. 

 
Temperature Definition 

A measure of the warmth or coldness of an object or 
substance with reference to some standard value. The 

temperature of two systems is the same when the systems 
are in thermal equilibrium. 

 
Temperature Description 

Temperature is the result of the amount of atomic or molecular motion of a 
substance. The faster the molecules in a substance move, the hotter the 

temperature. When the molecule movement slows down, the substance gets 
cooler. There is a temperature at which no molecular movement exists. This 

is called absolute zero. 
 

Absolute Zero Definition 

The temperature of −459.69°F, the hypothetical point at which all molecular 
activity ceases. 
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Two Relative Temperature Scales 

The most common type of temperature scale is the relative temperature 
scale. The two most used relative temperature scales used today are 

Fahrenheit and Celsius. They are named after Daniel Fahrenheit and Anders 
Celsius. 

 
Daniel Gabriel Fahrenheit (May 24, 1686 - 

Sept. 16, 1736) was a German 
physicist and maker of scientific 

instruments. He is best known 
for inventing the alcohol 

thermometer (1709) and 
mercury thermometer (1714) 

and for developing the 
Fahrenheit temperature scale; this scale is still 

commonly used in the United States. 

 
Fahrenheit spent most of his life in the 

Netherlands, where he devoted himself to the 
study of physics and the manufacture of 

precision meteorological instruments. He 
discovered, among other things, that water can remain liquid below its 

freezing point and that the boiling point of liquids varies with atmospheric 
pressure. The Fahrenheit scale is based on 32° for the freezing point of 

water and 212° for the boiling point of water. The Fahrenheit scale is in 
general use wherever the English system of units has been adopted. 

.co
m

Britannica.com

Temperature Scales

Humans are sensitive to a fairly small range of 
temperatures. We get uncomfortable if the temperature 
of our surrounding gets too extreme. We don’t like to be 

too cold or too hot. Even though we can sense the 
temperature that makes us uncomfortable, we are not 
able to accurately quantify the exact temperature with 
our senses. This causes us to rely on temperature scales 
and measuring devices so our observations will match up 
with others. A temperature scale is divided into 
increments known as degrees. Temperature gauges 
allow us to read these increments.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4zP3S24DPAhVJNSYKHRk3BWIQjRwIBw&url=http://www.almanac.com/content/how-use-meat-thermometer-internal-cooking-temperature-chart&bvm=bv.131783435,d.cGc&psig=AFQjCNH-5RTnaB5IImD_ghu_0FAeCu9dlw&ust=1473455702562956
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Definition - Atmospheric Pressure 

Atmospheric pressure is defined as the 
force per unit area exerted by an 

atmospheric column (that is, the entire 
body of air above the specified area). Also 

called barometric pressure, Atmospheric 
pressure can be measured with a mercury 

barometer (hence the commonly used 
synonym barometric pressure), which 

indicates the height of a column of mercury that exactly balances the weight 
of the column of atmosphere over the barometer. Atmospheric pressure at 

sea level is 14.696 PSIA. 
 

Anders Celsius (1701-1744) was a Swedish astronomer who invented the 
Celsius temperature scale (often called the centigrade scale). 

 

Celsius Scale 
The Celsius scale is based on 0° for the freezing point of water 

and 100° for the boiling point of water. Invented in 1742 by the 
Swedish astronomer Anders Celsius, it is sometimes called the 

centigrade scale because of the 100-degree interval between the defined 
points. The Celsius scale is in general use wherever the metric system of 

units has been adopted, and it is used in scientific work everywhere.  

1. Atmospheric pressure is _____________ P.S.I.A.
2. Water freezes at ______ degrees Celsius.
3. Water freezes at ______ degrees Fahrenheit.
4. Water boils at ________ degrees Celsius.
5. Water boils at ________ degrees Fahrenheit.
6. Air pressure all around us is called 

_________________ __________________.

Britannica.com
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Temperature Measurement Instruments
The most common temperature measurement instrument is a thermometer. There are a 
variety of styles of thermometers available to the technician. Let’s look at a few here.

Slideplayer.com

Digital Probe Thermometer Infrared Digital Thermometer
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Oven Thermometers 
Oven thermometers are useful tools for cooks who require precise 
temperatures for their recipes. Because the thermometer that comes 
built into an oven is not always accurate, an independent oven 
thermometer can help cooks reach the temperature they desire. The 
inaccuracy of the internal thermometer on some ovens often amazes 
individuals. An oven that is off by 50 to 100 degrees can drastically 
influence the final result. A variety of options help cooks achieve the 
temperature they need. Users should follow a few simple steps to 
ensure their oven thermometer produces an accurate readout. 

Place Thermometer in the Oven 
While this might seem like an elementary step, it is crucial to the 
accuracy of the thermometer's output. Depending on the size and 
model of an oven, different sections inside it may actually be different 
temperatures. To ensure the oven thermometer produces a relevant 
reading, place it in the middle of the same rack the food cooks on. This 
decreases the chance that the oven door causes cold air to influence 
the temperature. It also makes sure the thermometer reads the 
temperature of the oven where the food cooks. Most oven 
thermometers come with a hook that allows them to hang conveniently 
on the rack in the position of choice. 

Set Temperature of the Oven 
Once the thermometer is properly in place, it is time to set the 
temperature of the oven. Most ovens have a digital control that allows 
users to set the temperature in 5-degree intervals. Older oven models 
have spin dials that set the temperature. Once the oven is set, and an 
indicator shows that the oven is preheating, it is time to wait. 

Preheat the Oven 
When the oven is preheating, cooks should not open the door. If the 
door opens, it releases heat from the oven and causes heating to take 
longer. When the preheat indicator goes off, or the oven beeps, the 
oven's internal thermometer is at the preset temperature. At this point, 
users should keep the door closed, turn the oven light on, and check the 
thermometer. It is common for the oven thermometer to read lower 
than what the oven is set at. 

Ebay.com
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Give it Additional Time 
Oven thermometers often need additional time to provide an accurate 
reading. Approximately five minutes after the oven indicates it is preheated, 
users should check the oven thermometer again. At this point, they can be 
confident that the reading is accurate. 

Adjust Oven Temperature 
First-time oven thermometer users are often shocked by the discovery that 
the internal oven thermometer is not 100 percent accurate. It is common 
to find that a consumer-level oven is 50 to 100 degrees cooler than the set 
temperature. This can wreak havoc on a recipe. In order to get the benefit 
of an oven thermometer and bring the oven to the appropriate 
temperature, cooks should adjust it by the number of degrees it is off. For 
example, if the oven is set at 176 degrees Celsius, but the thermometer 
reads 126 degrees Celsius, the cook should set the oven 50 degrees higher 
at 226 degrees Celsius. Ovens can be off by different amounts, which makes 
an oven thermometer an important kitchen tool. 

Additional Tips 
Additional questions often arise after the first use of an oven thermometer. 
The accuracy of the thermometer and the effectiveness of the oven are two 
common concerns. There are simple steps individuals can take to settle 
both. 

Get Two Thermometers 
First-time oven thermometer users often wonder if the thermometer is 
accurate. To ensure the accuracy of the reading, individuals can purchase a 
second thermometer to place next to the original. If the two thermometers 
provide identical temperatures, users can cook with confidence knowing 
the temperature is accurate. 

Calibrate the Oven 
Some ovens allow owners to calibrate the temperature. To do so, users 
usually need to pull an oven out from the wall and find a setting on the 
back. Other digital ovens have navigation controls that calibrate the 
temperature. This does have limitations, however. If an oven temperature is 
inaccurate, it is best to use an oven thermometer, even after recalibration. 

Ebay.com
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Analog Thermometer Calibration
Thermometer Basics
Thermometers used frequently must be calibrated frequently 
(weekly or monthly). Follow manufactures instructions for taking 
temperatures. Always calibrate a new thermometer, one that has 
been dropped on a hard surface, or one with a temperature reading 
that is off by more than +/- 2°F. It is best to test both ice-point and 
boiling-point calibrations as thermometer sensitivity may differ at 
extreme ranges. 

To Calibrate and Adjustable Analog (dial) Thermometer
Ice-Point Method
1. Fill a glass with ice and add cold water until the glass is full.
2. Insert the thermometer probe into the center of the glass of ice 

water. Stir slightly and then wait until temperature has 
stabilized.

3. The temperature should read 32°F. If it doesn’t, locate the 
calibration nut on the back of the thermostat dial and adjust the 
temperature so that the dial reads 32°F while the probe is in the 
water.

Boiling-Point Method
1. In a deep pan, boil distilled water to a rolling boil. DO NOT 

REMOVE FROM HEAT.
2. Place the thermometer probe in the center of the rapidly boiling 

water. Make sure to protect your hands from steam. Do not 
touch the thermometer to the bottom of the sides of the pan.

3. Wait until temperature indicator on the thermometer is 
stabilized.

4. The temperature should read 212°F. If it doesn’t, locate the 
calibration nut on the back of the thermostat dial and adjust the 
temperature so that the dial reads 212°F while the probe is in 
the water.

5. An adjustment is also necessary for high altitudes. For every 550 
feet above sea level, the boiling point of water is 1°F lower than 
212°F. For example, at 5,500 feet above sea level, the boiling 
point of water is 202°F. Thermometers will need to be adjusted 
accordingly.

www.hubert.com
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How to convert between temperature scales 

The following formula can be used to convert a temperature from its 
representation on the Celsius (°C) scale to the Fahrenheit (°F) value: 

 °F = 1.8(°C + 32).  
 

The following formula can be used to convert a temperature from its 
representation on the Fahrenheit (°F) scale to the Celsius (°C) value:  

°C = .55(°F − 32). 

Below is an example of where you might find a need to 
convert from Celsius to Fahrenheit.

Exercise: 
Convert 30 degrees Celsius to Fahrenheit
Answer: ______________

Convert 300 degrees Celsius to Fahrenheit
Answer: ______________
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Notes: 
________________________________________
________________________________________
________________________________________
________________________________________
________________________________________
________________________________________

GAS FUELS USED IN COOKING APPLIANCES
There are two types of fuel used in cooking equipment: 
Natural Gas and Propane. Propane is classified as liquid 
petroleum (L.P) gas. Gas cooking equipment that is 
permanently setup in restaurants typically use natural 
gas. Propane is used in locations where natural gas is not 
available or portability of the equipment is desired (i.e. –
Food trucks and portable backyard grills).

Natural Gas

The first use of gas energy in the 
United States occurred in 1816, when 
gaslights illuminated the streets of 
Baltimore, Md. By 1900, natural gas 
had been discovered in 17 states. 
During the years following World War 
II, expansion of the extensive 
interstate pipeline network occurred, 
bringing natural gas service to 
customers all over the country. 

Natural Gas Burner

Propane Grill
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Natural Gas Distribution 

Three segments of the natural gas industry are 
involved in delivering natural gas from the wellhead 

to the consumer. 
1. Production companies explore, drill and extract 

natural gas from the ground.  
2. Transmission companies operate the pipelines 

that link the gas fields to major consuming areas.  
3. Distribution companies are the local utilities that 

deliver natural gas to the customer. 

Volume 

Natural gas is normally sold from the wellhead 
in the production field to purchasers in 

standard volume measurements of thousands 
of cubic feet (Mcf). However, consumer bills 

are usually measured in heat content or 
therms. 

Therm - One therm is a unit of heating equal to 100,000 Btu. 

Hands-On Exercise: 
Look up and write down the name of one company involved in 

three segments of natural gas distribution in your state.
 Production Company_______________________________
 Transmission Company _____________________________
 Distribution Company ______________________________
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Natural gas has been forming along with oil for 

millions of years from dead plants and animals. It is 
usually found in deep underground reservoirs formed 

by porous rock. Natural gas is a combustible fossil 
fuel composed almost entirely of methane, but does 

contain small amounts of other hydrocarbon gases, 
including ethane, propane, butane, hexane, and pentane. 

As recently as 1960, gas was a nuisance by-product of oil production in 

many areas of the world. The gas was separated from the crude oil stream 
and eliminated as cheaply as possible. Only after the crude oil shortages of 

the late 1960s and early 1970s did natural gas become an important world 
energy source. 

 
Even in the United States the home-heating 

market for natural gas was limited until the 
1930s, when town gas began to be replaced 

by abundant and cheaper supplies of natural 
gas, which contained twice the heating value 

of its synthetic predecessor. Also, when 
natural gas burns completely, carbon dioxide and water are 

normally formed. The combustion of gas is relatively free of soot, 
carbon monoxide, and the nitrogen oxides associated with the 

burning of other fossil fuels. Natural gas is used extensively in residential, 

commercial and industrial applications. It is used to heat homes, water, and 
food. Overall, more than 66 million homes use natural gas. 

Describe the characteristics of natural gas and propane
Natural Gas (CHB4B) Characteristics

Natural gas molecules have 1 carbon atom and 4 
hydrogen atoms. Natural gas is lighter than air and 
will dissipate. NG turns from a liquid to a gas at -
260°F and ignites at temperatures from 1100°–1200°F.

Natural gas is the cleanest burning fossil fuel, 
producing primarily carbon dioxide, water vapor and 
small amounts of nitrogen oxides.  
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Propane 

Propane, a colorless, easily liquefied, gaseous hydrocarbon 
(compound of carbon and hydrogen), the third member of 

the paraffin series following methane and ethane. The 
chemical formula for propane is C3H8. It is separated in 

large quantities from natural gas, light crude oil, and oil-
refinery gases and is commercially available as liquefied 

propane or as a major constituent of liquefied petroleum 
gas (LPG). 

 
Although a gas at ordinary atmospheric pressure, propane 

has a boiling point of −43.8° F and thus is readily liquefied 
under elevated pressures. It therefore is transported and 

handled as a liquid in cylinders and tanks. In this form, 
alone or mixed with liquid butane, it has great importance 

as a fuel for domestic and industrial uses and for internal-

combustion engines. 

Propane (CB3BHB8B) Characteristics 

Propane (LP) gas molecules have 3 carbon atoms and 
8 hydrogen atoms. LP gas is heavier than air and will 

collect in low spots. Although both natural gas and 
propane have carbon and hydrogen atoms, the extra 

atoms in propane make it heavier, create a need for 
more oxygen to burn and create more BTU. Propane 

burns hotter than natural gas. Propane turns from a 
liquid to a gas at −43.8°F and ignites at 842°F. 

1. Natural gas ignites at ______ - _______ degrees Fahrenheit. 
2. Propane ignites at _____________ degrees Fahrenheit.
3. Natural gas turns from a liquid to a gas at _______ degrees 

Fahrenheit.
4. Propane turns from a liquid to a gas at _________ degrees 

Fahrenheit.
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Hands-On Exercise: 
Look up and write down the definition for the following words that are used  in the table 

above.

 Boiling Point - _______________________________________
 Melting Point - ______________________________________
 Density - ___________________________________________
 Expansion Ratio - ____________________________________
 Hydrocarbons - ______________________________________
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Units of Measurement 

 
British thermal unit (BTU) - The amount of energy needed to cool or heat 

one pound of water by one degree Fahrenheit at atmospheric pressure. 
Equal to about 1055 Joules. 

 
Joule - The work required to produce one watt of power for one second. 

 
Natural gas, like other forms of heat energy, is measured in British thermal 

units or Btu.  
 

The British thermal unit is a traditional unit of 
energy equal to about 1055 joules. One four 

inch, wooden kitchen match consumed 
completely generates 1 BTU. A cubic foot of natural gas has about 1,027 

Btu.  

Hands-On Exercise: 
 Locate the BTU rating on the data plate of 

a gas appliance.
 What is the rating? ___________________

Specific Heat

Specific heat is the amount of heat needed to raise 
the temperature of one gram of a substance one 
degree Celsius. The specific heat of water is very 
high compared to other substances, so water can 
store energy longer than most other substances. For 
example, the Gulf of Mexico remains warm during 
the night, when air and soil temperatures decrease 
rapidly. Why is the Southern Hemisphere summer 
generally cooler than the Northern Hemisphere 
summer when the Earth is closer to the sun during 
the Southern Hemisphere summer? Because most of 
the Southern Hemisphere is water, which regulates 
the seasonal temperatures.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJ_KS117PPAhUEJiYKHS26DgkQjRwIBw&url=http://msclantonsphysicalsciencepage.weebly.com/specific-heat-capacity-hp.html&bvm=bv.134052249,d.cWw&psig=AFQjCNGAgacG7Q8Cl6o_V80GOrOKeJMiTA&ust=1475207625263342
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Gas Meters and Shut-off Valves 

It’s important to know exactly 
where your gas meter is 

located. It will be located 
outside somewhere. Usually 

around the back of the 
building.  

Keep a 12” (or larger) adjustable wrench in your toolkit. Take the adjustable 
wrench and turn the shut-off valve one-quarter of a turn in either direction, 

until the valve is crosswise to the pipe (see diagram). Use caution when 
touching gas shut-off valves and meters. Faulty appliances or faulty 

electrical wiring could inadvertently introduce electricity to the gas meter. 
 

GAS CONNECTIONS 
CAUTION: All gas supply connections and any pipe 

joint compound used must be resistant to the action of 

propane gases. Each range is factory equipped for use 
with the type of gas specified on the range rating 

plate. This rating plate is located on the reverse side of 
the kick panel. 

Connect gas supply to the range. Make sure the pipes are clean and free of 
obstructions, dirt, and piping compound. Codes require that a gas shutoff 

valve be installed in the gas line ahead of the range. Ranges are equipped 
with fixed burner orifices for proper range operation elevation. 

On some models, the gas pressure regulator is factory installed on the 
manifold pipe at the rear of the range, and on some models, the regulator is 

packaged separately. The arrow on the regulator shows the direction of gas 
flow. 

Hands-On Exercise: 
 Locate the outside gas meter
 Explain how to shut off the gas at 

the gas shut off on the meter

NATURAL GAS SAFETY 
It is important to know where the energy and fuel supplies are for all 

equipment in case you need to shut them off. You should locate the 
following before beginning work: 

  
Outside gas meter 

Locate the outside gas meter. In an 
emergency, every second counts so you 

don’t want to find yourself running around 
the building trying to locate the meter. You 

probably won’t ever shut off the gas at the outside meter 
but its best to be prepared in case you have to. 

 
Inside Gas Shutoff Valves 

Be sure to locate the inside gas shutoff valves for the 

kitchen you are working in and there should also be a gas 
shut off valve behind each piece of equipment you are 

working on. There may also be a gas shut off valve on 
the equipment itself. Verify these valves work before you 

begin in case they are jammed. You don’t want to discover these valves are 
jammed when you need them to turn off in an emergency. 
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NATURAL GAS SAFETY 
It is important to know where the energy and fuel supplies are for all 

equipment in case you need to shut them off. You should locate the 
following before beginning work: 

  
Outside gas meter 

Locate the outside gas meter. In an 
emergency, every second counts so you 

don’t want to find yourself running around 
the building trying to locate the meter. You 

probably won’t ever shut off the gas at the outside meter 
but its best to be prepared in case you have to. 

 
Inside Gas Shutoff Valves 

Be sure to locate the inside gas shutoff valves for the 

kitchen you are working in and there should also be a gas 
shut off valve behind each piece of equipment you are 

working on. There may also be a gas shut off valve on 
the equipment itself. Verify these valves work before you 

begin in case they are jammed. You don’t want to discover these valves are 
jammed when you need them to turn off in an emergency. 

Hands-On Exercise: 
 Locate the inside gas shutoff 

valves

NATURAL GAS SAFETY 
It is important to know where the energy and fuel supplies are for all 

equipment in case you need to shut them off. You should locate the 
following before beginning work: 

  
Outside gas meter 

Locate the outside gas meter. In an 
emergency, every second counts so you 

don’t want to find yourself running around 
the building trying to locate the meter. You 

probably won’t ever shut off the gas at the outside meter 
but its best to be prepared in case you have to. 

 
Inside Gas Shutoff Valves 

Be sure to locate the inside gas shutoff valves for the 

kitchen you are working in and there should also be a gas 
shut off valve behind each piece of equipment you are 

working on. There may also be a gas shut off valve on 
the equipment itself. Verify these valves work before you 

begin in case they are jammed. You don’t want to discover these valves are 
jammed when you need them to turn off in an emergency. 

Gas Meters and Shut-off Valves 

It’s important to know exactly 
where your gas meter is 

located. It will be located 
outside somewhere. Usually 

around the back of the 
building.  

Keep a 12” (or larger) adjustable wrench in your toolkit. Take the adjustable 
wrench and turn the shut-off valve one-quarter of a turn in either direction, 

until the valve is crosswise to the pipe (see diagram). Use caution when 
touching gas shut-off valves and meters. Faulty appliances or faulty 

electrical wiring could inadvertently introduce electricity to the gas meter. 
 

GAS CONNECTIONS 
CAUTION: All gas supply connections and any pipe 

joint compound used must be resistant to the action of 

propane gases. Each range is factory equipped for use 
with the type of gas specified on the range rating 

plate. This rating plate is located on the reverse side of 
the kick panel. 

Connect gas supply to the range. Make sure the pipes are clean and free of 
obstructions, dirt, and piping compound. Codes require that a gas shutoff 

valve be installed in the gas line ahead of the range. Ranges are equipped 
with fixed burner orifices for proper range operation elevation. 

On some models, the gas pressure regulator is factory installed on the 
manifold pipe at the rear of the range, and on some models, the regulator is 

packaged separately. The arrow on the regulator shows the direction of gas 
flow. 
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Hands-On Exercise: 
 Locate a machine on 

castors and explain to 
the instructor how the 
castors are installed.
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QUICK DISCONNECTS 

 
 

 
Equipment on Casters 

For ranges equipped with casters, the installation shall be made with a 
connector that complies with the Standard for Connectors for Movable Gas 

Appliances, ANSI Z21.69, and a quick-disconnect device that complies with 
the Standard for Quick-Disconnect Devices for Use 

With Gas Fuel, ANSI Z21.41. Provide a gas line strain 
relief to limit movement of the range without depending 

on the connector and any quick-disconnect device or its 
associated piping to limit the range movement. Attach the 

strain relief to the rear of the range (Fig. 2). 
If it is necessary to disconnect the gas line strain relief, 

turn off the gas supply before disconnecting. Reconnect this restraint before 
turning the gas supply on and returning the range to its installation position. 

Hands-On Exercise: 
 Connect a quick-

connect disconnect to 
a gas appliance.

 Check for gas leaks
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Leveling the Equipment 

Equipment that is not level can cause cooking to be a 
challenge. If you try to cook something in the oven and 

the front of the rack is higher than the back then the liquid 
(e.g. cake batter) will be deeper in the back than it is in the 

front and will cook at different rates due to the depth of the 
product. An unleveled griddle plate will cause items to roll and run. Some 

machines also require levelness for grease to flow properly to the grease 
trap. Follow the following steps to properly level a machine. 

□ Place a carpenter's level inside the oven cavity across the oven rack.  
□ Level the range from front to back and from side to side by turning the 

adjustable legs. To adjust, tilt the range to one side.  
□ Using channel locks, unscrew the adjustable leg insert as required.  

□ Repeat this procedure as necessary for each leg. 
 

NOTE: Casters for some ranges are of the non-leveling type. Therefore, the 

floor surface must be level. If the floor surface is not level, the range will 
experience cooking problems until it is level. 

Hands-On Exercise: 
 Level a machine
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Gas Leak Safety 

Whenever you suspect a gas leak, turn the equipment off, vent the area and 
then try to find the leak.  

If you open or disconnect a gas line, be sure to check for leaks after putting 
it back together. All gas joints disturbed during servicing must be checked 

for leaks. Check with a soap and water solution (bubbles). Do not use an 
open flame to check for leaks. All leaks should be repaired and unused gas 

lines should be capped off. 
 

Soap Bubble Leak Testing 
Spraying bubble soap on fittings is one 

way of finding a leak. You can also use 
a cotton dauber to apply the soap 

solution. If there is a leak at the fitting 
or line, the gas will blow bubbles in 

the soap solution.  

 
Leak Prevention 

To prevent a fitting from leaking, always use approved thread tape or thread 
sealant before making connections. Typically thread sealant tape approved 

for use with natural gas is colored yellow or gray. 
When using pipe joint compound, use a product designed for use with 

natural gas or L.P. gas. 
 

 
 

Avoid ignition hazards 
Before entering an area where there is a gas leak, turn off radios, pagers, 

and cell phones, or leave them in your vehicle if possible. 
Avoid using doorbells, light switches, matches, lighters, and 

anything else that can create a spark because a spark can 

ignite the gas. If you must use a flashlight, turn it on 
before approaching the area. Also be aware that static discharge can ignite 

the gas as well as components that automatically come on by themselves, 
such as thermostats. Even turning on a light switch can create enough of a 

spark to cause ignition. 

Gas Leak Safety 

Whenever you suspect a gas leak, turn the equipment off, vent the area and 
then try to find the leak.  

If you open or disconnect a gas line, be sure to check for leaks after putting 
it back together. All gas joints disturbed during servicing must be checked 

for leaks. Check with a soap and water solution (bubbles). Do not use an 
open flame to check for leaks. All leaks should be repaired and unused gas 

lines should be capped off. 
 

Soap Bubble Leak Testing 
Spraying bubble soap on fittings is one 

way of finding a leak. You can also use 
a cotton dauber to apply the soap 

solution. If there is a leak at the fitting 
or line, the gas will blow bubbles in 

the soap solution.  

 
Leak Prevention 

To prevent a fitting from leaking, always use approved thread tape or thread 
sealant before making connections. Typically thread sealant tape approved 

for use with natural gas is colored yellow or gray. 
When using pipe joint compound, use a product designed for use with 

natural gas or L.P. gas. 
 

 
 

Avoid ignition hazards 
Before entering an area where there is a gas leak, turn off radios, pagers, 

and cell phones, or leave them in your vehicle if possible. 
Avoid using doorbells, light switches, matches, lighters, and 

anything else that can create a spark because a spark can 

ignite the gas. If you must use a flashlight, turn it on 
before approaching the area. Also be aware that static discharge can ignite 

the gas as well as components that automatically come on by themselves, 
such as thermostats. Even turning on a light switch can create enough of a 

spark to cause ignition. 

Hands-On Exercise: 
 Check for a gas leak on 

a gas supply line using 
soap bubbles.

Hands-On Exercise: 
 Apply thread tape to a 

gas pipe
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Electrical Circuit Breaker Panel 

Know where the circuit breakers are for the equipment you 
are working on. Use lockout Tagout procedures if you need 

to turn off the power to work on equipment. Remember 
that some equipment is hardwired in and the only way to 

shut off the power is by turning it off at the breaker panel. 
Look to see if the circuit you are working on is marked. It 

is risky to start flipping breakers. You may turn off a 
circuit that is operating a computer or cash register and 

cause it to lose its data. Check with the manager if unsure. 
The circuit you are looking for may not even be in the 

panel where you are looking. 
 

Water Shutoff Valve 
Know where the main water shut off to the kitchen is and the 

shut off for the equipment. Once again, make sure the valves 

work and are not jammed. Be aware the most valves rarely 
get used and cheap water valves will break on you so be 

careful and don’t force the valves. If you break it, you may 
have to pay to have it fixed. 

 
Fire Extinguishers 

Before starting work on any piece of equipment, it is 
important to know where the fire extinguishers and fire 

alarm levers are. 
 

 
 

Safety procedures when working with gas appliances 
For safety, a shut-off valve should be installed at every gas appliance. If a 

leak occurs at a specific appliance, the valve will allow you to turn off the 

gas at the appliance rather than shutting off all gas service at the meter. 
Some valves require a wrench to turn them. Clean the equipment whenever 

possible before beginning work. When possible, allow the equipment to cool 
down. Wear safety glasses. If equipment was moved during servicing, be 

sure that it is placed back into position with recommended clearances. Check 
all electrical, gas, water, steam, and drains before returning equipment back 

over to the user. Do not work on equipment where the floor is wet. Be sure 
to follow all Lockout Tagout procedures before servicing equipment. 
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OSHA 29 CFR 1910.147 – Subpart J
This OSHA required procedure establishes the minimum requirements for the lockout of 
energy isolating devices whenever maintenance or servicing is done on machines or 
equipment. It shall be used to ensure that the machine or equipment is stopped, isolated 
from all potentially hazardous energy sources and locked out before employees perform 
any servicing or maintenance where the unexpected energization or start-up of the 
machine or equipment or release of stored energy could cause injury.

Compliance With This OSHA Program
All employees are required to comply with the restrictions and limitations imposed upon 
them during the use of lockout. The authorized employees are required to perform the 
lockout in accordance with this procedure. All employees, upon observing a machine or 
piece of equipment which is locked out to perform servicing or maintenance shall not 
attempt to start, energize, or use that machine or equipment.

Hands-On Exercise: 
 Perform Lockout 

Tagout 
procedures on a 
gas valve
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CARBON MONOXIDE 

 
What is CO? 

Carbon monoxide, (CO), a highly toxic, colorless, odorless, 
flammable gas produced industrially for use in the manufacture 

of numerous organic and inorganic chemical products; it is also 
present in the exhaust gases of internal-combustion engines 

and furnaces as a result of incomplete conversion of carbon or 
carbon-containing fuels to carbon dioxide.  

 
How is CO produced? 

For use in manufacturing processes, carbon monoxide is 
made by passing air through a bed of incandescent coke 

or coal, or by the reaction of natural gas with oxygen at 
high temperatures in the presence of a catalyst. The 

carbon monoxide resulting from these processes 

generally is contaminated with other substances, such as 
nitrogen or carbon dioxide, which may be removed if 

they are undesirable in the intended application. 
 

CO Toxicity 
Carbon monoxide’s toxicity is a consequence of its absorption by red blood 

cells in preference to oxygen, thus interfering with the transport of oxygen 
from the lungs to the tissues, in which it is required. Although accidental 

carbon monoxide poisoning from natural gas appliances is statistically rare, 
the existence of carbon monoxide in the home can be caused by improper 

installation, poor maintenance or other appliance misuse or failure. 
 

Signs and symptoms of carbon monoxide presence 
Indication of carbon monoxide poisoning 

include headache, weakness, dizziness, 

nausea, fainting, mental confusion, 
shortness of breath and, in severe cases, 

coma, weak pulse, and respiratory failure. 
Carbon monoxide displaces oxygen in the 

blood, so prolonged exposure can lead to 
death by asphyxiation. Treatment must be prompt and includes respiratory 

assistance and the administration of oxygen, often with 5 percent carbon 
dioxide and sometimes under high pressure.  Some people exposed to 

carbon monoxide poisoning may have mood swings, fatigue, confusion, and 
memory problems for several weeks after exposure. Some are highly 

sensitive to CO for the rest of their lives. 
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GAS PIPING AND FITTINGS 
 

Pressure, Flow Rate, Volume, and Pressure drop 
 

Gas Pressure 
Pressure is the push provided by the gas 

supplier. Pressure is created by the force of the gas 
particles running into a surface. For example, gas 
particles exert pressure when they collide with the 
walls of their container. 

 

Flow Rate 
Flow rate is affected by pipe size and the length of the pipe. Flow rate is the 

amount of gas that is supplied to a burner during a specific period of time. 
 

Volume 

Volume is the amount of gas supplied and is measured in 
cubic feet. As the length of pipe increases the cubic feet of 

gas available decreases. This is due to the resistance created 
by the pipe. Different charts are available for different 

pressures and are used to install the gas lines. Refer to the 
data plate on the equipment for gas volume requirements.  

 
Pressure Drop 

As gas flows through the pipe, resistance is created which causes its 
pressure to drop. The longer the pipe, the more resistance there will be 

which causes the pressure to be lower. Pressure drop is the loss of pressure 
that occurs due to the resistance of gas flow along the length of pipe.  

 
Gas Density 

Density will change with the type of gas and the temperature. 

 
Pipe Length and Size 

Pipe length is the total length of pipe needed to deliver gas to a 
given appliance. Pipes come in different sizes measured in inches 

or fractions of an inch. The size is the measurement of the inside 
of the pipe at its widest point. This is known as the inside 

diameter or ID. The measurement from the outside of the pipe to 
the outside of the pipe is known as the outside diameter or OD. 

The thickness of the pipe is known as the schedule. The higher 
the number of the schedule is, the thicker the pipe, thus the more 

heavy duty it is. Connecting a large diameter pipe on to a smaller pipe will 
not make more gas available to the appliance. The most gas that can be 

delivered through a series of pipe is limited by the smallest diameter pipe.  
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Multiple Appliance Connections 

When multiple appliances are connected to the gas line, the incoming gas 
supply line must be large enough to provide gas for all the equipment. When 

planning a pipe installation, start from the appliance that is the furthest 
away from the gas supply and work back to the gas meter. Obtain the gas 

requirements from the data plate for each appliance. The total sum of the 
gas requirements is used to determine the size of the pipe required to meet 

the needs of each appliance connected to the gas supply. 
 

Pipe Fittings 
Pipe fittings are small pieces of pipe and are used to assemble the main 

sections of the gas line. Fittings allow you to branch off into multiple 
branches, cap off unused lines, adapt from one size pipe to another, couple 

two pipes together, or configure the pipe any other way you would like. Pipe 
fittings, however, do add resistance to gas flow. Piping is assembled using a 

pipe wrench. Natural gas piping and fittings are typically black or charcoal 

colored 
 

Common fittings are: 

 

Pipe Wrench 

Hands-On Exercise:
Locate and identify the 
following gas fittings.

 Union
 Tee
 Elbow
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Pressure Loss Due to Fittings 

Adding a fitting to a gas pipe is the same as adding additional feet of pipe to 

the line due to the resistance that the fitting creates. Some fittings add more 

resistance than others. Multiply the number of fittings by the number of feet 

to get the total length added to a pipe due to fittings.  

The table shows the amount of 

additional feet and pipe that will 

need to be added for each type 

of fitting used.  

 
Don’t forget that every foot of pipe to a machine takes away from the total 

supply of gas that is delivered into the building.  
The size of the pipe and the length of the pipe will govern how much gas can 

be distributed at a particular pressure or flow rate.  
Charts are available that indicate, in cubic feet per hour, the maximum 

delivery available through a pipe of a particular size. 

Hands-On Exercise:
Locate a run of gas pipe and document the number and type of fittings it has.

 Tee            _____
 Elbow       _____
 Coupler    _____
 Union       _____
 Estimated length of pipe run _____
 What color was the pipe? ____________ Fittings? __________
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Gas charts are written for a pressure rating with a particular pressure drop 

and at a particular density of the gas.  

Exercises
Use the above gas tables to answer the following questions.

1. What diameter of pipe is needed for an 372,000 BTU natural gas appliance located 
10’ from the meter? __________

2. What diameter of pipe is needed for an 732,000 BTU LP gas appliance located 20’ 
from the meter? __________

3. What diameter of pipe is needed for an 460,000 BTU natural gas appliance located 
50’ from the meter? __________

4. What diameter of pipe is needed for an 360,000 BTU natural gas appliance located 
30’ from the meter? __________

5. What diameter of pipe is needed for an 800,000 BTU natural gas appliance located 
10’ from the meter? __________
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HEAT TRANSFER 

Thermal Systems 
The purpose of a thermal system is to maintain a desired 

temperature in a confined space such as an oven. Special 
equipment is used to either heat or cool the confined 

space as needed. The confined space of a thermal system 
is referred to as a thermal storage area. 

 
 

 
Heat always flows from a 

warmer object to a cooler 
object. 

There are three methods of 
heat transfer: conduction, 

convection, and radiation. 

Thermal Systems
Thermal systems maintain a desired temperature in a 
confined space. An oven is a thermal system. The 
confined space of the system is called the thermal 
storage area.

Heat Flow
Heat always flows from a warmer object to a cooler 
object. This heat flow will occur until the warmer 
object and the cooler object are the same 
temperature.

Heat Transfer
There are three methods of heat transfer: conduction, 
convection, and radiation.

Impingement Ovens 21

An impingement oven uses the same principles of 
forced air movement to heat as the convection oven. 
There is little difference between the two, although air 
impingement cooking is considered to be faster and 
primarily used in commercial operation. 
Manufacturers produce the ovens in gas and electric 
configurations.

M
issio
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Conduction 

Energy is transferred by the direct contact of 
molecules, not by the movement of the material. 

Example: putting your hand on a stove burner. 
The amount of energy transferred depends on 

how conductive the material is. Metals are good 
conductors, so they are used to transfer energy 

from the stove to the food in pots and pans. Air is 
the best insulator, so good insulating products try 

to trap air and not allow it to move. 
 

Convection 
Energy is transferred by the mass motion of 

groups of molecules resulting in transport and 
mixing of properties. Example: holding your hand 

over a stove burner. In meteorology, we speak of 

convection predominantly as that caused by rising 
currents of warm air. We refer to all other mass 

motions of air as advection. In cooking 
equipment, convection ovens have a fan in the 

oven cavity that moves the air around to 
distribute the heat over the food. 

 
 

 
 

Radiation 
Energy is transferred by electromagnetic radiation  

Example: heat felt when standing away from a 
large fire on a calm night.  

Everything that has a temperature above absolute 

zero radiates energy.  
Radiation is not "felt" until it is absorbed by a 

substance. 
It does not require a medium to transfer energy 

through as do conduction and convection. 

Impingement
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Combustion 

Combustion, a chemical reaction between substances, usually 

including oxygen and usually accompanied by the generation of 
heat and light in the form of flame. The rate or speed at which 

the reactants combine is high, in part because of the nature 

of the chemical reaction itself and in part because more 
energy is generated than can escape into the surrounding 

medium, with the result that the temperature of the reactants is raised to 
accelerate the reaction even more.  

A familiar example is a lighted match. When a match is struck, 
friction heats the head to a temperature at which the chemicals 

react and generate more heat than can escape into the air, and 
they burn with a flame. If a wind blows away the heat or the 

chemicals are moist and friction does not raise the temperature sufficiently, 
the match goes out. Properly ignited, the heat from the flame raises the 

temperature of a nearby layer of the matchstick and of oxygen in the air 
adjacent to it, and the wood and oxygen react in a combustion reaction. 

When equilibrium between the total heat energies of the reactants and the 
total heat energies of the products (including the actual heat and light 

emitted) is reached, combustion stops. Flames have a definable composition 

and a complex structure; they are said to be multiform and are capable of 
existing at quite low temperatures, as well as at extremely high 

temperatures. The emission of light in the flame results from the presence of 
excited particles and, usually, of charged atoms and molecules and of 

electrons. To cook we have to have heat. Next we will discuss three things 
that have to come together to make fire. Remove one of these things and 

fire cannot exist. Combustion happens when fuel reacts with oxygen in the 
air to produce heat. 

 

Three things are needed in order for combustion to happen: 
heat, oxygen, and fuel.  

 
After these three things come together at the proper ratios a 

chemical reaction is needed to produce the fire. Burning will 
continue until the source of heat, oxygen, or fuel is gone. We 

can remove the heat with fire extinguishers. CO2 
extinguishers cool as well as displace oxygen. Water will also 

absorb heat from a fire. We can remove the fuel source by 
turning the gas valve off. 
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Heat Sources in Gas Appliances 

We have to have enough heat to ignite the gas. Four types of heat sources 
are: standing pilot, hot surface igniter, glow coil or glow igniter, and high 

voltage spark igniter. 

Glow Coil 
Most modern gas ranges and ovens don't have pilot lights. 
Instead, the gas is ignited by an electronic ignition system. 
In this type of system, an element becomes hot and glows 
like the filament in a lightbulb when an electric current 
passes through it. This component is called a glow coil. 
The heat from the filament ignites the gas. As a rule, these 
ignition systems are sealed and cannot be repaired or 
adjusted.  

Standing Pilot
Older ovens often employ a small flame in their base 
called a pilot light. Some pilots burn constantly at a 
low level; when you turn these ovens on, you feed 
more gas to the flame, which in turn lights the oven 
burner. 

Glow Coil
Gas ovens use either a pilot flame, electronic spark 
or a glow bar to ignite the gas. A glow igniter (or 
glow coil) igniter works somewhat like an electric 
heating coil. Current flowing through it causes it to 
glow, and when its temperature is high enough, a 
sensor sends a signal to open the gas valve. The hot 
igniter then sets the escaping gas aflame.

Hot Surface Igniters
Oven hot surface ignitors are found on many modern 
ovens to light the gas burner flames. Electricity 
passes through the Silicon Carbide ignitor and makes 
it glow red hot. 

High Voltage Spark Igniters
High voltage spark igniters are connected to an 
ignition module which increases its voltage from line 
voltage to thousands of volts (exact amount depends 
on equipment). This high voltage creates a spark 
between the electrodes of the spark igniter and 
ignites the gas.
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Oxygen 

You can’t have fire without oxygen. Oxygen comes from the air in 
the atmosphere. The air we breathe contains around 78% 

nitrogen, 21% oxygen, 0 to 7% water (humidity) and very small 
percentages of many other gasses. Bigger fires need larger 

supplies of oxygen. Different gasses need different amounts of air 
to get a complete burn without creating carbon monoxide. Fuel 

gasses require a certain mixture of air and fuel in order to combust. 
Natural Gas Oxygen Requirements 

Natural gas requires 10 cubic feet of air to burn 
1 cubic foot of gas and will produce 1000 BTU 

of heat. With a burner adjusted properly, the 
exhaust will contain 1 cubic foot of CO2, 2 cubic 

feet of water and 8 cubic feet of nitrogen. 
Improper burner adjustment can produce 

carbon monoxide instead of CO2. 

 
LP Gas Oxygen Requirements 

LP or Propane gas requires 24 cubic feet of air to burn one cubic foot of gas 
and will produce 2500 BTU. With a burner adjusted properly, the exhaust 

will contain 3 cubic feet of CO2, 4 cubic feet of water and 18 cubic feet of 
nitrogen. Improper burner adjustment can produce carbon monoxide instead 

of CO2. 
 

Elevation Adjustments 
Less dense air has fewer molecules which means less oxygen available for 

combustion. Due to the air not being as dense at higher elevations, some 

equipment must be re-rated. This is typically for equipment located at 

elevations above 2000 feet above sea level. 

Hands-On Exercise: 
 Locate the data plate of a gas appliance.
 What is the fuel used? _______________
 How many cubic feet of air is needed per cubic foot of fuel? ______________
 How many BTU’s  are produced per cubic foot of fuel for this machine? __________
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Hands-On 
Exercise: 
 Identify 

proper and 
improper 
flames on a 
gas range.

 Achieve 
proper 
flames by 
adjusting 
the 
shutters.

Air Shutter
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Flame Evaluation 
The flame of gas range burners should be steady and slightly 
rounded, with a light-blue tip. The flame should be quiet and 
should respond to adjustments made at the control knobs. Most 
burner troubles can be quickly solved by adjusting the air shutter 
mixer plate, which is located at the end of the burner tube near 
the knob controls. Turn a small screw on the plate, slide the plate 
open or closed, and tighten the setscrew. 

