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1.1: Fluid Power

We use Fluid Power in all things around us. Almost all mechanical devices are either operated by Fluid Power or produced by Fluid
Power. One of the easiest to think of is the brakes of a car to allow the car to stop. When you press the brake pedal in a car, it sends
a liquid to the brakes, helping the car stop. In factories, machines might use air to move parts or lift heavy things. Even water
flowing from a higher point to a lower point, like in a hydroelectric dam, is Fluid Power at work.

What Is Pneumatics and What Is It Used For?
Pneumatics is a way of using air to make things move or work. Similar to how the brakes are applied in a car, in pneumatics we use
air.

Imagine a balloon. When you blow air into it, it gets bigger and can even move the balloon around if you let the air out quickly.
This is how pneumatics work. Allow high air pressure to escape to a lower air pressure.

So, pneumatics is basically using air power to do different tasks, like moving things or making machines work.

1]
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Figure 1.1.1: A man using a pneumatic jackhammer to break up asphalt. Original file by Josh Parris. Licensed under the Creative
Commons Attribution 2.0 Generic license.

The Basic Components of a Pneumatic System
A pneumatic system typically consists of several basic components:
o Power Unit:

o Compressor: This is like the heart of the pneumatic system. The compressor takes in air from the surroundings and
compresses it, making it pressurized. Think of it as the pump that fills up a balloon with air.

o Storage Tank: Once the air is compressed, it's stored in a tank called a storage tank or air receiver. This tank holds the
pressurized air until it's needed. It's like a reservoir that keeps air ready for use.
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o Pressure Regulator: Uses mechanical devices and pressure fighting against those mechanical devices to open and close a
gateway. When the gateway opens, the air that is at a high pressure can escape to the lower-pressure area. When it does this,
the lower pressure area increases in pressure until that pressure is used for work.

o Control Valve: The control valve regulates the flow of pressurized air. It can open to let air flow or close to stop it. By
controlling the valve, we control how fast the air can move through the system, which helps control the movement of pneumatic
devices. Think of a large and a small doorway. The large doorway allows a lot to flow out of it, whereas a small doorway allows
less.

e Actuators: These are the parts of the system that actually do the work. Actuators can be cylinders or motors that use the
pressurized air to move things. For example, a pneumatic cylinder might push or pull something when air is directed into it. It's
like the muscles of the system that make things move.

o Piping and Tubing: These are the pathways that carry the pressurized air from the compressor to the actuators and back.
They're like the veins and arteries of the system, ensuring that air flows where it's needed.

o Power Fluid: A gas, typically air. Overall, compressed air serves as the primary "fluid" in pneumatic systems, providing the
power necessary to operate various pneumatic components and perform tasks. Compressed air is preferred for several reasons:

o Availability: Air is abundant and readily available in the environment, making it easy to obtain and use.

o Cleanliness: Air is clean and doesn't leave behind residue or contaminate the environment like hydraulic fluids might.

o Safety: Air is generally considered safer to use than liquids, especially in environments where there's a risk of leakage or

spills.
o Flexibility: Air is compressible, which allows for more flexibility in controlling the system's pressure and flow compared to

liquids.
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Figure 1.1.2: A pneumatic schematic showing the basic components of a pneumatic system (ISO 1219).

1.1: Fluid Power is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin Technical
College).
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1.2: Pressure

Definition of Pneumatic Pressure and Its Units of Measure
Pneumatic pressure refers to the force exerted by compressed air within a pneumatic system. It's the force that air exerts on the
walls of its container, whether it's a storage tank, a hose, or a pneumatic component like a cylinder.

The units of measure for pneumatic pressure are typically:

1. Pounds per Square Inch (psi): This is a common unit used to measure pressure in pneumatic systems. It represents the force
exerted by one pound of force applied to an area of one square inch.

"

Figure 1.2.1: Pressure applied to an area, creating a force. Image file by Cdang. Licensed under the Creative Commons Attribution
2.0 Generic license.

2. Bar: Another commonly used unit, especially in countries that use the metric system, is the bar. One bar is approximately equal
to 14.5 psi.

3. Pascal (Pa): The Pascal is the SI unit of pressure. It's defined as one Newton per square meter. However, in pneumatic systems,
pressure is often measured in kilopascals (kPa) or megapascals (MPa), where 1 kPa = 1000 Pa and 1 MPa = 1,000,000 Pa.

These units help engineers and technicians quantify and regulate the pressure levels within pneumatic systems to ensure safe and
efficient operation.

Pressure Gauge

A Pressure Gauge is a device used to measure pressure at a given point.

How to Read a Pneumatic Pressure Gauge

Figure 1.2.2: Two-scale pressure gauge. Original file by leapingllamas. Licensed under the Creative Commons Attribution 2.0
Generic license.
Reading a pneumatic pressure gauge is straightforward once you understand the markings and numbers on the gauge. Here's how to
do it:

1. Zero Reading: When there's no pressure in the system, the needle on the gauge should rest at or close to zero. This indicates
that there's no pressure being exerted on the gauge.

2. Scale: The gauge typically has a scale marked in units of pressure, such as psi (pounds per square inch) or bar. Each unit on the
scale represents a specific amount of pressure.

3. Needle Position: As pressure builds up in the pneumatic system, the needle on the gauge will move to indicate the amount of
pressure being exerted. The needle points to the pressure level on the scale corresponding to the current pressure in the system.

4. Pressure Reading: To read the pressure, simply note where the needle points on the scale. This indicates the pressure level in

the pneumatic system at that moment.
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5. Additional Markings: Some gauges may have additional markings or color-coding to indicate safe operating ranges or danger
zones. Pay attention to these markings to ensure that the pressure stays within acceptable limits.

6. Units Conversion: If the gauge displays pressure in a unit you're not familiar with, you may need to convert it to a unit you
understand. For example, if the gauge measures pressure in bar but you're more comfortable with psi, you can use a conversion
chart or calculator to convert the reading.

By following these steps and understanding the markings on the gauge, you can accurately read the pressure in a pneumatic system.

Scales Typically Found on the Gauge

Pneumatic pressure gauges typically have one scale, which is marked in units of pressure such as pounds per square inch (psi), bar,
or another pressure unit. This single scale allows the user to read the pressure directly in the chosen unit without needing to switch
between different scales.

However, some specialized pressure gauges may have multiple scales on the same gauge face, especially if they're designed to
measure pressure in different units simultaneously or if they're used in applications where multiple units of pressure are relevant.

For most general-purpose pneumatic pressure gauges, though, you'll typically find just one scale indicating pressure in