If the flame is yellow, it's not receiving enough air. To allow 
more air in, open the plate slightly. If the flame is high or 
makes a roaring noise, it's getting too much air and you 
should close the plate slightly. 

Products of Combustion

Notes: 
________________________________________________
________________________________________________
________________________________________________
________________________________________________

Hands-On Exercise: 
 Turn on a burner of a gas 

appliance. What color is the 
flame? ________________

Complete Combustion

When complete combustion occurs while burning natural gas, heat, CO2, 

and water vapor is created.

Incomplete Combustion

When incomplete combustion occurs while burning natural gas, 

byproducts that may include carbon monoxide (CO), aldehydes, nitrogen 

oxides (NOX), total hydrocarbons (THC’s), volatile organic compounds 

(VOC’s), hydrogen, carbon dioxide (CO2) and water vapor are released.
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Ventilation 

Burning natural gas produces exhaust gasses that 
need to be removed by the process of ventilation. 

Burning one cubic foot of natural gas produces 11 
cubic feet of exhaust gasses that need to be 

removed (1 cubic foot gas and 10 cubic feet of air). 
Burning one cubic foot of LP gas produces 25 cubic 

feet of exhaust (1 cubic foot of gas and 24 cubic feet of air). Code states 
that all commercial cooking equipment and dish machines that produce 

smoke, fumes, grease-laden vapors, steam or condensate must be 
ventilated and exhausted. This includes both natural gas-fired and electric 

equipment. Keep filters and hoods clean. 

Hands-On Exercise: 
 Operate a vent 

hood
 Turn on/off fans
 Turn on/off lights
 Remove/replace 

cartridges
 Discuss fire 

suppression 
system

Commercial Ventilation System

HMI – Human Machine Interface

Exhaust – Air Leaving

Make Up Air – Incoming Fresh Air
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Ventilation Formula 

Depending on local codes, ventilation requirements may vary. A basic formula is as 

follows: 100 to 150 CFM (cubic feet per minute) per square foot of floor space that 

the appliance or line up occupies. For example, one standard six burner unit, which 

measures 36" wide by 38" deep, equals approximately 9 square feet of floor space, 

therefore 900 to 1,350 CFM of exhaust is required.

Charbroilers

Units with charbroilers may require more CFM exhaust; check with local authorities.

Clearance 

The hood should extend a minimum of 6" over all exposed sides of an appliance or 

line up. Seldom can the units be without rear clearance, so figure 4" in the rear.

Exhaust and Fresh Air 

For every cubic foot of gas that is burned, 11 cubic feet of by-products are produced. 

These by-products must be vented to the outside.

Ventilation systems need to be properly balanced to ensure that all the by-products 

are exhausted. There must be an adequate supply of fresh air for proper combustion 

and still a very slight negative pressure in the kitchen.

Compatibility 

Sometimes a hood system will be operating perfectly as per its manufacturer’s 

specifications, however, there is still a problem with the gas cooking appliance. The 

hood system may not be compatible with the gas appliance under it. In these 

instances, the service contractor for the hood system and the appliance Servicer will 

have to work together to attempt to correct the problem. If it is determined that the 

hood system is not compatible with the appliances under it, it is imperative that this 

information be communicated to the end user, the dealer and all parties involved.

If the fresh air system (make-up air) is such that ovens and griddles are experiencing 

fluing problems, there will be component failures due to excessive heat. If the open 

burners are fluttering or blowing around due to make-up air being directed at the top 

or front of the unit delayed, no ignition will occur, and the appliance’s performance will

be severely affected. If it is determined that any of these conditions exist, the 

appliance warranty will be voided. Some cities allow the use of a direct vent system 

in lieu of a motor-driven exhaust system to vent a bake oven.

Check with local authorities.

vulcanfeg.com
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Range Hoods 

Range hoods provide powered venting to 
the room. These devices must be installed 

according to local codes. Many of these 
units include fire suppression equipment. 

Newer, energy efficient units may also 
have heat exchangers to collect the heat 

from the exhaust and use it to heat water 
or the kitchen area. 

 
Range Location and Clearance 

The range must be kept free and clear of combustible substances. The 
range, when installed, must have minimum clearance of 6" at the sides and 

6" at the back from combustible construction, and 0" at the sides and 0" at 
the back from non-combustible construction. 

The installation location must allow adequate clearances for servicing and 

proper operation. A minimum front clearance of 40" is required. 
The range must be installed so that the flow of combustion and ventilation 

air will not be obstructed. 
 

Adequate clearance for air openings into the combustion chamber must be 
provided. Make sure there is an adequate supply of air in the room suitable 

for the amount of combustion gas feeding the burners. 
 

Do not permit fans to blow directly at the range. Wherever possible, avoid 
open windows next to the range. Avoid wall-type fans which create air cross 

currents within the room. 

Hands-On Exercise: 
 Remove and clean vent hood cassettes.
 Reinstall the vent hood cassettes.
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Fresh Air Intake / Make-Up Air 

There is a lot of air leaving the kitchen 
space when the vent hoods are on, so an 

equivalent amount of fresh air must be 
brought in to keep the air pressure stable. 

If the air that has been removed is not 
replenished, the building could be caused 

to operate in a vacuum which causes 
problems and potential safety issues for 

gas fire equipment.  
 

Negative Pressure 
When the pressure inside the building 

becomes lower than the pressure outside, 
this is called negative pressure and can create flame issues. It can also 

create incomplete combustion which can lead to the release of carbon 

monoxide and unburned hydrogen in the exhaust gasses. This can cause a 
buildup of explosive hydrogen gas and may lead to fire, injury, or death. To 

prevent this, a fresh air intake or make up air system is installed to bring in 
fresh air from the outside. 

 
Flues 

Because heat rises naturally, the heat of the fire 
creates a drafting effect. Air and exhaust flow up the 

flue and vent to the outside of the building. Sometimes 
draft diverters are installed to prevent down drafts to 

prevent problems of high winds pulling heat out of the fire box. 

Make-up Air
(External Air 
Entering)

Exhaust
(Air exiting)
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1. What is the square footage of a room that measures 10’ 
in length and 10’ in width? 
________________________

2. What is the square footage of a room that measures 15’ 
in length and 10’ in width? 
________________________

3. What is the cubic footage of a room that measures 10’ 
in length, 10’ in width, and 10’ in height? 
________________________

4. What is the cubic footage of a room that measures 12’ 
in length, 10’ in width, and 14’ in height? 
________________________

5. How many square inches is an oven door that measures 
24” in length and 2’ in width? 
________________________

6. What is the cubic footage of an oven cabinet that 
measures 26” in length, 34” in width, and 24” in height? 
________________________

7. What is the square footage of a wall that measures 14’ 
in height and 10’ in width? 
________________________
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Servicing Pilot Lights 
The oven pilot is sometimes located at the back of the oven, 
sometimes at the front; turn a screw on the pilot ignition unit to 
adjust the pilot flame height.  
 
 
Pilot Light Characteristics 
One pilot light can serve all the top burners of a gas range. Some 
ranges have two pilot lights, one for each side of the range and 
some ranges have a separate pilot for each burner. A correctly 
adjusted pilot flame is steady and blue, between 1/4 and 1/2 inch 
high. If the flame goes out repeatedly, or if it's yellow at the tip, it's 
getting too little air. If there's a space between the flame and the 
pilot feed tube, it's getting too much air. To correct either 
condition, turn the pilot adjustment screw on the gas line slightly, 
as directed by the manufacturer of the range. 
 
Pilot Flame  
Most modern gas ranges use an electronic pilot igniter to start the 
pilot.  
If the pilot flame is properly adjusted, but the flame doesn't ignite 
the burners, the problem is probably in the flash tubes that run 
from the pilot to the burners. These tubes may be blocked by 
spilled food from the burners. If this is the case, turn off the power 
to the range and clean out the tubes using a short piece of wire. 
Push the wire through the opening until the tube is clear. You may 
have to disconnect the tube to clear it. After cleaning the tube, replace it in the same 
position. If the pilot has a switch, the switch may be faulty.  

Hands-On Exercise: 
 Light a pilot flame 

on a gas-fired 
appliance that uses 
a standing pilot.

Notes: 
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
___________________________
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Pilot Adjustments
After all connections/fittings have been checked for gas leaks and 
no leaks are found, the pilots can be lit. Locate
each pilot and the corresponding pilot adjustment valve. Light the 
pilots and adjust them up or down as necessary.
The flame should be only high enough to ignite the corresponding 
burner within 3 or 4 seconds maximum.
Mushroom head-type pilots are used on open burners, griddles, 
and hot tops. The flame should be only about the
size of a dime. This type of pilot will burn yellow; that is the reason 
they should be as small as possible and still
be able to ignite the burner, within 3 or 4 seconds, maximum 

Orifice Pilots
Orifice pilots with thermocouples or flame switches are used on 
ovens. The flame should be large enough to
completely engulf the tip of the thermocouple/sensor and make 
the tip of the thermocouple/sensor glow red-hot.
Orifice pilot flames should be sharp, well-defined, two-tone blue 
when burning natural gas. However, when burning
propane (LP), there may be a tiny yellow tip to the flame. This 
yellow tip should be no more than 10% of the total
flame size.

Fine Tuning
All gas burners should ignite within 3 to 4 seconds, maximum. All 
burners are tested at the factory prior to shipment. However, fine 
tuning adjustments may be necessary to accomplish 3 to 4-second 
ignition at the installation site. Most gas burners have an air shutter. 
There are two types of air shutters, the cap or disk type, and
the sleeve type. The cap or disk type is used on burners with cast 
iron venturis. The sleeve type is used on tubular steel burners 
and/or burners with tubular steel venturis. All burners are tested, 
and the air shutters are set at the factory prior to shipment. 
However, the factory cannot make the fine tuning adjustments that 
may be necessary during the actual installation.

Pilot Light next to burner

Pilot Light valves

Shutters

K
elly W

ells
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In a high voltage spark ignition 
system, voltage is increased to 
around 10,000 volts by the 
ignition module. This high 
voltage will arc across the 
spark igniter electrodes.

In a spark ignition system, the 
spark is created, and then it 
stops sparking when the flame 
is lit. These systems also 
provide a safety system to shut 
off gas flow if the flame goes 
out.
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Hot Surface Igniters
Hot surface ignitors are found on many 
modern ovens to light the gas flames upon 
unit start-up. Electricity passes through the 
Silicon Carbide or the newer Silicon Nitride 
ignitor and makes it glow red to white hot.  
As gas flows by the hot surface igniter, the 
gas ignites. Operating under normal 
conditions a hot surface ignitor will last for 
3 to 5 years (Silicone Nitride lasts about 
twice as long). During that time ignitors will 
eventually crack and need to be replaced. 
Like a light bulb, they are a regular 
replacement item.

Tip
Sometimes a hot surface igniter may glow 
red hot and appear to be working. 
However, it may not be getting hot enough 
to ignite the gas. Make sure your igniter is 
designed to heat up to the ignition 
temperature of the gas you are trying to 
ignite. 

Ignition Temperatures
Natural gas has an ignition point of 1100 to 
1200 degrees Fahrenheit. Propane has an 
ignition point of 842 degrees Fahrenheit.

Hands-On Exercise: 
 Test a hot surface 

igniter for continuity
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Troubleshooting a Hot Surface Igniter 
1.  Verify that all wire connections are secure from the 
oven to the hot surface ignitor.
2.  Does the hot surface ignitor have any visible abnormal 
spots on it.? A burned hot surface ignitor will typically 
have a white or burned spot when it has failed. This hot 
surface ignitor failed due to a "bad spot."
3. Does the hot surface ignitor glow when the oven 
cycles?
4.  You will need a multimeter to check the power of the 
hot surface ignitor. Disconnect the plug going to the 
ignitor. Use your Multimeter to see if you have 120 volts. 
Make sure you do this on startup of the oven. After a 
minute or so it will be timed out. Then you will have to 
shut the system off and then turn it back on again.

OR

A. You will need a multimeter to check the resistance of 
the hot surface ignitor.  A hot surface ignitor uses 
resistance just like a light bulb to glow hot in order to light 
the gas.  It typically has a life span of 2 to 3 years 
depending on the usage and the conditions of the 
furnace.  Set the multimeter so it can properly measure a 
resistance of 10 to 200 ohms.  Disconnect the hot surface 
ignitor from the control board and measure the 
resistance.  A good hot surface ignitor will have a 
resistance of 40 to 90 ohms.  Greater than 90 ohms 
indicates a failing or failed hot surface ignitor.  

5.  If your hot surface ignitor is good, then you need to 
verify power from the control board or ignition controller.  
Disconnect the hot surface ignitor and measure the 
voltage coming from the controller.  A good reading is 115 
to 120 VAC.  If there is no voltage and the thermostat is 
calling for heat, then the control board or ignition 
controller needs to be replaced

Bhvac.com
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Regulators 

A pressure regulator keeps the gas entering the stove at a 

constant pressure of about 1/6 PSI, regardless of fluctuations 
in the supply pressure. In a cooktop or stove, this pressure 

regulator feeds a main gas header, or manifold, located under 
the cooktop. The surface burner gas valves are mounted 

directly to the gas header. Gas is piped from the header to the 
various burners, pilots and safety valves, and in some systems, the oven 

thermostat. 
 

Gas Supply 

Gas pressure in interstate distribution pipelines range 
from 200 – 1500 psi. Then it is regulated to about 3 

psi at the local level. This is too high for most 
appliances so it must be regulated at the gas meter 

before it comes into the building. This pressure will 
vary according to the needs of the building. Most gas 

appliance regulators have a maximum of ½ psi (14” 

W.C.). Gas pressure must be regulated at the 
equipment to operate properly. Typical gas pressure 

for appliances are in the range of 3 – 7” water column. 
One inch of water column is 0.036 psi and has a volume of 0.00225 oz. per 

square inch.  

All gas appliances must have a gas pressure 

regulator installed. In order for the pressure 

regulator to perform properly, the supply pressure 

must be greater than the operating pressure. For 

example, most cities supply 7" to 9" W.C. of natural 

gas pressure to a building.

Propane (LP) systems should supply 11" to 12" 

W.C. The appropriate pressure regulator will provide 

the correct pressure to the unit or line up.

Sometimes even though the gas pressure is correct, 

the appliance may not be able to function properly 

because the gas supply piping may be too small 

and is not able to supply the volume of gas required. 

It is recommended that the piping be able to supply 

a minimum of 10% more fuel than the maximum 

BTU consumption of the appliance or line up.
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Regulator Vents 

All regulators have vents that will vent out the gas 
in the event of a diaphragm rupture in the 

regulator. The small hole in the vent acts as a flow 
limiter which limits the amount of gas that will 

leak out if the diaphragm ruptures. Since the 
diaphragm fluctuates to regulate the gas pressure, this vent also 

acts as an air vent to allow the movement of the diaphragm. If 
the vent becomes clogged it will prevent the regulator from working 

properly. Some vents are of the check valve ball style and must be mounted 
in the horizontal position. Clean vent cap before adjusting. 

 
Code Alert 

Gas codes state that if a regulator is inside of a building then the device 
must be vented over a constantly burning pilot, vented to the outside, or 

restricted with a flow limiter. 

Hands-On Exercise:
 1. Locate and identify 

a gas regulator.
 2. Locate the 

regulator vent
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Regulator Adjustments 

Regulators come preset, but should be checked anytime one 
is installed. To adjust the regulator, remove the protective cap 

to access the adjustment screw. Turn the screw clockwise to 
increase the gas pressure and counter clockwise to decrease 

the gas pressure. It is important to reinstall the protective 
cap. This cap also prevents gas from leaking in the event of a 

diaphragm rupture. The adjustment screw cap is also an 
indicator of the type of gas used. If the cap is silver, natural gas is being 

used. If the cap is red, LP (Propane) gas is being used. If a conversion from 
one fuel to another is done, this cap should be changed out to the proper 

one for the fuel type. 
 

Pressure Regulators 
Pressure regulators are used to decrease the incoming 

gas pressure on the equipment side of the gas line. If 

pressure regulators are not included on the 
equipment, they should be added when it is installed. 

The buildings gas supply line will be ran to the location 
where the appliance is located and will have a shut off 

valve where it ends. A gas line is connected to this 
shut-off valve and ran to the “In” port of the pressure 

regulator. The “Out” port of the pressure regulator 
supplies gas to the appliance. If the regulator does not say “In” or “Out”, 

then look for an arrow to indicate the flow of gas. The arrow will be pointing 
to the “Out” port. The incoming pressure to the regulator can be adjusted to 

meet the specifications of the equipment by adjusting the adjustment screw 
on the regulator. You can typically expect to find around 3 – 7 inches of 

water column supplied to an appliance. You can only decrease the pressure 
from what the supply pressure is. Regulators will not increase gas pressure 

above what the supply pressure is from the outside meter. Check the data 

plate on the equipment for required gas supply pressure. This reading will 
say W.C (Water column). Example: 4 W.C.  

Line regulator bodies are typically riveted together and cannot be rebuilt. 

Thread sealant approved for the type of fuel used should also be used to 

prevent gas leaks. 
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CHECK GAS PRESSURE USING A U-TUBE 
MANOMETER AND SET USING A REGULATOR ON A 
RANGE
□ Position yourself in front of the range.
□ Turn on the vent hood lights and fan above the range.
□ Turn on the gas supply and light the top burner pilots.
□ Determine the target amount of water column by looking at the data plate of the 

machine.
□ What is the target water column measurement? ____________ W.C.
□ Fill the U-tube manometer with tap water until the water level is at zero with the 

tube upright.
□ Choose a burner orifice to connect to blow out the pilot next to it so you don’t 

burn yourself. A small amount of gas will escape from this pilot.
□ Connect the hose from the manometer to the burner orifice you have chosen. The 

other side of the U shaped tube should be open to the atmosphere.
□ Open the burner valve. The gas pressure will push on the water causing it to move 

in the tube.
□ The U-Shaped tube is numbered on both sides of the zero. 
□ What is the number on the left? _______________
□ What is the number on the right? ______________
□ Add the number on the left to the number on the right to get the inches of water 

column.
□ What is the gas pressure measurement? ___________________ W.C.
□ This reading is called “Static” pressure. Static pressure is the pressure when the 

machine is not being used.
□ Now turn on three burners on the range. This will use up some of the gas volume.
□ What is the number on the left? _______________
□ What is the number on the right? ______________
□ What is the gas pressure measurement? _________________ W.C.
□ What happened to the gas pressure? ________________ (increase/Decrease/No 

Change)
□ This reading is called the “Dynamic” pressure. Dynamic pressure is the pressure 

when the machine is being used. If the dynamic pressure is lower or higher than 
what the data plate calls for, you have found a problem, and you need to adjust the 
regulator until it matches the data plate requirement.

□ Does it match your target gas pressure? _____________ (yes/no)
Exercise continued on next page.
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□ Obtain a flat head screwdriver.
□ Locate the gas pressure regulator on the machine.
□ Remove the regulator adjustment screw cap.
□ Turn the adjustment screw clockwise ½ turn. 
□ What is the gas pressure measurement? _________________ W.C.
□ Did the pressure increase or decrease? ___________________(increase/decrease)
□ Turn the adjustment screw counter clockwise ½ turn.
□ What is the gas pressure measurement? _________________ W.C.
□ Did the pressure increase or decrease? ___________________(increase/decrease)
□ Turn the adjustment screw counter clockwise ½ turn.
□ What is the gas pressure measurement? _________________ W.C.
□ Did the pressure increase or decrease? ___________________(increase/decrease)
□ You should now understand how to adjust gas pressure.
□ Set the gas pressure to the pressure specified on the data plate.
□ Have the instructor verify the gas pressure is correct. 

Instructors initials: _________
□ Close the gas valve.
□ Remove the manometer tube.
□ Ensure all pilot lights are lit.
□ Store manometer.
□ Congratulations, you have completed this exercise.
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Cooktop Temperature Controls 

Temperature control in cooktops is very different from that in ovens. In 

cooktops, a gas valve varies the flow of gas to the burner. In ovens, the gas 
is either on or off; the burner cycles on and off to maintain temperature. 

 
Another major difference is that when you turn on a gas cooktop, you can 

immediately see if it ignites. If it doesn't, you turn off the burner and figure 
out why. In ovens, since the burner is inside the oven, you cannot 

immediately see whether the burner has ignited. If it does not ignite, you 
certainly do not want the gas valve to stay open. This would dump raw 

unburned gas into the oven and create an explosion hazard. 
 

This creates different ignition and safety needs for cooktops versus ovens. 
Cooktops use a standing pilot or spark ignition system. Ovens use a standing 

pilot, spark or glow bar ignition system, and gas safety valves that will not 
open unless ignition is assured.  

Notes: 
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
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Oven Setting Control 
An oven that won't heat or heats unevenly most likely involves a faulty 
control, thermostat, or timer.  
 
 
 

 
 Oven Thermostats 

Thermostats control temperature 
by sensing the temperature and 

controlling the gas flow to the 

burner. The sensing element is 
of the capillary tube style. A bulb 

holds fluid that also extends to 
the other end of the capillary 

tube. As a bulb heats up the fluid expands. This expansion causes a greater 
pressure at the end of the capillary tube and this pressure is used to 

gradually close the gas valve. Expansion and contraction of the fluid gives a 
throttled action that can be used to throttle the gas valve.  

Both provide snap shut off of the gas if the temperature needs to be low 
while using a large burner. These are frequently found on convection ovens 

where different food products are cooked at different temperatures settings. 
 
If the oven doesn't heat evenly or doesn't heat at all, the oven thermostat may be 
malfunctioning. First, determine how much the temperature in the oven is off from the 
control setting. To do this, put an oven thermometer on a center rack inside the oven 
and turn the oven on for about 20 minutes, with the thermostat set at any range 
between 300 degrees and 400 degrees Fahrenheit. If the oven thermometer reads 25 
degrees higher or lower than the oven control setting, the thermostat should be 
recalibrated.  
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Typical Oven Thermostat 

Thermostats are either gas or electric; pressure 
from the capillary either closes an electrical switch 

or opens a gas valve. 
That is the simplest form of a main control 

thermostat. If there is an automatic oven cycle, 
main control thermostats must also be wired 

through the timer.  
Main control thermostats are about the most 

expensive commonly-replaced parts in an oven. Usually the first thing a 
novice thinks is that the thermostat has quit working. It should be the last 

thing you conclude, after you have checked out everything else in the 
system. 

The liquid inside the bulb and capillary of an oven thermostat is usually a 
mercury or sodium compound or some other such nasty and dangerous 

stuff. It can literally explode on contact with air. So when you replace an 

oven thermostat, do not cut open the capillary or bulb, and dispose of the 
old thermostat properly. The definition of "properly" varies between 

jurisdictions, but check with your appliance parts dealer or local fire 
department hazardous materials professionals. 

Notes: 
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
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ADJUSTING THERMOSTATS 

The oven is adjusted by a small adjusting 
screw in the center of the oven thermostat 

valve stem. Remember that the thermostat 
keeps the temperature within a certain range, 

and usually there will be a 20 or 30-degree 
differential. In other words, if you set the 

thermostat at 350 degrees, you want the 
heating system to cycle on if the temperature 

is below 340 degrees, and off when the 
temperature reaches about 360 degrees. Don't 

forget, too, that heat rises, so the top of the 
oven might be warmer than the bottom of the oven. 

Get a good calibrating thermometer. With nothing else in the oven, place it 
in the middle of the oven, where you can see it through the oven door glass. 

Let the burner cycle on and off at least twice, then observe the low 

temperature (when the burner cycles on) and the high temperature (when 
the burner cycles off.) Adjusting the screw adjusts both temperatures up or 

down.  

Hands-On Exercise: 
Test a thermostat
 1. Set thermostat to 325 degrees F.
 2. Check for proper temperature using a thermometer
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Notes: 
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________

Robertshaw.com
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FDTO Type Thermostat
The standard oven uses an FDTO-type, modulating thermostat. When first turned on, the 

flame comes on full speed, approximately 1 1/4" to 1 1/2" tall. As the temperature approaches 

the set point, the flame slowly reduces in size. When the temperature is achieved, the flame 

should be in bypass, approximately 1/8" tall. The bypass flame

will keep the oven temperature constant unless the door is opened and heat is lost.

When the oven needs to recover heat loss, the thermostat will allow the flame to slowly 

increase in size until the temperature is again at the set point. Usually the thermostat does 

not require calibration, however it may need to have the bypass flame set at the time of 

installation. The temperature accuracy of this thermostat is 25°F. 

Field recalibration is rarely necessary on new appliances, however older thermostats may 

require calibration. Recalibration should only be considered when cooking results definitely 

indicate the thermostat is not maintaining the set temperature. Before attempting 

recalibration, the temperature should be checked with temperature test instrument or a 

reliable thermometer.

23

23
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KX-Type Thermostat

Snorkel and electric ignition ovens use a KX-type snap action thermostat. When first 

turned on, the flame comes on full speed. When it achieves the set temperature, it 

shuts off. When 10°F to 15°F is lost, the thermostat will come on full speed to recover 

the heat loss. Due to the fact the thermostat shuts completely off and the oven is

constantly venting heat off through the flue, the thermostat will cycle on and off 

throughout the cooking process.

The temperature accuracy of the KX thermostat is 15°F to 20°F. 

Vulcanfeg.com
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BJWA Type Thermostat

The thermostat used on griddles is a BJWA modulation type. When first turned on the 

flame comes on full speed, approximately 3/4" to 1" tall. As the temperature 

approaches the set point, the flame is slowly reducing in size. When the temperature 

is achieved, the flame should be in bypass. Bypass flame for griddles should only be 

big enough to keep the burner lit all the way around, with little blue dots of flame.

This type of thermostat by design will allow the temperature to creep if the griddle is 

left idling, with no product on the griddle, for a minimum of 50°F an hour. Therefore it 

is imperative that the bypass flame be correct. If the bypass flame is not correct, the 

temperature will creep to 100°F to 200°F an hour. Temperature accuracy of the BJWA 

thermostat is 25°F. 

NOTE: Calibrations and/or bypass adjustments require a good working knowledge of 

the components and system as well as specific test instruments and should only be 

performed by authorized service personnel. When checking calibrations on the BJWA 

griddle thermostat, it is necessary to begin the procedure when the griddle is cold.

Attempting to calibrate the BJWA griddle thermostat from other than a cold start is 

extremely difficult, as well as time-consuming, and can cause the temperature to be 

incorrect at a later time.

NOTE: Although the BJWA thermostat is a very simple and basic thermostat, it is 

somewhat difficult to calibrate due to the fact that once the bypass is set, it must be 

recognized as in full bypass at the time the temperature reading is taken. Additionally, 

if the temperature reading is not taken as soon as the thermostat is in full bypass, the 

temperature will begin creeping up, and a true temperature reading will not be 

possible.

In the event that a thermostat has to be replaced, use extreme care when handling 

and installing the sensor probe. Do not kink or severely bend the probe. Do not allow 

direct flame to come in contact with the probe or the capillary line. Any excess 

capillary line should be gently coiled up in an area that is away from direct flame 

and/or working or cleaning areas. Warranty does not cover thermostats that have 

been rendered inoperative by improper adjustments and/or calibrations or by work 

being performed by unqualified personnel.

Vulcanfeg.com
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Griddles with BJWA Thermostat

Before attempting recalibration on the BJWA thermostat, a temperatures check must be 

done from a cold start, before the griddle has been idling and the temperature has had a 

chance to creep up. All temperature readings and/or calibrations must be performed from 

a cold start. Thermostats can be rendered inoperative by improper calibration and/or 

adjustments.

• Clean the griddle plate and make sure there is no carbon buildup on the cooking surface. 

Carbon buildup will cause a false temperature reading.

• Remove the temperature dials and manifold cover. Locate sensor probes. Temperature 

readings can only be taken directly over the sensor probes. The sensor probes will be 

located as follows. Approximately 6“ from the left side splash, then 12" spacing and the 

last sensor probe will be approximately 6" from the right side splash (Diagram #11).

• Once the left-to-right locations are identified, measure 12" from the front of the cooking 

surface. That is where the temperature readings will be taken.

• Pull off all the thermostat dials. Using a screwdriver from the back of the dial, push out 

the center chrome cap of the dial. Replace dial on the thermostat.

• Turn the dial to 300°F. The flame should be approximately 3/4" to 1" tall. Allow about 15 

minutes for the plate to heat up.

• Turn the dial to the lowest temperature setting (150°F). Check the bypass flame; it should 

be only big enough to keep the burner lit all the way around (little blue dots of flame). 

Adjust as necessary (Diagram #12).

• Take note of the size of the bypass flame, as it will be necessary to recognize when the 

thermostat is in bypass throughout the calibration process.

• Turn the dial up enough for the flame to come on at least 1/4" tall. When the flame is in 

bypass, again take a temperature reading in the area previously identified as the probe 

location. If the temperature is more than 25°F different from the dial setting, calibrate as 

follows.

• With the dial in place, use a small screwdriver through the opening in the front of the dial 

locate and depress calibration screw. Do not turn the calibration screw. Rotate the dial to 

match the actual temperature on the griddle plate. Release the calibration screw.

• Turn the dial to increase the temperature 50°F. Watch flame and as soon as the flame is 

again in full bypass, take a temperature reading. If the temperature is more than 25°F 

different than the dial setting, the thermostat may need to be replaced.

• Once the thermostat is determined in calibration, that thermostat should be turned off so 

as not to cause false readings on the other zones.

• Repeat the process for each thermostat zone.

• Once all the thermostats are calibrated, reassemble the dials and reinstall the manifold 

cover and the thermostat dials.

Vulcanfeg.com
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High Limit Operation 
The high-limit thermostat acts as a normally closed 
power switch that opens when exposed to 
temperatures above their preset activation 
temperature. High limits typically have to be 
manually reset by pressing a reset button. High 
limits are typically wired in series with the 
operating thermostat.

High Limit Application in a Fryer
In the event that a fryer fails to properly control the 
oil temperature, the high-limit thermostat prevents 
the fryer from overheating to the flash point. A 
thermostat stuck in the closed position will keep 
the burners on continuously which will increase the 
oil temperature to the point of activating the high 
limit.

Open or Grounded High Limit 
The high-limit thermostat functions as a normally 
closed switch. If the high-limit is open or grounded, 
the gas valve coil will not pull in, and no gas will be 
supplied to the pilot or to the burner manifold.
Check and Corrective Action: Detach the high-limit 
leads from the gas valve and check for continuity. If 
the high-limit fails the continuity check, it must be 
replaced.

Loose/Corroded Wiring Connections 
This has the same effect as an open or grounded 
high-limit. If the gas valve coils do not receive the 
appropriate voltage from the thermopile, they will 
not close, and no gas will be supplied to the pilot or 
to the burner manifold.
Check and Corrective Action: Check wiring 
connections for corrosion and tightness. Check 
terminals to verify that they are securely attached 
to their leads.

Hands-On Exercise: 
 Test a high-limit 

switch for continuity 
with a digital multi-
meter.
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What is a Thermocouple?
A thermocouple is an electrical device that responds to temperature change by a change 
in voltage output. A thermocouple works to produce a small electrical voltage output by 
connecting two dissimilar metals. When heated the effect of the two dissimilar metals in 
contact with one another is the production of an electrical current.

Use of Thermocouple Voltage
This voltage, in turn, can be used to cause a gas valve to open or remain open, or to close, 
stopping the supply of LP or natural gas fuel should a pilot light or gas flame go out on a 
heating appliance.

Safety
Shutting down the gas supply to a heating appliance protects against a gas fire or 
explosion that could occur if a gas regulator valve remains open without proper ignition of 
the gas flame.

Thermocouple Applications
In general, we think that thermocouples are less accurate and less sensitive temperature 
sensors than thermistors, but these low-cost and reliable temperature sensing devices 
have been used successfully in heating equipment such as gas-fired furnaces, boilers, 
cooking equipment, and water heaters for decades. Thermocouples are also used on gas 
logs and in gas fireplaces or similar devices.

Types
Thermocouples are produced in a wide range of forms and configurations, in eight or 
more calibration groups (B,E, J, K, R, S & T) with different temperature ranges including up 
to very high temperatures such as 3000oF.

Hands-On Exercise: 
 Locate and 

identify a 
thermocouple 
on a machine.
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Thermocouples as Safety Devices
Thermocouples are used as safety devices that will shut off equipment by 
shutting down the LP or natural gas fuel supply on some gas-fired heating 
equipment such as gas fired furnaces, gas-fired cooking equipment, gas fired 
heating boilers, and gas fired water heaters.

Location on Equipment
Typically the thermocouple sensor is mounted right in the flame of the pilot 
light on gas fired heating equipment.

Connections
The thermocouple on gas-fired heating appliances is mounted to sense the 
presence of a gas flame or gas pilot flame.  It should be placed in the hottest 
part of the flame which is generally around the top 1/3rd to ½ of the pilot 
flame. The other end of the thermocouple's tubing connects to a port on the 
gas regulator or gas valve. Connection to this port should be tight.

Electronic Ignition
But not all of these systems use a thermocouple. Some gas-fired heating 
equipment relies on an electronic ignition to ignite the flame. Those devices 
generally will not use a thermocouple. If a thermocouple is used, you'll see a 
small copper tube (or in some devices an electrical wire) connecting the 
flame sensor to the valve.

Safety Functions
The thermocouple and safety shutoff do double duty, since on burners that 
use a pilot flame, the thermocouple senses the pilot flame and won't permit 
the gas valve to open if the pilot is not lit. (A bad thermocouple itself can 
prevent a gas furnace or boiler from working - if you can light the flame at 
the pilot manually, but then the flame goes out when you release the manual 
gas feed valve, the thermocouple is probably bad).

inspectapedia.com
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What is the difference between a thermocouple and a thermopile? 
Not much for practical purposes, except that when replacing a 
thermocouple on your heating appliance you should be sure to purchase 
the proper part. 

Visual Differences 
A thermopile looks like a thermocouple, and does the same job - sensing 
a gas flame to function as a safety device. Thermopiles are made by 
combining multiple thermocouples together in order to produce more 
electrical current than a basic thermocouple. Externally a thermopile still 
looks like a single sensing device. 

Thermocouple Voltage vs. Thermopile Voltage 
Thermocouples produce around 17 - 30 millivolts. When not connected 
to a load you should expect to see around 30 millivolts. Thermopiles 
produce around 350 - 750 millivolts. When not connected to a load a 
thermopile produces around 750 millivolts.

Inside of a thermopile

A thermocouple

The part of the thermocouple 
that sits in the flame

The part of the 
thermocouple that 
connects to the gas valve

Thermopile gas valve 
electrical connections

1
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The flame sensor is a rather 
simple device located at the 
burner assembly. It's not 
much more than a thin, 
usually bent, metallic rod 
that sits in front of the flame 
stream inside the furnace. 
The purpose of the flame 
sensor is to confirm to the 
system that whenever the 
gas valve is open, a fire is 
actually present. If a flame is 
not present, the flame rod 
will not heat up and 
therefore will not send 
current to the ignition 
module. The ignition 
module will then shut down 
power to the gas valve 
preventing gas from 
accumulating.

Hands-On Exercise: 
 Test a flame sensor for 

continuity
 Clean a flame sensor



Unit 10:   
Components

Fundamentals of Gas

Flame Rectification

Gas

87

Today’s units react to unsafe conditions in less than a second. This is accomplished through the use of 
“computerized control modules” and a flame sensing control system known as flame rectification. 

With the growing use of ignition control modules, it is imperative that the modern service technicians 
understand the sequence of operation of the module as well as the phenomenon known as flame 
rectification.  The modern commercial food industry relies on the process. 

The safety used in today’s ovens is the flame sensor.  It is nothing more than a stainless steel rod 
encased in porcelain.  By itself, it does nothing.  When attached to a control module, the module sends 
out an A/C voltage to the sensor. This voltage is always present at the sensor.  When the burners ignite,  
the flame hits this sensor creating a “path to ground through the flame” for the A/C voltage.  When this 
happens, a pulsating D/C signal, in the form of microamps goes back to the control, and the module 
decides if the signal is strong enough to allow the unit to continue operating. Nominal flame current on 
today’s units are about 1 ½ to 3 ½ microamps.  Because this system is “electronic,” it reacts to unsafe 
ignition problems in fractions of seconds instead of minutes. 

Internally, in the control module, once the flame is established, current begins flowing in the flame 
sensing circuit.  The current energizes a relay in the control.  A minimum amount of current is needed 
to energize this relay (microamps).  When this relay pulls in, one set of contacts open to de-energize 
the ignition system and another set of contacts closes to keep the main gas valve energized.  It is 
important to know the minimum microamps that are required to “lock in” the control module and keep 
the unit running. 

If the proper amount of microamps is not present, the control will not allow the main valve to remain 
open and shuts the unit down.  Depending on the control, it may or may not go into “retries” to prove 
that flame was established. 

One of the most common causes of flame failure is the sensor.  Keep in mind that the control is 
sending out an A/C voltage signal.  If the sensor becomes dirty or corroded, it is like covering the 
stainless steel probe with insulation and the current can not pass through the flame (ground) and 
create the D/C signal back to the board.  Or, if the wire is cracked or the porcelain is cracked, the 
voltage “bleeds” off to ground at the point of the “leak” changing the microamp signal to the board 
and not allowing it to lock in.  This is why it is imperative for the MODERN SERVICE TECHNICIAN to have 
a microamp meter to see if the control module is getting the proper signal.  Without this tool, 
diagnostics becomes very difficult.  

It is the ability of the sensor to pass voltage, through the flame to ground, and create a D/C signal back 
to the board that allows the system to operate.  When this signal is not present, the control responds 
in a fraction of a second to shut the unit down safely. 

Since the flame sensor is the primary safety for ignition, the signal should be checked every time a unit 
is cleaned and serviced.  If the signal is getting weak, the sensor should be cleaned.  Cleaning it is a fix if 
the signal does not reach the nominal microamps required by the control.  Keep in mind that this is the 
primary safety in the unit.  It is important to make sure that it functions properly.

Yourcentraltechtalk.wordpress.com
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How a Gas Oven Safety Valve Works
Safety valves ensure a gas range's oven won't 
come on without ignition. Gas ovens, unlike gas 
cooktops, use a burner hidden from view so you 
can’t see whether the burner has ignited. 
To prevent an explosion hazard from an unlit oven 
burner, ovens feature a gas safety valve that won’t 
open until ignition is assured by means of an 
electric glow bar, pilot flame or electric spark.
Combination valves are a combination of a gas 
safety valve and a gas regulator built into one unit.

Hands-On Exercise: 
 Locate and identify a gas safety valve

Baso Valve Redundant Style Valve TS Style Valve

Combination Valve
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An atmospheric burner is typically found on open burner ranges. The end of the burner 
sets on the fuel orifice. When the gas valve is opened up, fuel flows through the venturi. 
This creates a vacuum and draws in air (primary air) from the kitchen through holes in the 
adjustable shutters. The gas air mixture flows through the holes on the burner head and is 
ignited by the pilot flame at the burner.

Gas Orifice

Atmospheric Burner

Shutters

Burner Pilot

Venturi
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Cleaning
Housekeeping/cleaning is a vital part of appliance 
maintenance. Individual procedures will vary from operation 
to operation. When properly cleaned and well-maintained, 
appliances will provide many years of reliable performance. 
The information provided is intended to provide general 
information about the cleaning equipment.

Painted Surfaces
Use a soft cloth with mild detergent and warm water. Wipe 
off spills as they may occur with a soft cloth and warm water. 
Do not use abrasives or harsh chemicals on painted surfaces.

Stainless Steel Surfaces
Stainless steel is resistant to most cleaners, so detergent or 
degreasers can be used. Be sure to read the instructions on 
the product before using it on your appliance. A petroleum-
based stainless cleaner/polish may be used on exterior areas 
that are not near a cooking surface. Abrasive cleansers 
and/or cleaning pads will scratch the surface.

Cast Iron Grates
The grates can be cleaned by using a wire brush or a steel 
wool pad. Also, the grates can be cleaned in a dishwasher, 
however rust may occur. To help retard rust after water is 
used, a light coat of cooking oil can be applied to the grate. If 
oil is applied, the grates will smoke when the burners are 
used; therefore the oil must be “burned off” before using the 
burner to cook the product.

Cast Iron Hot Tops
The top surface of the cast iron hot top can be cleaned by 
using a steel wool pad or an abrasive scrubber. Occasionally 
the bottom side of the hot top should be inspected for 
carbon and/or soot and cleaned as necessary with a wire 
brush.
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Standard Oven Interior
The standard oven has a porcelain coating on the 
bottom (floor) of the cavity as well as the inner liner of 
the door. These surfaces can be cleaned with a 
commercial degreaser or oven cleaner. The side walls, 
ceiling and back wall of the oven cavity is made of 
aluminized steel, which can be cleaned with a non-
caustic cleaner. The use of caustic cleaner will damage 
the aluminized steel; a detergent-based cleaner is 
recommended.

Convection Oven
The entire oven cavity is coated with porcelain and can 
be cleaned with a commercial degreaser or oven 
cleaner. The fan cover and blower wheel is made of 
aluminized steel. Caustic cleaners will damage the 
aluminized material and should not be used on these 
parts. Use of water on or near the fan should be 
minimized.

Oven Racks and Guides
The racks are chrome plated and can be cleaned in a 
dishwasher. A steel wool soap pad can be used in 
conjunction with a commercial degreaser or oven 
cleaner.

Griddle Plates
Allow the plate to cool to approximately 250°F. Apply a 
small amount of water on the griddle plate (the amount  
can be controlled with a spatula). At 250°F the water 
will boil and loosen the cooking debris, use the spatula 
to scrape off the stubborn debris. Use a clean towel to 
wipe up the debris. Use abrasive (griddle stone, griddle 
screen or a product called Scotch Brick) with oil or 
water. Use the abrasive to remove the carbon buildup. 
Wipe the plate with a cloth. Apply a small amount of 
cooking oil. Spread the oil evenly over the surface.
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Grill Cleaning
The main purpose of cleaning a griddle plate is to remove the cooking debris and prevent 
carbon buildup. Product will stick to a new griddle plate due to the fact that steel is 
porous. After a griddle has been used, the pores of the steel will fill with carbon and the 
plate will be almost nonstick due to the fact that carbon has filled the pores of the steel 
plate. However, excessive carbon build up will decrease the performance of the griddle, 
and there will be taste transfer to the food product. Occasionally (once or twice a year) it 
is recommended that a commercial grill cleaner be used.

Cleaning Products
Whenever a cleaning product is used, the product instructions must be read, understood 
and followed. Be extremely careful when using any and all caustic cleaners, as they do 
pose a safety hazard to the user as well as a potential hazard to any food product that may 
come in contact with the product itself or the residue. Make sure to thoroughly wash the 
unit with fresh, clean water before cooking again. Be advised that after a cleaner is used 
on the plate, product will likely stick until the pores are again filled with carbon. After a 
grill cleaner has been used, product sticking can be reduced by heating the griddle plate to
approximately 300°F, rubbing beef fat on the plate and allowing the grease from the fat to 
lightly burn into the plate.

Constant Use of Cleaners
Constant use of griddle cleaners will cause a grease-bubbling effect around the perimeter 
of the griddle plate. This occurs because the splashes are welded to the bottom surface of 
the griddle plate and there is a slight gap on the cooking surface in which grease will 
accumulate. Normally this grease will solidify and become carbon; and the carbon will fill 
the gap. The cleaner will break down the carbon barrier that has been formed, and new 
grease and/or water residue will bubble up. Therefore this situation can be avoided by 
allowing the grease to solidify and create a carbon barrier.
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Scheduled Maintenance
In order to provide maximum performance and proper operation, and to ensure the 
safety of the operator, all equipment must be serviced at least once a year by an 
authorized servicer. If for any reason an appliance has not been in use or has been in 
storage for any time, it is imperative that the unit be inspected by an Authorized 
Servicer prior to reinstallation and/or operation.

Recommended Service Frequency
• 10 to 12 hours of operation per day, 7 days a week, every 30 to 60 days.
• 8 to 12 hours of operation per day, 5 days a week, every 90 days.
• 4 to 6 hours of operation per day, 5 days a week, every 120 days.
• Limited daily usage, every 180 days.

Inspection Items
• Check for the slightest odor of gas. If detected, locate and correct as necessary.
• Check for valves that are hard to turn or that are seized up.
• Verify that all burners light in 2 or 3 seconds.
• Check that all burner ports are clean.
• Check that burners burn sharp, clean and blue, not yellow. Propane (LP) may have a 
small yellow tip.
• All pilots are lit and set to the proper height (see pilot adjustment section).
• Look for grease, debris and/or carbon buildup.
• Check all moving parts for ease of movement and/or wear.
• Verify that thermostats are functioning and temperatures are correct.
• Inspect and verify that all panels, covers, racks and rack guides are intact and properly 
installed and are not binding or falling out.

Problems Found
If any of these items are found to be incorrect, malfunctioning or in need of attention, 
immediately contact an Authorized Servicer to repair or correct the problem.

Hands-On Exercise: 
 Perform the items listed on the Inspection 

Items checklist above.
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1.5

1.5

To find gas pressure in “inches of water column” add 
the reading at P2 (which is 1.5 in figure 2) and the 
reading at P1 (which is 1.5 in figure 2). 
P2 +    P1 = “WC
1.5  +    1.5 = 3” WC (Water Column)
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Manometer Connection Point on a Fryer

U-Tube Manometer

Manometer Connection 
Point at the burner orifice 
on an open burner range

Digital Manometer
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What is a Carbon Monoxide Detector? 
Carbon Monoxide (CO) Detectors are designed to 
detect Carbon Monoxide. Most units have a very 
fast reaction time, and measure CO in parts per 
million (ppm). Some have electrochemical sensors 
that are fast enough for walk-around tests. Fast 
electrochemical sensors helps you find CO sources 
like cracked heat exchangers or breached flue 
stacks.

Features 
Some features and benefits may include: 
• Field-replaceable CO sensor
• Advanced three-pin sensor measures 0 to 1000 

ppm CO
• Calibrate / Zero detector to ambient quickly with 

the ZERO button
• Audio and visual alarms w/mute
• Bright-blue, backlit dual-display with MAX and 

real-time measurements displayed
• Magnetic hanger for hands-free operation
• Auto Power-Off (APO).

How to Use 
Some detectors respond to changes in CO levels in 
real time.

• Zero the unit outdoors away from any 
source of CO (will not zero if CO levels are 
higher than 5ppm)
• Enter the structure
• Walk around and watch the display
• Move toward the area of highest 
concentration to find the CO source

Hands-On Exercise: 
 Operate a CO 

Detector

Fieldpiece.com
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Test
Hands-On Exercise: 
 Operate a Combustion Analyzer



Unit 12: 
Basic Gas
Troubleshooting

Fundamentals of Gas

General Equipment Safety and 
Operation

Gas

101

General Equipment Operation 

 
Gas and electric ranges and ovens operate fairly simply, and they're usually 

easy to repair, mainly because the components are designed for quick 
disassembly. 

Most of the malfunctions that affect gas ranges involve the supply and ignition of gas in 
the burners and the oven. Most malfunctions that affect electric ranges and ovens 
involve faulty heating elements. We'll discuss how the main parts should work on gas 
and electric ranges and ovens and how to service them regularly to avoid larger, more 
expensive problems. The first step is taking a peek inside to assess the problem.  

Caution: Before doing any work on a gas range or oven, make sure it's unplugged, or 
turn off the electric power to the unit by removing a fuse or tripping a circuit breaker at 
the main entrance panel or at a separate panel. If there is a grounding wire to the range, 
disconnect it. Also close the gas supply valve to shut off the unit's gas supply. Follow 
Lockout Tagout procedures as needed. 

Gas Fuel Parts 

The different fuels require valves and burners with 

different orifice sizes, so when ordering parts, make sure 
you get the right ones for the fuel you are using. 
 

Hands-On Exercise: 
Locate gas and electrical 
supplies
 1. Locate a gas meter
 2. Locate a gas shut-

off valve
 3. Locate a breaker 

panel
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GAS LEAKS 

 
Gas and Odor 

Natural gas and LP are: Colorless, Odorless, and 
Tasteless. 

A chemical odorant that smells like Sulphur is added 
to the gas by the gas company so it can be detected 

if there is a leak. This odorant is called Mercaptan. 
 

Mercaptan 
Mercaptan stinks. It smells like Sulphur or rotten eggs 

because it contains Sulphur. In a concentrated form, its 
smell is almost unbearable.  

And it takes only a few parts per million (ppm) of Mercaptan 
for the average person to wrinkle a nose and say, "What is 

that smell?" The kind we use blends well with natural gas 

and, in a gaseous state, has much the same properties as natural gas, so it 
will also rise and dissipate with natural gas. It is not always used though. If 

we did not add Mercaptan, it would be hard for you to know that unlit 
natural gas was coming from your stove after you left the valve turned on 

and leaks from furnaces and hot water heaters would be nearly impossible to 
detect without expensive equipment. So, the smell of Mercaptan is a very 

valuable safety feature. 
 

 
 

Recognizing Gas Leaks 
Though statistically rare, natural gas pipeline leaks can occur due to natural 

disasters, damage by third-party contractors or hidden corrosion. That’s why 
it’s important to learn how to spot — and respond to — a pipeline leak. 

 SMELL the air.  

We add a distinctive odor to natural gas so that 
leaks are easier to detect. Not all gas has been 

odorized, so do not attempt to detect a natural gas 
leak by smell alone. 

 LISTEN for leaks.  
A hissing, whistling or roaring sound near a pipeline may indicate 

escaping natural gas. 
 LOOK for clues:  

Look for a damaged connection to a gas appliance, dead or dying 
vegetation over or near a pipeline, dirt spraying in the air, and ponds 

bubbling, a fire near a pipeline, or an exposed pipeline after an 
earthquake, fire, flood or other disaster. 



Unit 12: 
Basic Gas
Troubleshooting

Fundamentals of Gas

Flame Structure

Gas

103

Combustion Process 

Flame Structure 
A flame has three cones. The center cone is the 

un-burnt gas/air mixture. Surrounding it is the 
inner cone. Combustion is starting here. 

Combustion produces heat, which cause expansion 
of the gas/air mixture making the outer cone 

larger. In the outer cone, the gas/air mixture 
combines with the secondary air to complete the 

combustion process. The outer surface of the flame 
is called the mantle.  

 
Proper Performance 

In a properly adjusted burner, all parts of the flame are shades 
of blue and the flame makes equal contact all around or along 

the burner. It should be steadily sitting on the burner and not 

jumping or dancing around. Note: It is normal for LP gas to 
exhibit yellow tips. 

 
 

Improper Flame Performance 
 

Yellow Tipping 
When using natural gas, the 

yellow tipping of flames in the 
outer cone is caused when 

there is a reduction of primary 
air. The shortage of air in the 

air/fuel mix results in un-
burnt fuel. Yellow tips are 

caused by incomplete 

combustion and is caused by 
carbon passing through the flame. This can 

usually be resolved by adjusting the primary air shutters on the burner to 
increase air flow. Lint or debris blocking the primary air flow can also be the 

culprit. Also check for correct gas pressure. 
 

Soot 
Yellow flames that produce soot (carbon) forms can be problematic. Soot is 

formed when yellow flames touch a cool surface before the carbon is burned 
off. Soot creates a cleaning headache and can start to clog up ventilation 

flues. 

Orange or Red Flames 

Orange or red flames are 
caused when dust particles 

pass through the flames. 
This does not affect the 

quality of the flame and is 
normally not a problem. 

Humidity can potential affect 
the color of the flame as well. Before and after humidifier

Notes: 
________________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
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Hands-On Exercise: 
 Light the burner pilots on an open burner range
 Light an oven pilot
 Duplicate the scenarios in the possible cause column and 

compare your results with the possible cure.
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Lifting Flame 

Flames that lift off the burner, or may be flickering or noisy, may be caused 
excessive primary air. Excessive primary air can allow un-burnt fuel to be 

released. If this happens, adjust the shutters slowly until the flame settles 
down. This condition may also be caused by too much gas pressure. Check 

the gas pressure using a manometer and set it to the water column amount 
specified on the equipment data plate. 

Floating Flames 

Lack of secondary air (air around the burner) will cause the flames to float 
up in search of oxygen. This can be caused by poor ventilation (restricted 

flues) or lack of make-up air (fresh air). This may also occur at higher 
elevations where the air is less dense. These flames can release un-burnt 

fuel and may eventually go out. 
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Notes: 
________________________________________________
________________________________________________
________________________________________________
________________________________________________

Hands-On Exercise: 
 Locate and identify the air shutters on an 

open burner range.
 Adjust the air shutters on an burner
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Common Thermocouple Related Issues 30

 A bad replacement thermocouple or one 
that was bent, kinked, damaged during 
installation 

 Thermocouple not properly connected at 
the control, e.g. the sensor connector not 
fully screwed-in 

 Thermocouple sensor tip not properly 
mounted, secured in the flame path 

 Sudden drafts - equipment may be 
installed outdoors or in a shelter exposed 
to wind. 

 Low gas pressure - weak flame

 Inadequate combustion air - very 
dangerous, can be fatal 

 Dirt on the equipment Dirt or debris or 
insects (spiders) clogging the pilot orifice 
or pilot light gas tube 

 Bad or dirty thermocouple  - Short cycling 
or unexplained on-off cycling of heating 
equipment

Hands-On Exercise: 
 Test a thermocouple 

for millivolt 
production with a 
DMM.

Notes: 
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
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Hands-On Exercise: 
 Duplicate the scenarios in the possible 

cause column and compare your results 
with the possible cure.
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Hands-On Exercise: 
 Duplicate the scenarios in the possible 

cause column and compare your results 
with the possible cure.
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Notes: 
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________

Vulcanfeg.com
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Notes: 
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________
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Notes: 
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________
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Burners Light on One Side Only 
If the burner lights on one side only, the probable causes are a missing or misaligned rear 
deflector or improper burner manifold pressure. Clogged burner orifices are usually the 
cause of gaps in burner firing.

Fluctuating Flame Intensity 
Fluctuating flame intensity is normally caused by improper or fluctuating incoming gas 
pressure, but may also be the result of variations in the kitchen atmosphere. Variation in 
the kitchen atmosphere is usually caused by air conditioning and/or ventilation units 
starting and stopping. As the units start and stop, the pressure in the kitchen may change. 
Changes in airflow patterns can also affect flame intensity. If the incoming gas pressure is 
correct and stable, check for variations in the kitchen atmosphere.

Flame Rollout 
Flames “rolling” out of the fryer are usually an indication of negative pressure in the 
kitchen. Air is being sucked out of the fryer enclosure and the flames are literally following 
the air. If negative pressure is not the cause, check for high burner manifold gas pressure. 
An obstructed flue, which prevents the fryer from properly exhausting, may also be the 
cause.

Noisy Burner 
An excessively noisy burner, especially with flames visible above the flue opening, may 
indicate that the burner gas pressure is too high, or it may simply be that the gas valve 
vent tube is blocked. If the gas pressure is correct and the vent tube in unobstructed, the 
gas valve regulator is probably defective.

Slow Recovery Rates 
Occasionally a burner may apparently be operating correctly, but nevertheless, the fryer 
has a slow recovery rate (the length of time required for the fryer to increase the oil 
temperature from 250ºF to 300ºF (121ºC to 149ºC). The primary causes of this are low 
burner manifold pressure and/or misaligned or missing deflector targets. If both of these 
causes are ruled out, the probable cause is a gas valve regulator that is out of adjustment. 

frymaster.com
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 Troubleshoot a gas safety valve
 Adjust a combination safety valve to achieve correct gas 

pressure for the appliance.
 Read through an open burner range service manual
 Start up an open burner range
 Troubleshoot an open burner range
 Shut down an open burner range
 Read through a fryer service manual
 Start up a fryer
 Troubleshoot a fryer
 Shut down a fryer
 Read through a convection oven service manual
 Start up a convection oven
 Troubleshoot a convection oven
 Shut down a convection oven
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www.Robertshaw.com
www.Honeywell.com
www.Vulcanequipment.com
www.Blodgett.com
www.emersonclimate.com
www.lincolnfp.com
www.testo.com
www.frymaster.com
www.cfesa.com
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What is Steam?

Steam is an invisible gas that's 

generated by heating water to a 

temperature that brings it to the 

boiling point of 212 degrees F at 

atmospheric pressure. 

When this happens, water 

changes from a liquid to a gas.

So, steam is the gas form of water.

Conversely, when heat is removed 

from steam, it loses its ability to 

stay a gas and condenses back into 

water.  We refer to the resulting 

liquid as condensate. 
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 Create Steam by Boiling Water
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Why Cook with Steam
Steaming is a method of cooking using steam. This is 

often done with a food steamer, a kitchen appliance 

made specifically to cook food with steam, but food 

can also be steamed in a wok. Steaming is 

considered a healthy cooking technique that can be 

used for many kinds of food. 

Steam Cooking Method

Steam cooking is extremely fast and efficient and is 

done so mostly through latent heat and not the 212 

degree sensible heat. Steaming works by boiling 

water continuously, causing it to vaporize into 

steam; the steam then carries heat to the nearby 

food, thus cooking the food. The food is kept 

separate from the boiling water but has direct 

contact with the steam, resulting in a moist texture 

to the food.

Benefits of Cooking with Steam

Cooking with steam preserves flavor, texture, colors, 

and nutrients better and 212 degree atmospheric 

steamers preserve all of these characteristics. 

Overcooking or burning food is easily avoided when 

steaming it. Individuals preferring to avoid 

additional fat intake may prefer steaming to 

methods which require cooking oil. Steaming also 

results in a more nutritious food than boiling, 

because fewer nutrients are leached away into the 

water, which is usually discarded. 
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Matter can exist in different states. Four states are shown below:
• Solid
• Liquid
• Gas
• Plasma
A fifth state of matter exists called Bose-Einstein Condensate (groups of atoms that 
behave as one).

In the food service equipment industry, we only deal with solids, liquids, and gases.

The molecules that 
make up a solid are 
arranged in regular 
repeating patterns. 
They are held firmly 
in place but can 
vibrate within a 
limited area.

The molecules that 
make up a liquid flow 
easily around one 
another. They are kept 
from flying apart by 
attractive forces 
between them. Liquids 
assume the shape of 
their containers.

The molecules that 
make up a gas fly in all 
directions at great 
speeds. They are so far 
apart that the 
attractive forces 
between them are 
insignificant.

At the very high 
temperatures of stars, 
atoms lose their 
electrons. The mixture 
of electrons and nuclei 
that results is the 
plasma state of matter.
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What is Vapor?
Vapor is a gas. There is no significant physical or 
chemical difference between a vapor and a gas. 
A vapor is a substance in gaseous state, at a 
condition where it is ordinarily a liquid or a 
solid.

Moisture
The most common example of a vapor is steam 
(water vaporized during boiling or evaporation). 
The water vapor in the atmosphere is invisible 
and is often called moisture. Knowledge about 
moisture in air is important for the design of 
air-condition applications like HVAC systems 
and industrial dryers. 

Air Psychrometrics
Moist air technology is often called Air 
Psychrometrics. Evaporation from a fluid takes 
place when liquid molecules at the liquid 
surface have enough momentum to overcome 
the intermolecular cohesive forces and escape 
to the atmosphere. When heat is added to a 
liquid the molecular momentum and the 
evaporation of the liquid is increased. A 
reduction of the pressure above a liquid 
reduces the momentum needed for molecules 
to escape and evaporation is increased.
Increased pressure above a liquid reduces 
evaporation. This can be observed as the lower 
water boiling temperature at higher altitudes.

http://www.engineeringtoolbox.com/vapor-steam-d_609.html
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http://www.livescience.com/46506-states-of-matter.html

Vaporization
Vaporization is the conversion of a liquid to a gas. Vaporization can occur through either 
evaporation or boiling.

Because the particles of a liquid are in constant motion they frequently collide with each 
other, transferring energy when they do so. This energy transference has little net effect 
beneath the surface, but when enough energy is transferred to a particle near the surface; 
it may gain enough energy to be knocked completely away from the sample as a free gas 
particle. This process is called evaporation and it continues as long as liquid remains. It is 
interesting to note that a liquid cools as it evaporates. The energy transferred to surface 
molecules, which causes their escape, is carried away from the remaining liquid sample.

When enough heat is added to a liquid that vapor bubbles form below the surface of the 
liquid, we say that the liquid is boiling. The temperature at which a liquid boils is variable. 
Boiling point is dependent upon the pressure the substance is under. A liquid under higher 
pressure will require more heat before vapor bubbles can form within it. At high altitudes, 
there is less atmospheric pressure pressing down on the liquid, so it will boil at a lower 
temperature. The same amount of liquid at sea level is under a greater atmospheric 
pressure and will boil at a higher temperature.
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Common terms in connection with vapor and steam:

Boiling
Boiling is the formation of vapor bubbles within a fluid. Boiling is initiated when the absolute 
pressure in a fluid reaches vapor pressure.

Saturated Vapor
Vapor at the temperature of the boiling point corresponding to its pressure.

Wet Saturated Vapor
A wet saturated vapor carries liquid globules in suspension. A wet saturated vapor is a substance 
in the gaseous state which does not follow the general gas law.

Dry Saturated Vapor
A dry saturated vapor is free from liquid particles. All particles are vaporized - any decrease in 
vapor temperature or increase in vapor pressure, condensates liquid particles in the vapor. A dry 
saturated vapor is a substance in the gaseous state which does not follow the general gas law.

Super-heated Vapor
In super-heated vapor the temperature is higher than the boiling point temperature 
corresponding to the pressure. The superheated vapor can not exist in contact with the fluid, nor 
contain fluid particles. An increase in the pressure or decrease in the temperature will not -
within limits - condensate out liquid particles in the vapor. Highly superheated vapors are gases 
that approximately follow the general gas law.

High Pressure Steam
Steam where the pressure greatly exceeds the atmosphere pressure.

Low Pressure Steam
Steam of which the pressure is less than, equal to, or not greatly above, atmospheric pressure.

http://www.engineeringtoolbox.com/vapor-steam-d_609.html
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Conditions that Affect Evaporation

What Causes Evaporation?
While evaporation is a straight forward process of liquid water turning into water vapor, 
there are other conditions that can have an effect on the rate of evaporation. These 
conditions are:
• Pressure: The higher the pressure, the slower the evaporation because there is more 
pressure on the surface of the water keeping the molecules in place. If pressure is removed, 
the molecules can more freely launch themselves.
• Concentration: If the air is already very humid, it will take much longer for a cup of water 
to evaporate than if there is no water in the air at all. The more concentration, the slower 
the evaporation rate.
• Density: If a substance is more dense, the evaporation rate is slower. This is why alcohol 
evaporates faster than water, while water evaporates faster than mercury. Alcohol is less 
dense than water which is less dense than mercury.
• Surface Area: If all of the heat is only hitting an area 1 inch by 1 inch, there is only going to 
be room for 1 inch by 1 inch of molecules to make the phase change. If heat is hitting 1 mile 
by 1 mile, more water vapor will be formed. The more surface area, the faster evaporation.

While evaporation is always going on, it was found that there is only about 3 millimeters of 
water evaporated daily on average. In warmer areas, the amount might be more. In colder 
areas, the amount might be less. It is because of evaporation that the Earth doesn't get too 
hot. The heat on the Earth rises up and cools as it goes higher into the atmosphere.

http://www.tech-faq.com/what-causes-evaporation.html
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Condensation
Condensation is the process of water vapor cooling 
down to form a liquid again. In steam cooking it is 
the process of steam vapor changing to water as it 
cools. 

Condensation is when a gas transforms into a liquid. 
Condensation occurs when a gas has been cooled or 
compressed to the point where kinetic energy of 
the particles can no longer overcome the 
intermolecular forces. An initial cluster of particles 
initiates the process which tends to further cool the 
gas so that condensation continues. 

Water vapor in air around glass hits cold 
glass and condenses to liquid

Water vapor in air due to hot shower 
heating up the air comes in contact 
with cold mirror and turns from a 
vapor to a liquid.

http://www.livescience.com/46506-states-of-matter.html
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High Voltage
Steam equipment contains components that require voltages ranging from 
120 Volts AC to 480 Volts AC. Always unplug equipment before servicing or 
removing covers and guards. Perform Lockout-Tagout procedures where 
necessary. Use insulated electrical tools. Always check for the presence of 
voltage using a voltmeter before beginning work.

High Pressure
Pressurized steam systems operate under a pressurized condition. Pressure 
release in these systems can be extremely dangerous. Pressurized steam can 
burn you, penetrate your skin, or blow scale particles at you. To protect 
yourself from pressure, wear safety goggles and gloves. Avoid disconnecting 
any pressurized lines.

High Temperatures
To create steam we have bring water to the boiling temperature of 212F. 
These temperatures can scald the skin. There is also the risk of getting burned 
with fire when servicing gas-fired steamers. Follow gas Lockout-Tagout 
procedures before servicing gas equipment.  Exposed surfaces may be hot to 
the touch. Wear safety glasses and gloves whenever necessary.

Toxic Chemicals
Chemicals harmful to humans are used to clean scale from steam equipment. 
Some of these chemicals are poisonous and caustic. It is important to protect 
yourself from these chemicals by wearing rubber gloves that protect you from 
these chemicals if they spill or get sprayed on you. You should also wear 
safety glasses or a face shield to protect your face and eyes from chemical 
splashes.

Heavy Equipment
Cooking equipment is very heavy in many cases. Some equipment weighs 
several hundred pounds. When moving heavy equipment or parts, have 
someone help you, use a dolly, forklift, or pallet jack whenever possible. Don’t 
risk it. Back injuries are the number one injury in the commercial equipment 
industry. A back injury can end your career.

Safety is of utmost importance when working with steam equipment. When working with 
steam equipment there is dangerous hazards involved including: 
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HAACP Safety Standards

Hazard Analysis and Critical Control Points 
(HAACP) system, the concept of 
“preventing a problem before it occurs”, is 
becoming the international norm for food 
safety. Certain key steps within food 
preparation processes are critical to the 
safety of the final product. They can be 
identified by conducting a systematic 
hazard analysis for the food and its 
preparation process. These critical points 
and their successful management are the 
basis of the HACCP approach. Whereas 
previous systems relied on spot-checking, 
this system provides controls for specific 
critical points.

There are seven steps to a HACCP system:
1. Assess the hazards
2. Identify critical control points
3. Set up control procedures and 

standards for critical control points
4. Monitor the critical control points
5. Take the proper corrective actions
6. Establish effective record keeping
7. Verify the system is working

A well-run HACCP system can control 
each critical point to eliminate hazards.
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Steam Safety Quiz

1. Burn hazards on the job may include contact with steam, flame, hot equipment, and certain 
chemicals.

a. True 
b. False

2. Some chemicals used to clean steam equipment can be:
a. poisonous
b. caustic
c. Both A and B

3. Once you have tripped the breaker, there is no need to check for voltage at the equipment with 
a voltmeter before beginning work.

a. True
b. False

4. The number one industry related injury in the commercial food equipment repair industry is
a. blindness.
b. hearing loss.
c. back injuries.

5. Steam equipment can operate on voltages up to 480 volts AC.
a. True b. False

6. Safety goggles should be worn when servicing steam equipment.
a. True
b. False

7. Following lockout-tagout procedures can insure equipment energy will not be released during 
servicing of equipment.

a. True 
b. False

8. Avoid disconnecting _____________ lines.
a. pressurized
b. unpressurized

Answers: 1. a, 2. c, 3. b, 4. c, 5. a, 6. a, 7. a, 8. a
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Hands On Exercise:
 Locate and identify a steam cooking appliance
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Specifications
Specifications give the 
owner/installer guidelines and 
requires related to utilities that 
are recommended for proper 
operation of the equipment.
The graphic shows sample 
specifications from a convection 
steamer.

Gas Line Pressures
Note that machine has different 
operating and incoming pressure 
and that the pressures are 
dependent on the type of gas 
fuel used.

Electrical
Electrical specifications include 
voltage, amperage draw, 
frequency, and phase 
requirements.

Water
Water specifications include 
supply pressure and water 
quality requirements

Hands On Exercise:
 Locate the data plate on an 

appliance. 
 Does it have the voltage 

requirements? __________
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Below is an example of service connections required for a gas steam boiler cabinet. Please 
answer the following questions as found in this information.

1. What is the required voltage? _______________ volts

2. What is the required electrical frequency? _____________ Hz.

3. Is the voltage supply single phase or three phase? __________________

4. Is a drain required? ____________ If so, what size? ______________

5. What does IPS stand for? ______________  _____________  ______________

6. Does the machine connect to a hot or cold water supply? _________________

7. What does O.D stand for? ___________________ __________________

8. What size water line is required? _____________

9. What does PSI stand for? ______________   _______  ____________ ___________

10. What is the minimum natural gas pressure? ______________ inches of water 

column.

11. What is the minimum propane gas pressure? _____________ inches of water 

column.

12. What pipe size is needed for the steam take off? ___________ IPS
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Steam-jacketed kettles 

A steam-jacketed kettle is a pot within a pot, 

with steam trapped in the space between the 

walls. Kettles are either fully jacketed (walled) or 

partially jacketed (walled). They are available in 

either floor, wall or counter mounted. Tilting 

kettles are available and called trunnion. Steam 

is supplied from a self-contained boiler or from a 

shared or remote source. A major benefit of the 

steam jacketed kettle is that it cooks extremely 

fast without scorching or hot spots. Kettles are 

ideal for soups, sauces, pie fillings, poultry, 

vegetables, meat fillings, stews, gravies, boiling 

bagels, pastas, rice, reheating pouch prepared 

food and cook chill casings. Anything that is 

normally cooked on the stove top can be done 

faster, better and using much less energy.
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Combi ovens
The combi oven is like having three units in one 
footprint: a pressureless steamer, convection oven 
and convection oven with steam injection. You can 
choose the cooking method that meets your 
cooking needs rather than scheduling around the 
limitations of the equipment. Use the convection 
oven for baking, roasting and broiling; pressureless 
steam for vegetables, eggs, seafood and gentle 
reheating. Apply benefits of both convection and 
steam cooking in the combi mode for crusty breads, 
juicy meats, poultry, fish and baked dishes.
Programmable recipes and self-cleaning options add 
more value by providing consistent, high-quality
products and reducing labor.

Combi Oven Data Plate Front View of Cleveland Combi Oven 

Combi Oven Control PanelCenterpointenergy.com/foodservice
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Tips for efficient use of combi ovens
Combi ovens allow for multi-step programming. For example: Set the convection mode 
to 450 F to quickly brown a turkey for 10 minutes, then drop the temperature to 300 F 
and use the combi mode for 50 minutes to complete cooking. Once an operator 
perfects a recipe, it can be saved for future use.
Combi cooking will require adjustments to normal procedures. A general rule is to 
reduce the cooking temperature 50° from your conventional cooking temperature and 
check your food in half the normal time. By keeping notes on the procedures, you will 
soon know what combination of time and temperature works best to produce the 
desired results.
For greatest efficiency, load oven to capacity whenever possible.
Preheat the oven for 5 to 8 minutes and turn off as soon as cooking is complete.
To change from the convection or combi mode to steam mode, reduce the oven cavity 
temperature by opening the door and turning on the fan for 5 to 10 minutes.
Do not cover foods, because covering inhibits the cooking process.

Care
To maintain operating efficiency and extend the life of your natural gas combi oven:
Many manufacturers offer a self-cleaning cycle and most have a water spray arm for 
easier cleaning.

Regulator Maintenance
De-lime boiler units regularly to keep the steam boiler and generator free of mineral 
deposits. How often you de-lime will depend on your oven usage and how hard your 
water is.
Wipe up spills in the cavity daily.
Use the steam mode to loosen oven soil.
Always follow manufacturer’s cleaning and maintenance instructions.

9

Centerpointenergy.com/foodservice
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Pressureless /atmospheric steamer
Compartment steamers are available in either boiler, 
boilerless, or connectionless models. Steam that is 
provided by a boiler can be part of the steam unit (self-
contained), shared with other equipment, or come from 
a central boiler (direct steam). Because it provides a 
constant exchange of fresh steam, there is no transfer of 
flavors so dissimilar foods such as seafood and rice can 
be cooked at the same time. It is also ideal for frozen 
products and on-line cooking. Cooking is done at zero 
pressure (i.e. the term pressureless) and therefore the 
door can be opened at any time during the cooking 
cycle.

Pressure steamer
Steam in this unit is pressurized, usually from 5 to 15 psi. 
For each pound of pressure, the temperature will rise 3°
above 212 F. These steamers must be depressurized and 
the steam allowed to escape before opening the door. 
They are ideal for large production cooking such as 
commissaries, schools, health care or prep lines.

Boilerless/connectionless
Compartment steamers are also available in boilerless 
models or connectionless. The boilerless units produce 
steam when water comes in contact with heat exchanger 
tubes. Some models incorporate gas heated steam 
generating reservoirs and some use infrared burners. 
Connectionless units are boilerless with no water 
connection. Water is manually placed into the steamers 
and removed at the end of the day. These units are ideal 
for locations where water hook up is unavailable or too 
costly. The advantage of both units is
that there is no boiler to maintain.

Centerpointenergy.com/foodservice
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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http://www.fishnick.com/equipment/techassessment/Appliance_Tech_Assessment.pdf
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WATER REQUIREMENTS
As with all steam related products, water filtration and regular filter replacements, 
coupled with routine deliming, are required. Your local Service office can recommend a 
water treatment system to meet the needs of your local water conditions. Contact your 
local service representative for water treatment offerings.

Proper water quality can improve the taste of the food prepared in the oven, reduce 
liming and extend equipment life. Local water conditions vary from one location to 
another. The recommended proper water treatment for effective and efficient use of this 
equipment will also vary depending on the local water conditions. Ask your municipal 
water supplier for details about your local water supply prior to installation.

pH of Water
Water with a pH < 7 is considered acidic and with a pH > 7 is considered basic. The normal 
range for pH in surface water systems is 6.5 to 8.5 and for ground water systems 6 to 8.5. 
Alkalinity is a measure of the capacity of the water to resist a change in pH that would 
tend to make the water more acidic. The measurement of alkalinity and pH is needed to 
determine the corrosiveness of the water.
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Water quality impacts equipment performance and maintenance – not to mention the taste 
of beverages and foods. No matter what role you hold in the foodservice industry, you’ll find 
answers to your water quality issues through these collected resources.

Converter for hardness of water
Hardness of water is a measure for the content of calcium and magnesium in water. The 
small contribution of magnesium usually is expressed as calcium as in the degrees of 
hardness (at the top) and the concentrations of Ca2+, CaO and CaCO3 (at the bottom). 
Unfortunately, the classification of the degrees of hardness to water quality (soft, slightly 
hard, hard, very hard) is different in many countries.

Hard Water Hardness Calcium Magnesium Water Corrosion Mineral Scale
Water described as “hard” is high in dissolved minerals, specifically calcium and magnesium. 
Hard water is not a health risk, but a nuisance because of mineral buildup on fixtures and 
poor soap and/or detergent performance. Water hardness above 4.0 grains per gallon 
should be treated by a water conditioner (water softener and/or in-line water treatment). 
Water hardness below 2.0 grains per gallon may also require a water treatment system to 
reduce potential corrosion. Water treatment has been shown to reduce costs associated 
with machine cleaning, reduce deliming and reduce corrosion of metallic surfaces.

Total Dissolved Solids (TDS)
Elevated total dissolved solids can result in your water having a bitter or salty taste; result in 
incrustations, films, or precipitates on fixtures; corrosion of fixtures, and reduced efficiency 
of water filters.
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Below is an example of service connections required for a gas steam boiler cabinet. Please 
answer the following questions as found in this information.

1. What is the acceptable TDS level? _____________________________

2. What does PPM stand for? _____________ ______________ _________________

3. What is the acceptable total alkalinity? __________________

4. What is the acceptable Silica level? ______________________

5. What is the acceptable Chlorine level? ___________________

6. What is the acceptable pH Factor range? __________________________

7. What equipment will resolve issues with water that does not meet the above 

requirements? ____________________  ___________________________

8. What does O.D stand for? ___________________ __________________

9. Will poor water quality void the appliance warranty? ________________

10. Does water quality affect the performance of the appliance? __________
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Lime and Scale 23

Lime and scale are big problems for steam cooking equipment. To prevent equipment 
issues excessive lime and scale must be removed on a regular basis. The following is how 
to delime a Vulcan convection steamer.
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Corrosion is a complex series of reactions between the water and metal surfaces and 
materials in which the water is stored or transported.

http://www.water-research.net/index.php/drinking-water-issues-corrosive-water-lead-copper-aluminum-zinc-and-more

The corrosion process is an oxidation/reduction 
reaction that returns refined or processed metal 
to their more stable ore state. With respect to the 
corrosion potential of YOUR drinking water, the 
primary concerns include the potential presence 
of TOXIC Metals , such as lead and copper; 
deterioration and damage to the plumbing, and 
aesthetic problems such as: bitter taste, and 
greenish-blue stains around basins and drains.

The primary health concern is the potential for the 
presence of elevated levels of lead and copper in 
the water. The primary source of the lead includes 
the use of lead pipes, lead lined tanks, and use of 
50/50 lead/tin solder. Because of the concern with 
lead, the EPA banned the use of high lead solders 
in 1986. The primary source of copper is the 
leaching of copper from the piping used to convey 
the water throughout the business. In some cases, 
the water is so corrosive that the interior 
plumbing system needs to be changed and 
completely replaced with PVC piping, PEX, or 
other materials. 

Corrosion will occur anywhere a galvanic cell or 
field can be or has established. To establish the 
field all that is needed is two dissimilar metals 
that are connected directly or indirectly by an 
electrolyte, such as water. This is the same 
chemical reaction that occurs within a battery.
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http://www.water-research.net/index.php/drinking-water-issues-corrosive-water-lead-copper-aluminum-zinc-and-more

Nearly all metals will corrode to some degree. The rate and extent of the corrosion depend on the 
degree of dissimilarity of the metals and the physical and chemical characteristics of the media, 
metal, and environment. In water that is soft, corrosion occurs because of the lack of dissolved 
cations, such as calcium and magnesium in the water. In scale forming water, a precipitate or 
coating of calcium or magnesium carbonate forms on the inside of the piping. This coating can 
inhibit the corrosion of the pipe because it acts as a barrier, but it can also cause the pipe to clog. 
Water with high levels of sodium, chloride, or other ions will increase the conductivity of the water 
and promote corrosion. Corrosion can also be accelerated by:

1) low pH (acidic water) and high pH (alkaline water)- For high alkalinity water - it is possible that a 
chemical scale may form that would help to protect against corrosion, but if a bacteria becomes 
established the scale, such as SRB (sulfur reducing bacteria), you may experience a problem related 
to Microbiologically Induced Corrosion (MIC).

2) high flow rate within the piping can cause physical corrosion;

3) high water temperature can increase biological rate of growth and chemical corrosion;

4) oxygen and dissolved CO2 or other gasses can induce corrosion;

5) high dissolved solids, such as salts and sulfates, can induce chemical or bio-chemical corrosion;

6) If the mass ratio (CMSR) of chloride to sulfate is > 0.2, but < 0.5 there is an elevated concern, but 
if the CMSR is > 0.5 and the alkalinity of the water is less than 50 mg CaCO3/L the concern should 
be significant;

7) corrosion related bacteria, high standard plate counts, and electrochemical corrosion can result 
in pinhole leaks and isolated corrosion and aesthetic water quality problems, and

8) presence of suspended solids, such as sand, sediment, corrosion by-products, and rust can aid in 
physical corrosion and damage and facilitate chemical and biochemical corrosion.

If it is necessary to flush or run your cold water in the morning for a few minutes before you drink 
because the water has a bitter taste, YOUR Water is probably CORROSIVE. If you see blue-green 
stains in your basins or some staining along the joints of your copper piping, YOUR Water is 
probably CORROSIVE. As corrosive water stands or seats in pipes or tanks, it leaches metals from 
the piping, tanks, well casing, or other metal surfaces that water is in contact. If you see pink 
standing on the waters edge - this may not be corrosion, but pink bacteria. Pink bacteria is an 
airborne bacteria.
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Pipes
The purpose with a pipe is the transport of a fluid like water, oil or similar, and the most 
import property is the capacity or the inside diameter.

NPS DN pipes
For a  ASME/ANSI B 36.10 Welded and Seamless Wrought Steel Pipe the inside diameter 
(ID) of a NPS 2 inches pipe with schedule 40 is 2.067“ and schedule 80 is 1.939“.
The inside diameters are close to 2" and the nominal diameter is related to the inside 
diameter. Outside diameter are 2.375" for both schedules.

Pipe Schedule
Since the outside diameter of a single nominal pipe size is kept constant the inside 
diameter of a pipe depends on the "schedule" or “thickness” of the pipe. The schedule and 
actual thickness of a pipe varies with size of the pipe. Example - the thickness of a 2" 
schedule 40 pipe is 0.154" and the thickness of a 6" schedule 40 pipe is 0.280".

Sizing Terminology
It is common to identify pipes in inches by using NPS or "Nominal Pipe Size". The metric 
equivalent is called DN or "diametre nominel". The metric designations conform to 
International Standards Organization (ISO) usage and apply to all plumbing, natural gas, 
heating oil, and in addition to miscellaneous piping used in buildings. Note - the use of NPS 
does not conform to American Standard pipe designations where the term NPS means 
"National Pipe Thread Straight".
Nominal Bore (NB) may be specified under British standards classifications along with 
schedule or wall thickness.
The tolerances are looser to pipes compared with tubes and pipes are often less expensive 
to produce than tubes.

Tubes
The nominal dimensions of tubes are based on the outside diameter. If we look at Copper 
Tubes - ASTM B88 the outside diameter of a 2" pipe is 2.125", relatively close to 2".

NPS DN tubes
The inside diameter of a tube depends on the thickness of the tube. The thickness is often 
specified as gauge. If we look at  Copper Tubes - ASTM B88 the wall thickness of 0.083"of a 
2" pipe is gauge 14. 
Tolerances are commonly higher with tubes compared to pipes and tubes are often more 
expensive to produce than pipes.
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Absolute pressure is zero-referenced against a perfect 
vacuum, so it is equal to gauge pressure plus atmospheric 
pressure.
Gauge pressure is zero-referenced against ambient air 
pressure, so it is equal to absolute pressure minus 
atmospheric pressure. 
Differential pressure is the difference in pressure between 
two points.

Hands On Exercise:
 Read a Pressure Gauge
 What is the pressure? _________ P.S.I 

___________ kPa
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Overview
Temperature and pressure are directly proportional to each other. This means that as the 

temperature decreases, the pressure also decreases, and as the temperature increases, 

the pressure increases. One way to think of this is if you increase the speed of the

molecules –by increasing their temperature- the force of the molecules hitting their 

container increases and this increases the pressure. This relationship is called Gay-

Lussac’s Law and makes up part of the ideal gas law.

Theory
When the speed of a gas’s molecules increases, the gas molecules hit their container 

more often. The more frequently the gas impacts the container walls, the higher the 

pressure. So, as temperature increases, the pressure also increases. If the gas cools, the 

impacts are less frequent and the pressure decreases.

This relationship can be described using mathematics as well. Mathematically, Gay-

Lussac’s Law states that P/T= k, where k is any constant.

This relationship explains why race car tires are not filled with as much air as normal tires. 

At the high speeds of race cars, the air inside the tires heats up, causing the pressure to 

increase. Tires with too high a pressure have less contact with the road and are more 

easily damaged. So, the cold tire pressure for a race car is lower than a normal car. As air 

sinks, it encounters higher pressures and the temperature increases. This characteristic of 

gases leads to the definition of potential temperature. The potential temperature is the 

temperature a parcel of air would have if it was moved to 100,000 Pa, although this 

definition does not require volume to be held constant.

A pressure cooker is an 
example of Gay Lussac's 
law as the temperature 
increases causing the 
pressure to increase 
above the food that's 
being cooked which 
makes it faster to be 
cooked.

https://usercontent2.hubstatic.com/2568936_f520.jpg
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1. 10 inHg = _________kPa
2. 15 inHg = _________kPa
3. 20 inHg = _________kPa 
4. 25 inHg = _________kPa 
5. 30 inHg = _________kPa
6. 10 kPa =  _________inHg
7. 15 kPa =  _________inHg
8. 20 kPa =  _________inHg
9. 25 kPa =  _________inHg
10. 30 kPa =  _________inHg
11. 10 inHg = _________psi
12. 15 inHg = _________psi
13. 20 inHg = _________psi
14. 25 inHg = _________psi
15. 30 inHg = _________psi
16. 10 psi = _________inHg
17. 15 psi = _________inHg
18. 20 psi = _________inHg
19. 25 psi = _________inHg
20. 30 psi = _________inHg
21. 10 psi = _________kPa
22. 15 psi = _________kPa
23. 20 psi = _________kPa
24. 25 psi = _________kPa
25. 30 psi = _________kPa
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Saturated Steam
The state in which steam contains only the amount 
of heat energy required to maintain the vapor state. 
Any loss of heat energy from saturated steam will 
cause it to begin condensing.

What is Flash Steam?
When hot condensate or boiler water, under pressure is 
released to a lower pressure, part of it is re-evaporated, 
becoming what is known as flash steam.

Why is it important?
This flash steam, which normally would be wasted, is 
important because it contains heat that can be used for 
other operations.

How is it formed?
When water is heated at atmospheric pressure, its 
temperature rises until it reaches 212F, the highest 
temperature at which water can exist at this pressure. 
Additional heat does not raise the temperature, but 
converts the water to steam.

Sensible heat
The heat absorbed by the water in raising its temperature 
to the boiling point is called “sensible heat” or heat of 
saturated liquid.

Water under pressure
If water is heated under pressure, however, the boiling 
point is higher than 212F, so the sensible heat required is 
greater. The higher the pressure, the higher the boiling 
temperature and the higher the heat content. If pressure is 
reduced, a certain amount of sensible heat is released. 
This excess heat will be absorbed in the form of latent 
heat, causing part of the water to “flash” into steam.
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Latent heat, energy absorbed or released by a substance during a change in its physical 
state (phase) that occurs without changing its temperature. The latent heat associated 
with melting a solid or freezing a liquid is called the heat of fusion; that associated with 
vaporizing a liquid or a solid or condensing a vapor is called the heat of vaporization. The 
latent heat is normally expressed as the amount of heat (in units of joules or calories) per 
mole or unit mass of the substance undergoing a change of state.

https://www.britannica.com/science/latent-heat

Ice cubes melting as their temperature rises. During melting, the ice 
absorbs latent heat, which is used to change the state of the water 
from ice to liquid water. While the ice is absorbing latent heat, its 
temperature is not changing.

Ice cubes melting as their temperature rises. During melting, the ice 
absorbs latent heat, which is used to change the state of the water 
from ice to liquid water. While the ice is absorbing latent heat, its 
temperature is not changing.
© T.Tulic/Fotolia

For example, when a pot of water is kept boiling, the temperature remains at 100 °C 
(212 °F) until the last drop evaporates, because all the heat being added to the liquid is 
absorbed as latent heat of vaporization and carried away by the escaping vapor 
molecules. Similarly, while ice melts, it remains at 0 °C (32 °F), and the liquid water that 
is formed with the latent heat of fusion is also at 0 °C. The heat of fusion for water at 0 
°C is approximately 334 joules (79.7 calories) per gram, and the heat of vaporization at 
100 °C is about 2,230 joules (533 calories) per gram. Because the heat of vaporization is 
so large, steam carries a great deal of thermal energy that is released when it condenses, 
making water an excellent working fluid for heat engines.
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http://mechanicalgalaxy.blogspot.com/2014/07/different-laws-on-gas-gay-lussacs-law.html
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What are steam tables?
The heat quantities and temperature/pressure relationships referred to in this section are take 
from the Properties of Saturated Steam table.

Definition of Terms Used
Saturated Steam is pure steam at the temperature that corresponds to the boiling temperature of 
water at the existing pressure.

Absolute and Gauge Pressures
Absolute pressure is pressure in pounds per square inch (psia) above a perfect vacuum. Gauge 
pressure is pressure in pounds per square inch above atmospheric pressure, which is 14.7 psia. 
Gauge pressure (psig) plus 14.7 equals absolute pressure. Or, absolute pressure minus 14.7 equals 
gauge pressure.

Pressure/Temperature Relationship
For every pressure of pure steam there is a corresponding temperature. E.g. The temperature of 
250 psig pure steam is always 406F.

Heat of Saturated Liquid
This is the amount of heat required to raise the temperature of a pound of water from 32F to the 
boiling point at the pressure and temperature shown. It is expressed in British thermal units (Btu).

Latent Heat or Heat of Vaporization
The amount of heat (expressed in Btu) required to change a pound of boiling water to a pound of 
steam. This same amount of heat is released when a pound of steam is condensed back into a 
pound of water. This heat quantity is different for every pressure/temperature combination.

Total Heat of Steam
The sum of the Heat of the Liquid and Latent Heat in Btu. It is the total heat in steam above 32F.

Specific Volume of Saturated Liquid
The volume per unit of mass in cubic feet per pound.

Specific Volume of Saturated Steam
The volume per unit mass in cubic feet per pound.

How the Table is Used
In addition to determining pressure/temperature relationships, you can compute the amount of 
steam that will be condensed by any heating unit of known Btu output. Conversely, the table can 
be used to determine Btu output if steam condensing rate is known.

Armstronginternational.com
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Worksheet – Steam Tables 

Instructor: Kelly Wells  Name:  

Results:   Channel:  

   Type: Worksheet Activity 

   Date:  

Use the Steam Tables to find the answers to the 25 following questions. Your answer must include 

the decimal points and unit of measurement (e.g. – (970.0 Btu/lb). 

1. If the steamer pressure gauge reads 0.0 PSIG, what is the PSIA pressure? ___________________ 

2. If the steamer pressure gauge reads 0.0 PSIG, what is the steam temperature? _____________ 

3. If the steamer pressure gauge reads 0.0 PSIG, what is the latent heat? ___________________ 

4. If the steamer pressure gauge reads 0.0 PSIG, what is the heat of the saturated liquid? 

___________________ 

5. If the steamer pressure gauge reads 5.3 PSIG, what is the PSIA pressure? ___________________ 

6. If the steamer pressure gauge reads 5.3 PSIG, what is the steam temperature? _____________ 

7. If the steamer pressure gauge reads 5.3 PSIG, what is the latent heat? ___________________ 

8. If the steamer pressure gauge reads 5.3 PSIG, what is the heat of the saturated liquid? 

___________________ 

9. If the steamer pressure gauge reads 15.3 PSIG, what is the PSIA pressure? ___________________ 

10. If the steamer pressure gauge reads 15.3 PSIG, what is the steam temperature? _____________ 

11. If the steamer pressure gauge reads 15.3 PSIG, what is the latent heat? ___________________ 
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Producing Steam 
Most industrial steam systems are closed systems. When water vaporizes to become 
steam in the boiler, the expansion pressurizes the system. Steam is forced out of the 
boiler by its own pressure and is carried by piping to whatever devices are to be employed 
for heating or processing. The pressure changes within the system provide transportation 
for the steam and also affect its physical properties. It is convenient and helpful to think of 
the typical steam system as a loop with four distinct sections: generation, distribution, 
heat transfer, condensate return.

1. Generation
During this stage - in the boiler - heat is applied to water to raise its temperature. 
After the water has vaporized, the resulting steam moves into the second stage of the 
steam loop: 

2. Distribution
This is simply the movement of the steam within a closed system to its point of use. 
The use, whatever that happens to be, is called Heat Transfer.

3. Heat Transfer
This is the third stage. In the heat transfer portion of the steam loop, the heat of the 
steam is, well, transferred. In other words, it is put to work doing countless jobs. 
A little later in this lesson, we'll discover three separate methods whereby steam's heat is 
transferred. As the steam gives up its heat through heat transfer or use, it condenses or 
changes its state - this time from a gas back into a liquid. This is called condensate.

4. Condensate Return
This is the job of a simple device called a steam trap. The fourth and final section of the 
steam loop is Condensate Return. 

Armstronginternational.com
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The gas boiler is designed to ASME Code and approved 
as a steam heating boiler restricted to operation at 
pressure not to exceed 15 psi. 

The gas boiler may be in a 24" cabinet base rated at 
140,000 or 200,000 BTU, 36" cabinet base rated at 
200,000, 250,000 or 300,000 BTU, operational on 
Natural or Propane gas. Boilers may have optional 
electronic ignition and CSD1 controls.

Installation Codes and Standards
The boiler must be installed in accordance with:
Gas installation to conform to local codes, or in absence 
of local codes, with the National Fuel Gas Code - ANSI 
Z223.1/NFPA 54. In Canada installation to be in 
accordance with CSA B149.1 Natural Gas and Propane 
Installation Code.
1. The appliance and its individual shut off valve must 
be disconnected from the gas supply piping system 
during any pressure testing of that system at pressures 
in excess of ½ psig (3.5 kPa).
2. The appliance must be isolated from the gas supply 
piping system by closing its individual manual shut off 
valve during any pressure testing of the gas supply 
piping system at test pressures equal to or less than ½ 
psig (3.5 kPa).
Electrical grounding must be provided in accordance 
with local codes, or in the absence of local codes, with 
the National Electrical Code ANSI/NFPA 70. In Canada, 
installation must be in accordance with the Canadian 
Electrical Code CSA C22.2.
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ASME – American 
Society of Mechanical 
Engineers

PSI – Pounds Per Square 
Inch

PSIG – Pounds Per 
Square Inch Gauge

BTU – British Thermal 
Unit

kPa – Kilo Pascal's

ANSI – American 
National Standards 
Institute

NFPA – National Fire 
Protection Association

Hands On Exercise:
 Get an introduction to a code book by 

looking through one for a few minutes. 
Find some codes on boilers and discuss.
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Water Supply Connection
The incoming cold water supply connection, at the 
rear of the steamer cabinet, requires 3/8" tubing 
and water pressure of 25-50 psi. A manual shut-off 
valve must be provided convenient to the appliance; 
this valve should be open when the boiler is in 
operation.

FAILURE OR MALFUNCTION OF THIS APPLIANCE 
DUE TO POOR WATER QUALITY IS NOT COVERED 
UNDER WARRANTY. 

Drain Connections
The steamer drain (2" IPS) should be piped to a floor 
drain near the steamer. There should be no solid 
drain connection; an “open gap” between the 
steamer and the floor drain is required. Steam 
equipment usually has copper drain lines that drain 
into the main floor drains. 
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Gas Connection
1. The data plate on the cabinet door of the boiler 
indicates the type of gas your unit is equipped to 
burn. DO NOT connect to any other gas type.
Keep the appliance area free and clear from 
combustible substances. Do not obstruct the flow of 
combustion and ventilation air.
2. A 3/4" NPT line is provided at the rear for the 
connection. Each boiler is equipped
with an internal pressure regulator which is set at 
3.5" W.C. manifold pressure for natural gas or 10.5" 
W.C. for LP gas. Use the 1/8" pipe tap on the burner 
manifold for checking pressure.

An adequate gas supply is necessary. Undersized or 
low pressure lines will restrict the volume of gas 
required for satisfactory performance. A steady 
supply pressure, between 7" W.C. and 14" W.C. for 
natural gas and 11" W.C. and 14" W.C. for propane 
gas is recommended. 

With all units operating simultaneously, the 
manifold pressure on all units should not show any 
appreciable drop. Fluctuations of more than 25% on 
natural gas, and 10% on propane gas, will create 
pilot problems and affect burner operating
characteristics. Codes require that a gas shut-off 
valve be installed in the gas line prior to the 
steamer.
Make sure the pipes are clean and free of 
obstructions, dirt, and piping compound.
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Gas Boiler Data Plate Displaying Gas Type

¾” NPT Flexible Gas Hose
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The installation location must be kept free and clear of combustibles. Do not obstruct the 
flow of combustion and ventilation air. Clearance from combustible construction must be 
a minimum of 3 inches from the sides and 6 inches from the back. The appliance should 
be installed on a noncombustible floor. Provide adequate clearances for cleaning, 
maintenance, service and proper operation.

Sufficient air should be allowed to enter the room to compensate for the amount of air 
removed by any ventilating system and for combustion of the gas burners. Do not obstruct 
the air flow into and around the appliance. Do not obstruct the flow of flue gases from the 
flue duct located at the rear and above the cabinet. Position the appliance in its final 
location. Check that there are sufficient clearances to service the controls, for door 
swings, etc., so there will be no problem in making the required supply and drain 
connections.

Allow enough space between any other piece of equipment or a wall for service access. 
Service on the cabinet base may require access to the left and/or right side panels.

Notes: 
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
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Normal Boiler Operating Cycle

Water Fill Cycle

On the initial filling of the boiler, the reset switch must be activated to initialize the safety 

lockout circuit. Once the water in the boiler has reached the proper level, the level control 

will stop the flow of water to the boiler. As water is consumed in the production of steam, 

the level control will replenish water to the boiler.

Firing Cycle

The gas valve is controlled by pressure sensing devices. On initial operation of the boiler, 

steam generation should reach 11 psi in approximately 15 minutes. At this point the 

“Operating Pressure” switch will close the gas valve. When pressure drops to 9 psi, the 

pressure switch opens the gas valve and ignition should occur.

Should the pressure rise to more than 14.5 psi the “Override pressure switch” will open 

the override solenoid valve, releasing the excess steam.

Condensing Drain

A thermostat is located in the drain assembly and is activated by the temperature of 

steam. The thermostat opens the cooling solenoid valve, supplying water to the drain to 

condense the steam.

Automatic Blowdown Valve

If the unit has an automatic blowdown valve, it is activated by the main power switch.

The boiler will drain should the main power switch be turned “OFF.”
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High Temperature Condition

A high temperature safety device is installed on the boiler. Should the temperature 

exceed the limit of this device, the boiler will be shut down and be put in a state of 

lockout. The “Temperature” pilot light (Red), and the “Standby” pilot (amber), will 

come on.

High Pressure Condition

A high pressure safety switch is installed on the boiler. Should the pressure 

exceed the limit of this device, the boiler will be shut down and be put into a state 

of lockout. The “Pressure” pilot light (Red), and the Stand By pilot (amber), will 

come on. Should this device fail to operate, the safety relief valve will open.

Low Water Condition

A second low water safety cut off is supplied with the boiler. Should the water level 

fall below normal operating levels, this device will activate and put the boiler in a 

state of lockout. The “Low Water” pilot light (Red), and the “Stand By” pilot (amber) 

will come

on.
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Learn the difference between safety- and relief valves
Each boiler requires some sort of pressure-relieving device. They are referred to as either 
a safety, relief or safety relief valve. While these names are often thought of as 
interchangeable, there are subtle differences between them. According to the National 
Board of Boiler and Pressure Vessel Inspectors, the following are the definitions of each:

•Safety valve - This device is typically used for steam or vapor service. It operates 
automatically with a full-opening pop action and recloses when the pressure drops to a 
value consistent with the blowdown requirements prescribed by the applicable governing 
code or standard.

• Relief valve - This device is used for liquid service. It operates automatically by opening 
farther as the pressure increases beyond the initial opening pressure and recloses when 
the pressure drops below the opening pressure.

•Safety-relief valve - This device includes the operating characteristics of both a safety 
valve and a relief valve and may be used in either application.

•Temperature and pressure safety relief valve -This device is typically used on potable 
water heaters. In addition to its pressure-relief function, it also includes a temperature-
sensing element which causes the device to open at a predetermined temperature 
regardless of pressure. The set temperature on these devices is usually 210°.

https://heatinghelp.com/systems-help-center/learn-the-difference-between-safety-and-relief-valves/#sthash.cRPlaUVg.dpuf

Directindustry.com
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For steam and industrial fluids

A well designed steam system will produce clean dry steam in the boiler house ready for 

delivery at high pressure through the distribution network. This maximizes the potential 

to generate and supply saturated steam of the best quality at the lowest overall cost.

The majority of applications however require a reduction in pressure at the point of use. 

The benefits of this include:

• A reduction in the capital cost of equipment.

• Operating costs will decrease by reducing flash steam.

• Saturated steam pressure is directly related to temperature. Controlling the pressure 

will therefore automatically control the temperature avoiding the need for additional 

temperature control equipment.

• The flexibility to supply steam at the optimal pressure for each individual application.

However, there are some applications that have a need to sense and control upstream 

of the valve to maintain or disperse excess pressure in the distribution pipeline in order 

to safeguard the equipment using it - this requires a back pressure regulator.

Two main groups of pressure control valves are available for either pressure reduction or 

back pressure applications:

• Self-acting, requiring no external power or input.

• Pneumatically & Electrically Actuated with either a pneumatic or electrical control 

system.

spiraxsarco.com
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Condensate Management
When you're working with heat transfer in a steam system, 
it's inevitable that you end up with a by-product called 
condensate. Accumulation of this by-product is unavoidable, 
forming as a result of radiation and heat transfer. 
Once the steam has given up its valuable latent heat, 
condensate must be removed immediately. 
Management of condensate accumulation and distribution 
is an important element in an efficient steam system.

Heat Content of Condensate 
Condensate takes up space that steam cannot penetrate, 
under normal conditions. 
Steam contains more than 5 times the heat of condensate 
at atmospheric pressure, though this ratio falls as pressure 
increases. 

Condensate Heat Transfer 
Due to condensate's lack of latent heat, areas of a heat 
exchanger filled with condensate transfer much less heat 
than those areas filled with steam.

Condensate Accumulation 
Heat is continuously flowing from the steam to the water, 
causing more steam to become condensate. 

Accumulation and Effect on Efficiency
Condensate is water formed when steam has reverted from 
its gaseous state to a liquid. Managing condensate is 
essential if you want to maximize your steam system's 
efficiency. 

Armstronginternational.com
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Corrosion 
Corrosion occurs in systems where non-condensables are 
allowed to combine with retained condensate. The most 
familiar form of corrosion results from the oxidation of 
iron in the presence of water to form ferric acid. You 
probably know it as common rust.

Rust 
In a steam heating system, differences in temperature 
increase electron flow. 
Because water is an electrolyte, it conducts electrons from 
the anode to the cathode, polarizing them chemically and 
electrically. The ions of the water combine with the ions of 
the metal at its surface. Ferrous oxide is formed at the 
anode, then combines with atmospheric oxygen to form 
ferric acid, or rust. 

Pitting and Scaling
Corrosion can occur in several ways, depending on the 
oxygen content, alkalinity, temperature and other factors 
of the water. The damage caused by corrosion can range 
from pitting in certain areas to scaling, in which the entire 
surface area becomes affected. 
Large pieces of scale can flake off, drifting downstream 
until they become lodged in small orifices and cause 
blockage. 

Carbonic Acid
An even more damaging form of corrosion results from the 
creation of a highly corrosive compound called carbonic 
acid. As condensate cools within the system, a chemical 
reaction combines it with carbon dioxide, forming carbonic 
acid. Carbonic acid within a steam system can completely 
dissolve piping and equipment.( CO2 + H2O = H2CO3 ) 
As long as the condensate remains hot, carbonic acid is 
not formed. The carbon dioxide behaves like any other 
non-condensable.

Armstronginternational.com
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An Introduction to Steam Traps
A simple, economical steam system consists of certain basic components:

1. A boiler that generates steam
2. Piping that delivers steam from the boiler and returns condensate to the boiler 
3. a heat exchanger where heat is transferred to perform work

Steam Trap Function
A steam trap is a device that automatically senses the difference between steam, non-
condensable gases and condensate. It assures retention of steam within the system, while 
removing condensate and non-condensables.

Steam Trap Design 
There are several different kinds of steam trap designs, varying according to application 
demands and requirements.

Types of Steam Traps
An effective steam trap maximizes the efficiency of a steam system in three ways:
1. It keeps the system filled with dry steam 
2. It removes by-products (condensate and air) from the system that form insulating 

barriers that prevent efficient and effective heat transfer. 
3. It makes the hot condensate available for recycling, reducing both waterside care and 

energy costs at the boiler 

Armstronginternational.com

The two most common types of steam traps in the 
Commercial Food Equipment Industry are: 

Mechanical Traps 
Mechanical traps operate by using the difference in 
density between steam and condensate. A float within 
the trap detects the variance in weight between a gas 
and a liquid.

Thermostatic Traps 
Thermostatic traps detect the variation in temperature 
between steam and condensate at the same pressure. 
The sensing device operates the valve in response to 
changes in the condensate temperature and pressure.

Mechanical Steam Trap

Thermostatic Steam Trap
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Non-Condensables
In the world of steam heating system management, non-
condensables are fluids that remain in a gaseous state all the way 
through normal temperature/pressure ranges. 

Primarily, we're concerned with three kinds of non-condensables: 
• The mixture of atmospheric gases generally known as AIR
• oxygen
• carbon dioxide

How non-condensables enter the system
Non-condensables are introduced into the system in two ways. First, 
non-condensables can enter the boiler through the make-up water. 
Non-condensables often exist as dissolved gases.  To understand 
what a dissolved gas is, think of it this way - when you boil water on 
the stove, you see gas bubbles expand and rise to the surface long 
before the water actually boils. These are non-condensable gases. 
Impurities in the makeup water that are released during thermal 
breakdown can release non-condensables into a system.
Another way non-condensables can enter a system is in the form of 
air being pulled in from the atmosphere. Air can get in through leaks 
in equipment or piping. This happens most often when the system is 
shut down and the steam pressure falls below the atmospheric 
pressure. 

Vacuum Breakers
Non-condensables can be introduced into a system through vacuum 
breakers. These devices prevent a vacuum from forming inside the 
steam space. Vacuum breakers prevent steam pressure from falling 
below atmospheric pressure.  They allow air to enter the steam 
space, preventing a vacuum and controlling the temperature by 
mixing cooler air with the steam. When a steam system shuts down, 
a vacuum can form as the remaining steam condenses. Vacuum 
breakers prevent this from happening and allow the force of gravity 
to drain the condensate. Unless air needs to be retained in the steam 
space in order to control the temperature, all non-condensable gases 
should be removed to get maximum efficiency from the heat 
exchanger and to prevent water hammer and corrosion. Some types 
of steam cooking equipment use vacuum breakers.
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Some steam cooking equipment is gas fired. This section will give you an overview of the 
basics of gas burners.
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https://www.socalgas.com/documents/innovation/fsec/2012%20Equipment%20Maintenance%20for%20Optimum%20Efficiency%20Handout.pdf
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Below are some areas to consider when troubleshooting gas boilers.

WARNING:  The boiler and its parts are hot.  Use care when operating, cleaning,
or servicing the boiler.

BURNERS PRODUCE CARBON DEPOSITS
1.  Wrong size orifices.
2.  Burner air not adjusted properly.
3.  Wrong gas supply.
4.  Incorrect pressure at supply.

PILOT DOES NOT LIGHT
1.   Gas supply to unit is OFF.
2.   Power supply is OFF.
3.   Gas control knob is OFF.
4.   Dirty or loose wire connection to module - clean and/or tighten.
5. Ignitor cable, shorting out - check that it is not in contact with metal or damaged; may 
require replacement.
6.   Defective control or module.
7.   Unit has gone into 100% lockout - turn off and try again in five minutes.
8.   Dirty flame sensor - clean with emery cloth.
9.   Cracked ceramic insulator - replace pilot burner/ignitor sensor.
10. Too much draft.

BURNER DOES NOT COME ON
1.   Gas supply to unit is “OFF”.
2.   Manual shut off valve is “OFF”.
3.   Power supply is “OFF”.
4.   Faulty valve or ignition module.
5.   Pilot out.
6.   Pilot may require flame adjustment.
7. Water level has not been reached in boiler. Check water supply is on, check water level 
control.
8.   If water at proper level, check relay which energizes pressure switch and gas control.
9.   Pressure switch may need to be replaced if relay is operating.
10. Gas control may also require replacement if energized but not operating.
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WARNING:  The boiler and its parts are hot.  Use care when operating, cleaning,
or servicing the boiler.

SAFETY RELIEF VALVE BLOWS
1.   Defective valve.
2.   Pressure too high, pressure switch requires adjustment (lower) or may be defective.

WATER NOT BEING SUPPLIED TO BOILER
1.   Water supply is “OFF”.
2.   Defective water fill Solenoid Valve.
3.   Water level control clogged or defective, unable to operate fill valve.
4.   Check that drain valve is closed.
5.   Supply water pressure too low.

BOILER SLOW TO HEAT UP
1.   Lime build up - contact service.
2.   Wrong size orifice(s) or gas supply.
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https://www.socalgas.com/documents/innovation/fsec/2012%20Equipment%20Maintenance%20for%20Optimum%20Efficiency%20Hand
out.pdf
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https://www.socalgas.com/documents/innovation/fsec/2012%20Equipment%20Maintenance%20for%20Optimum%20Efficiency%20Handout.pdf
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Hands On Exercise:
 Identify a countertop warmer
 Locate the thermostat
 Locate the indicator light
 Locate the data plate
 Model: __________________
 Serial #: _________________
 Voltage: _________________
 Amps: __________________
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Hands On Exercise:
 Simulate “Tripped circuit breaker” scenario
 Simulate “Unit not plugged in” scenario
 Simulate “Temperature control not set” scenario
 Check voltage at wall outlet
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Wells SMPT countertop warmer. Bottom of unit removed.

Indicator Light Heating Element Terminals

Thermostat

Wiring
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Hands On Exercise:
Find and document the correct part number for the equipment 
you are using.
 Cordset Part Number - ___________________________
 Heating Element Part Number - ____________________
 Thermostat Part Number - ________________________
 Light Signal Amber Part Number - __________________
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Hands On Exercise:
 Trace the hot wire 

through the circuit.
 Trace the neutral wire 

through the circuit.
 Trace the ground wire 

through the circuit.
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Follow this procedure to check resistance on components such as heating elements, 
thermostats, lights, or wires.
1. Set multimeter to ohms.
2. Isolate the component you wish to check from the circuit (disconnect the wires 

from it). If you do not isolate the component you may get a false reading.
3. Put one meter lead on one terminal and the other meter lead on the other 

terminal.
4. A resistance reading of “O.L” or “I” indicates an open circuit that electricity 

cannot flow through. A resistance reading of 000 or higher indicates a closed 
circuit that electricity can flow through.
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Hands On Exercise:
 Fill out the customer service data
 What is the service department phone 

number: ________________________
 Start-up a countertop warmer
 Shut-down a countertop warmer



104

Unit 13: 
Combi Oven

Fundamentals of Steam

Hands On Exercise: Parts identification 
on a Blodgett BLCT23E Combi Oven

Steam

Combi Oven Parts Identification Worksheet 

Instructor: Kelly Wells  Name:  

Results:   Class: CFEST Steam 

   Type: Worksheet 

   Date:  

Write the name and part number next to the part based on the Blodgett Combi mini parts 

manual. 

Find the parts manual for the Blodgett BLCT23E Combi Oven on 
the internet and write the part name and number the picture of 
the part.

This exercise is designed to 
familiarize the student with 
the process of finding parts 
manuals on the internet as 
well as looking up the parts 
they need in a manual.



105

Unit 13: 
Combi Oven

Fundamentals of Steam

Hands On Exercise: Parts identification 
on a Blodgett BLCT23E Combi Oven

Steam



106

Unit 13: 
Combi Oven

Fundamentals of Steam

Hands On Exercise: Parts identification 
on a Blodgett BLCT23E Combi Oven

Steam



107

Unit 13: 
Combi Oven

Fundamentals of Steam

Hands On Exercise: Parts identification 
on a Blodgett BLCT23E Combi Oven

Steam



108

Unit 13: 
Combi Oven

Fundamentals of Steam

Hands On Exercise: Parts identification 
on a Blodgett BLCT23E Combi Oven

Steam



109

Unit 14: 
Extras

Fundamentals of Steam

Helpful Resources

Steam

www.armstronginternational.com
www.wisc-online.com
www.clevelandrange.com
www.vulcanfeg.com
www.tlv.com
www.wellsbloomfield.com
www.whatispiping.com
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What is Refrigeration?

Refrigeration is the process of removing heat from a place where it is not wanted to a place 
that will not have a negative affect. The refrigeration process removes heat. It does not add 
cold to a space. When you remove heat from a space, the result is a lower temperature 
which feels cold. Below is an example of how an air conditioner works. 

Main Components of a Refrigeration System

Although there are many components to a refrigeration system, there are only four 
components that a system must have in order to be considered a refrigeration system. The 
four main components to any refrigeration system are: Compressor, Condenser, Metering 
Device, and Evaporator.
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High Voltage
Refrigeration equipment contains components that require voltages ranging 
from 120 Volts AC to 240 Volts AC. Always unplug equipment before servicing 
or removing covers and guards. Perform Lockout-Tagout procedures where 
necessary. Use insulated electrical tools. Always check for the presence of 
voltage using a voltmeter before beginning work.

High Pressure
Pressurized refrigeration systems operate under a pressurized condition. 
Pressure release in these systems can be extremely dangerous. Pressurized 
refrigerants can burn you, penetrate your skin, or blow particles at you. To 
protect yourself from pressure, wear safety goggles and gloves. Avoid 
disconnecting any pressurized lines.

High Temperatures
Some components in the refrigeration system operate at high temperatures. 
These temperatures can scald the skin.  Follow gas Lockout-Tagout procedures 
before servicing gas equipment.  Exposed surfaces may be hot to the touch. 
Wear safety glasses and gloves whenever necessary.

Toxic Chemicals
Chemicals harmful to humans are used to refrigeration equipment. Some of 
these chemicals are poisonous and caustic. It is important to protect yourself 
from these chemicals by wearing rubber gloves that protect you from these 
chemicals if they spill or get sprayed on you. You should also wear safety 
glasses or a face shield to protect your face and eyes from chemical splashes.

Heavy Equipment
Refrigeration equipment is very heavy in many cases. Some equipment weighs 
several hundred pounds. When moving heavy equipment or parts, have 
someone help you, use a dolly, forklift, or pallet jack whenever possible. Don’t 
risk it. Back injuries are the number one injury in the commercial equipment 
industry. A back injury can end your career.

Safety is of utmost importance when working with refrigeration equipment. When 
working with refrigeration equipment there is dangerous hazards involved including: 
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There are many types of equipment refrigeration 
technicians have to work on. Below are a few types you can 
expect to see.
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Refrigeration equipment data plates contain valuable information for the service technician 
such as serial number, model number, voltage requirements, amperage draw,  compressor 
type, type of refrigerant and test pressures. When calling the manufacturer for parts or 
troubleshooting help, be sure to have the model and serial number handy to give to the 
technician on the phone.



Unit 2:  
Refrigeration 
Science

Fundamentals of Refrigeration

Four Basic Laws

Refrigeration

10

Why learn the basic refrigeration cycle
A good understanding of the basic operation of the refrigeration system is essential for 
the service technician. Without this understanding, accurate troubleshooting of 
refrigeration system problems will be more difficult and time consuming, if not (in some 
cases) entirely impossible. 

The Four Basic Laws
The refrigeration system uses four basic principles (laws) in its operation they are as 
follows:

1. "Heat always flows from a warmer body to a cooler body.“

2. "Heat must be added to or removed from a substance before a change in state can 
occur“
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3. "Flow is always from a higher pressure area to a lower pressure area.“

4. "The temperature at which a liquid or gas changes state is dependent upon the 
pressure."
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What happens in the compressor
The refrigeration cycle begins at the compressor. Starting the 
compressor creates a low pressure in the suction line which 
draws refrigerant gas (vapor) into the compressor. 
The compressor then "compresses" this refrigerant, raising its 
pressure and its (heat intensity) temperature. The refrigerant 
leaves the compressor through the discharge line as a hot High 
pressure gas (vapor). 

What happens in the condenser
The refrigerant enters the condenser coil where it gives up some 
of its heat.  The condenser fan moving air across the coil's finned 
surface facilitates the transfer of heat from the refrigerant to the 
relatively cooler outdoor air. When a sufficient quantity of heat 
has been removed from the refrigerant gas (vapor), the 
refrigerant will "condense" (i.e. change to a liquid). Once the 
refrigerant has been condensed (changed) to a liquid it is cooled 
even further by the air that continues to flow across the 
condenser coil. The design determines at exactly what point (in 
the condenser) the change of state (i.e. gas to a liquid) takes 
place. In all cases, however, the refrigerant must be totally 
condensed (changed) to a liquid before leaving the condenser 
coil. The refrigerant leaves the condenser coil through the liquid 
line as a warm high pressure liquid. 

What happens in the Filter/Drier
It next will pass through the refrigerant drier (if so equipped). It 
is the function of the drier to trap any moisture present in the 
system, contaminants, and large particulate matter. 

What happens in the metering device
The liquid refrigerant next enters the metering device. The 
metering device is a capillary tube. The purpose of the metering 
device is to "meter" (i.e. control or measure) the quantity of 
refrigerant entering the evaporator coil. In the case of the 
capillary tube this is accomplished (by design) through size (and 
length) of device, and the pressure difference present across the 
device.
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What happens in the evaporator
Since the evaporator coil is under a lower pressure 
(due to the suction created by the compressor) than 
the liquid line, the liquid refrigerant leaves the 
metering device entering the evaporator coil.  
As it enters the evaporator coil at the bottom, the 
larger area and lower pressure allows the refrigerant 
to expand and lower its temperature (heat 
intensity). This expansion is often referred to as 
"boiling". Since the unit's blower is moving indoor 
air across the finned surface of the evaporator coil, 
the expanding refrigerant absorbs some of that 
heat.  This results in a lowering of the indoor air 
temperature, hence the "cooling" effect.  The 
expansion and absorbing of heat cause the liquid 
refrigerant to evaporate (i.e. change to a gas). 
Once the refrigerant has been evaporated (changed 
to a gas), it is heated even further by the air that 
continues to flow across the evaporator coil. In all 
cases, however, the refrigerant must be totally 
evaporated (changed) to a gas before leaving the 
evaporator coil. The low pressure (suction) created 
by the compressor causes the refrigerant to leave 
the evaporator through the suction line as a cool 
low pressure vapor. 

What happens in the accumulator
The accumulator is a device that accumulates any 
liquid refrigerant that has not turned into a gas. The 
liquid refrigerant stays in the accumulator until it 
boils into a gas. Then the refrigerant gas is siphoned 
out of the accumulator by the vacuum action of the 
compressor.

The refrigerant then returns to the compressor, 
where the cycle is repeated

Walk-in Cooler Evaporator
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What is Phase Change?

All substances can exist in three different 
phases: solid, liquid, and vapor. Water is the 
most natural example of a substance that we 
use almost everyday in all three phases. 

Phase Change Example

For water the three phases have received 
different names - making it a bit confusing 
when using it as a model substance. The solid 
form we call ice, the liquid form we just call 
water, and the vapor form we call steam. What 
is common to these three phases is that the 
water molecules remain unchanged, meaning 
that ice, water, and steam all have the same 
chemical formula: H2O. 

Phase Change Process

When taking a substance in the solid to the 
liquid phase the transition process is called 
melting and when taking it further to the vapor 
phase the transition process is called boiling 
(evaporation). When going in the opposite 
direction change taking a substance from the 
vapor to the liquid phase the transition process 
is called condensing and when taking it further 
to the solid phase the transition process is  
called freezing (solidification). Latent (hidden) 
heat transfer has to take place in order for 
phase change to take place. 
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There are two types of units of measurement. One type is the SI-unit. SI stands for 
System de International and is typically used in other parts of the world than the US. The 
other type is the English or alternative system which is typically used in the United States.
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The practical use of the SI-units is strongly associated with the use of prefixes to avoid 
writing either very small or large numbers. A part of the prefixes used can be seen in the 
table below.
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• Test

Temperature Scales 

Humans are sensitive to a fairly small range of 
temperatures. We get uncomfortable if the temperature 

of our surrounding gets to extreme. We don’t like to be 
too cold or too hot. Even though we can sense the 

temperature that makes us uncomfortable, we are not 
able to accurately quantify the exact temperature with 

our senses. This causes us to rely on temperature scales 
and measuring devices so our observations will match 

up with others. A temperature scale is divided into increments known as 
degrees. Temperature gauges allow us to read these increments. 

Two Relative Temperature Scales 

The most common type of temperature scale is the relative temperature 
scale. The two most used relative temperature scales used today are 

Fahrenheit and Celsius. They are named after Daniel Fahrenheit and Anders 
Celsius. 

 
Daniel Gabriel Fahrenheit (May 24, 1686 - 

Sept. 16, 1736) was a German 
physicist and maker of scientific 

instruments. He is best known 
for inventing the alcohol 

thermometer (1709) and 
mercury thermometer (1714) 

and for developing the 
Fahrenheit temperature scale; this scale is still 

commonly used in the United States. 

 
Fahrenheit spent most of his life in the 

Netherlands, where he devoted himself to the 
study of physics and the manufacture of 

precision meteorological instruments. He 
discovered, among other things, that water can remain liquid below its 

freezing point and that the boiling point of liquids varies with atmospheric 
pressure. The Fahrenheit scale is based on 32° for the freezing point of 

water and 212° for the boiling point of water. The Fahrenheit scale is in 
general use wherever the English system of units has been adopted. 
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Definition - Atmospheric Pressure 

Atmospheric pressure is defined as the 
force per unit area exerted by an 

atmospheric column (that is, the entire 
body of air above the specified area). Also 

called barometric pressure, Atmospheric 
pressure can be measured with a mercury 

barometer (hence the commonly used 
synonym barometric pressure), which 

indicates the height of a column of mercury that exactly balances the weight 
of the column of atmosphere over the barometer. Atmospheric pressure at 

sea level is 14.696 PSIA. 
 

Anders Celsius (1701-1744) was a Swedish astronomer who invented the 
Celsius temperature scale (often called the centigrade scale). 

 

Celsius Scale 
The Celsius scale is based on 0° for the freezing point of water 

and 100° for the boiling point of water. Invented in 1742 by the 
Swedish astronomer Anders Celsius, it is sometimes called the 

centigrade scale because of the 100-degree interval between the defined 
points. The Celsius scale is in general use wherever the metric system of 

units has been adopted, and it is used in scientific work everywhere.  

1. Atmospheric pressure is _____________ P.S.I.A.
2. Water freezes at ______ degrees Celsius.
3. Water freezes at ______ degrees Fahrenheit.
4. Water boils at ________ degrees Celsius.
5. Water boils at ________ degrees Fahrenheit.
6. Air pressure all around us is called 

_________________ __________________.
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Temperature Measurement Instruments
The most common temperature measurement instrument is a thermometer. There are a 
variety of styles of thermometers available to the technician. Lets look at a few here.

Digital Probe Thermometer Infrared Digital Thermometer
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HEAT TRANSFER 

Thermal Systems 
The purpose of a thermal system is to maintain a desired 

temperature in a confined space such as an oven. Special 
equipment is used to either heat or cool the confined 

space as needed. The confined space of a thermal system 
is referred to as a thermal storage area. 

 
 

 
Heat always flows from a 

warmer object to a cooler 
object. 

There are three methods of 
heat transfer: conduction, 

convection, and radiation. 

Thermal Systems
Thermal systems maintain a desired temperature in a 
confined space. An refrigerator is a thermal system. 
The confined space of the system is called the thermal 
storage area.

Heat Flow
Heat always flows from a warmer object to a cooler 
object. This heat flow will occur until the warmer 
object and the cooler object are the same 
temperature.

Heat Transfer
There are three methods of heat transfer: conduction, 
convection, and radiation.

Notes:__________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
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Conduction 

Energy is transferred by the direct contact of 
molecules, not by the movement of the material. 

Example: putting your hand on a stove burner. 
The amount of energy transferred depends on 

how conductive the material is. Metals are good 
conductors, so they are used to transfer energy 

from the stove to the food in pots and pans. Air is 
the best insulator, so good insulating products try 

to trap air and not allow it to move. 
 

Convection 
Energy is transferred by the mass motion of 

groups of molecules resulting in transport and 
mixing of properties. Example: holding your hand 

over a stove burner. In meteorology, we speak of 

convection predominantly as that caused by rising 
currents of warm air. We refer to all other mass 

motions of air as advection. In cooking 
equipment, convection ovens have a fan in the 

oven cavity that moves the air around to 
distribute the heat over the food. 

 
 

 
 

Radiation 
Energy is transferred by electromagnetic radiation  

Example: heat felt when standing away from a 
large fire on a calm night.  

Everything that has a temperature above absolute 

zero radiates energy.  
Radiation is not "felt" until it is absorbed by a 

substance. 
It does not require a medium to transfer energy 

through as do conduction and convection. 
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• Operate a refrigeration system

• Convert between temperature units Celsius and 
Fahrenheit

• Convert between pressure units

• Identify heat transfer types
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As a protection device, thermistors regulate the flow of current by changing its resistance 
based on heat. In some cases, a thermistor may cause the current flow to be reduced to a 
safe value.

Slideshare.com
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Refrigeration techs use thermocouples to measure the 
temperature of the copper lines that connect the components 
of a refrigeration system. The thermocouples connect to a 
digital multimeter capable of reading temperature.

Notes: 
____________________________________________
____________________________________________
____________________________________________
____________________________________________
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Refrigeration Gauges

When you are working as a heating, ventilation, 
air conditioning and refrigeration service 
technician, also known as an HVAC/R technician, 
your set of gauges is one of your biggest assets. 
Gauges are used to read the pressure of various 
liquids and gases in a cooling system, as well as 
vacuum pressure when you are pressure testing or 
charging the device. There are a number of 
different ports on the HVAC gauge set, also known 
as a manifold, and the main difference in the 
types of manifolds is the number of ports that you 
have available to attach accessories to, as well as 
the pressure that the gauge set can withstand, 
which is important when working with different 
refrigerants. This equipment is also used to 
perform some HVAC service and replacement.

megadepot.com

Gauge Manifolds
Gauge manifolds are the most basic of all 
refrigeration system tools. The gauge manifold 
is used as both a diagnosis and a service tool. 
Manifold gauges are used to remove or add 
refrigerant from the air conditioning system. All 
gauge manifolds have the same basic parts, 
although there are some variations among 
manufacturers. The major parts of a common 
gauge manifold are shown in picture below. 

Hands On Exercise: Use a gauge manifold to 
measure pressures on a unit



Unit 3:  
Temperature / 
Pressure 
Measurement

Fundamentals of Refrigeration

Gauge Manifold Components

Refrigeration

43

Manifold Body and Hand Valves

The manifold body is made of brass or aluminum. 
Passages are drilled in the body to connect the other 
manifold parts. Some manifold bodies have a sight glass 
to observe the flow of a refrigerant. Hand valves are used 
to control the flow of refrigerant through the passages of 
the manifold body. Note the internal passages are 
arranged so the gauges can read refrigeration system 
pressures when the valves are closed. The hand valves 
used on R-12 and R-134a gauge manifolds are usually 
arranged in the same way, or on a slant or in front of the 
manifold. These different arrangements make manifold 
identification easier. Valve wheels for the high and low 
sides are identified by color. The low side hand wheel is 
made of blue plastic or has a blue decal in its center. The 
high side hand wheel is made of red plastic or has a red 
decal.

Gauges

The gauges used with a refrigeration gauge manifold are 
either analog (indicator needle), which resemble other 
pressure gauges, or digital. In an analog gauge, the 
position of the needle in relation to the numbers on the 
gauge face indicates the pressure or vacuum in the 
refrigeration system. Digital gauges provide a numerical 
reading indicating system pressure or vacuum. All gauge 
manifolds have high and low pressure gauges. A few 
older gauge manifolds have three gauges. The third 
gauge was used to measure compressor output. Older 
high side gauges are calibrated from 0-500 psi (3445 
kPa). Newer high side gauges may be calibrated from 0-
250 psi (1723 kPa). Low side gauges are calibrated from 0 
to 100-250 psi (689-1723 kPa). In addition to the 
pressure scale, low side gauges have a provision for 
measuring 0-29.9” of vacuum (approximately 50 
microns).
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Procedure Instructions – Quick Reference

1. Connect the high pressure side of the cooling line to the red port on the gauge. The red 
port and red gauge are always the high pressure gauges. You will want to attach a code-
approved red hose, which is made to withstand high pressure, using the flare fittings that 
are included with it, to the high pressure port on the cooling unit. The high pressure port 
is typically of a different size and thread pitch than the low pressure side in order to avoid 
the potential for accidental incorrect hookups.

2. Connect the low pressure side to the blue port on the gauge. The low pressure side will 
be connected with a blue low pressure hose to the blue pressure gauge and the low 
pressure side of the cooling unit. This will allow for the proper flow of vacuum pressure 
or a micron meter in order to determine the vacuum pressure in the system already. 

3. Attach a waste hose or vent hose to the center of the manifold set up. If you are going 
to discharge a unit, or if you are going to vent Freon by attaching the unit, you will need 
to attach the larger black low pressure hose to the center port of the manifold. By doing 
so, you will be able to attach a refrigerant recovery bottle to the manifold set to avoid 
violating federal law regarding the release of refrigerant into the atmosphere. 

4. Attach micron meters or other gauges to the additional ports. The additional ports on 
the manifold can be used to attach micron (vacuum pressure) gauges, or even a vacuum 
pump, in order to perform the proper services to the cooling system as required for the 
repair that you are making.

Notes:________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
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3/4" Suction Line Service Valve (Sweat) YORK[Web Drawing]. Retrieved from 
http://www.bestbuyheatingandairconditioning.com/Merchant2 Whitman, B., 
Johnson, B., Tomczyk, J., & Silberstein, E.(2012). Refrigeration and air 
conditioning technology. (7thed.). New York: Cengage Learning 

Refrigeration Line Tap Options

http://www.bestbuyheatingandairconditioning.com/Merchant2
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Using a Pressure/Temperature Chart

When you are charging or just checking a refrigeration unit, you use a set of gauges. The 
blue hose connects to a port on the low side of the system and your red hose will 
connect to the high side of the system. 

To properly know what your pressures and temperatures should be, you will need to 
know what refrigerant you are working with and a Pressure/Temperature Chart (P/T 
chart).

With a P/T chart, if you know a temperature or a pressure of the ambient air or the 
refrigerant in your system, you can use a P/T chart to convert it to the equal pressure or 
temperature.

For example using the chart, at 100F, R-22 refrigerant pressure would be 198.4. R-502 at 
100F would be 218.6 and R-12 at 100F would be 119.4 PSIG.

If you just know a pressure, cross the pressure on the chart to the corresponding 
temperature.
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Refrigerant Pressure-Temperature Chart

Temperature (F) R22 R134a R404A R408A R409A R410A

-50 6.2 18.7 0.6 1.6 17.2 5.3

-45 2.7 16.9 2.7 1.1 15.2 8

-40 0.5 14.8 5 3.3 13.1 11

-35 2.6 12.5 7.6 5.6 10.7 14.2

-30 4.9 9.8 10.4 8.2 8.1 17.8

-25 7.4 6.9 13.4 11 5.1 21.8

-20 10.1 3.7 16.8 14.1 1.9 26.1

-15 13.2 0.1 20.5 17.5 0.8 30.8

-10 16.5 1.9 24.5 21.2 2.8 35.9

-5 20 4.1 28.8 25.2 4.9 41.5

0 23.9 6.5 33.5 29.5 7.2 47.5

5 28.2 9.1 38.6 34.2 9.7 54.1

10 32.8 11.9 44 39.3 12.5 61.2

15 37.7 15 49.9 44.8 15.4 68.8

20 43 18.4 56.2 50.7 18.7 77.1

25 48.7 22.1 63 57 22.2 86

30 54.9 26 70.3 63.7 26 95.5

35 61.5 30.3 78.1 71 30.1 105.7

40 68.5 35 86.4 78.7 34.5 116.6

45 76 40 95.2 87 39.2 128.3

50 84 45.4 104.7 95.8 44.3 140.8

55 92.5 51.1 114.7 105.1 67.6 154.1

60 101.6 57.3 125.3 115.1 74.5 168.2

65 111.2 63.9 136.6 125.6 81.8 183.2

70 121.4 71.1 148.6 136.8 89.5 199.3

75 131.2 78.6 161.2 148.7 97.7 216.1

80 143.6 86.6 174.6 161.2 106.4 234

85 155.7 95.1 188.8 174.4 115.5 253

90 168.4 104.2 203.7 188.4 125.2 273

95 181.8 113.8 219.4 203.1 135.3 294.1

100 195.9 124.1 235.9 218.7 146 316.1

105 210.7 134.9 253.4 235 157.2 339.9

110 226.3 146.3 271.7 252.1 169 364.6

115 242.7 158.4 290.9 270.2 181.4 390.5

120 259.9 171.1 311.1 289.1 194.4 417.7

125 277.9 184.5 332.3 308.9 208 446.3

130 296.8 198.7 354.5 329.7 222.3 476.3

135 316.5 213.6 377.8 351.5 137.2 507.6

140 337.2 229.3 402.2 374.3 252.9 540.5

145 358.8 245.7 427.7 398.1 269.3 574.8

150 381.5 263 454.4 423 286.4 610.6
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1. What pressure is R22 at 0F? ____________

2. What pressure is R134a at 0F? __________

3. What pressure is 404A at 0F? ___________

4. What pressure is 410A at 0F? ___________

5. What pressure is R22 at 50F? ____________

6. What pressure is R134a at 50F? __________

7. What pressure is 404A at 50F? ___________

8. What pressure is 410A at 50F? ___________

9. What pressure is R22 at 80F? ____________

10. What pressure is R134a at 80F? __________

11. What pressure is 404A at 80F? ___________

12. What pressure is 410A at 80F? ___________

13. What pressure is R22 at 100F? ____________

14. What pressure is R134a at 100F? __________

15. What pressure is 404A at 100F? ___________

16. What pressure is 410A at 100F? ___________
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Use a thermometer

Identify and explain refrigeration gauges

Connect refrigeration gauges to a machine

Document pressure readings

Document temperature readings

Convert Celsius to Fahrenheit

Convert PSI to kPa

Read a pressure gauge
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Since a refrigeration system is basically a heat 
exchange system, it is critical that air flow across 
the evaporator and condenser is sufficient for the 
systems needs. Make sure that units are not 
pushed directly up against walls which will restrict 
airflow around the back of the machine. Also make 
sure that nothing is put in front of equipment that 
will block airflow. Filters should be changed 
regularly according the manufacturer 
recommendations. When installing equipment, 
make sure there is enough room around the 
equipment for a service technician to be able to 
work and remove covers to access the system.
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• Test

There are three terminals on 
compressors that the power 
source connects to. These 
terminals are called Common, 
Start, and Run. Think, CSR, as 
in Customer Service 
Representative.

Common

Start

Run
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• Test

Slideshare.com
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What is a Scroll Compressor

It is challenging to try and detail how this compressor 
works through words, but here it goes.  You need to 
fit two Archimedean spirals together, one is 
stationary and the other will orbit inside the other 
(not rotate).  This produces pockets of air or fluid that 
travel inwards toward a smaller area, ultimately being 
compressed.

Benefits of a Scroll Compressor

• The system is more efficient than traditional methods 
of compression increasing and A/C seer rating.

• These types of compressors are far more quiet than 
past designs.

• The scroll compressor is very stable and produces little 
vibration.

• 70 percent fewer moving parts than alternative 
compressors.

• Very small size allows smaller air conditioners.

Vulnerabilities of Scroll Compressors

• Tight tolerances make these systems vulnerable to 
introduced debris (your air conditioner is a sealed system so 
the chance is close to zero).

• Scroll compressor can only rotate in one direction.

Homeairconditioner.ca
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• Test

Slideshare.com

Hands On Exercise: Measure compressor inlet 
and outlet temperatures and pressure

Compressors are often located outside and become cold in 
winter weather. During the off cycle, the vapor inside the 
compressor may condense into a liquid. This liquid 
refrigerant destroys the compressor at the next start-up. 

Crankcase heaters serve to keep the crankcase oil warm and 
thus prevent condensation inside the compressor during the 
off cycle. The crankcase heater is not needed during the run 
cycle or when ambient temperatures are above 50 degrees F.
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Capacitors are electrical devices used in split phase 
electric motors to assist in starting and running.

The start capacitor

The start capacitor is a component used on single 
phase motors to assist the motor start.  It is used 
when there may be a considerable resistance to initial 
rotation.  This could heavy components that are 
attached to the motor or a compressor that must start 
with a difference in pressures.  This difference, in 
refrigeration systems, would be a higher pressure in 
the discharge of the compressor compared to a lower 
pressure in the suction side.  

In refrigeration systems, many compressors use a PSC 
motor that can be converted to a start capacitor 
motor.  

The start capacitor is much higher strength than a run 
capacitor.  

The physical size of the start cap is not usually larger 
than a run cap but, unlike a run capacitor, it is not 
designed to stay in the circuit.  If it is left in the circuit, 
it will overheat and fail with a minute or two. The 
start capacitor cannot be kept in the circuit longer 
than a few seconds.  One of the most common types 
of devices to remove the start capacitor from the 
circuit after the motor has started is the potential 
relay.  

This relay uses an interesting electrical potential.  

When a motor is started and comes up to speed, the 
motor windings induce power in those same windings.  
This power travels in the opposite direction and stacks 
on top of the incoming power.  As the motor speed 
increases, this power increases.  This is called back 
EMF.  

Back EMF exists in both windings, but the potential 
relay is energized by the back EMF between start and 
common.  

As the speed increases to 75% of the rated motor 
speed, the back EMF rises high enough to energize the 
potential relay coil and opens the normally closed 
contacts, that deenergizes the circuit containing the 
start capacitor. 
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Run Capacitors

The run capacitor is designed to be used 
continuously in the motor circuit. 
They are similar to a rechargeable battery that 
can be discharged and charged very quickly. 

The run cap is used to provide moderate starting 
torque for PSC (permanent split capacitor) fan 
motors.

They also increase efficiency of the motor when 
running.  They are wired into the circuit 
permanently. 

These capacitors are usually encased in metal.  
The reason for the metal case is to help transfer 
heat out of the capacitor.

Inside the case there is a type of oil that can 
easily transfer heat.
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What is a condenser?

The condenser is a heat exchanger. High pressure, high temperature gas enters the top 
portion of the condenser. Air movement created by a fan removes heat from the refrigerant 
as it flows through the condenser. As heat is removed from the refrigerant, it condenses into 
a liquid. The refrigerant should be a liquid by the time it leaves the bottom of the condenser.

Condenser Cleanliness

If the fins and tubing of the condenser is dirty, air flow is blocked which reduces the amount 
of heat that is removed from the refrigerant This causes some of the refrigerant not to 
condense into a liquid. It is critical for proper operation of a refrigeration system that the 
condenser is clean and has a properly operating fan.
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Dirty, lint covered condenser on a coolerCentral AC Condensing Unit

Cleaning a refrigerator condenser

Notes: 
_____________________
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Condensing Unit

This is a condensing unit. Condensing units are 
separated from the space that is to be cooled. 

What does the condensing unit consist of?

The condensing unit consists of the compressor, 
condenser, condenser fan, and filter/drier. In 
the photo, the capillary tube (metering device) 
comes out of the filter/drier and is routed to 
the evaporator.

Location and Power Source

On a central air conditioning system, the 
condensing unit is located outside next to the 
building or on the roof of some commercial 
buildings. On a cooler or refrigerator, the 
condensing unit is found at the bottom of the 
machine. Electrical power must be supplied to 
the condensing unit. In some coolers, the 
condensing unit plugs in to an electrical outlet 
on the machine. The power to the electrical 
outlet on the machine is controlled by the 
thermostat. So, when the thermostat calls for 
cooling, it is actually supplying voltage to the 
outlet on the machine and because the 
condensing unit is plugged in to that outlet, the 
condensing unit comes on. Central AC units get 
their power from an electrical disconnect 
located close by the unit. When the thermostat 
in a the space to be cooled calls for cooling, an 
electrical supply is sent to a contactor and the 
condensing unit. When the contactor coil is 
energized, it engages the switch contacts on the 
contactor and sends power to the compressor 
and condenser fan motor. Sim
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Metering Devices

Metering devices regulate how much liquid 
refrigerant enters the evaporator. Commonly 
used metering devices are small thin copper 
tubes called Capillary Tubes (Cap Tubes) and 
thermally controlled diaphragm valves called 
Thermostatic Expansion Valves (TXV’s).

The metering device tries to maintain a preset 
temperature difference or “Superheat”, between 
the inlet and outlet openings of the evaporator.

As the metering device regulates the amount of 
refrigerant going into the evaporator, the device 
lets small amounts of refrigerant out into the line 
and loses the high pressure it has behind it. This 
instant pressure change causes and instant 
temperature change.

Now we have a low pressure, cooler liquid 
refrigerant entering the evaporator coil. The 
pressure went down so the temperature went 
down.
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The capillary tube is one of the most commonly 
used throttling devices in the refrigeration and 
the air conditioning systems. The capillary tube is 
a copper tube of very small internal diameter. It is 
of very long length and it is coiled to several turns 
so that it would occupy less space. The internal 
diameter of the capillary tube used for the 
refrigeration and air conditioning applications 
varies from 0.5 to 2.28 mm (0.020 to 0.09 
inches). Capillary tube used as the throttling 
device in the domestic refrigerators, deep 
freezers, water coolers and air conditioners. 
When the refrigerant leaves the condenser and 
enters the capillary tube its pressure drops down 
suddenly due to very small diameter of the 
capillary. In capillary tubes the fall in pressure of 
the refrigerant takes place not due to the orifice 
but due to the small opening of the capillary.

The decrease in pressure of the refrigerant 
through the capillary depends on the diameter of 
the capillary and the length of the capillary. The 
smaller the diameter and longer the length of the 
capillary is, the more the drop in pressure of the 
refrigerant is as it passes through it.

In the normal working conditions of the 
refrigeration unit there is drop in pressure of the 
refrigerant across the capillary but when the unit 
stops, the refrigerant pressure across the two 
sides of the capillary equalize. Due to this reason 
when the compressor restarts there won’t be 
much load on it. 
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A very common type of metering device is called a 
thermostatic expansion valve or TXV. This valve has the 
capability of controlling the refrigerant flow. If the load 
on the evaporator changes the TXV increases or 
decreases the refrigerant flow accordingly.

The TXV has a sensing bulb attached to the outlet of the 
evaporator. This bulb senses the suction line temperature 
and sends a signal to the TXV allowing it to adjust the 
flow rate. This is important because, if not all, the 
refrigerant in the evaporator changes state into a gas, 
there could be liquid refrigerant content returning to the 
compressor. This can be fatal to the compressor. Liquid 
can not be compressed and when a compressor tries to 
compress a liquid, mechanical damage can happen. The 
compressor can suffer mechanical damage in the valves 
and bearings. This is called “slugging”.

Normally TXV’s are set to maintain 10 degrees of 
superheat. That means that the gas returning to the 
compressor is at least 10 degrees away from the risk of 
having any liquid.

©
h

vac-talk.co
m

©
P

o
rteran

d
C

h
esterIn

stitu
te



Unit 4:  
Components

Fundamentals of Refrigeration

Evaporators

Refrigeration

71

What is an evaporator?

The evaporator is where the heat is removed 
from your house, business, or refrigerator 
box.

Low pressure liquid leaves the metering 
device (either cap tube or TXV) and enters the 
evaporator.

Usually a fan will move warm air from the 
conditioned space across the finned 
evaporator coils.

The cooler refrigerant in the evaporator 
tubes, absorb the warm room air. The change 
of temperature causes the refrigerant to 
“flash” or “boil” and it changes from a low 
pressure liquid to a low pressure cold vapor 
or gas.

The low pressure vapor is pulled into the 
compressor and the cycle starts over. 

The amount of heat added to the liquid to 
make it saturated and change states is called 
“Superheat”.

One way to charge a system with refrigerant is 
by superheat.

A completely froze over evaporator indicates 
a bad evaporator fan motor or incorrect cycle 
times.

A partially froze over evaporator may indicate 
low refrigerant charge.
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Overview of Refrigeration Components

There are other components of the refrigeration 
outside of the four major components. A brief 
description of these components follows.

Receiver

On some systems, the refrigerant leaves the 
condenser and goes into a receiver. A receiver 
stores liquid refrigerant and is large enough to 
isolate the refrigerant completely in the receiver 
by blocking off the inlet and outlet ports with 
valves. This allows all the refrigerant to be 
isolated in the receiver while the technician 
performs service on the system. Most small 
appliances do not have receivers.

Sight Glass

A sight glass can sometimes be found in a system 
and will be located in between the filter/drier and 
the expansion valve. It has a clear glass lens that 
the refrigerant can be observed through.  A sight 
glass also has a moisture indicator that will turn 
colors (by a chemical salt) if moisture is present in 
the system. In a properly operating system, you 
will be able to see liquid refrigerant flowing in the 
sight glass.
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Thermostats

The temperature in any structure, regardless of its age, 
location or design can be maintained at comfortable levels 
with a thermostat. Thermostats are designed and built in 
many different forms and sizes to meet the applications 
required in the industry.

Applications

The basic function of a thermostat is to respond to a 
temperature change by opening and closing a set of electric 
contacts. Many different types of thermostats are used in 
the industry to perform a variety of switching actions. A 
cooling thermostat closes on a increase in temperature and 
opens on an decrease in temperature.

Controlling Elements and Types of Thermostats

Two types of thermostat controlling elements are commonly 
used. The controlling element of a thermostat is the part 
that moves when a change in temperature is sensed. The 
bimetal thermostat is commonly used to control the 
temperature of air in an air-conditioning or heating 
application.

Remote Bulb Thermostat

The power element, which is the bulb, and the diaphragm 
are connected with a section of small tubing. The bulb is 
filled with liquid and gas and then is sealed. The pressure 
exerted by the diaphragm on the mechanical linkage will 
open and close a set of contacts. As the bulb temperature 
changes, so will the pressure exerted on the diaphragm. If 
the temperature of the bulb increases, so will the pressure.

Bimetal Thermostat 

The heart of most types of thermostats is a bimetal 
element. The element get its name from the fact that it uses 
a bimetal to cause the movement that open and closes a set 
of contacts. A bimetal is a combination of two pieces of 
metal. The metals are welded together. Each metal has a 
different coefficient of expansion. If the temperature of 
these two metals is increased, one will become longer than 
the other because of the different expansion qualities.
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The temperature of a refrigerated box can be controlled by a low-pressure control (LPC), instead of 
a thermostat, because of the pressure/temperature relationship in the refrigeration system. By 
cycling the compressor in response to the suction (low side) pressure, box temperature can be 
controlled. This type of control is most popular in small-refrigerated boxes such as beer coolers.

To control box temperature with a low-pressure control, the system must use a thermostatic 
expansion valve, non-bleed type.  The condensing unit must be located in an ambient, which is 
warmer than the box’s highest operating temperature. As box temperature decreases, the 
evaporator temperature decreases, and a lower suction pressure results.  When the suction 
pressure reaches the low-pressure control’s cut-out setting, the LPC’s contacts open and stop the 
compressor.  As the box temperature rises, the evaporator’s temperature also rises, the evaporator 
pressure increases, and when the cut-in setting of the LPC is reached, its contacts close and the 
compressor is started. There are some advantages to this type of system.  The low-pressure control 
will act as a “loss of charge” control.  Short cycling, due to door openings, etc., is prevented.  The 
same is not true for a standard temperature control.  Wiring is simplified and installed cost is 
reduced.

Dual-Pressure Control without Cover

Top of Dual-Pressure Control

Dual-Pressure Control 
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• Identify the following refrigeration related components, then locate the components 
on a refrigeration unit.
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Line 1 - Hot Line 2 - Neutral

Power Indicator Lamp

High 
Pressure 
Switch

Low 
Pressure 
Switch

Contactor 
Contacts 
(Open)

Run Capacitor

Start Capacitor Start Relay 
Contacts 
(Closed)

Start Relay Coil

Thermostat

Thermostat

Selection 
Switch

Contactor Coil

Contactor 
Contacts 
(Open)

Contactor 
Contacts 
(Open)

Overload
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1. What would the blue wire be? ______________________________(hot or neutral)

2. What would the red wire be? _______________________________(hot or neutral)

3. What would the thermostat white wire be? __ _________________(hot or neutral)

4. What would the green wire be? _____________________________(hot or neutral)

5. What would the black wire be? _____________________________(hot or neutral)

6. What would the yellow wire be? ____________________________(hot or neutral)
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Lets take a look at what is going on in this schematic.

1. On the furnace unit, there is a transformer. This transformer takes 120 volts AC and 
transforms it to 24 volts AC. The black wire coming into the transformer is the hot (live) wire 
and the white wire is the neutral (dead) return wire. The black wire supplies power to the 
circuit and the white wire closes the circuit by returning back to the power source. The black 
wire is also supplying 120 volts to the switch contacts of the two relays. The left relay is the 
heater relay and the right relay is the blower fan relay.

2. The red wire (R) coming off the 24 volt transformer provides supply voltage to the 
thermostat. It lands at the FAN ON and the COOL/HEAT mode switch. 

3. When COOL is selected on the thermostat, power from the red wire is sent to the 
temperature sensing switch in the thermostat through the yellow COOL wire. When this 
switch closes because the temperature is higher than the set point of the thermostat, power 
flows through the yellow wire (Y) to the contactor coil and energizes the contactor. When the 
contactor coil becomes energized, the switch contacts with 120 VAC setting at them are 
connected to the contacts that supply power to the condensing unit allowing the compressor 
and condenser to run. It also flows through the green wire to the AUTO switch. Since AUTO is 
a closed switch position, power flows to the coil of the fan relay allowing the fan to run. Once 
the thermostat is satisfied with the temperature in the room, the thermostat temperature 
switch opens up and kills power to the contactor coil which causes the 120 VAC contacts to 
open and the condensing unit shuts off. The blue wire coming off the 24 volt side of the 
transformer is the neutral for the two relay coils, the contactor coil and a neutral for the 
thermostat. 

4. If FAN ON is selected, power flows from the red wire to the green wire which sends power to 
the coil on the fan relay. When this coil is energized, the 120VAC sitting at the fan relay 
switch contacts is allowed to flow to the fan motor turning on the fan. 

5. If HEAT is selected, power flows through the white HEAT wire to the temperature switch in 
the thermostat. When the thermostat calls for heat, the switch contacts are closed and 
power flows through the white wire to the (W) thermostat contact and then to the heater 
relay coil. When the heater relay coil is energized, the 120VAC sitting at the relay switch 
contacts is allowed to flow to the heating element or ignition system.
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3. 
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3. 
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How to measure capacitance
Use your multimeter to confirm the capacitor is fully discharged.
1. Use your digital multimeter (DMM) to ensure all power to the circuit is OFF. If the capacitor is 
used in an ac circuit, set the multimeter to measure ac voltage. If is used in a dc circuit, set the 
DMM to measure dc voltage.
2. Visually inspect the capacitor. If leaks, cracks, bulges or other signs of deterioration are 
evident, replace the capacitor.
3. Turn the dial to the Capacitance Measurement mode ( Capacitance symbol ). The symbol often 
shares a spot on the dial with another function. In addition to the dial adjustment, a function 
button usually needs to be pressed to activate a measurement. Consult your multimeter’s user 
manual for instructions.
4. For a correct measurement, the capacitor will need to be removed from the circuit. Discharge 
the capacitor as described in the warning above.
Note: Some multimeters offer a Relative (REL) mode. When measuring low capacitance values, the Relative 
mode can be used to remove the capacitance of the test leads. To place a multimeter in Relative mode for 
capacitance, leave the test leads open and press the REL button. This removes the residual capacitance 
value of the test leads.

5. Connect the test leads to the capacitor terminals. Keep test leads connected for a few seconds 
to allow the multimeter to automatically select the proper range.
6.Read the measurement displayed. If the capacitance value is within the measurement range, 
the multimeter will display the capacitor’s value. It will display OL if a) the capacitance value is 
higher than the measurement range or b) the capacitor is faulty. 8
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Subcooled Liquid

A subcooled liquid refrigerant is a refrigerant consisting of 100% saturated liquid that has 
had additional heat removed.

What is Subcooling?

Subcooling is the amount of heat removed from a refrigerant after it has condensed, 
measured in degrees. 

Application

Technicians calculate Subcooling to determine if systems with thermostatic expansion 
valves have the correct refrigerant charge.

Measuring Subcooling

Step 1: Measure the pressure of the fluid leaving the condenser.

Step 2: Measure the temperature of the refrigerant line at the condenser outlet.

Step 3: Use a P/T Chart for the system’s specific refrigerant to convert the liquid pressure 
to temperature.

Step 4: Subtract the temperature converted from the liquid pressure from the actual 
temperature. This is the Subcooling.

Step 5: Consult manufacturer specification to see if superheat is correct or in range.
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Superheated Vapor (Gas)

A vapor whose temperature has increased above its 100% saturated condition for the 
pressure that it is under. This is achieved by increasing the temperature of the refrigerant 
vapor so that it is higher than its boiling point.

What is Superheating?

Superheat is the amount of heat added to a refrigerant after it has evaporated, measured 
in degrees.

Application

Technicians calculate Superheat to determine if systems with capillary tube metering 
devices have the correct refrigerant charge.

Measuring Suction Line Superheat

Step 1:  Measure the suction line pressure entering the compressor.

Step 2:  Measure the temperature of the suction line.

Step 3: Using a P/T Chart, determine the refrigerants theoretical temperature based on its 
pressure.

Step 4: Using the suction line superheat formula, determine the superheat.

Step 5: Consult manufacturer specification to see if superheat is correct or in range.
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CFC’s

Chlorofluorocarbons (CFCs) are a family of refrigerants containing the 
elements chlorine, fluorine, and carbon. CFCs have characteristics 
that make them more likely to reach the stratosphere than most 
other compounds containing chlorine. Refrigerants that contain 
chlorine but not hydrogen are so stable that they do not breakdown 
in the lower atmosphere after being released. Chlorine or 
bromine reacts with ozone (O3), causing it to change back to 
oxygen (O2), which destroys the ozone layer.

CFCs have a high ozone depletion potential (ODP). The ODP is a 
relative measure of the ability of CFCs and HCFCs to destroy ozone. 
The potential of any substance to destroy the ozone is ranked relative 
to CFC-11, which is given the ODP value of 1. Hydrofluorocarbons 
(HFCs) have a zero ODP but do contribute to global warming, another 
issue that is discussed later. 

The following refrigerants contain CFCs:

• R-500

• R-12
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HCFC’s

Hydrochlorofluorocarbons (HCFCs) are a family of refrigerants containing hydrogen, chlorine, fluorine, and 
carbon. Because the hydrogen reduces the stability of the compound, these refrigerants have an increased 
deterioration potential before reaching the stratosphere, which means HCFCs have a low ODP. HCFCs have 
been used to replace CFCs because they cause less depletion of the ozone, making them less harmful to 
stratospheric ozone than CFCs. 

In January 1, 2010, a ban was placed on the production, sales, or importation of new systems that use HCFC-
22 or HCFC-142b refrigerants or blends containing these refrigerants with the implementation of two rules: the 
Pre-Charged Appliance Rule and the Allocation Rule. Currently, these refrigerants can only be used in the 
service and repair of existing equipment. 

The Pre-Charged Appliances rule bans the sale or distribution of pre-charged air-conditioning and refrigeration 
products, and components containing HCFC-22 or HCFC-142b, or blends containing one or both of these 
substances. The ban applies to appliances and components manufactured on or after January 1, 2010, but not 
to appliances or components manufactured before that date. 

The Allocation Rule, along with existing EPA requirements, prohibits manufacturers from charging newly 
manufactured appliances with virgin HCFC-22 or HCFC-142b or blends containing these refrigerants. These 
sales and production restrictions on HCFC-22 and HCFC-142b also affect any refrigerant blend that contains 
these refrigerants. HCFC-22 is used as a component in other common refrigerant blends including R-401A, R-
402A, R-409A, and R-502. These refrigerants have applications in retail food refrigeration, cold storage 
warehouses, industrial process refrigeration, and transport refrigeration.

On January 1, 2015, the HCFC ban will extend to all HCFCs for use in new systems and will only allow the use of 
HCFCs for special applications including the service and repair of existing equipment. 

On January 1, 2020, the ban on the production or import of any HCFC refrigerant will take effect. Therefore, 
after January 1, 2020, only reclaimed or recovered HCFCs can be used in existing equipment.

Most small commercial AC systems manufactured before 2010 use HCFC-22. However, due to the ban on 
HCFC-22 in new equipment, HFC-410A is now the refrigerant commonly used in new residential and small 
commercial heat pump and air conditioning systems. 

The following refrigerants contain an HCFC:

· R-22

· R-123
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HFCs

Hydrofluorocarbons (HFCs) are a family of refrigerants 
containing hydrogen, fluorine, and carbon, but no 
chlorine. HFC refrigerants will not damage stratospheric 
ozone. 

The following refrigerants are HFCs:

· R-134a

· R-410A

Although HFCs have zero ODP, they do have a high 
global warming potential (GWP). According to the EPA, 
CFCs, HCFCs, and HFCs all contribute to global warming. 
Many European nations are now considering banning 
refrigerants with a GWP above 150 or even 100. 
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What is a refrigerant blend?

Blends are made up of two or more single component refrigerants. One of two situations 
will occur, depending on how strongly the different molecules are attracted to each other.

Azeotrope

An Azeotrope is a blend that behaves like a single component refrigerant. When a blend 
forms an azeotrope, it displays unique and unexpected properties. R-500 and R-502 are 
azeotrope refrigerants.

Zoetrope

A Zoetrope is a blend that behaves like a mixture of the individual components. Zeotropes 
have predictable properties based on combinations of the pure components’ properties. 

Near-azeotropes

In addition, it is sometimes helpful to classify some blends as near-azeotropes. These 
blends have predictable blend properties; however, the difference between these 
properties and what is observed for single-component refrigerants is not that significant.  

Many of the problems associated with system operation using a blend will not be 
noticeable with near-azeotropes.

Refrigerant Blends are in the 400 and 500 Series refrigerants.
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EPA CERTIFICATION TRAINING

For Air Conditioning & Refrigeration Technicians - Federal Clean Air Act – 608

This presentation is designed to help technicians prepare for the EPA 608 Certification Exam.

This exam is offered regularly at locations throughout the nation and online.
You must pre-register for this exam.
When you pre-register, you will receive a study guide that will help you prepare for the exam.

Section 608 of the Federal Clean Air Act  Requires

All persons who maintain, service, repair, or dispose of appliances that contain regulated 
refrigerants, be certified in proper refrigerant handling techniques.

If EPA regulations change after a technician becomes certified, it   is the responsibility of the 
technician to comply with any future changes.

There are Four (4) Categories of Technician Certification 

TYPE I
Persons who maintain, service or repair small appliances must be certified as Type I technicians.

TYPE II
Persons, who maintain, service, repair or dispose of high or very high-pressure appliances, except 
small appliances and motor vehicle air conditioning systems, must be certified as Type II technicians.

TYPE III
Persons, who maintain, service, repair, or dispose of low-pressure appliances must be certified as 
Type III technicians.

UNIVERSAL
Persons, who maintain, service or repair both low and high-pressure equipment, as well as small 
appliances, must be certified as Universal technicians.

TEST FORMAT
The test contains four sections, Core (A), I, II, III.
Each section contains twenty five (25) multiple-choice questions.
A technician MUST achieve a minimum passing score of 70 percent on the CORE and in each group in
which they are to be certified. i.e.: 18 out of 25 questions in each section.

If a technician fails one or more of the Sections on the first try, they may retake the failed Section(s)
without retaking the Section(s) on which they earned a passing score. In the meantime the
technician will be certified in the Type for which they received a passing score.
WHAT IS REFRIGERATION
Heat is a form of energy. Refrigeration is the movement of heat from an area where it is not wanted
to an area where it is less objectionable. For example, a refrigerator removes heat from the inside of
the cabinet and transfers it to the outside.

PRESSURE / VACUUM
Pressure is defined as the force per unit area, most often described as pounds per square inch (U.S.). 

ATMOSPERIC PRESSURE
Our atmosphere extends about 50 miles above the earth and consists of approximately 78%
nitrogen, 21% oxygen, the remaining 1% is composed of other gasses. Even though the gas molecules
are very small, they have weight. The atmosphere exerts a pressure of 14.7 lbs. per square inch at
sea level. At higher altitudes, the atmospheric pressure will be significantly less. The most common
method of measuring atmospheric pressure is the mercury barometer. Normal atmospheric pressure
at sea level (14.7 psia) will support a column of mercury 29.92 inches high.

Epatest.com
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GAUGE PRESSURE 
The pressure reading we most often use is called gauge pressure. Atmospheric pressure is shown as 
0 psi or psig (pound per square inch gauge). 

VACUUM
Pressures below atmospheric are usually read in inches of mercury (in. Hg) or in millimeters of 
mercury (mm Hg). A thorough  understanding of vacuum principles is an absolute necessity for the 
air conditioning technician. Since an increase in pressure will increase the boiling point of a liquid, 
the opposite is also true. Lower pressure will result in a lower boiling point. Any pressure below 
atmospheric is considered a partial vacuum. A perfect vacuum would be the removal of all 
atmospheric pressure. For reading deep vacuum, a micron gauge is used. A micron is 1/1000th of a 
millimeter. 

ABSOLUTE PRESSURE

The absolute pressure scale allows measurement of both vacuum and pressure to be made using the 
same units. Absolute pressure measurements are indicated as psia (pounds per square inch 
absolute). 0 psia is a pressure that cannot be further reduced. Since atmospheric pressure will 
measure 14.7 psia at sea level, gauge pressure can  be converted to absolute pressure  by adding 
14.7 to the gauge pressure reading.

CORE
SECTION A
General Knowledge
Passing the CORE is a prerequisite to achieving certification

STRATOSPHERIC OZONE DEPLETION

The stratosphere is the Earth's security blanket.  It is located between 10 and 30 miles above sea 
level and is comprised of, among other things, Ozone. An Ozone molecule consists of three oxygen 
atoms (03).

OZONE PROTECTS US FROM HARMFUL ULTRA- VIOLET RADIATION AND HELPS TO 
MAINTAIN STABLE EARTH TEMPERATURES

Depletion of Ozone in the Stratosphere Causes . . .
• Crop Loss
• Increase In Eye Diseases
• Skin Cancer
• Reduced  Marine Life
• Deforestation
• Increased Ground Level Ozone

CFC’s & HCFC’s in the STRATOSPHERE
CFC's and HCFC's, when released into the atmosphere deplete the Ozone layer. 
The chlorine in these compounds is the culprit. When a chlorine atom meets with an Ozone 
molecule, it takes one Oxygen atom from the Ozone. This forms a compound called Chlorine 
Monoxide (ClO) and leaves an O2 molecule.

CHLORINE IS THE CULPRIT
Chlorine Monoxide will collide with another Ozone molecule, release its Oxygen atom, forming two O2
molecules, and leave the chlorine free to attack another Ozone molecule. A single Chlorine atom can destroy 
100,000 Ozone molecules!!!
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SOURCE of CHLORINE in the STRATOSPHERE
Some believe that the Chlorine found in the stratosphere comes from natural sources such as
volcanic eruptions. However, air samples taken over erupting volcanoes show that volcanoes
contribute only a small quantity of Chlorine as compared to CFC's. In addition, the rise in the amount
of Chlorine measured in the stratosphere over the past two decades matches the rise in the amount
of Fluorine, which has different natural sources than Chlorine, over the same period. Also, the rise in
the amount of Chlorine measured in the stratosphere over the past twenty years, matches the rise in
CFC emissions over the same period.

Chlorine in CFC’s vs. Naturally Occurring Chlorine
The chlorine in CFC's will neither dissolve in water nor break down into compounds that dissolve in 
water, so they do not rain out of the atmosphere and return to earth. Naturally occurring chlorine 
will dissolve in water (humidity) and rain out of the atmosphere.

OZONE DEPLETION POTENTIAL
Ozone Depletion Potential (ODP) is a measurement of CFC's and HCFC's ability to destroy ozone. 
CFC's have the highest ODP.  HFC's (R-134A) do not contain chlorine and have no Ozone Depletion 
Potential.

The Three (3) Primary Types of REFRIGERANTS   CLEAN AIR ACT
The United States Environmental Protection Agency (EPA) regulates section 608 of the Federal Clean 
Air Act.  Failure to comply could cost you and your company as much as $37,500.00 per day, per 
violation and there is a bounty of up to $10,000 to lure your competitors, customers and fellow 
workers to turn you in. Service technicians who violate Clean Air Act provisions may be fined, lose 
their certification, and may be required to appear in Federal court.

It is a Violation of  Section 608 to:
• Falsify or fail to keep required records;
• Fail to reach required evacuation rates prior to opening or disposing of appliances;
• Knowingly release (vent) CFC's, HCFC's or HFC’s while repairing appliances, with the exception of  

de-minimus releases;
• Knowingly release (vent) CFC's, HCFC's or HFC’s while repairing appliances, with the exception of  

de-minimus releases;
• Vent CFC's or HCFC's since July 1, 1992;

It is a Violation of Section 608 to:
• Vent HFC's since November 15, 1995;
• Fail to recover CFC's,  HCFC's or HFC’s before opening or disposing of an appliance;
• Fail to have an EPA approved recovery device, equipped with low loss fittings, and register the 

device with the EPA;
• Add nitrogen to a fully charged system, for the purpose of leak detection, and thereby cause a 

release of the mixture;
• Dispose of a disposable cylinder without first recovering any remaining refrigerant (to 0 psig.) and 

then rendering the cylinder useless, then recycling the metal;

STATE & LOCAL REGULATIONS
State & local governments may not pass regulations that are less strict than those contained in 
Section 608. They may pass regulations that are as strict or stricter than Federal regulations. 

THE MONTREAL PROTOCOL
The Montreal Protocol is an international treaty. It regulates the production and use of CFCs, 
HCFC’s, halons, methyl chloroform and carbon tetrachloride. CFC's were phased out of production 
on December 31, 1995. HCFC refrigerants are scheduled of phase out in the future. 
When virgin supplies of CFC's are depleted, future supplies will come from recovered, recycled, or 
reclaimed refrigerants.
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RECOVERY
To remove refrigerant in any condition from an appliance and store it in an EXTERNAL  CONTAINER.

RECOVERY & REUSE
Refrigerant that has been recovered from a unit (if it is not contaminated) may be reused in the              
unit from which it was removed. It may be reused in another unit so long as the equipment that it 
was removed from and the unit to which it is being introduced is owned by the same owner.  This 
requirement is designed to prevent excessive cross-contamination.

RECYCLE
To  clean  refrigerant  for  reuse  by separating  the  oil  from  the  refrigerant  and  removing  
moisture  by  passing  it  through  one  or  more  filter  driers

RECLAIM
To  process  refrigerant to  a  level equal  to  new  product  standards as  determined  by  chemical  
analysis.   Reclaimed  refrigerant  must meet  standards set forth in ARI 700 before  it  can  be resold.

RECOVERY DEVICES 
Refrigerant Recovery and/or Recycling equipment manufactured after November 15, 1993, must be 
certified and labeled by an EPA approved equipment testing organization to meet EPA standards. 
There are two basic types of recovery devices.
1) “System-dependent” which captures refrigerant with the assistance of components in the

appliance from which refrigerant is being recovered.
2) "Self-contained” which has its own means to draw the refrigerant out of the appliance (a
compressor).

SALES RESTRICTION
As of November 14, 1994, the sale of CFC and HCFC refrigerants was restricted to certified 
technicians. Only technicians certified under Clean Air Act Section 609 (Motor Vehicle Air 
Conditioning) are allowed to purchase R-12 in containers smaller than 20 lbs. 

SUBSTITUTE REFRIGERANTS & OILS

HFC’s are considered Ozone friendly.  R-134A is the leading candidate for CFC R-12 retrofit, but it is 
not a drop-in substitute. Actually, there is not a drop-in alternative, but R-134A can be used in most 
R-12 systems by following appropriate retrofit procedures. 

HFC’s will not mix with most refrigerant oils used with CFC’s & HCFC’s. The oils used in most HFC 
systems are ESTERS. Esters cannot be mixed with other oils. It is also important to remember that 
when leak testing an HFC system to use pressurized nitrogen.

REFRIGERANT BLENDS
There are several refrigerant blends commonly in use. Some of the blends are called Ternary, which 
means they are a three-part blend. Ternary blends are used with a synthetic alkylbenzene oil.  

REFRIGERANT BLEND
CHARGING
The components of a blended refrigerant will leak from a system at uneven rates due to different 
vapor pressures. Therefore, the proper charging method for blended refrigerants is to weigh into 
the high side of the system as a liquid. 

TEMPERATURE GLIDE
Temperature glide refers to a refrigerant blend that has a range of boiling points and / or 
condensing points throughout the evaporator and condenser respectively.
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AZEOTROPIC REFRIGERANTS
An azeotropic mixture acts like a single component refrigerant over its entire temperature / 
pressure range. An azeotrope does not have a temperature glide.

HYGROSCOPIC OIL
Most refrigerant oils are hygroscopic. A Hygroscopic oil is one that easily absorbs & releases 
moisture (has a high affinity for water). An oil sample should be taken and analyzed if a system 
has had a major component failure.

RECOVERY and CUSTOMER  RELATIONS
Some customers have complained about the increased cost of service. To justify the increase, simply 
explain that you are duty bound and required by law to recover refrigerants in order to protect the 
environment and human health.

EPA REQUIREMENT OF EQUIPMENT MANUFACTURERS
EPA regulations require a service aperture or process stub on all appliances that use a Class I or Class 
II refrigerant in order to make it easier to recover refrigerant. 

MIXED REFRIGERANT RECOVERY
Do not mix refrigerants in a recovery cylinder. A refrigerant mix may be impossible to reclaim.
If you discover that two or more refrigerants have been mixed in a system, you must recover the 
mixture into a separate tank. Badly contaminated and mixed refrigerants must be destroyed. 

COMPRESSOR BURN-OUT
A strong odor is an excellent indicator of a compressor burn-out. If you suspect a compressor burn-
out, flush the system & watch for signs of contamination in the oil. If nitrogen is used to flush debris 
out of the system, the nitrogen may be vented. A suction line filter drier should be installed to trap 
any debris that may damage the new compressor.

RECOVERY SPEED
Long hoses will reduce pressure resulting in increased recovery time. Since all refrigerants have a 
pressure temperature relationship, lower ambient temperatures, result in slower recovery rate.

DEHYRATION
To remove water and water vapor from a refrigeration system. If moisture is allowed to remain in an 
operating refrigeration system, hydrochloric & hydrofluoric acids may form. Evacuation of a system is 
the suggested method of dehydration. It is not possible to over evacuate a system.

EVACUATION
Never evacuate a system to the air without first following proper recovery procedures and attaining 
the mandated vacuum level.

EVACUATION ESSENTIALS for Accurate Readings & Speed
Vacuum lines should be equal to or larger than the pump intake connection. The piping connection 
to the pump should be as short a length as possible and as large in diameter as possible. The system 
vacuum gauge should be connected as far as possible from the vacuum pump. 

EVACUATION SPEED & EFFICIENCY
FACTORS
• Size of equipment being evacuated 

• Ambient temperature 

• Amount of moisture in the system 

• The size of the vacuum pump and suction line 

• Heating the refrigeration system will decrease dehydration time



Unit 7:  
EPA608 Prep

Fundamentals of Refrigeration

EPA608 Clean Air Act

Refrigeration

103

Epatest.com

EVACUATION - Precautions

The use of a large vacuum pump could cause trapped water to freeze. During evacuation of systems 
with large amounts of water, it may be necessary to increase pressure by introducing nitrogen to 
counteract freezing.

COMPLETING THE DEHYRATION PROCESS

Measuring a system's vacuum should be done with the system isolated and the vacuum pump 
turned off. A system that will not hold a vacuum probably has a leak. Dehydration is complete when 
the vacuum gauge shows that you have reached and held the required finished vacuum.

MEASURING DEHYDRATION EFFECTIVENESS
It is impossible to determine dehydration effectiveness using a compound gauge that reads in inches 
of Hg (MERCURY). The use of a Micron Gauge & achieving 500 microns of vacuum assures proper 
dehydration.

RECOVERY CYLINDERS

Recovery cylinders are designed to be refilled. Recovery cylinders have 2 ports, one liquid and one 
vapor. They must not be overfilled or heated. Overfilling or heating can cause an explosion. NEVER 
heat a refrigerant cylinder with an open flame. The EPA requires that refillable refrigerant cylinders 
MUST NOT BE FILLED ABOVE 80% of their capacity by weight, and that the safe filling level can be 
controlled by either mechanical float devices, electronic shut off devices (thermistors), or weight. 
Refillable cylinders must be hydrostatically tested and date stamped every 5 years. Refillable 
cylinders used for transporting recovered pressurized refrigerant must be DOT (Department of 
Transportation) approved. Approved refrigerant recovery cylinders can easily be identified by their 
colors, YELLOW TOPS and gray bodies. All refrigerant recovery cylinders should be inspected for 
RUST. If they show signs of rust or appear to not be secure they should be reduced to 0 psig and 
discarded.

DISPOSABLE CYLINDERS
Disposable cylinders are used with virgin refrigerant and may NEVER be used for recovery. 

SCHRADER VALVES
It is necessary to inspect Schrader valve cores for leaks, bends and breakage, & replace damaged 
valve cores to prevent leakage. Always cap Schrader ports to prevent accidental depression of the 
valve core.

PERSONAL SAFETY - WEAR
When handling and filling refrigerant cylinders, or operating recovery or recycling equipment, you 
should wear safety glasses and protective gloves.

NITROGEN PRESSURE–TESTING SAFETY
When pressurizing a system with nitrogen, you should:
Charge through a pressure regulator. Insert a relief valve in the downstream line from the pressure 
regulator. NEVER install relief valves in series. Replace the relief valve if corrosion is found within the 
body of a relief valve. To determine the safe pressure for leak testing, check the data plate for the 
low-side test pressure value.
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OXYGEN & COMPRESSED AIR
When leak checking a system, NEVER pressurize the system with oxygen or compressed air. When 
mixed with refrigerants, oxygen or compressed air can cause an explosion. 

SAFETY  & LARGE REFRIGERANT LEAKS
If a “large” release of refrigerant in a confined area occurs; Self-Contained Breathing Apparatus 
(SCBA) is required.  If SCBA is not available, IMMEDIATELY VACATE AND VENTILATE the area. In large 
quantities, refrigerants can cause suffocation because they are heavier than air and displace oxygen. 
Inhaling refrigerant vapors or mist may cause heart irregularities, unconsciousness, and oxygen 
deprivation leading to death (asphyxia).

REFRIGERANT SAFETY & OPEN FLAMES
NEVER expose R-12 or R-22 to open flames or glowing hot metal surfaces. At high temperatures,    R-
12 and R-22 decompose to form Hydrochloric acid, Hydrofluoric acid, and Phosgene gas. Always 
review the material safety data sheets, when working with any solvents, chemicals, or refrigerants.

SHIPPING & TRANSPORTATION
Before shipping used refrigerant cylinders, complete the shipping paperwork include the number of 
cylinders of each refrigerant, and properly label each cylinder with the type and amount of 
refrigerant. Cylinders should be transported in an upright position. Each cylinder must have a DOT 
classification tag indicating it is a “2.2 non-flammable gas”. 
Some states may require special shipping procedures to be followed based on their classification of 
used refrigerants. Check with the DOT in the state of origin.

Persons handling refrigerant during maintenance, service or repair of small appliances must be certified as 
either a Type I Technician or as a Universal Technician. 
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RECOVERY EQUIPMENT MANUFACTURED BEFORE NOVEMBER 15, 1993  
Must be capable of removing 80% of the refrigerant, whether or not the compressor is operating, or 
achieve 4 inch vacuum under the conditions of ARI 740.

RECOVERY EQUIPMENT MANUFACTURED AFTER NOVEMBER 15, 1993
Must be certified by an EPA approved testing laboratory, (example, U.L. or E.T.L) as capable of 
recovering 90% of the refrigerant if the compressor is operating, 80% of the refrigerant if the 
compressor is not operating, or achieving a 4 inch vacuum under the conditions of ARI 740.

RECOVERY EQUIPMENT
All equipment must be equipped with low loss fittings that can be manually closed, or close 
automatically, when hoses are disconnected to minimize the refrigerant loss.

LEAK REPAIR REQUIREMENTS
Although leaks should be repaired whenever possible, the EPA does not require leak repair for small 
appliances.

RECOVERY TECHNIQUES
Self-Contained (Active) Equipment
Active recovery equipment stores refrigerant in a pressurized recovery tank. Before operating a self-
contained recovery machine, open the tank inlet valve, and remove excessive non–condensables
(air) from the recovery tank. An accurate pressure reading of refrigerant inside a recovery cylinder is 
required to detect excessive non-condensables. The only way to read refrigerant pressure accurately 
is at a stable, known temperature. Air in a refrigeration system will cause higher discharge pressures. 
Follow the operating instructions supplied by the recovery equipment manufacturer regarding 
purging of non-condensables. All refrigerant recovery equipment should be checked for oil level and 
refrigerant leaks on a daily basis.

RECOVERY TECHNIQUES
System-Dependent (Passive) Equipment

System-dependent recovery process for small appliances captures refrigerant into a non-pressurized 
container. These are special charcoal activated plastic “bag” containers. System-dependent 
equipment captures refrigerant with the assistance of the appliance compressor, an external heat 
source, or a vacuum pump. A standard vacuum pump can only be used as a recovery device in 
combination with a non-pressurized container. When using a system dependent recovery process on 
an appliance with an operating compressor, run the compressor and recover from the high side of 
the system. Usually, one access fitting on the high side will be sufficient to reach the required 
recovery rate, as the appliance compressor should be capable of pushing the refrigerant to the high 
side. Appliances with a non-operating compressor, access to both the low and high side of the system 
is necessary. In order to achieve the required recovery efficiency, it will be necessary to take 
measures to help release trapped refrigerant from the compressor oil, (heat and tap the compressor 
several times and/or use a vacuum pump). Because appliances with non-operating compressors can 
not always achieve desired evacuation rates utilizing system-dependent recovery equipment, the 
EPA requires technicians to have at least one self-contained recovery device available at the shop to 
recover refrigerant from systems with non-operating compressors. The exception to this rule is 
technicians working on small appliances only. System dependent devices may only be used on 
appliances containing 15 lbs. of refrigerant or less. 
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INSTALLING  PIERCING TYPE  ACCESS  FITTINGS
Fittings should be leak tested before proceeding with recovery. It is generally recommended that 
solderless piercing type valves only be used on copper or aluminum tubing material. Fittings tend to 
leak over time and should not be left on an appliance as a permanent service port. After installing a 
fitting, if you find that the system pressure is 0 psig, do not begin the recovery process. 

DEFROST HEATERS
If the appliance is equipped with a defrost heater, such as in a domestic frost-free refrigerator, 
operating the defrost heater will help to vaporize any trapped liquid refrigerant and will speed the 
recovery process.  

DO NOT RECOVER
Refrigerators built before 1950 may have used Methyl Formate, Methyl Chloride, or Sulfur Dioxide as 
refrigerant and should not be recovered with current recovery devices. Small appliances used in 
campers or other recreational vehicles may use refrigerants such as Ammonia, Hydrogen, or Water, 
and therefore should not be recovered using current recovery equipment.

CHARGING  CYLINDERS
When filling a graduated charging cylinder with a regulated refrigerant, the refrigerant vapor that is 
vented off the top of the cylinder must be recovered.

LEAK  DETECTION
After installation of a system, pressurize the unit with nitrogen and leak check. In order to determine 
the general area of a leak use an electronic or ultrasonic leak detector. To pinpoint the leak use soap 
bubbles. 

Leaking Systems
A refrigeration unit using an open compressor that has not been used in several months is likely to 
leak from the shaft seal. 
During a visual inspection of any type of system, traces of oil are an indicator of a refrigerant leak. 
Excessive superheat, caused by a low refrigerant charge, is also an indication of a leak in a high-
pressure system.

LEAK REPAIR REQUIREMENTS - Comfort Cooling
EPA regulations require that all comfort cooling appliances (air conditioners) containing more than 50 
lbs. of refrigerant MUST be repaired when the annual leak rate exceeds 15%. 

LEAK REPAIR REQUIREMENTS
Commercial & Industrial Process Refrigeration
EPA regulations require that all Commercial and Industrial Process Refrigeration containing more 
than 50 lbs. of refrigerant MUST be repaired when the annual leak rate exceeds 35%.
Commercial Refrigeration includes appliances used in the retail food and cold storage warehouse 
sectors, including equipment found in supermarkets, convenience stores, restaurants and other food 
establishments, and equipment used to store meat, produce, dairy products and other perishable 
goods. Industrial Process Refrigeration means complex customized appliances used in the chemical, 
pharmaceutical, petrochemical and manufacturing industries, including industrial ice machines and 
ice rinks.
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RECOVERY  EQUIPMENT
Recovery equipment must be certified by an EPA approved laboratory (UL or ETL) to meet or exceed 
ARI standards.

RECOVERY  REQUIREMENTS
Recovered refrigerants can contain acids, moisture, and oil. Frequently check and change both the oil 
and filter on a recycling machine. Recycling and recovery equipment using hermetic compressors 
have the potential to overheat when drawing a deep vacuum because the unit relies on the flow of 
refrigerant through the compressor for cooling. Before using a recovery unit you should always check 
the service valve positions, the recovery units oil level, and evacuate and recover any remaining 
refrigerant from the unit’s receiver. When working with multiple refrigerants, before recovering 
and/or recycling a different refrigerant, purge the recover/recycle equipment by recovering as much 
of the first refrigerant as possible, change the filter, and evacuate. The only exception to this rule is 
for technicians working with R-134A who must provide a special set of hoses, gauges, vacuum pump, 
recovery or recovery/recycling machine, and oil containers to be used with R-134A only. Recovering 
refrigerant in the vapor phase will minimize the loss of oil, recovering as much as possible in the 
liquid phase can reduce recovery time. The technician may choose to speed up the recovery process 
by packing the recovery cylinder in ice and/or applying heat to the appliance. After recovering liquid 
refrigerant, any remaining vapor is condensed by the recovery system. 

RECOVERY  NOTES
Refrigerant should be placed in the receiver of units that have a receiver/storage tank.  Refrigerant 
should be removed from the condenser outlet if the condenser is below the receiver. In a building 
that has an air-cooled condenser on the roof and an evaporator on the first floor, recovery should 
begin from the liquid line entering the evaporator. Always evacuate an empty recovery cylinder 
before transferring refrigerant (recovering) to the cylinder.  After reaching the desired vacuum, wait 
a few minutes to see if the system pressure rises, indicating that there is still refrigerant in liquid 
form or in the oil. Appliances can be evacuated to atmospheric pressure (O psig) if leaks make 
evacuation to the prescribed level unattainable. The technician must isolate a parallel compressor 
system in order to recover refrigerant. Failure to isolate a parallel compressor system will cause an 
open equalization connection that will prevent refrigerant recovery. System-dependent recovery 
equipment cannot be used on appliances containing more than 15 pounds of refrigerant.

MAJOR REPAIR
Under EPA regulations, a “major repair” means any maintenance, service or repair involving the 
removal of any or all of the following components: the compressor, the condenser, the evaporator or 
an auxiliary heat exchanger coil.  

REFRIGERANT  TYPE
To determine the type of refrigerant used read the nameplate.

FILTER / DRIER
Filter driers will remove moisture from the refrigerant in a system, but there is a limit to their 
capacity. Some systems are equipped with a moisture indicating sight glass. When the sight glass 
changes color, the system contains excessive moisture and will need to be evacuated. The filter-drier 
should be replaced anytime a system is opened for servicing. 

CRANKCASE  HEATER
A crankcase heater is used to prevent refrigerant from migrating to the oil during periods of low 
ambient temperature. Refrigerant in the oil will cause oil foaming in the compressor at start-up.
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WARNING
A hermetic compressor's motor winding could be damaged if energized when under a deep vacuum.
NEVER energize a reciprocating compressor if the discharge service valve is closed.

LIQUID CHARGING
There is a risk of freezing during liquid charging of an R-12 refrigeration system. Begin with vapor 
from a vacuum level to a pressure of approximately 33 psig. Followed by a liquid charge through the 
liquid-line service valve. This is also the proper method to charge a system that contains a large 
quantity of refrigerant.

ASHRAE STANDARD 15
Requires a refrigerant sensor that will sound an alarm and automatically start a ventilation system in 
occupied equipment rooms where refrigerant from a leak will concentrate.

ASHRAE SAFETY CLASSIFICATION FOR REFRIGERANTS
CFC-11, CFC-12, and HFC-134a are all categorized as A-1.
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Absolute Zero Temperature: Temperature at which all molecular motion ceases. (-
459.67 F. and -273.15 C.) Absolute zero, according to current scientific thought, is 
the lowest temperature that could ever be. In fact, it's so low that we can never 
quite reach it, although research teams have come within a fraction of a degree.

Absorption Refrigeration: A system in which a secondary fluid absorbs the 
refrigerant, releasing heat, then releases the refrigerant and reabsorbs the heat. 
Ammonia or water is used as the vapor in commercial absorption cycle systems, 
and water or lithium bromide is the absorber.

Accumulator: Storage tank which receives liquid refrigerant from the evaporator 
and prevents it from flowing into the suction line and entering the compressor.

Across the line Start: Using one contactor to start a three phase motor.

Alternating Current - AC: Electric current in which the direction of the flow is 
constantly being reversed back and forth. In the USA it changes polarity from 
positive to negative 60 times per second. In other countries, the rate of 
alternation is often 50 cycles per second .

Alumina: A substance in a drier used to collect and hold moisture in a 
refrigeration system.

Ambient Temperature: Temperature of a fluid (usually air) which surrounds an 
object on all sides.

Ammonia: R-117, Chemical combination of nitrogen and hydrogen 

Amperage: The rate of flow of electricity through wire - measured in terms of 
amperes, very roughly analogous to gallons per minute flowing from a faucet.

Ampere: The unit of current. One ampere is the current flowing through one ohm 
of resistance at one volt potential. Analogous to gallons of water flow past a given 
point.

Brazed Plate Heat Exchangers: A hermetically sealed heat exchanger in which the 
heating surface consists of thin corrugated metal plates stacked on top of each 
other. Channels are formed between the plates and the corner ports are arranged 
so that the two media (water and/or refrigerant, or both) flow through alternate 
channels, always in counter-current flow. The media are kept in the unit by a 
brazed seal around the edge of the plates. The contact points of the plates are 
also brazed to withstand the pressure of the media handled. These heat 
exchangers are up to 60% smaller than traditional shell & tube and coaxial type 
devices. This means they use less space and weigh less.

http://www.hvacrinfo.com/definitions.htm
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BTU: British Thermal Unit. Quantity of heat required to raise or lower 
the temperature of one pound of water one degree Fahrenheit. You 
might be able to imagine it this way. Take one gallon (8.33 pounds) of 
water and put it on your stove. If the water is 60 degrees F. and you 
want to bring it to a boil (212 degrees F.) then you will need about 
1,200 BTUs to do this.

BTUH: British Thermal Unit per Hour. How many BTU's are used per 
hour.

Calorie: Quantity of heat required to raise or lower the temperature of 
1 gram of water 1 degree Celsius.

Capillary Tubing: A refrigerant metering device consisting of a small 
diameter tube which controls flow by restriction. They are carefully 
sized by inside diameter and length for each particular application. This 
device uses it's internal diameter, length and pressure drop to 
determine it's capacity and has a fixed regulation. The capillary tubing 
is best suited in constant ambient conditions.

Capacitor: The simplest way to explain the mechanics of a capacitor 
would be to compare it to a battery. Both store and release electricity. 
Capacitors are charged with electricity, then releases its stored energy 
at a rate of sixty times per second in a 60 cycle alternating current 
system. The sizing is critical to motor efficiency just as sizing of 
batteries is critical to a radio. A radio that requires a 9V battery will not 
work with a 1.5V size battery. Thus, as the battery becomes weaker the 
radio will not play properly. A motor that requires a 7.5 µF capacitor 
will not work with a 4.0 µF capacitor. Much the same way, a motor will 
not run properly with a weak capacitor. This is not to imply bigger is 
better, because a capacitor that is too large can cause energy 
consumption to rise. In both instances, be it too large or too small, the 
life of the motor will be shortened due to overheated motor windings. 
Motor manufacturers spend many hours testing motor and capacitor 
combinations to arrive at the most efficient combination. There is a 
maximum of +10% tolerance in microfarad rating on replacement start 
capacitors, but exact run capacitors must be replaced. Voltage rating 
must always be the same or greater than original capacitor whether it 
is a start or run capacitor. Always consult manufacturers to verify 
correct capacitor size for the particular application. (source:Louisiana
State University)

http://www.hvacrinfo.com/definitions.htm
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Cascade System: Arrangement in which two or more refrigeration systems are 
used in series. The evaporator of one machine is used to cool the condenser of 
another. These are used in ultra low temperatures.

Celsius Scale: The Celsius temperature scale (°C) was developed by Anders Celsius 
in 1742. The zero point of the Celsius scale is set to the temperature at which 
water freezes. The number 100 is set to the temperature at which water boils. The 
Celsius scale is the standard scale used around most of the world to measure air 
temperatures. The United States uses the Fahrenheit scale.

Centigrade Scale: The Celsius temperature scale (°C) was developed by Anders 
Celsius in 1742. The zero point of the Celsius scale is set to the temperature at 
which water freezes. The number 100 is set to the temperature at which water 
boils. The Celsius scale is the standard scale used around most of the world to 
measure air temperatures. The United States uses the Fahrenheit scale.

CFC: Acronym for Chlorofluorocarbon. Any of various halocarbon compounds 
consisting of carbon, hydrogen, chlorine, and fluorine, once used widely as 
aerosol propellants and refrigerants. Chlorofluorocarbons are believed to cause 
depletion of the atmospheric ozone layer.

CFM: Cubic feet per minute. Volume rate of air flow.

Check Valve: Device which permits fluid flow in only one direction.

Coefficient of Performance - COP: Ratio of work performed or accomplished as 
compared to the energy used. This ratio is calculated by dividing the total heating 
capacity provided by the heat pump, including circulating fan heat but excluding 
supplementary resistance heat (Btu’s per hour), by the total electrical input 
(watts) x 3.412. 

Compound Refrigeration: An alternative to a cascade system, a Compound system 
uses two or more compressors connected in series in the same refrigeration cycle.

Compression Ratio: In refrigeration it is the ratio of the absolute low-side 
pressure to the absolute high-side pressure. To measure you would add 14.7 psi to 
the measured suction pressure and the head pressure. Then divide the high-side 
pressure by the low-side pressure.

Compressor: Pump of a refrigeration system which draws a low pressure on the 
cooling side of a refrigerant cycle and squeezes or compresses the gas into the 
high pressure or condensing side of the cycle.

Compressor - Centrifugal: A pump which compresses the refrigerant gas through 
the centrifugal force created by rotors spinning at high speed. In his effort to 
improve mechanical air-conditioning systems, Willis Havilland Carrier (1876–1950) 
introduced the first practical centrifugal refrigeration compressor in 1922.

http://www.hvacrinfo.com/definitions.htm
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Compressor - Hermetic: A compressor which has the driving motor sealed inside the 
compressor housing. The motor operates in an atmosphere of the refrigerant. This style of 
compressor cannot be disassembled for maintenance. Common terms of describing a 
hermetic are; welded, can, pot and tin can.

Compressor - Multi-Stage: A compressor having two or more compressive steps. Discharge 
from each step is the intake pressure of the next in series.

Compressor - Open Drive: A compressor in which the crankshaft extends through the 
crankcase and is driven by an outside motor. Also called an external drive compressor.

Compressor - Reciprocating: A pump which uses a piston within a cylinder to provide 
compression. The principle of reciprocating mechanisms is hundreds of years old and the 
modern reciprocating compressor was undoubtedly driven from the research and 
development of the reciprocating steam engine.

Compressor - Rotary: A pump which uses vanes, eccentric mechanisms or other rotating 
devices to provide a pumping action. The first rotary compressor was introduced in 1957, 
permitting units to be smaller, quieter, weigh less, and more efficient than the 
reciprocating type.

Compressor - Screw: A screw compressor is a positive displacement machine that uses a 
pair of intermeshing rotors instead of a piston to produce compression. The rotors 
comprise of helical lobes affixed to a shaft. One rotor is called the male rotor and it will 
typically have four bulbous lobes. The other rotor is the female rotor and this has valleys 
machined into it that match the curvature of the male lobes. The principle of the screw 
compressor was first patented by Heinrich Krigar in Germany on March 24th 1878, patent 
number 4121. He modified and improved his designs later that year and lodged a second 
patent (number 7116) on August 16th 1878.

http://www.hvacrinfo.com/definitions.htm
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Compressor - Scroll: A scroll compressor is a positive displacement machine that uses the 
compression action provided by two intermeshing scrolls - one fixed and the other 
orbiting. The orbiting scroll basically wobbles inside the fixed scroll, it doesn't rotate it 
just wobbles on a cam on crankshaft. The rotating scrolls intermesh quite closely and 
some manufacturers mention that efficiency increases as the scrolls bed into each other, 
indicating an initial wear process. The principle of the scroll compressor was developed 
during the early 1900's and was patented for the first time in 1905. Although the theory 
for the scroll compressor indicated a machine potentially capable of reasonably good 
efficiencies, at that time the technology simply didn't exist to accurately manufacture the 
scrolls. It was almost 65 years later that the concept was re-invented by a refrigeration 
industry keen to exploit the potentials of scroll technology.

Compressor - Semi Hermetic: A hermetic compressor that can be disassembled for 
maintenance. Usually made of cast iron.

Compressor - Tandem: A refrigeration system where two compressors are piped together 
having a common suction and discharge. In a Copeland semi-hermetic application, the 
motor end bells are removed and replaced with a connecting chamber with a suction 
valve mounted. Since each compressor may be operated individually, the tandem 
provides simple capacity reduction and maximum power savings.

Compressor - Two Speed: A compressor with a two speed motor providing capacity 
reduction and power savings.

Condense: Action of changing a gas or vapor to a liquid.

Condenser: The part of the refrigeration system which receives hot, high pressure 
refrigerant gas from the compressor and cools it until it returns to a liquid state.

Condensing Pressure: Pressure inside a condenser at which refrigerant vapor gives up its 
latent heat of vaporization and becomes a liquid. This varies with temperature.

Condensing Temperature: Temperature inside a condenser at which refrigerant vapor 
gives up its latent heat of vaporization and becomes a liquid. This varies with the 
pressure.

Contactor: A type of magnetically-operated device used for repeatedly establishing and 
interrupting an electrical power circuit. It is usually applied to devices controlling power 
above 5kW, whereas the term 'relay' is ordinarily employed below 5kW. The terms are 
often used interchangeably.

http://www.hvacrinfo.com/definitions.htm
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Contactor - Definite Purpose: These contactors have been designed for specific 
applications where the operating conditions are clearly defined. The definite 
purpose contactors are usually rated for current alone and have less ability to 
handle inrush LRA current. They normally have a lower initial cost compared to 
general purpose contactors. 

Contactor - General Purpose: These contactors are built for severe industrial use. 
They are usually designed for a minimum life of over 1,000,000 electrical cycles on 
most type of motor loads. General purpose contactors are listed by sizes that are 
generally related to motor horsepower groupings. They are also rated in current, a 
more useful rating for compressors. They usually conform to NEMA ratings.

Contactor - Resistive Rating: The resistive rating of a contactor is what the 
contactor has the capacity to withstand for brief surges of amp draw. Most 
contactors have a resistive rating as well as a motor rating. The resistive rating is 
higher in amperage value than the motor rating amperage value. This is because a 
resistive load is not called on to make and break motor current. 

Convection Heat: Transfer of heat by means of movement or flow of a fluid or gas.

Coulomb: The quantity of electricity transferred by an electric current of one 
ampere in one second.

Crankcase Pressure Regulator - CPR: An outlet pressure regulator which maintains a 
predetermined maximum outlet pressure. Designed to prevent compressor motor 
overload. They were commonly used on low temp R-12 systems.

Cryogenics: Refrigeration which deals with producing temperatures of -250 F below 
zero and lower.

Cupronickel: An alloy of copper, nickel and strengthening impurities, such as iron 
and manganese. Cupronickel does not corrode in seawater because its electro 
negativity is adjusted to be neutral with regard to seawater. Because of this it is 
used for marine components, and sometimes for the propellers, crankshafts and 
hulls of premium tugboats, fishing boats and other working boats.

http://www.hvacrinfo.com/definitions.htm
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Current: Transfer of electrical energy in a conductor by means of electrons changing 
position.

Current Relay: A device which opens or closes a circuit. It is made to act by a change of 
current flow in that circuit.

Defrost Control: A control which initiates the defrost cycle in the refrigeration cycle. 

Defrost Cycle: Part of the refrigeration cycle in which evaporator frost and ice 
accumulation is melted. The use of electric heat strips or hot gas is the most common 
form. The defrost cycle also flushes any oil that is trapped in the evaporator back to the 
compressor. There should be a minimum of four defrost cycles per 24 hours to help with oil 
return. 

Desiccant: A substance used in a drier to collect and hold moisture in a refrigeration 
system. Common desiccants are activated alumina and silica gel.

Desuperheat: The process of removing heat from superheated refrigerant. This is 
commonly done with a TXV or liquid line solenoid valve which injects liquid refrigerant into 
the compressor body for motor cooling.

Dew Point: Temperature at which vapor (at 100 percent humidity) begins to condense and 
deposit as liquid.

Differential: The temperature or pressure difference between cut-in and cut-out 
temperature or pressure of a control.

Direct Current - DC: Electric current in which the direction of the flow moves continuously 
in one direction. In a DC circuit, electrons emerge from the negative, or minus, pole and 
move towards the positive, or plus, pole. Nevertheless, physicists define DC as traveling 
from plus to minus.

Discharge Line: The high pressure, hot gas line coming out of the compressor.

Discus Valve: A hockey puck type discharge valve which minimizes refrigerant re-expansion 
volume common in reed valves. It is typically 10% more energy efficient than reed 
compressor technology. The geometry of a traditional reed compressor does not allow all 
the discharge gas to exit when the piston is at top dead center. This leads to re-expansion 
volume, which is especially prevalent in low temperature applications. The discus 
compressor valve minimizes the gap between the piston and the discharge valve, making 
re-expansion virtually zero. This results in the highest possible efficiency.

http://www.hvacrinfo.com/definitions.htm
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Drier: A component of the refrigeration system with a substance used to remove 
moisture from the system. The first two numbers of a drier represent the cubic inch and 
the last number represents 1/8 of an inch. For example, 163-S indicates a 16 cubic inch 
capacity and 3/8 sweat. Without the "S" would represent a flare drier.

Dry Bulb Temperature: Air temperature as indicated by an ordinary thermometer.

Dry Ice: Refrigeration substance made of solid carbon dioxide which changes directly 
from a solid to a gas (sublimates). Its subliming temperature is -109 F (-78 C).

Electricity The flow of electrons in a circuit. The speed of electricity is the speed of light 
(approximately 186,000 miles per second ). In a wire, it is slowed due to the resistance in 
the material. Its pressure, or force, is measured in "volts," and its flow, or current, is 
measured in "amperes" or simply "amps." The amount of work it produces is measured in 
"watts" (amps X volts).

Electrolysis: Movement of electricity through a substance which causes a chemical 
change in the substance or its container.

Electromotive Force - EMF: The term used to describe anything which behaves like an 
electrical pump. Batteries, generators, thermoelectric devices, solar cells, and 
piezoelectric crystals all do the same job in an electrical circuit: they pick conduction 
charges up at points of low potential energy and lift them up to high potential energy. If 
we imagine that current is positive charge in motion, then an emf pumps the current 
from low voltage up to high voltage. Unit of measurement is the volt.

Energy Efficiency Ratio - EER: The energy efficiency rating (EER) of an air conditioner is its 
BTU rating over its wattage. For example, if a 10,000-BTU air conditioner consumes 1,200 
watts, its EER is 8.3 (10,000 BTU/1,200 watts). You would like the EER to be as high as 
possible, but normally a higher EER is accompanied by a higher price.

Enthalpy: Enthalpy is a measure of heat in a substance. Scientists figure out the mass of a 
substance when it is under a constant pressure. Once they figure out the mass, they 
measure the internal energy of the system. All together, that energy is the enthalpy. They 
use the formula "H = U + PV." H is the enthalpy value, U is the amount of internal energy, 
and P and V are Pressure and Volume of the system. 
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Evaporator Pressure Regulator - EPR: An inlet pressure regulator which maintains a 
predetermined evaporator inlet pressure, regardless of sudden load or suction pressure 
changes. Commonly used on supermarket racks or multi-evaporator units maintaining 
different temperatures.

Evacuation: Removal of air and moisture from a refrigeration system. Blowing out lines 
with refrigerant will not remove trapped air or moisture in the system. Evacuation is the 
only means to remove contaminants in the system. Evacuating to 500 microns, or to the 
limits of the vacuum pump, is recommended.

Evaporation: Term applied to the changing of a liquid to a gas. Heat is absorbed in this 
process.

Evaporative Cooler: Alias, Swamp cooler. Nature's most efficient means of cooling is 
through the evaporation of water. Evaporative cooling works on the principle of heat 
absorption by moisture evaporation. The evaporative cooler draws exterior air into special 
pads soaked with water, where the air is cooled by evaporation, then circulated. 
Evaporative cooling is especially well suited where the air is hot and humidity is low.

Evaporator: A component of a refrigeration system in which saturated refrigerant absorbs 
heat and turns into a gas (superheated).

Expansion Valve - Automatic - AEV: The automatic expansion valve maintains a constant 
pressure in the evaporator by more or less flooding the evaporator surface, depending on 
the heat load of the cold chamber. The main disadvantage of this expansion valve is its 
relatively poor efficiency. It has been mainly used in applications where the cooling load is 
fairly constant and low evaporating pressures must be avoided. However, it is seldom used 
nowadays.

Expansion Valve - Balanced Port: In regular expansion valves the operating superheat 
varies due to an unbalance of pressure drop caused by changes of the head pressure 
and/or suction pressure. This unbalance can result in compressor flooding or evaporator 
starvation. The "Balanced Port" concept cancels the effect of this pressure unbalance, 
permitting the expansion valve to operate at a relatively constant superheat over a wide 
range of operation conditions.

Expansion Valve - Bi-Flow: This type TEV will meter refrigerant in either direction which 
makes it ideally suited for package heat pump applications. Bi-flow capability means 
reduced system complexity and resulting cost. (A single bi-flow TEV can replace 2 
conventional TEV's and 2 check valves).

Expansion Valve - Electric - EEV: This type of valve is controlled by an electronic circuit 
which is often designed to allow the valve to control some aspect of system operation in 
addition to superheat at the outlet of the evaporator. For example, evaporator discharge 
air temperature or water temperature from a chiller could be monitored by the EEV's 
controller.
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Expansion Valve - External Equalized: This type TEV senses the suction pressure at the 
outlet of the evaporator to control the metering of refrigerant. These valves are not 
affected by pressure drop across the evaporator, including the refrigerant distributors, and 
may be used for all refrigeration applications. The external equalizer type valve must be 
used on evaporators which use a refrigerant distributor. It provides no operational 
disadvantages with the respect to an internally equalized valve other than requiring an 
external equalizer be connected. An external equalizer does not provide some means of 
equalizing the high and low side pressures during the off cycle. A separate internal bleed 
hole is required. The equalizer connection on the valve, usually 1/4", must not be capped! 

Expansion Valve - Heat Pump: This type of expansion valve has a special power element 
charge. This charge assist the outside coil of air-to-air heat pumps using R-22 in providing 0 
degree superheat, or "wet gas", back to the windings of hermetic heat pump compressors 
during very low outdoor temperatures.

Expansion Valve - Internal Equalized: This type TEV senses the suction pressure at the 
valve outlet to control the metering of refrigerant. Internally equalized valves should be 
limited to single circuit evaporator coils having a pressure drop no greater than the 
equivalent of a 2 degree F saturated temperature change.

Expansion Valve - Pressure Limited - MOP: This type TEV has a power element charge that 
causes the TEV to close above a predetermined evaporator pressure, thereby restricting 
flow to the evaporator and limiting the maximum evaporator pressure at which the system 
can operate. It may not be used on conjunction with a crankcase pressure regulator CPR).

Expansion Valve - Thermostatic - TEV: The thermostatic expansion valve regulates 
refrigerant flow by maintaining a nearly constant superheat at the evaporator outlet. The 
effect of this type of regulation is, it allows the evaporator to remain as nearly fully active 
as possible under all load conditions.

Fahrenheit Scale: The Fahrenheit scale (°F) was the first widely used temperature scale. It 
was developed in the early 1700s by G. Daniel Fahrenheit. The zero point of the Fahrenheit 
scale is attained by mixing equal parts of water, ice, and salt. Fahrenheit set the number 32 
at the freezing point of water. He set the boiling point of water to 212 on his scale.

Fan Cycle Control: A control or device on an air cooled condenser which cycles the 
condenser fan(s) by means of pressure or temperature to maintain head pressure in low 
ambient conditions of 50 F or lower. This is required to control liquid refrigerant feed to 
the evaporator. The flow characteristics of expansion valves and capillary tubing are 
proportional to the pressure differential across them. Care must be taken when making 
adjustments to prevent short cycling. Short cycling is most likely to occur at ambient 
temperatures of 30 to 70 degrees F. Any fan cycle that is less than 5 minutes is considered 
short cycling. Fans should never cycle more than 10-12 cycles per hour. Short cycling is 
normally caused by too close a differential in the control setting. It is recommended that 
the lead fan, on multiple fan units, be wired to run continuously. If more control is 
required, add a flooded condenser control along with the fan cycling control. 
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FLA - Full Load Amps: Changed in 1976 to "RLA - Rated Load Amps".

Flash Gas: Instantaneous evaporation of some liquid refrigerant in the evaporator which 
cools the remaining liquid refrigerant to desired evaporation temperature.

Flash Point: The lowest temperature at which a liquid gives off enough vapor to ignite 
when a source of ignition is present.

Flood Back: The results of liquid refrigerant from the evaporator entering the compressor. 
This situation will damage the compressor if preventive measures are not taken.

Flooded System: Type of refrigeration system in which liquid refrigerant fills most of the 
evaporator.

Foaming: Formation of a foam in an oil-refrigerant mixture due to rapid evaporation of the 
refrigerant dissolved in the oil. This is most likely to occur when the compressor starts and 
the pressure is suddenly reduced in the crankcase. In most circumstances a pump down 
solenoid valve and a crankcase heater would help prevent this. Compressor wear will be 
accelerated if nothing is done.

Freezer Burn: Condition applied to food stored in a freezer that has not been properly 
wrapped and has become hard, dry and discolored.

Freeze Up: Formation of ice in the TXV or any other control device which stops the flow of 
refrigerant. This happens when there is moisture in the system. Another form of freeze up 
is when frost forms on the evaporator and stops the airflow. This second condition will 
cause flood back.

Frost Back: A condition in which liquid refrigerant may be flowing from the evaporator into 
the suction line. It's usually indicated by sweating or frosting of the suction line.

Fusible Plug: A hollow plug of fitting filled with a metal with a low melting temperature. It 
is commonly used on a liquid receiver as a safety device to release pressure in case of a 
fire.

Gas: Vapor phase or stage of a substance.

Gas, Noncondensable: Gas which will not form into a liquid under the operating pressure-
temperature conditions.
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Ground Wire: An electrical wire which will safely conduct electricity from a structure into 
the ground.

Halogens: Substance containing fluorine, chlorine, bromine and iodine.

HCFC: Acronym for Hydrochlorofluorocarbons which are halogenated compounds containing 
carbon, hydrogen, chlorine and fluorine. They have shorter atmospheric lifetimes than CFCs 
and deliver less reactive chlorine to the stratosphere where the "ozone layer" is found.

Head Pressure: The gauge pressure taken on a refrigeration system between the compressor 
discharge line and the metering device. The pressure may differ when measuring the liquid 
pressure verses the hot gas pressure. 

Head Pressure Control: A pressure operated control which opens an electrical circuit if the 
high side pressure rises above a desired setting.

Heat: Energy transferred from one body to another as the result of a difference in 
temperature. Heat flows from a hotter body to a colder body when the two bodies are 
brought together. This transfer of energy usually results in an increase in the temperature of 
the colder body and a decrease in that of the hotter body. A substance may absorb heat 
without an increase in temperature as it changes from one phase to another—that is, when 
it melts or boils. The distinction between heat (a form of energy) and temperature (a 
measure of the amount of energy) was clarified in the 19th century by such scientists as J.-B. 
Fourier, Gustav Kirchhoff, and Ludwig Boltzmann.

Heat Exchanger: Any of several devices that transfer heat from a hot to a cold fluid.

Heat of Fusion: Heat released from a substance to change it from a liquid state to a solid 
state. The heat of fusion of ice is 144 Btu per pound.

Heat of Respiration: Process of taking in air for oxygen and releasing it to dispose of carbon 
dioxide. Plants and vegetables produce this heat when stored in a cooler and this heat must 
be calculated in with the total Btu/h load.

Heat Load: Amount of heat, measured in Btu or watts, which is removed during a period of 
24 hours.

Heat Pump: A heat pump is a reversible A/C system that does mechanical work to extract 
heat from a cooler place and deliver heat to a warmer place. The heat delivered to the 
warmer place is, approximately, the sum of the original heat and the work done. Greater 
temperature differences between the warm and cold regions require greater amounts of 
work. In warm weather the heat pump acts like a traditional air conditioner, removing heat 
from the indoors and delivering heat to the outdoors. In cool weather, it removes heat from 
the outdoors and delivers heat to the indoors.
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Heat Transfer: Movement of heat from one body or substance to another. Heat 
may be transferred by radiation, conduction, convection or a combination of these 
three methods.

Hertz - Hz: Unit of frequency. The number of hertz (abbreviated Hz) equals the 
number of cycles per second. The frequency of any phenomenon with regular 
periodic variations can be expressed in hertz, but the term is used most frequently 
in connection with alternating electric currents. It is named for the German 
physicist Heinrich Hertz, born Feb. 22, 1857, died Jan. 1, 1894.

HFC: Acronym for Hydrofluorocarbon.

High Pressure Control: A pressure operated control which opens an electrical 
circuit if high side pressure becomes too high.

High Side: The part of a refrigeration system between the compressor discharge 
line and the metering device.

Horsepower: Common unit of power, the rate at which work is done. In the English 
system, one horsepower equals 33,000 foot-pounds of work per minute—that is, 
the power necessary to lift a total of 33,000 lbs a distance of one foot in one 
minute. This value was adopted by James Watt in the late 18th century after 
experiments with strong dray horses and is actually about 50% more than the rate 
an average horse can sustain for a working day.

Hot Gas Bypass: Basically, this is a regulator in a refrigeration system which 
bypasses hot gas entering the the condenser into the the suction line or the 
evaporator inlet, to prevent the compressor suction pressure from falling below a 
desired setting. This is used when the load varies over a wide range.

Humidity: The concentration of water vapor in the air.

IAQ: Indoor air quality.

Insulation: Any material that is a poor conductor of heat or electricity, and that is 
used to suppress the flow of heat or electricity. 
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Kelvin Scale: The Kelvin temperature scale (K) was developed by Lord Kelvin in the mid 
1800s. The zero point of this scale is equivalent to -273.16 °C on the Celsius scale. This 
zero point is considered the lowest possible temperature of anything in the universe. 
Therefore, the Kelvin scale is also known as the "absolute temperature scale". At the 
freezing point of water, the temperature of the Kelvin scale reads 273 K. At the boiling 
point of water, it reads 373 K.

Kilowatt: Unit of electrical power equal to 1000 watts.

King valve: Liquid receiver service valve. This valve may be a horizontal or, more 
commonly, a vertical type. 

Latent Heat: The heat given off or absorbed when a material melts or freezes, or boils or 
condenses. For example, when ice is heated, once the temperature reaches +32 F (0 C), it's 
temperature won't increase until all the ice is melted. The ice has to absorb heat in order 
to melt. But even though it's absorbing heat, it's temperature stays the same until all the 
ice has melted. The heat required to melt the ice is called the latent heat. The water will 
give off the same amount of latent heat when you freeze it.

Liquid Line: The line containing the high pressure, subcooled liquid refrigerant starting at 
the outlet of the condenser which continues to the inlet of the metering device.

Low Ambient Control: A control or device on an air cooled condenser which maintains 
head pressure in low ambient conditions of 50 F or lower, which is required to control 
liquid refrigerant feed to the evaporator. The flow characteristics of expansion valves and 
capillary tubing are proportional to the pressure differential across them. Commonly used 
controls are; fan cycling, flooded condenser valves, fan speed controls, power operated 
inlet air shutters or a water regulating valve on a water cooled system.

Low Pressure Control: A pressure operated control which opens an electrical circuit if the 
low side pressure falls below a desired setting.

Low Side: The part of a refrigeration system between the outlet of the metering device 
and the inlet of the compressor.

LRA - Locked Rotor Amps: It's the current you can expect under starting conditions when 
you apply full voltage. It occurs instantly during start up.

Maximum Fuse Size: 225% of RLA.

MBH Thousands of British Thermal Units (Btu). 82 MBH = 82,000 Btu. 
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MCC - Maximum Continuous Current: A motor protection value that is 156% of the 
established rated load current. Used to comply with U.L. and N.E.C. requirements 
that a motor compressor protection system will not permit a continuous current in 
excess of 156% of the rated load amps.

Megohm: A unit of resistance equal to one million ohms.

Metering Device: A metering device is installed at the inlet of the evaporator. It 
creates a pressure drop from the high side liquid refrigerant to the low side 
evaporator. The metering device can be an expansion valve, capillary tube, piston 
or even a manual valve.

Microfarad: The microfarad (symbolized µF) is a unit of capacitance, equivalent to 
1/1,000,000 farad (0.000001 (10 to the -6th power).

Micron Gauge: Instrument for measuring vacuums very close to a perfect vacuum.

Miscibility: Liquids that are capable of being mixed. In order for oil to return to the 
compressor properly, the oil and refrigerant must be miscible (dissolve) in each 
other.

Modulating: Type of device or control which tends to adjust by increments (minute 
changes) rather than by either "full on" or "full off" operation.

Moisture Indicator: A liquid line sight glass that has a visible indicator which 
changes color to determine the moisture content of the refrigerant.

Motor, Four Pole: A 1725 RPM motor. A four-pole motor operating on the bench 
under no-load conditions runs at 1,800 RPM. When the motor is loaded, the 
spinning magnetic field in the stator does not change speed. Instead, the rotor or 
moving part of the motor is restrained by the load from “catching up” to the field 
speed. The difference between the field speed of 1,800 RPM and the rotor speed 
of approximately 1,725 RPM is called the “slip.”

Motor, PSC: A "psc motor" stands for "permanent split capacitor motor." All single 
phase motors have a problem starting, unlike three-phase motors. A PSC motor has 
a run capacitor connected between the run and start windings of the motor. The 
run capacitor creates a "phase shift" which is all that's needed to achieve a little 
magnetic field rotation to start the rotor moving.
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Motor, Shaded Pole: These motors have only one main winding and no start 
winding. Starting is accomplished through a design that uses a copper ring around a 
small portion of each motor pole. This “shades” that portion of the pole, causing the 
magnetic field in the ringed area to lag the field in the non-ringed portion. The 
reaction of the two fields initiates rotation. Since it lacks a start winding, starting 
switch, or capacitor, the shaded pole motor is electrically very simple and 
inexpensive. Speed can be controlled by varying the voltage. These motors offer poor 
starting torque, typically 25 to 75 percent of rated load, and very low efficiency. 
These motors typically are up to 1/8 horsepower and have sleeve bearings.

Motor, Six Pole: A 1175 RPM Motor. A six-pole motor operating on the bench under 
no-load conditions runs at 1,200 RPM. When the motor is loaded, the spinning 
magnetic field in the stator does not change speed. Instead, the rotor or moving part 
of the motor is restrained by the load from “catching up” to the field speed. The 
difference between the field speed of 1,200 RPM and the rotor speed of 
approximately 1,175 RPM is called the “slip.”

Motor, Split Phase: The split phase motor is mostly used for "medium starting" 
applications. It has start and run windings, both are energized when the motor is 
started. When the motor reaches about 75% of its rated full load speed, the starting 
winding is disconnected by an automatic switch.

Motor, Two Pole: A 3450 RPM Motor. A two-pole motor operating on the bench 
under no-load conditions runs at 3,600 RPM. When the motor is loaded, the spinning 
magnetic field in the stator does not change speed. Instead, the rotor or moving part 
of the motor is restrained by the load from “catching up” to the field speed. The 
difference between the field speed of 3,600 RPM and the rotor speed of 
approximately 3,450 RPM is called the “slip.”

Motor Burnout: Condition in which the insulation on an electric motor has 
deteriorated due to overheating. If a compressor does burn out, the oil becomes 
extremely acidic. If all this acid is not removed when the compressor is replaced, the 
elevated acid levels will attack the new compressor and cause another compressor 
motor burn-out.

Mullion Evaporator Coil: An evaporator that mounts behind the frame member 
(mullion) between two doors. This type coil is a space saver and mounts vertically 
behind the mullion. This allows for more space for the shelves or drawers in an under 
counter reach in cooler.

Nonferrous: A group of metals and metal alloys which contain no iron.
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Ohm: A unit of measurement of electrical resistance. One ohm exists when one volt causes 
a flow on one ampere.

Ohm's Law: The relationship between the volt, the ampere and the ohm discovered by 
German physicist George Simon Ohm in 1827. It is stated as follows: E = I x R, Where E = 
volts, I = amps and R = ohms.

Oil Separator: A device used to remove oil from gaseous refrigerant and return it to the 
compressor.

Overload Protector: A device, usually temperature or current operated, which opens a 
circuit to stop the operation of unit if dangerous conditions arise.

Ozone: A nearly colorless (but faintly blue) gaseous form of oxygen, with a characteristic 
odor like chlorine. Ozone is found in trace quantities in the Earth's atmosphere at all times, 
primarily in the stratosphere between heights of about 7 and 33 miles (the ozonosphere or 
ozone shield) where its production results from photochemical processes involving 
ultraviolet radiation. Its maximum concentration occurs between 13 and 17 miles. In the 
lower atmosphere, ozone is commonly formed as a product of electrical discharges through 
the air.

Ozone Layer: A region of the upper atmosphere, between about 10 to 20 miles in altitude, 
containing a relatively high concentration of ozone that absorbs solar ultraviolet radiation in 
a wavelength range not screened by other atmospheric components. Also called 
ozonosphere.

Part Wind Start: Using two contactors to start a three phase motor.

Peltier Effect: In 1834 French scientist Jean Peltier noted that when an electrical current is 
applied across the junction of two dissimilar metals, heat is removed from one of the metals 
and transferred to the other. This is the basis of thermoelectric refrigeration.

Potential Relay: A device which opens or closes a circuit. It is made to open on high voltage 
and close on low voltage.

PSI: Acronym for "pounds per square inch".

PSIA: Acronym for "pounds per square inch absolute". Absolute pressure equals gauge 
pressure plus atmospheric pressure (14.7 psi).

PSIG: Acronym for "pounds per square inch gauge". The "G" indicates that it is gauge 
pressure and not absolute pressure.
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Psychrometer: Also called a hygrometer, an instrument for measuring the relative 
humidity of air.

Psychometric Chart: Shows the relationship between air volume, temperature, and 
relative humidity and is used to calculate specific humidity (gpp), dew point (wet 
bulb temp.), and vapor pressure.

Pump Down: The act closing off the liquid line, with a solenoid valve, when the 
thermostat is satisfied in a refrigeration system. The compressor then pumps the 
refrigerant into a receiver tank. It is important that a pump down be installed to 
prevent liquid refrigerant from trapping in the evaporator which may flood the 
compressor on start up or migrate to the compressor during the off cycle.

Radiant Heat: Transfer of heat by heat rays.

Receiver: A cylinder (tank) connected to the condenser outlet for storage of liquid 
refrigerant in the system.

Refrigerant: A refrigerant is a compound used in a heat cycle that undergoes a phase 
change from a gas to a liquid and back.

Refrigeration: The function of a refrigeration system is to remove heat from a place 
where it is not wanted (conditioned space) and reject it into another place where the 
heat is unobjectionable (outside the conditioned space). Refrigeration systems are 
closed systems; that is, they are sealed from the atmosphere.

Register: Combination grille and damper assembly covering an air opening or the 
end of an air duct.

Relative Humidity: Humidity is a state of (usually invisible) moisture in the air; 
relative humidity (RH) is the amount of moisture in a given volume of air as 
compared to the amount that it is capable of holding, and measured as a 
percentage; if the RH is 30 percent, that means the air is holding 30 percent of the 
moisture it is capable of holding; as air temperature increases, so does the air's 
capacity to hold moisture; if the air temperature rises and its moisture content 
(humidity) stays the same, then the relative humidity becomes a lower percentage; 
when the temperature inside a building is raised, as so often is the case in the winter, 
the RH indoors will drop; the only way to re-establish the proper RH is to add 
moisture to the air (the function of a humidity).

Relay: A type of electro magnetically operated device used for repeatedly 
establishing and interrupting an electrical power circuit. It is usually applied to 
devices controlling power below 5kW, whereas the term 'contactor' is ordinarily 
employed above 5kW. The terms are often used interchangeably.

Relay, Start: An electrical device which connects and/or disconnects the start 
windings of an electric motor.

http://www.hvacrinfo.com/definitions.htm



Unit 8:  
Terminology

Fundamentals of Refrigeration

Definitions

Refrigeration

127

Relief Valve: A safety device on a sealed system. It opens to release pressure when a 
dangerous pressure is reached.

Resistance: A material's opposition to the flow of electric current; measured in ohms. 

Reverse Cycle Defrost: Method of heating the evaporator for defrosting ice buildup. Valves 
move hot gas from the compressor into the evaporator. 

Reversing Valve: A component of a heat pump that reverses the refrigerant's direction of 
flow, allowing the heat pump to switch from cooling to heating or heating to cooling.

RLA: Acronym for "rated load amps". The maximum current a compressor should draw 
under any operating conditions. Often mistakenly called running load amps which leads 
people to believe, incorrectly, that the compressor should always pull these amps. You 
should never use the listed RLA to determine if the compressor is running properly or to 
condemn a compressor. The running amps of a compressor are determined by the 
evaporator temperature, condensing temperature and the line voltage.

Rotor: The rotating or turning part of a motor.

RPM: Acronym for "rounds per minute".

Run Time - Refrigeration Equipment: The amount of time a condensing unit is run per 
hour or per 24 hours. A cooler is normally sized for 16 hours and a freezer 18 hours.

Run Winding The electrical winding of a motor which has current flowing through it during 
the normal operation of the motor.

Saturated Refrigerant: The state of refrigerant when it is a combination of gas and liquid 
(bubbles) It will either condense or evaporate at this condition.

Seasonal Energy Efficiency Ratio - SEER: This is a rating system used to establish the 
efficiency level of cooling equipment. The higher the SEER rating, the less electricity the 
equipment uses and the more efficient it is. SEER is determined by dividing the cooling 
capacity, measured in BTU/h, of a continuously operating air conditioner by the electric 
power unit, measure in WATTs, of power consumed.
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Sensible Heat: The heat absorbed or transmitted by a substance during a change of 
temperature which is not accompanied by a change of state.

Service Valve: A manually operated valve mounted on a refrigeration system, 
normally the compressor, which is used for checking the pressures.

Service Factor: Service factor is a multiplier that is applied to the motor’s normal 
horsepower rating to indicate an increase in power output (or overload capacity) 
that the motor is capable of providing under certain conditions. Common values of 
service factor are 1.0, 1.15, and 1.25. 

Shell and Tube Condenser: This type of condenser consists of a shell (a large tube) 
with a series of small tubes inside it. Water flows through the tubes and refrigerant 
flows through the shell. Heat is transferred from the refrigerant to the water.

Short Cycling: A compressor that starts and stops more frequently than it should. 
The results of short cycling is usually a burned overload or defective start 
components. 

Sight Glass: An indicator with a glass window, normally installed in the liquid line, 
which indicates the presence of gas bubbles. Some styles have a visible indicator 
which changes color to determine the moisture content of the refrigerant.

Silica Gel: A substance used to collect and hold moisture in a refrigeration system.

Single Phase: Producing, carrying, or powered by a single alternating voltage.

Sling Psychrometer: The simplest hygrometer - a sling psychrometer - consists of 
two thermometers mounted together with a handle attached on a chain. One 
thermometer is ordinary. The other has a cloth wick over its bulb and is called a 
wet-bulb thermometer. When a reading is to be taken, the wick is first dipped in 
water and then the instrument is whirled around. During the whirling, the water 
evaporates from the wick, cooling the wet-bulb thermometer. Then the 
temperatures of both thermometers are read. If the surrounding air is dry, more 
moisture evaporates from the wick, cooling the wet-bulb thermometer more so 
there is a greater difference between the temperatures of the two thermometers. If 
the surrounding air is holding as much moisture as possible - if the relative humidity 
is 100% - there is no difference between the two temperatures. A chart is then used 
to check the differences for each degree of temperature so that the observer can 
find relative humidity easily.
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Slugging: Liquid slugging is a condition which occurs when liquid 
refrigerant is allowed to enter the compressor cylinders. This could be the 
results of flood back during the run cycle or migration during the off cycle.

Solenoid Valve: An electromechanical valve (for use with liquid or gas) 
controlled by running (or stopping) an electrical current through a 
solenoid coil, which either closes or opens the valve. The most common 
use is when a normally closed valve is used on the liquid line for pump 
down.

Specific Gravity: The weight of a substance compared with the weight of 
an equal volume of pure water at 39 degrees Fahrenheit.

Specific Heat: The quantity of heat, expressed in Btu, required to raise the 
temperature of 1 lb of a substance 1°F.

Split System: A refrigeration or A/C system which places the condensing 
unit outside or away from the evaporator.

Start Winding: The electrical winding of a motor which has current 
flowing through it briefly while the motor is starting.

Stator: The stationary part of an electric motor.

Steam: Water in the vapor state, as when you boil water.

Subcooled Refrigerant: Cooling of liquid refrigerant below its condensing 
temperature. 

Sub cooler: A component of a refrigeration system or a section of the 
condenser in which the temperature of the condensed refrigerant liquid is 
reduced. This improves the energy efficiency.

Sublimation: The condition where a substance changes from solid to a gas 
without becoming a liquid, dry ice for example.

Suction Line: The low pressure refrigerant gas line between the outlet of 
the evaporator and the inlet of the compressor. 

http://www.hvacrinfo.com/definitions.htm
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Superheat: The term used to describe the difference between the vapor point (ie. 
taking suction pressure and converting it to temperature using a pressure 
temperature chart) and the actual temperature of the refrigerant exiting the 
evaporator coil.

Superheated Refrigerant: The temperature of refrigerant vapor above its boiling 
point as a liquid for that refrigerant. For example; Any increase in temperature of 
steam above it’s boiling point (212 degrees) is called “superheat”. Steam at 220 
degrees F is superheated by 8 degrees F.

Swamp Cooler: Slang name for an evaporative cooler. Nature's most efficient 
means of cooling is through the evaporation of water. Evaporative cooling works on 
the principle of heat absorption by moisture evaporation. The evaporative cooler 
draws exterior air into special pads soaked with water, where the air is cooled by 
evaporation, then circulated. Evaporative cooling is especially well suited where the 
air is hot and humidity is low.

TD: Temperature difference.

Temperature: Temperature is the property that gives physical meaning to the 
concept of heat. If an object is cold, we say it has a low temperature. If it is hot, we 
say it has a high temperature. It can also be observed that if a hot poker is plunged 
into cold water, the poker becomes cooler and the water becomes warmer. This 
means that the hot body gives up some of its heat to the cold body.

TEV: Acronym for "thermostatic expansion valve" which regulates refrigerant flow 
by maintaining a nearly constant superheat at the evaporator outlet. The effect of 
this type of regulation is, it allows the evaporator to remain as nearly fully active as 
possible under all load conditions.

Thermistor: A resistor whose resistance changes with temperature. Because of the 
known dependence of resistance on temperature, the resistor can be used as a 
temperature sensor.

Thermocouple: Two dissimilar metals connected at a point, that produce an 
electrical current when heated.

Thermodisk: A thermodisk is a temperature sensing device. When heat is applied 
to the disk, a bi-metal plate will bend. This will either make or break an electrical 
flow.

http://www.hvacrinfo.com/definitions.htm



Unit 8:  
Terminology

Fundamentals of Refrigeration

Definitions

Refrigeration

131

Thermodynamics: In general, the relationships between heat and other properties such as 
temperature, pressure, density, etc.

Thermoelectric Refrigeration: In 1834 French scientist Jean Peltier noted that when an 
electrical current is applied across the junction of two dissimilar metals, heat is removed 
from one of the metals and transferred to the other. This is the basis of thermoelectric 
refrigeration. Thermoelectric refrigeration uses a cold junction, a heat sink and a DC power 
source. The refrigerant in both liquid and vapor form is replaced by two dissimilar 
conductors. The cold junction (evaporator surface) becomes cold through absorption of 
energy by the electrons as they pass from one semiconductor to another, instead of energy 
absorption by the refrigerant as it changes from liquid to vapor. The compressor is replaced 
by a DC power source which pumps the electrons from one semiconductor to another. A 
heat sink replaces the conventional condenser fins, discharging the accumulated heat 
energy from the system. A thermoelectric cooling system refrigerates without use of of
mechanical devices, except perhaps in the auxiliary sense, and without refrigerant.

Thermostat: A device used to switch electrical current at a selectable set point 
temperature.

Three Phase: Producing, carrying, or powered by a three electrical circuits.

Ton of Refrigeration: Refrigeration effect equal to the melting of 1 ton of ice in 24 hours. 
This may be expressed as 12,000 Btu/24 hour.

Transducer: Any device that converts one form of energy into another form of energy, 
specifically when one of the quantities is electrical. Thus, a loudspeaker converts electrical 
impulses into sound (mechanical impulses), a microphone converts sound into electrical 
impulses, a solar cell converts light into electricity, etc.

Transformer: An electrical device that either raises or lowers the voltage of electricity.

Transformer, Buck and Boost: An electrical device that raises the voltage of electricity.

Transistor: Transistors are tiny electrical devices that can be found in everything from 
radios to robots. They have two key properties: 1) they can amplify an electrical signal and 
2) they can switch on and off, letting current through or blocking it as necessary.

Tube in Tube Condenser: A water cooled condensing unit in which a small tube is placed 
inside a larger tube. Refrigerant passes through the outer tube and water through the 
inner tube, usually in a counter flow way which produces a better heat transfer.

TXV: A common slang term, used in the refrigeration industry, for a thermostatic expansion 
valve.

http://www.hvacrinfo.com/definitions.htm
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Ultraviolet: The invisible rays of the spectrum of light which are at 
its violet end. Sometimes abbreviated UV.

Vacuum: Vacuum is a pressure lower than atmospheric, except in 
outer space. Vacuums occur only in closed systems.

Valve Platea plate containing the suction and discharge valves that 
is mounted between the head and deck of a semi hermetic 
compressor.

Vapor: The gaseous form of any substance.

Vapor Barrier: A material with a high resistance to vapor 
movement, such as foil, plastic film, or specially coated paper, that 
is used to control condensation or prevent migration of moisture.

Vapor Lock: Rapid formation of vapor in lines, that causes a 
restriction in flow. Vapor formation begins to occur in lines when 
the medium reaches a temperature where the vapor pressure of 
the medium is equal to the pressure in the system.

Velocity: An object's speed and direction of motion.

Voltage: Electrical pressure which causes current to flow.

Volt: Basic unit of electrical potential. One volt is the force required 
to send one ampere of electrical current through a resistance of 
one ohm.

http://www.hvacrinfo.com/definitions.htm
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Water valve: A manual or electrical operated valve which provides a flow of water.

Watt: A watt is a unit of power equal to one joule of energy per second. The watt 
was named for the Scottish engineer and inventor James Watt (1736-1819).

Wax: An ingredient in some lubricating oils which may separate from the oil if 
cooled enough.

Wet Bulb: A device used in measuring relative humidity. Evaporation of moisture 
lowers the temperature of wet bulb compared to dry bulb temperature of the same 
air sample.

Wet Bulb Temperature: The lowest temperature that can be obtained by 
evaporating water into the air at constant pressure. Wet bulb temperatures can be 
used along with the dry bulb temperature to calculate dew point or relative 
humidity.

http://www.hvacrinfo.com/definitions.htm
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Calculate superheat on a unit

Calculate Subcooling on a unit

Charge a unit with refrigerant

Braze a copper line

Recover refrigerant using a recovery machine

Purge a system with a vacuum pump

Use refrigerant scales

Change a condenser fan motor

Change an evaporator fan motor

Straighten a fan blade

Check voltage at a wall outlet

Check voltage at a circuit breaker

Perform lock-out tag-out on a unit

Find a service manual for a unit on the internet

Look up parts for a unit

Check amperage on a unit

Identify a recovery cylinder

Light a propane torch

Operate an oxy-acetylene torch

Identify copper fittings

Swage copper tubing

Flare copper tubing
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www.khanacademy.com

www.danfoss.com

www.yellowjacket.com

www.graycoolingman.com

www.engineeringtoolbox.com

www.achrnews.com

www.refrigerants.com

www.epatest.com

www.escogroup.org

www.hvactrainingsolutions.com
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What is fluid power?
A fluid power system is any system that uses a 
liquid or a gas to transmit energy throughout the 
system.

Hydraulics
Hydraulic systems use fluid like oil to transmit 
energy to accomplish some sort of work. 

Pneumatics
Pneumatic systems use air or gas to transmit 
energy to accomplish some sort of work. 

The earliest fluid used was water hence the name 
hydraulics was applied to systems using liquids.
In modern terminology, hydraulics implies a circuit 
using mineral oil and pneumatics implies a circuit 
using air.

Typically fluid is thought of as a liquid but gas is 
also considered to be a fluid so the category of 
fluid power includes Hydraulics (which uses liquid 
as its medium) and pneumatics (which uses gas or 
air as its medium).

Some applications of hydraulics:
• Earth moving equipment
• Forklifts
• Vehicle lifts
• Cardboard bailers

Some applications of pneumatics:
• Air tools
• Props
• Robotics
• Syrup pumps
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Pascal’s law is a principle that pertains to hydraulic 
systems. It applies when a confined fluid is under 
pressure and when it is in a hydrostatic condition 
(not moving). 

Pascal’s law states:
“The pressure exerted in a confined fluid is 
transmitted undiminished in all directions and 
acts at right angles to the containing surfaces.

The shape of the container the confined fluid is in 
does not matter. Liquids will transmit pressure 
throughout the liquid, regardless of the shape of 
the container. A force therefore can be applied 
wherever you want it. The force can be multiplied 
according the area of the pistons used to push 
down on the water.
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In hydraulics and pneumatics, actuators convert the fluid power from the pump or air 
compressor into mechanical work. In mobile fluid power systems, actuators can be 
grouped as cylinders and motors. A fluid power cylinder is a linear actuator; a fluid 
power motor is a rotary actuator.

An actuating cylinder is a device that converts fluid power to linear motion, or straight-
line force and motion. Since linear motion is a back-and-forth motion along a straight 
line, this type of actuator is sometimes referred to as reciprocating. The cylinder 
consists of a ram or piston operating within a cylindrical bore. Actuating cylinders may 
be installed so that the cylinder is anchored to a stationary structure and the ram or 
piston is attached to the mechanism to be operated, or the piston or ram may be 
anchored to the stationary structure and the cylinder attached to the mechanism to be 
operated.

Cylinders
The terms ram and piston are often used interchangeably. However, a ram-type 
cylinder is usually considered one in which the cross-sectional area of the piston is 
more than one half of the cross-sectional area of the movable element. In most 
actuating cylinders of this type, the rod and the movable element have equal areas. 
This type of movable element is frequently referred to as a plunger. The most common 
ram-type cylinders are the single- and the double-acting.

The ram-type actuator is primarily used to push rather than pull. Some applications 
require simply a flat surface on the external part of the ram for pushing or lifting the 
unit to be operated. Other applications require some mechanical means of 
attachment, such as a clevis or eyebolt. The design of ram-type cylinders varies in 
many other respects to satisfy the requirements of different applications.

Free-ed.net

Single-acting piston type cylinder.
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Double-acting piston type cylinder.

The piston-type cylinder has an actuating cylinder in which the cross-sectional area 

of the piston is less than one half of the cross-sectional area of the movable 

element. This type of cylinder is normally used for applications that require both 

push and pull functions. The piston-type cylinder is the most common type used in 

fluid power systems.

The essential parts of a piston-type cylinder are a cylindrical barrel, a piston and rod, 

end caps, and suitable seals. The end caps are attached to the end of the barrel. 

These end caps usually contain fluid ports. The end cap on the rod end contains a 

hole for the piston rod to pass through. Suitable seals are used between the hole 

and the piston rod to keep fluid from leaking out and to keep dirt and other 

contaminants from entering the barrel. The opposite end cap of most cylinders is 

provided with a fitting for securing the actuating cylinder to some structure. This end 

cap is referred to as the anchor end cap.

The piston rod may extend through either or both ends of the cylinder. The extended 

end of the rod is normally threaded so that some type of mechanical connector, such 

as an eyebolt or clevis, and locknut can be attached. This threaded connection 

provides for adjustment between the rod and the unit to be actuated. After the 

correct adjustment is made, the locknut is tightened against the connector to prevent 

the connector from turning. The other end of the connector is attached to, either 

directly or through additional mechanical linkage, the unit to be actuated.
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Summary of the principles of fluid power

1. Pressure is transmitted throughout a liquid.

2. A force may be applied anywhere to the liquid.

3. All hydraulic systems use a small master piston and a large slave piston.

4. A small force is used to create a very big force.

5. The small master piston is used to apply a force.

6. The slave piston is always bigger than the master piston.

7. The larger slave piston will multiply the original force put on the master piston.
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There are various safety 
hazards associated with 
hydraulic systems. It is critical 
to be aware of these hazard 
and be trained on how to 
safely use hydraulic 
equipment. Some hydraulic 
safety hazards include:

• Fluid injection injuries
• Burns from hot fluid
• Slips and falls from leaking 

equipment
• Noise hazards
• Eye hazards
• Skin hazards
• Fire hazards
• Physical crush hazards
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Fluid injection injuries are 
extremely dangerous because 
the don’t appear to be a problem 
at first. However is the injury is 
not treated immediately, the 
result can be devastating.

If toxic hydraulic fluid is 
accidentally injected into the 
human body (e.g. technician was 
feeling a pressurized line to 
check for a pinhole leak), it will 
start to poison the person from 
within.

Never check for a leak in a 
pressurized hose with your hand. 
Use a piece of wood, cardboard, 
or metal and run along the line 
you suspect of leaking.
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There are five basic components to 
any hydraulic system. These 
components are:

• Power Unit – The power device is 
the pump that provides fluid flow 
through the system.

• Control Device – Control devices 
control the fluid direction and 
flow in various parts of the 
system.

• Actuators – Actuators do the 
work in the hydraulic system. 
Actuators types include cylinders 
and motors.

• Conductors – Conductors are the 
hoses that connect the 
components.

• Fluid – Fluid is the liquid that 
flows through the conductors of 
the system. 
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Hydraulic Power Unit

Hydraulic Motor

Hydraulic Fluid Reservoir
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The hydraulic power unit consists of the components needed to pump fluid through the 
system. It consists of a reservoir to hold the fluid. A pump to pump the fluid out (one side of 
the pump sucks the fluid to the pump and the other side of the pump pushes the fluid 
through the system). The suction line has a suction line filter on it to filter the fluid from the 
reservoir before it goes through the pump. The pump is driven by what is called a Prime 
Mover. A prime mover can be an electric motor or a gasoline engine.

Motor 
Capacitor

Return Line

Electric 
Motor

Reservoir

Pressure Relief Valve

Filler / 
Breather 
Cap

Pressure 
Gauge

Supply line

Photo credit: wisc-online.com
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A properly constructed reservoir is more than just a tank to hold oil until the system 
demands fluid. It should also be capable of the following:
•Dissipating heat from the fluid.
•Separating air from the oil.
•Settling out contamination in the oil.

Ideally, the reservoir should be high and narrow rather than shallow and broad. The oil 
level should be as high as possible above the opening to the pump suction line. This 
condition prevents the vacuum at the line opening from causing a vortex or whirlpool 
effect. Anytime you see a whirlpool at the suction line opening, the system is taking in air.

As a rule of thumb, the reservoir level should be two to three times the pump output per 
minute. By this rule which works well for stationary machinery, a 20-gallon per minute 
(gpm) system would require a 40- or 60-gpm reservoir. However, this is not possible for 
mobile equipment. You are more likely to find a 20- or 30-gallon tank to support a 100-
gpm system. This is possible because mobile systems operate intermittently rather than all 
the time. The largest reservoirs are on mobile equipment. These reservoirs may have a 40-
or 50-gallon capacity, capable of handling more than 200-gpm output.

G.P.M = Gallons Per Minute
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The reservoir must be sized to ensure there is a 
reserve of oil with all the cylinders in the system 
fully extended. The reserve must be high enough 
to prevent a whirlpool at the suction line 
opening. Also, there must be enough space to 
hold all the oil when the cylinders retract with 
some space to spare for expansion of hot oil.

An air vent allows the air to be drawn in and 
pushed out of the reservoir by the ever- changing 
fluid level. An air filter is attached to the air vent 
to prevent drawing atmospheric dust into the 
system by the ever changing fluid level. A firmly 
secured filling strainer of fine mesh wire is always 
placed below the filler cap.

The sight gauge is provided so the normal fluid 
level can always be seen, as it is essential that the 
fluid in the reservoir be at the correct level. The 
baffle plate segregates the outlet fluid from the 
inlet fluid. Although not a total segregation, it 
does allow time to dissipate the air bubbles, 
lessen the fluid turbulence (contaminants settle 
out of non-turbulent fluid), and cool the return 
fluid somewhat before it is picked up by the 
pump.

Reservoirs may vary considerably from that 
shown, however, manufacturers retain many of 
the noted features as possible depending on 
design limits and use.

Free-ed.net

Filler / Breather Cap

Liquid Level Gauge

Hydraulic Fluid Reservoir
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Simple, direct-acting 
relief valve has no 
adjusting screw and 
therefore opens at a 
fixed, pre-set pressure 
as controlled by setting 
the compression spring.

Adjustable, direct-acting 
relief valve blocks flow 
through the valve until 
the force of system 
pressure on the poppet 
overcomes the 
adjustable spring force 
and downstream 
pressure.

Nfiautomation.org
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Being able to monitor the 
pressure at different points in a 
hydraulic system can be 
advantageous, especially when it 
comes to troubleshooting a 
system. A pressure gauge is a 
device use to display system 
pressures in a system.
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Purpose
Being able to monitor the pressure at 
different points in a hydraulic system can 
be advantageous, especially when it 
comes to troubleshooting a system. 

What is a pressure gauge?
A pressure gauge is a device use to 
display system pressures in a system.
Pressure Gauges are used throughout 
hydraulic systems to indicate system 
pressures. 

Units of measurement
Pressure gauges indicate pressure in units 
of psi (pounds per square inch), pa 
(Pascal), and bar.

The Bourdon Tube Gauge
The Bourdon tube pressure gauge is one 
of the most common gauge types.
The components of the Bourdon tube 
gauge include the gauge body, faceplate, 
cover, Bourdon tube, pointer (indicator 
needle), pinion, sector, and link.

Bourdon Tube Gauge Operation
When pressure enters the bottom of the 
Bourdon tube, the tube tries to straighten 
out. When this happens, the link attached 
to the tube moves the sector, which in 
turn moves the pinion. The pointer is 
attached to the pinion so when the pinion 
moves, the pointer moves and indicates 
the pressure in the system.
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Normally, pressure gauges read in psi 
(with no additional letter). Commonly 
called gauge pressure, psi disregards the 
earth's atmospheric pressure of 14.7 psia, 
because it has no effect either negative or 
positive on a fluid power circuit. The a on 
the end of psia stands for absolute, and 
would be shown on a gauge with a 
pointer that never goes to zero unless it is 
measuring vacuum. Another type of 
gauge that shows both negative and 
positive pressures would have a pointer 
with an inches-of-mercury (in. Hg) scale 
below zero and a psig scale above zero. 
Both of these gauges could read pressure 
or vacuum. 
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A typical psig gauge and one type of psia gauge.

Notes:__________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
________________________________________________
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The main purpose of the fluid in any 
system is to transmit energy. It also 
lubricates the stem, provides a seal 
between moving parts, and transfers 
heat from the system.
Electric, internal combustion, steam 
powered, or other prime movers drive a 
pump that sends oil through lines to 
valves that control actuators. 
The fluid in these lines must transmit the 
prime movers energy to the actuator so it 
can perform work.
The fluid must flow easily to reduce 
power losses and make the circuit 
respond quickly. A hydraulic system 
circulates the same fluid repeatedly from 
a fixed reservoir that is part of the prime 
mover.
The fluid is an almost non-compressible 
liquid, so the actuators it drives can be 
controlled to very accurate positions, 
speeds, or forces.
Most hydraulic systems use mineral oil 
for the operating media but other fluids 
such as water, ethylene glycol, or 
synthetic types are not uncommon. 
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Types of Flow
Viscosity is a measure of a fluids thickness or 
ability to flow. 

High Viscosity
Fluids that are thick and flow with difficulty have 
high viscosity. Sometimes high viscosity is caused 
by the fluid being cold. This causes the fluid to 
thicken up and slows down the flow.

Low Viscosity
Fluid that are thin and flow easily have low 
viscosity. Sometimes low viscosity is caused by 
the fluid being too hot. This causes the fluid to 
become thinner allowing it to flow better. If fluid 
is too thin, it may seep past seals and O-rings and 
cause leaking issues.
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Hydraulic pumps are used in hydraulic drive 
systems and can be hydrostatic or hydrodynamic. 
A hydraulic pump is a mechanical source of power 
that converts mechanical power into hydraulic 
energy (hydrostatic energy i.e. flow, pressure). It 
generates flow with enough power to overcome 
pressure induced by the load at the pump outlet. 
When a hydraulic pump operates, it creates a 
vacuum at the pump inlet, which forces liquid 
from the reservoir into the inlet line to the pump 
and by mechanical action delivers this liquid to 
the pump outlet and forces it into the hydraulic 
system. Hydrostatic pumps are positive 
displacement pumps while hydrodynamic pumps 
can be fixed displacement pumps, in which the 
displacement (flow through the pump per 
rotation of the pump) cannot be adjusted, or 
variable displacement pumps, which have a more 
complicated construction that allows the 
displacement to be adjusted. Although, 
hydrodynamic pumps are more frequent in day-
to-day life. Hydrostatics pump which are of 
various types works on the principle of Pascal's 
law. It states that the increase in pressure at one 
point of the enclosed liquid in equilibrium of rest 
is transmitted equally to all other points of the 
liquid, unless the effect of gravity is neglected.(in 
case of statics)

Photo credit: Wikimedia.org
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There are places on many machines where rigid 
pipe or tubing cannot be used because of their 
inflexibility. 
Rigid lines can cause problems at cylinders with 
pivot mountings, pumps on noise-isolation 
mounts, or connections between separate units. 
Hose avoids these problems. However, wholesale 
use of hose in place of rigid lines it is not 
generally recommended. 
Hose is expensive, must be replaced on a regular 
basis, and flexes and stretches under pressure 
surges. 
This flexing produces extra volume and adds to 
cycle time. 

Safety Rules When Working with Hydraulic 
Hoses
First: never go under the manufacturers 
recommendation for minimum bend radius.
Second: don't use hose above its rated working 
pressure.
Third: avoid operating at temperatures above the 
rating of the hose.
Fourth: don't install hose where it must twist 
during each cycle or make it operate in a twist 
because of poor tightening procedures.

Notes: 
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While most common injuries may 
be just a result of slip and fall, 
three more serious dangers exist:
• burns from hot hydraulic fluid 

spray, 
• injuries sustained from falling 

or whipping hydraulic lines 
• injection of hydraulic fluid into 

the skin.

A pinhole leak in your hydraulic 
hose can release hydraulic fluid 
with enough pressure to 
penetrate both clothing and 
skin?

Employees can become 
complacent around hydraulic 
systems and that is when 
mistakes are made, maintenance 
is neglected and injuries occur. 
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Quick Connect Fittings
Quick connect fittings are fittings used in a 
hydraulic system that allow quick connecting and 
disconnecting of hydraulic hoses. Quick connect 
fittings have check valves in them that prevent the 
fluid from escaping the hose when the hose is 
disconnected.

Tee Fittings
Tee fittings are used when the supply line needs 
to branch off in two different directions.

Cross Fittings
Cross fittings are used when the supply line needs 
to branch off in three different directions.
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Flow control valves, 
sometimes called  “needle” 
valves are used to control 
the speed of actuators by 
creating a restriction in the 
line. They have an 
adjustment screw that can 
be screwed in or out to 
adjust the opening that the 
fluid is flow through. The 
basic concept is, you can 
control the speed of the 
cylinder or motor by 
controlling the flow of fluid 
into the cylinder or motor.
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Hydraulic cylinders use fluid pressure to produce a 
linear mechanical motion. Inside the cylinder is a 
piston with a rod attached to it. The side of the 
cylinder with the rod extending out of it is called 
the rod end. The other side of the cylinder is 
called the cap end. Cylinders have two ports on 
them that fluid can enter the cylinder through. 
One port is on the rod end and the other is on the 
cap end. When fluid enters the rod end, it pushes 
on the piston and causes the rod to retract. As the 
rod is retracting, the fluid on the cap end leaves 
the cylinder and is returned back to the tank. 
When fluid enters the cap end port, it pushes on 
the cylinder and the rod extend. As the rod is 
extending the fluid that was on the rod end exits 
the rod end port and is returned to the tank.
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Hydraulic Motor

Motors

A hydraulic motor is a device that converts fluid 

power energy to rotary motion and force. The 

function of a motor is opposite that of a pump; 

oil under pressure is forced in and spilled out, 

converting fluid force into mechanical force. 

However, the design and operation of motors 

are very similar to pumps.

Motors have many uses in fluid power systems. 

In hydraulic power drives, pumps and motors 

are combined with suitable lines and valves to 

form hydraulic transmissions.

Fluid motors may either be fixed or variable 

displacement. Fixed-displacement motors 

provide constant torque and variable speed. 

Controlling the amount of input flow varies the 

speed. Variable displacement motors are 

constructed so that the working relationship of 

the internal parts can be varied to change 

displacement. The majority of the motors used 

in fluid power systems are the fixed-

displacement type.

Pneumatic Motor
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Locate and identify the following 
components on a hydraulic 
system:

 Reservoir
 Liquid Level Gauge
 Filler / Breather Cap
 Start / Stop Switch
 Motor
 Directional Control Valve
 Relief Valve
 Actuator(s)
 Supply Line
 Return Line
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Maintenance of a hydraulic system that is properly 

operated and cared for is a routine task. Maintenance 

usually consists of changing or cleaning filters and 

strainers, and occasionally adding or changing the fluid 

in the system. However, overheating, excessive 

pressure, and contamination can damage an improperly 

operated system.

Proper maintenance reduces your hydraulic troubles. By 

caring for the system using a regular maintenance 

program, you can eliminate common problems and 

anticipate special ones. These problems can be 

corrected before a breakdown occurs.

When you work on a hydraulic system, make 

cleanliness a priority. Dirt and metal particles can score 

valves, seize pumps, and clog orifices, resulting in 

major repair work

.

Oil and Filter Changes

Despite all the precautions you take when working on 

the hydraulic system, some contaminates will get into 

the system anyway. Good hydraulic oils will hold 

contaminates in suspension, and the filters will collect 

them as oil passes through. Good hydraulic oil contains 

additives that work to keep contaminants from 

damaging or plugging the system. However, these 

additives lose their effectiveness after an extended 

period of time; therefore, oil changes at the 

recommended intervals can ensure that contamination 

is held to a minimum. Changing the oil at its 

recommended interval ensures that the additives will do 

their job.

Regular filter changes ensure solid particles are 

removed from the system. Change the filters more often 

under adverse operating conditions. When changing 

them, thoroughly clean the filter housing before 

installing a new filter. Remember to add enough fluid to 

compensate for any fluid lost in filter replacement.

Hydraulic Fluid Filters
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Cleaning and Flushing the System and Reservoir

Cleaning and flushing the system should be performed 

based on the manufacturer’s recommendation or when 

the system is known to be contaminated. The nature and 

amount of deposits in a particular system may vary 

widely. Inspection of the system may show any condition 

between a sticky, oily film and a hard, solid deposit (gum 

or lacquer formation) which completely chokes off the 

system. If you drain the system periodically according to 

the manufacturer’s recommendations, the formation of 

gum and lacquer will be greatly reduced.

If there is no gum or lacquer formation suspected, clean 

the system as follows:

•Drain the system completely.

•After draining, clean any sediment from the reservoir, 

and replace the filter elements.

If flushing is required because the oil is badly 

contaminated, clean and flush the system as follows:

•Drain the system completely.

•Refill the system with the recommended hydraulic oil for 

the system involved.

•Operate the equipment to cycle the flushing oil through 

the system. 

Ensure that all valves are operated so that the new oil 

goes through the lines.

The time necessary to clean the system will vary, 

depending on the condition of the equipment, 4 to 48 

hours usually being sufficient for most systems.(Drain out 

the flushing oil, replace the filters, and refill the system 

with clean hydraulic oil of the recommended type.) If 

gums or lacquer has formed on working parts and the 

parts are sticking, remove the affected parts and clean 

them thoroughly. Consult the manufacturer’s manual for 

proper procedures before removing and cleaning any 

parts.
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Moisture Contamination
Aside from particle contamination, water is the second most insidious contaminant found in 
hydraulics. Present in most fluids even in the most pristine environments, water can 
increase failure rates 10-20 fold depending on circumstance. Water causes problems in a 
number of ways: first, any iron or steel surface in contact with water will start to rust. This 
can induce premature failure due to corrosion, as well as introduce rust particles into the 
fluid. Second, water is very different to most hydraulic fluids in that changes in pressure and 
temperature can readily induce a phase change. While water may be a liquid under 
atmospheric pressure inside the reservoir, on the suction side of a hydraulic pump the 
lower pressure can cause water to vaporize even at relatively low temperatures. These 
vapor-filled bubbles will continue to grow until they reach an area of high pressure (e.g. on 
the discharge side of the pump) when the bubble suddenly and violently collapses. The 
intense pressures generated by such microscopic implosion events can cause damage to 
pumps and valves—an effect referred to as “vaporous cavitation.”2 Water also helps pull oil 
degradation byproducts out of solution, which can cause sticky-resinous deposits to form. 
When these deposits accumulate in the clearances of valves, they can cause small particles 
to become trapped, further increasing the system’s sensitivity to particle contamination.

So how much water is too much? To a large extent the answer depends on the type, the age 
of the fluid, and the operating temperature. The reason for this lies in the form that water 
takes in lubricants and hydraulic fluids. Most fluids will hold a certain amount of water in 
the dissolved phase. For the most part, as long as the water remains dissolved, cavitation 
and corrosion will not occur. However, as soon the water comes out of solution and 
becomes free or emulsified, water becomes a very real concern. While highly temperature 
dependent, the saturation point of most conventional hydraulic fluids—the point at which 
water starts to come out of solution—is in the 100-200 ppm range (0.01-0.02%). Below 
these levels, most hydraulic systems should be relatively free of water-induced failures.
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A hydraulic schematic is a diagram that is used to identify the 
components of a hydraulic system and identify how the 
system is designed.
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DCV symbols have boxes with arrows in them called 
envelopes. Each envelope represents what happens when 
the operator is put in the position the envelope represents.
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Some common applications for pneumatic equipment 
include:
• Moving objects
• Holding objects
• Forming objects
• Manufacturing processes
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One application of pneumatics in commercial cooking equipment is in the Arch Fry 
Dispenser. The Arch Fry Dispenser is a compact automated system that replaces manual 
basketing of Fries and the equipment that goes with it. The Arch Fry Dispenser 
automatically weighs 1 pound or 1.5 pound, loads of frozen French Fries and dispenses 
them into the Fry Baskets. The Arch Fry Dispenser's Hopper 42 lbs. of frozen fries prior to 
Basket Loading. A rotating Dispenser Drum inside the Hopper transfers the frozen fries onto 
the Accumulator Doors where an electronic Load Cell accurately weighs the French Fries. 
Empty Fry Baskets are placed on the Upper Guide. The Fry Baskets slide under the 
Accumulator Doors where French Fries are dispensed into them. The Basket Lift then lowers 
the filled Fry Baskets onto the Lower Guide where the Fry Baskets wait to be picked up by a 
crew person. The Arch Fry Dispenser is usually positioned to the right of an existing fry 
station and requires 36 linear inches of floor space. NOTE: This piece of equipment is made 
in America and has American sizes of hardware. All hardware metric conversions are 
approximate and can vary in size.
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The picture below shows the air filter/regulator assembly. 
This equipment requires knowledge of pressure switches, 
pressure gauges, and regulators. Read the functions of each 
below.
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Pneumatic 
Components 
Circled in Red
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The picture below shows different pneumatic components 
on the Arch Fry Dispenser. See if you can identify the 
components by their schematic symbol. 
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The picture below shows different pneumatic components 
on the Arch Fry Dispenser. Answer Sheet. 

Cylinder Cylinder Cylinder

Pressure Gauge

Quick Disconnect

Conditioning Device

Solenoid DCV
Muffler
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An application of pneumatics in the foodservice equipment 
industry is the Auto Lift Grill manufactured by Taylor.



Unit 8: 
Fluid Power 
Terminology

Fundamentals of Fluid Power

Fluid Power Glossary

Hydraulics & Pneumatics

60

Absorption - The physical mechanism by which one substance attracts and takes up 
another substance (liquid, gas, or vapor) into its interior.
Accumulator - A container in which fluid is stored under pressure as a source of fluid power.
Accumulator, hydropneumatic bladder - A hydropneumatic accumulator in which the liquid 
and gas are separated by an elastic bag or bladder.
Actuator, pneumatic/hydraulic - A device in which power is transferred from one 
pressurized medium (pneumatic) to another (hydraulic) without intensification.
Additive - A chemical added to a fluid to impart new properties or enhance those that 
already exist.
Adsorption - The physical mechanism by which one substance attracts another substance 
(either solid, liquid, gas, or vapor) to its surface and causes the second substance to adhere 
to its surface.
Aftercooler - A device which cools a gas after it has been compressed.
Afterfilter - A filter which follows the compressed air dryer and usually for the protection of 
downstream equipment from desiccant dust.
Air - A gas mixture consisting of nitrogen, oxygen, argon, carbon dioxide, hydrogen, small 
quantities of neon, helium and other gases.
Air bleeder - A device for removal of air.
Air breather - A device permitting air movement between atmosphere and the component 
in which it is installed.
Air motor - A device which converts pneumatic fluid power into mechanical torque and 
motion. It usually provides rotary mechanical motion.
Air, compressed (pressurized) - Air at any pressure greater than atmospheric pressure.
Air, dried - Air with moisture content lower than the maximum allowable for a given 
application.
Air, free - Air at ambient temperature, pressure, relative humidity, and density.
Air, saturated - Air at 100% relative humidity, with a dew point equal to temperature.
Air, standard - Air at a temperature of 68.8° F, a pressure of 14.70 pounds per square inch 
absolute, and a relative humidity of 36% (0.0750 pounds per cubic foot). In gas industries 
the temperature of "standard air" is usually given as 60.8° F.
Amplification, power - The ratio between the output signal variations and the 
corresponding input (control) power variation (for analog devices only).
Amplification, pressure - Ratio between outlet pressure and inlet (control) pressure.
Amplification - The ratio between the output signal variations and the control signal 
variations (for analog devices only).
Analog - Of or pertaining to the general class of fluidic devices or circuits whose output 
varies as a continuous function of its input.
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AND device - A control device which has its output in the logical 1 state if and only if all 
the control signals assume the logical 1 state.
Aniline point - The lowest temperature at which a liquid is completely miscible with an 
equal volume of freshly distilled aniline (ASTM Designation D611-07).
Aniline point - The lowest temperature at which equals volumes of pure, fresh aniline and 
an oil will completely dissolve in one another is the aniline point of the oil.
Bernoulli's Law - If no work is done on or by a flowing frictionless liquid, its energy due to 
pressure and velocity remains constant at all points along the streamline.
Bleeding - Migration to the surface of plasticizers, waxes, or similar materials to form a 
film or beads.
Boyle's Law - The absolute pressure of a fixed mass of gas varies inversely as the volume, 
provided the temperature remains constant.
Breakout Force - That force necessary to initiate sliding by overcoming static coefficient of 
friction. An excessive breakout force indicates the development of adhesion.
Breathing capacity - A measure of flow rate through an air breather.
Bulk modulus - The measure of a fluid's resistance to compressibility. It is the reciprocal of 
compressibility.
Cavitation - A localized gaseous condition within a liquid stream which occurs where the 
pressure is reduced to the liquid's vapor pressure, often as a result of a solid body, such as 
a rapidly moving piston moving through the liquid. Also, the pitting or wearing away of a 
solid surface as a result of low fluid levels that draw air into the system, producing tiny 
bubbles that expand explosively at the pump outlet, causing metal erosion and eventual 
pump destruction.
Charles' Law - The volume of a fixed mass of gas varies directly with absolute temperature, 
provided the pressure remains constant.
Circuit - An arrangement of interconnected components and parts.
Cold Flexibility - Flexibility following exposure to a predetermined time.
Cold Flow - Continued deformation under stress.
Compatibility, Seal - Ability of an elastomer to resist the action of a fluid on its 
dimensional and mechanical properties.
Compressibility - The change in volume of a unit volume of a fluid when subjected to a 
unit change in pressure.
Compression Modulus - The ratio of the compressive stress to the resulting compressive 
strain (the latter expressed as a fraction of the original height or thickness in the direction 
of the force). Compression modulus may be either static or dynamic.
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Compression Set - The amount by which a rubber specimen fails to return to original shape 
after release of the compressive load.
Compressor - A device which converts mechanical force and motion into pneumatic fluid 
power.
Condensation - The process of changing a vapor into a liquid condensate by the extraction 
of heat.
F-R-L Unit - An assembly comprising an air filter, pressure regulator, and a lubricator.
Conductor - A component whose primary function is to contain and direct fluid.
Contaminant - Any material or substance which is unwanted or adversely affects the fluid 
power system or components, or both.
Control - A device used to regulate the function of a component or system.
Controller - A device which senses a change of fluid state and automatically makes 
adjustments to maintain the state of the fluid between predetermined limits, e.g., 
pressures, temperatures, etc.
Copolymer - A polymer consisting of two different monomers chemically combined.
Creep - The progressive relaxation of a given rubber material while it is under stress. This 
relaxation eventually results in permanent deformation or "set."
Cushion - A device which provides controlled resistance to motion.
Cylinder - A device which converts fluid power into linear mechanical force and motion. It 
usually consists of a movable elements such as a piston and piston rod, plunger or ram, 
operating within a cylindrical bore.
Cylinder cap - A cylinder end closure which completely covers the bore area.
Cylinder capacity, extending - Volume required for one full extension of a cylinder.
Cylinder capacity, retracting - Volume (annular) absorbed by one full retraction of the 
cylinder.
Cylinder capacity - The volume of a theoretically incompressible fluid that would be 
displaced by the piston during a complete stroke. (For double acting cylinders it must be 
given for both directions of stroke.)
Cylinder force, theoretical - The pressure multiplied by the effective piston area, ignoring 
friction. For double acting cylinders, the value must be given for both directions of stroke.
Cylinder, adjustable stroke - A cylinder equipped with adjustable stops at one or both ends 
to limit piston travel.
Cylinder area, piston rod - Cross-sectional area of the piston rod.
Cylinder area, piston, effective - Area upon which fluid pressure acts to provide a 
mechanical force.
Cylinder bore - The internal diameter of the cylinder body.
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Cylinder, cushioned - A cylinder with a piston-assembly deceleration device at one or both 
ends of the stroke.
Cylinder, differential - A double acting cylinder in which the ratio of the area of the bore to 
the annular area between the bore and the piston rod is significant in circuit function.
Cylinder, double acting - A cylinder in which fluid force can be applied to the moveable 
element in either direction.
Cylinder, double rod - A cylinder with a single piston and a piston rod extending from each 
end.
Cylinder, dual stroke - A cylinder combination which provides two working strokes.
Cylinder, duplex - A unit comprised of two cylinders with independent control, 
mechanically connected on a common axis to provide three or four positions depending on 
the method of application.
Cylinder, piston type - A cylinder in which the piston has a greater cross-sectional area than 
the piston rod.
Cylinder, plunger (ram) - A cylinder in which the piston has the same cross-sectional area as 
the piston rod.
Cylinder, rotary actuator - A cylinder which translates piston reciprocation into oscillation of 
an output shaft.
Cylinder, rotating - A cylinder in which the piston and piston rod, plunger or ram, is 
permitted to rotate with reference to the cylinder housing.
Cylinder, single acting - A cylinder in which the fluid force can be applied to the movable 
element in only one direction.
Cylinder, tandem - Arrangement of at least two pistons on the same rod moving in separate
chambers on the same cylinder body allowing the compounding of force on the piston rod.
Cylinder, telescoping - Cylinder with two or more stages or extensions, achieved by hollow 
piston rods sliding one within the other (may be single or double acting).
Cylinder, tie rod - A cylinder with head and cap end closures that are secured by tie rods.
Darcy's Formula - A formula used to determine the pressure drop due to flow friction 
through a conduit.
Deliquescent - Moisture is separated by using the absorptive properties of special 
hygroscopic compounds.
Desiccant - Material that tends to remove moisture from compressed air.
Dew point - The temperature at which vapors in a gas condense. For practical purposes, it 
must be referred to a stated pressure.
Digital - Of or pertaining to the general class of fluidic devices or circuits whose output 
varies in discrete steps (i.e., pulses or "on-off" characteristics).
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Displacement, volumetric - Volume absorbed or displaced per stroke of a cylinder or per 
cycle of a pump or motor.
Dissolved air - Air which is dispersed at a molecular level in hydraulic fluid to form a single 
phase.
Dissolved water - Water which is dispersed at a molecular level in hydraulic fluid to form a 
single phase.
Dither - A low amplitude, relatively high frequency periodic electrical signal, sometimes 
superimposed on the servo valve input to improve system resolution. Dither is expressed 
by the dither frequency (Hz) and the peak-to-peak dither current amplitude.
Droop - The deviation between no flow secondary pressure and secondary pressure at a 
given flow.
Dryer, compressed air - A device for reducing the moisture content of the working 
compressed air.
Durometer - 1. An instrument for measuring the hardness of rubber. Measures the 
resistance to the penetration of an indenter point into the surface of rubber. 2. Numerical 
scale of rubber hardness.
Efficiency - Ratio of output to the corresponding input.
Elasticity - The property of a material which tends to return to its original shape after 
deformation.
Elastomer - Any synthetic or natural material with resilience or memory sufficient to return 
to its original shape after distortion.
Elongation - Generally means "ultimate elongation" or percent increase in original length 
of a specimen when it breaks.
Emulsion, oil in water - A dispersion of oil in a continuous phase of water.
Emulsion, water in oil - A dispersion of water in a continuous phase of oil.
Emulsifier - additive that promotes formation of a stable mixture, or emulsion, of oil and 
water.
Emulsion - A homogeneous dispersion of two immiscible liquids, generally of a milky or 
cloudy appearance.
Entrained air - A mechanical mixture of air bubbles having a tendency to separate from the 
liquid phase.
Expectancy, life - The predicted working period during which a component or system will 
maintain a specified level of performance under specified conditions. Sometimes 
expressed in statistical terms as a probability.
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Filter - 1. A device whose primary function is the removal by porous media of insoluble 
contaminants from a liquid or a gas. 2. Chemically inert, finely divided material added to the 
elastomer to aid in processing and improve physical properties.
Filter, strainer - A coarse hydraulic filter usually of woven wire construction. This may be in 
the form of a complete filter or just an element.
Filter, by-pass (reserve) A filter which provides an alternate unfiltered flow path around the 
filter element when a preset differential pressure is reached.
Filter, spin-on - A filter with spin-on element sealed in its own pressure housing for 
independent mounting to the filter.
Filtration ratio (βm) - The ratio of the number of particles greater than a given size (β) in 
the influent fluid to the number of particles greater than the same size (m) in the effluent 
fluid.
Fitting - A connector or closure for fluid power lines and passages.
Fitting, compression - A fitting which seals and grips by manual adjustable deformation.
Fitting, flange - A fitting which utilizes a radially extending collar for sealing and connection.
Fitting, flared - A fitting which seals and grips by a pre-formed flare at the end of the tube.
Fitting, flareless - A fitting which seals and grips by means other than a flare.
Flash point - The temperature to which a liquid must be heated under specified conditions 
of the test method to give off sufficient vapor to form a mixture with air that can be ignited 
momentarily by a flame.
Flip flop - A digital component or circuit with two stable states and sufficient hysteresis so 
that it has "memory." Its state is changed with a control pulse; a continuous control signal is 
not necessary for it to remain in a given state.
Flow characteristic curve - The change in regulated (secondary) pressure occurring as a 
result of a change in the rate of air flow over the operating range of the regulator.
Flow rate - The volume, mass or weight of a fluid passing through any conductor per unit of 
time.
Flow, laminar (streamline) - A flow situation in which fluid moves in parallel lamina or 
layers.
Flow, output - Flow rate discharged at the outlet port.
Flow, turbulent - A flow situation in which the fluid particles move in a random fluctuating 
manner.
Flow - Movement of fluid generated by pressure differences.
Fluid capacity - The liquid volume coincident with the "high" mark of the level indicator.
Fluid friction - Friction due to the viscosity of fluids.
Fluid logic - A branch of fluid power associated with digital signal sensing and information 
processing, using components with or without moving parts.
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Fluid miscibility - Capacity of fluids to be mixed in any ratio without separation into phases.
Fluid power system - A system that transmits and controls power through use of a 
pressurized fluid within an enclosed circuit.
Fluid power - Energy transmitted and controlled through use of a pressurized fluid.
Fluid stability - Resistance of a fluid to permanent changes in properties.
Fluid stability, oxidation - Resistance of a fluid to permanent changes caused by chemical 
reaction with oxygen.
Fluid, anti-corrosive - A fluid containing metal corrosion inhibitors.
Fluid, aqueous - A fluid which contains water as a major constituent besides the organic 
material. The fire resistance properties are derived from the water content.
Fluid, fire resistant - A fluid difficult to ignite which shows little tendency to propagate 
flame.
Fluid, hydraulic - A fluid suitable for use in a hydraulic system.
Fluid, Newtonian - Fluid having a viscosity that is always independent of the rate of shear.
Fluid, pneumatic - A fluid suitable for use in a pneumatic system, usually air.
Fluid, rust protection - Capacity of a fluid to prevent the formation of rust under specified 
conditions.
Fluid - A liquid, gas or combination thereof.
Force motor - A type of electromechanical transducer having linear motion used in the 
input stages of servo valves.
Free air - Any compressible gas, air or vapor trapped within a hydraulic system that does 
not condense or dissolve to form a part of the system fluid.
Free water - Water droplets or globules in the system fluid that tend to accumulate at the 
bottom or top of the system fluid depending on the fluid's specific gravity.
Frequency response - The changes, under steady-state conditions, in the output variable 
which are caused by a sinusoidal input variable.
Gauge damper (snubber) - A device employing a fixed or variable restrictor inserted in the 
pipeline to a pressure gage, to prevent damage to the gage mechanism caused by rapid 
fluctuations of fluid pressure.
Gauge protector - A device inserted in the pipeline to a pressure gage and arranged to 
isolate the pressure gage from the fluid pressure if this exceeds a predetermined limit. The 
device can usually be adjusted to suit the range of the pressure gage.
Gauge, bourdon tube - A pressure gage in which the sensing element is a curved tube that 
tends to straighten out when subjected to internal fluid pressure.
Gauge, diaphragm - A gage in which the sensing element is relatively thin and its inner 
portion is free to deflect with respect to its periphery.
Gauge, instrument - An instrument or device for measuring, indicating, or comparing a 
physical characteristic.
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Gauge, pressure - A gage which indicates the pressure in the system to which it is 
connected.
Head - The height of a column or body of fluid above a given point expressed in linear units. 
Head is often used to indicate gage pressure. Pressure is equal to the height times the 
density of the fluid.
Head, cylinder - The cylinder end closure which covers the differential area between the 
bore area and the piston rod area.
Head, friction - The pressure required to overcome the friction at the interior surface of a 
conductor and between fluid particles in motion. It varies with flow, size, type and condition 
of conductors and fittings, and the fluid characteristics.
Head, pressure - The pressure due to the height of a column or body of fluid.
Head, static - The height of a column or body of fluid above a given point.
Heat exchanger - A device which transfers heat through a conducting wall from one fluid to 
another. (Typically to cool a system.)
Heater - A device which transfers heat through a conducting wall from one fluid to another. 
(Typically to warm up a system.)
Hose, wire braided - Hose consisting of a flexible material reinforced with woven wire 
braid.
Hose - A flexible line or conductor whose nominal size is its inside diameter.
Hydraulic amplifier - A fluid device which enables one or more inputs to control a source of 
fluid power and thus is capable of delivering at its output an enlarged reproduction of the 
essential characteristics of the input. Hydraulic amplifiers may utilize sliding spools, nozzle-
flappers, jet pipes, etc.
Hydraulic motor - A device which converts hydraulic fluid power into mechanical force and 
motion. It usually provides rotary mechanical motion.
Hydraulic motor efficiency, hydromechanical - Ratio of the effective torque to the derived 
torque.
Hydraulic motor efficiency, overall - Ratio of the output power to the effective hydraulic 
power.
Hydraulic motor efficiency, volumetric - Ratio of the derived output flow to the effective 
input flow.
Hydraulic motor, fixed displacement - A hydraulic motor in which the displacement per 
unit of output motion cannot be varied.
Hydraulic motor, flow, input - Flow rate crossing the transverse plane of the inlet port.
Hydraulic motor, gear, external - A motor having two or more external gears.
Hydraulic motor, gear, internal - A motor with an internal gear in engagement with one or 
more external gears.
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Hydraulic motor, gear - A motor in which two or more gears act in arrangement as working 
members.
Hydraulic motor, vane - A motor in which the fluid under pressure acting on a set of radial 
vanes causes rotation of an internal member.
Hydraulic stepping motor - A hydraulic motor which follows the commands of a stepped 
input signal to achieve positional accuracy.
Hydraulics - Engineering science pertaining to liquid pressure and flow.
Hydrodynamics - The engineering science which governs the movement of liquids and the 
forces opposing that movement.
Hydrokinetics - Engineering science pertaining to the energy of liquid flow and pressure.
Hydro-pneumatics - Pertaining to the combination of hydraulic and pneumatic fluid power.
Hydrostatic transmission - Combination of one or more hydraulic pumps and motors 
forming a unit.
Hydrostatics - Engineering science pertaining to the energy of liquids at rest.
Indicator, differential pressure - An indicator which signals a difference in pressure 
between two points in a fluid power system.
Inhibitor - Any substance which, when present in very small proportions, slows, prevents or 
modifies chemical reactions such as corrosion or oxidation.
Intensification, ratio of - The ratio of the secondary pressure to the primary pressure or of 
the primary flow rate to the secondary flow rate.
Intensifier, double acting - A unit which magnifies the secondary fluid pressure regardless 
of the direction of flow of the primary fluid.
Intensifier, single acting - A unit which only magnifies the fluid pressure in one direction of 
flow of the primary fluid.
Intensifier, single shot - An intensifier in which the continuous application of primary fluid 
at the inlet port can only give a limited volume of secondary fluid.
Intensifier - A device which converts low pressure fluid power into higher pressure fluid 
power.
Joint - A line positioning connector.
Joint, rotary - A joint connecting lines which have relative operational rotation.
Leakage rate - The rate at which a gas or liquid passes through a barrier. Total leakage rate 
includes the amounts that diffuse or permeate through the material of the barrier as well as 
the amount that escapes around it.
Line, return - A pipe (conductor) to return the working fluid to the reservoir.
Line, working - A line which conducts fluid power.
Line - A tube, pipe, or hose for conducting fluid.
Lubricator - A device which adds controlled or metered amounts of lubricants into a fluid 
power system.
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Magnetic plug - A plug which attracts and holds ferromagnetic particles.
Manifold - A conductor which provides multiple connection ports.
Maximum inlet pressure - The maximum rated gage pressure applied to the inlet port of 
the regulator.
Memory - Tendency of a material to return to original shape after deformation.
Meter-in Circuit - A speed control circuit in which the control is achieved by regulating the 
supply flow to the actuator.
Meter-out Circuit - A speed control circuit in which the control is achieved by regulating the 
exhaust flow from the actuator.
Modulus of elasticity - One of the several measurements of stiffness or resistance to 
deformation, but often incorrectly used to indicate specifically static tension modulus.
Modulus - Tensile stress at a specified elongation. (Usually 100% elongation for 
elastomers.)
Moving parts logic - The technology of achieving logic control by means of fluid devices 
having moving parts.
Muffler - A device for reducing gas flow noise. Noise is decreased by back pressure control 
of gas expansion.
Newt - A unit of kinematic viscosity in the English system. It is expressed in square inches 
per second (see Stokes).
NOR device - A control devices which has its output in the logical 1 state if and only if all the 
control signals assume the logical 0 state.
NOT device - A control device which has its output in the logical 1 state if and only if the 
control signal assumes the logical 0 state. The NOT device is a single input NOR device.
Oil swell - The change in volume of a rubber article due to absorption of oil or other fluid.
Open Circuit - A circuit in which return fluid is directed to a reservoir before being 
recirculated.
OR device - A control device which has its output in the logical 0 state if and only if all the 
control signals assume the logical 0 state.
Outgassing - A vacuum phenomenon wherein a substance spontaneously releases volatile 
constituents in the form of vapors or gases. In rubber compounds, these constituents may 
include water vapor, plasticizers, air, inhibitors, etc.
Output stage - The final stage of hydraulic amplifications used in a servovalve.
Ozone resistance - Ability to withstand the deteriorating effect of ozone (which generally 
causes cracking).
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Packing - A sealing device consisting of bulk deformable material of one or more mating 
deformable elements, reshaped by manually adjustable compression to obtain and 
maintain effectiveness. It usually uses axial compression to obtain radial sealing.
Pascal's Law - A pressure applied to a confined fluid at rest is transmitted with equal 
intensity throughout the fluid.
Permanent set - The deformation remaining after a specimen has been stressed in tension 
for a definite period and released for a definite period.
Permeability - The rate at which a liquid or gas under pressure passes through a solid 
material by diffusion and solution. In rubber terminology, it is the rate of gas flow expressed 
in atmospheric cubic centimeters per second through an elastomeric material one 
centimeter square and one centimeter thick.
Petroleum fluid - A fluid composed of petroleum oil which may contain additives and/or 
inhibitors.
Pipe - A conductor whose outside diameter is standardized for threading. Pipe is available in 
standard, extra strong, or double extra strong wall thickness.
Piston rod - The element transmitting mechanical force and motion from the piston.
Plasticizer - A substance, usually a heavy liquid, added to an elastomer to decrease 
stiffness, improve low temperature properties, and improve processing.
Pneumatics - Engineering science pertaining to gaseous pressure and flow.
Poise - The standard unit of dynamic viscosity in the cgs (centimeter gram second) system. 
It is the ratio of the shearing stress to the shear rate of fluid and is expressed in milli-pascal
sec. (equals 1 centipoise).
Polymer - A material formed by the joining together of many (poly) individual units (mer) of 
one or more monomers; synonymous with elastomers.
Port - A terminus of a passage in a component to which conductors can be connected.
Port, differential pressure - A port which provides a passage to the upstream and 
downstream sides of a component.
Post cure - The second step in the vulcanization process for the more exotic elastomers. 
Provides stabilization of parts and drives off decomposition products resulting from the 
vulcanization process.
Pour point - The lowest temperature at which a liquid will flow under specified conditions 
(ASTM Designation D97).
Power unit - A combination of pump, pump drive, reservoir, controls and conditioning 
components to supply hydraulic power to a system.
Pressure - Force per unit area, usually expressed in pounds per square inch (bar).
Pressure, absolute - The pressure above zero absolute, i.e., the sum of atmospheric and 
gage pressure. In vacuum related work it is usually expressed in millimeters of mercury 
(mm-Hg).
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Pressure, atmospheric - Pressure exerted by the atmosphere at any specific location. (Sea 
level pressure is approximately 14.7 pounds per square inch absolute. 1 bar = 14.5 psi).
Pressure, back - The pressure encountered on the return side of a system.
Pressure, break loose (breakout) - The minimum pressure which initiates movement.
Pressure, burst - The pressure which causes failure of and consequential loss of fluid 
through the product envelope.
Pressure, charge - The pressure at which replenishing fluid is formed into a fluid power 
system.
Pressure, control range - The permissible limits between which system pressure may be 
set.
Pressure, cracking - The pressure at which a pressure-operated valve begins to pass fluid.
Pressure, differential (pressure drop) - The difference in pressure between any two points 
of a system or a component.
Pressure, gage - Pressure differential above or below ambient atmospheric pressure.
Pressure, induced - Pressure generated by an externally applied force.
Pressure, inlet - The pressure at the apparatus inlet port.
Pressure, intensified - In a fluid power cylinder, the outlet pressure required to slow the 
piston rod extending under regulated pressure introduced at the cap end.
Pressure, maximum inlet - The maximum rated gage pressure applied to the inlet.
Pressure, nominal - A pressure valve assigned to a component or system for the purpose of 
convenient designation.
Pressure, outlet - Pressure at the apparatus outlet port.
Pressure, override - The difference between the cracking pressure of a valve and the 
pressure reached when the valve is passing its rated flow.
Pressure, peak - The maximum pressure encountered in the operation of a component.
Pressure, pilot - The pressure in the pilot circuit.
Pressure, precharge - The pressure of compressed gas in an accumulator prior to the 
admission of a liquid.
Pressure, proof - The non-destructive test pressure, in excess of the maximum rated 
operating pressure, which causes no permanent deformation, excessive external leakage, or 
other resulting malfunction.
Pressure, rated - The qualified operating pressure which is recommended for a component 
or system by the manufacturer.
Pressure, shock - The pressure existing in a wave moving at sonic velocity.
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Pressure, static - The pressure in a fluid at rest.
Pressure, surge - The pressure resulting from surge conditions.
Pressure, system - The pressure which overcomes the total resistances in a system. It 
includes all losses as well as useful work.
Pump - A device which converts mechanical torque and motion into hydraulic fluid power.
Pump, fixed displacement - A hydraulic pump in which the volume displaced per cycle 
cannot be varied.
Pump, gear, external - Pump with two or more external gears.
Pump, gear, internal - Pump with an internal gear in engagement with one or more external 
gears.
Pump, gear - Pump in which two or more gears act in engagement as pumping members.
Pump, hydraulic - A device which converts mechanical force and motion into hydraulic fluid 
power.
Pump, multiple stage - Two or more hydraulic pumps in series.
Pump, piston, axial - Pump having several pistons with mutually parallel axes which are 
arranged around and parallel to a common axis.
Pump, piston, inline - Pump having several pistons with mutually parallel axes arranged on 
a common plane.
Pump, piston, radial - Pump having several pistons arranged to operate radially.
Pump, piston - Pump in which the fluid volume is displaced by one or more reciprocating 
pistons.
Pump, screw - A hydraulic pump having one or more screws rotating in a housing.
Pump, vane, balanced - Pump in which the transverse forces on the rotor are balanced.
Pump, vane, unbalanced - Pump in which the transverse forces on the rotor are not 
balanced.
Pump, vane - A hydraulic pump having multiple radial vanes within a supporting rotor.
Pump, variable displacement - A hydraulic pump in which the volume displaced per cycle 
can be varied.
Quick -Acting Coupling - A component that can quickly join or separate a fluid line 
repeatedly by hand without the use of tools.
Refrigerated Dryer - Moisture is separated by lowering the air temperature by means of 
refrigeration compressor and heat exchanger.
Regenerative Circuit - A circuit in which pressurized fluid discharged from a component is 
returned to the system to reduce power input requirements.
Regenerative Dryer - The capacity of the dryer to separate moisture can be restored 
without replacing the drying compound.
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Regenerative Circuit - A circuit in which pressurized fluid discharged from a component is 
returned to the system to reduce power input requirements.
Regenerative Dryer - The capacity of the dryer to separate moisture can be restored 
without replacing the drying compound.
Regulator, Air Pressure - A (usually adjustable) pressure-reducing valve with pressure 
gauge that transforms a fluctuating air pressure supply to provide a constant, lower 
pressure output.
Reinforcing Agent - Material dispersed in an elastomer to improve compression, shear, or 
other stress properties.
Reservoir (tank) - A container for storage of liquid in a fluid power system.
Reservoir, Hydraulic - A reservoir for storing and conditioning a liquid in a hydraulic system.
Reservoir, pressure sealed - A sealed reservoir for storage of fluids under pressure.
Resilient - Capable of returning to original size and shape after deformation.
Reyn - The standard unit of absolute viscosity in the English system. It is expressed in 
pound-seconds per square inch.
Reynolds Number - A numerical ratio of the dynamic forces of mass flow to the shear stress 
due to viscosity. Flow usually changes from laminar to turbulent between Reynolds 
Numbers 2,000 and 4,000.
Ring, O - An elastomeric circular seal that has a round cross section.
Ring, piston - A piston sealing ring. It is usually one of a series and is often split to facilitate 
expansion or contraction.
Ring, scraper - A ring which removes material by a scraping action.
Rotation - The direction of rotation is always quoted as viewed looking at the shaft end. In 
dubious cases, provide a sketch.
Seal, cup - A sealing device with a radial base integral with an axial cylindrical projection at 
its outer diameter.
Seal, dynamic - A sealing device used between parts that have relative motion.
Seal, elastomer - A material having rubber-like properties; i.e., having the capacity for large 
deformation and rapid and substantially complete recovery on release from the deforming 
force.
Seal, rod (shaft) - A sealing device which seals the periphery of a piston rod.
Seal, static (gasket) - A sealing device used between parts that have no relative motion.
Sensor - A device which detects and transmits changes in external conditions.
Separator - A device whose primary function is to isolate contaminants by physical 
properties other than size. (Separators remove gas from liquid medium or remove liquid 
from gaseous medium).
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Sequence Circuit - A circuit which established the order in which two or more phases of a 
circuit occur.
Servo valve - A valve which modulates output as a function of an input command.
Servo valve, electrohydraulic - A servo valve which is capable of continuously controlling 
hydraulic output as a function of an electrical input.
Servo valve, electrohydraulic, flow control - An electrohydraulic servo valve whose primary 
function is control of output flow.
Servo valve hysteresis - The difference in the servo valve input currents required to produce 
the same output during a single cycle of valve input current when cycled at a rate below that 
at which dynamic effects are important.
Servo valve null leakage - Total internal leakage from the valve in the null position.
Servo valve, pressure control - A hydraulic servo valve whose primary function is the control 
of output pressure.
Shrinkage - Decreased volume of seal, usually caused by extraction of soluble constituents 
by fluids followed by air drying.
Silencer - A device for reducing gas flow noise. Noise is decreased by tuned resonant control 
of gas expansion.
Snubber - see gage damper.
Solenoid, digital - Electrically energized device which generates on-off signals.
Solenoid, proportional - An electrical device that reacts proportionally to strength of 
electrical signal.
Sorption - The term used to denote the combination of absorption and adsorption 
processes in the same substance.
Specific gravity, liquid - The ratio of the weight of a given volume of liquid to the weight of 
an equal volume of water.
Squeeze - Cross section diametric compression of O-ring between surface of the groove 
bottom and surface of other mating metal part in the gland assembly.
Stage - A hydraulic amplifier used in a servo valve. Servo valves may be single stage, two 
stage, three stage, etc.
Standard - A document, or an object for physical comparison, for defining product 
characteristics, products, or processes; prepared by a consensus of a properly constituted 
group of those substantially affected and having the qualifications to prepare the standard 
for voluntary use.
Stokes - The standard unit kinematic viscosity in the cgs (centimeter gram second) system. It 
is expressed in square centimeters per second; 1 centistokes equals 0.01 stokes.
Strainer - see filter, strainer.
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Surface tension - The surface force of a liquid in contact with a fluid by which it tends to 
assume a spherical form and to present the least possible surface. It is expressed in pounds 
per foot or dynes per centimeter.
Surge - A transient rise of pressure or flow.
Swell - Increased volume of specimen caused by immersion in a fluid (usually a liquid).
Switch, float - An electric switch which is responsive to liquid level.
Switch, flow - An electric switch operated by fluid flow.
Switch, pressure differential - An electric switch operated by a difference in pressure.
Switch, pressure - An electric switch operated by fluid pressure.
Synthetic fluid, silicate ester - A fluid compound of organic silicates. It may contain 
additives.
Synthetic fluid - Fluid other than mineral on which has been artificially compounded for 
use in a fluid power system.
Temperature, ambient - The temperature of the environment in which an apparatus is 
working.
Tensile strength - Force in pounds per square inch required to cause the rupture of a 
specimen of a rubber material.
Terpolymer - A polymer consisting of three different monomers chemically combined.
Tie rod - An axial external cylinder element which traverses the length of the cylinder. It is 
prestressed at assembly to hold the ends of the cylinder against the tubing. Tie rod 
extensions can be a mounting device.
Torque motor - A type of electromechanical transducer having rotary motion used in the 
input stages of servo valves.
Torque - Rotary force transmitted by the driving shaft of the pump.
Torr - A unit of pressure equal to 1/760 of an atmosphere.
Torricelli's Theorem - The liquid velocity at an outlet discharging into the free atmosphere 
is proportional to the square root of the head.
Transducer, flow - A device which converts fluid flow to an electrical signal.
Transducer, pressure - A device which converts fluid pressure to an electrical signal.
Trunnion - A mounting device consisting of a pair of opposite projecting cylindrical pivots. 
The cylindrical pivot pins are at right angle or normal to the piston rod centerline to permit 
the cylinder to swing in a plane.
Tube - A conductor whose size is its outside diameter. Tube is available in varied wall 
thickness and material.
Vacuum - Pressure less than ambient atmospheric pressure.
Vacuum pump - A device which uses mechanical force and motion to evacuate gas from a 
connected chamber to create subatmospheric pressure.



Unit 8: 
Fluid Power 
Terminology

Fundamentals of Fluid Power

Fluid Power Glossary

Hydraulics & Pneumatics

76

Hydraulicspneumatics.com

Valve, cartridge - A valve with working parts contained in a cylindrical body. The cylindrical 
body must be inserted into a housing for use. Ports through the body cooperate with ports 
in the containing housing.
Valve, directional control - A valve whose primary function is to direct or prevent flow 
through selected passages.
Valve, directional control, 3-way - A directional control valve whose primary function is to 
pressurize and exhaust a port.
Valve, directional control, 4-way - A directional control valve whose primary function is to 
pressurize and exhaust two ports.
Valve, directional control, check - A directional control valve which permits flow of fluid in 
only one direction.
Valve, directly operated - A valve in which the controlling forces acting on the element 
directly influence the movement of the control elements.
Valve, electrohydraulic, proportional - A valve which responds proportionally to input 
signals.
Valve, flow control (flow metering) - A valve whose primary function is to control flow rate.
Valve, flow control, bypass - A pressure compensated flow control valve which regulates 
the working flow diverting surplus fluid to reservoir or to a second service.
Valve, flow control, deceleration - A flow control valve which gradually reduces flow rate to 
provide deceleration.
Valve, flow control, pressure compensated - A flow control valve which controls the rate of 
flow independent of system pressure.
Valve, flow dividing, pressure compensated - A flow dividing valve which divides the flow 
at a constant ratio regardless of the difference in the resistances of the branches.
Valve, flow dividing - A valve which divides the flow from a single source into two or more 
branches.
Valve, hydraulic - A valve for controlling liquid.
Valve, needle - A flow control valve in which the adjustable control element is a tapered 
needle. Its usual purpose is the accurate control of the rate of volume of flow.
Valve, pilot operated (indirect) - A valve in which a relatively small flow through an integral 
vent line relief (pilot) controls the movement of the main element.
Valve, pilot - A valve applied to operate another valve or control.
Volume change - A change in the volume of a seal as a result of immersion in a fluid 
expressed as a percentage of the original volume.
Vulcanization - A thermo-setting reaction involving the use of heat and pressure, resulting 
in greatly increased strength and elasticity of rubber-like materials.
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There are many different formulas used in the design of 
hydraulic systems. Here are a few of them.

Area in in2. = D2 x .7854

Area = πr2

Circle Area = Diameter2 x .7854 or Circle Area =
πD2

4

Force (lbs.) = PSI (psi) x Area (in.2)

Pressure (psi) =
Force (lbs.)

𝐴𝑟𝑒𝑎 (in.2)

Rod Speed in in./minute =
𝐺𝑃𝑀 𝑥 231

𝐴𝑟𝑒𝑎

GPM =
Rod Speed 𝑥 𝐴𝑟𝑒𝑎

231

Work (ft. lbs.) = Distance moved (ft.) x Force Exerted (lbs.)

Power =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑓𝑡. 𝑥 𝐹𝑜𝑟𝑐𝑒 𝑒𝑥𝑒𝑟𝑡𝑒𝑑 (𝑙𝑏𝑠.)

Time (seconds)
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Cylinder Horsepower Calculation:
Horsepower =  GPM x PSI x .000583

Torque Developed by a Hydraulic Motor:

Torque (lb. in. ) =
PSI x motor displacement (in.3)

2π

Motor Horsepower Calculation:

Horsepower =
R𝑃𝑀 𝑥 Torque (lb.in.)

63,025

GPM (Gallons Per Minute) Determines Output Speed

C𝐲𝐥𝐢𝐧𝐝𝐞𝐫 Rod Speed(in.min. ) =
𝐺𝑃𝑀 𝑥 231

Piston Area (in.2)

M𝐨𝐭𝐨𝐫 Shaft Speed(RPM) =
𝐺𝑃𝑀 𝑥 231

Motor Displace𝑚𝑒𝑛𝑡 (𝑖𝑛.3 𝑝𝑒𝑟 𝑟𝑒𝑣.
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Fluid Power Practice Problems

Directions
Answer the following questions. Sketch each, then label all known values. Be sure to include 
all steps and units throughout each solution.

All problems assume that conditions are ideal. Forces such as friction are not considered.
Problems
1. A pneumatic system is producing 100 lbs./in.2 of gauge pressure. A cylinder is 
needed to press an adhesive label onto a product. It has been determined that 5 lbs. of 
force is optimal to complete this task.

• Sketch and label all known and unknown values.
• What is the required area of the pneumatic cylinder? 
• What is the required diameter of the pneumatic cylinder? 

2. A hydraulic lift system utilizes two 3 in. diameter cylinders. Workers must determine 
how much the system is capable of lifting before deciding how much weight can be lifted 
safely. The system runs at a gauge pressure of 2000 lbs./in.2.  

• Sketch and label all known and unknown values.
• What is the area of each piston? 
• How much is the system capable of lifting? 

3. The gauge pressure of a pneumatic cylinder reads 20 lbs./in.2 when the volume is 
30 in.3. The cylinder is compressed until the gauge reads 60 lbs./in.2.  Assume standard 
atmospheric pressure (14.7 psi).

• Sketch and label all known and unknown values.
• What is the absolute pressure before and after the cylinder gas is compressed? 
• What is the volume in the cylinder after the gas is compressed? 
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4. The air temperature in a 28 in.3 container with a free sliding piston is initially 
measured at 45 °F. The temperature is raised to 200 °F.  What is the new volume of the 
container?

• Sketch and label all known and unknown values.
• What are the absolute temperature readings initially and after the temperature has 
been raised?
• What is the volume in the cylinder after the temperature has been raised? 

5. A 60 ft3 compressor tank container has a gauge pressure of 160 lbs./in.2 and a 
temperature of 70 °F. The temperature after some time decreases to 40 °F.   Find the final 
pressure in the tank.  Assume standard atmospheric pressure.

• Sketch and label all known and unknown values.
• What are the absolute temperature readings initially and after the temperature 
decreases?
• What is the absolute pressure of the system before the temperature decreases? 
• What is the absolute pressure of the system after the temperature decreases? 

6. A flow meter is attached in a hydraulic line that measures 12 gal/min. The line has 
an inside diameter of 1.5 in.  Find the flow velocity where the fluid passes the meter.

• Sketch and label all known and unknown values.
• What is the flow rate measured as in.3 /min at the meter?
• What is the area of inside diameter of the line?
• What is the flow velocity where the fluid passes the meter? 

7. A hydraulic press must be used to press-fit two components together in an assembly 
process. The system must generate at least 775 lbs. of force to perform the press fit. The 
piston at the input cylinder is pushed with a force of 250 lbs. and has an area of 30 in.2.  
The output can use up to 15 cylinders that are each 30 in.2.  How many cylinders are 
needed?

• Sketch and label all known and unknown values.
• How much mechanical advantage is required to gain the necessary force?
• How many output cylinders must be incorporated into the design?
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 Identify components on a hydraulic machine
 Operate a hydraulic machine (forklift, pallet jacket, 

vehicle lift)
 Look up the SDS sheet on hydraulic fluid
 Identify components on a pneumatic machine
 Operate a pneumatic machine (air tool, air compressor)
 Read a pressure gauge
 Adjust a pressure regulator
 Inspect hydraulic and pneumatic hoses, lines, and fittings
 Check for a pneumatic air leak with bubble soap
 Connect quick-disconnect hoses
 Read an AELLC Fry Dispenser manual
 Read a Taylor Auto Lift Grill manual
 Look up parts in a parts manual
 Draw fluid power schematic symbols
 Draw a hydraulic schematic
 Draw a pneumatic schematic
 Look up a job description that requires fluid power 

knowledge
 Speak with someone at a hydraulics supply house about 

fluid power
 Explore field that require fluid power knowledge
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www.hydraulicspneumatics.com
www.wisc-online.com
www.khanacademy.com
www.study.com
www.quizlet.com
www.engineeringtoolbox.com
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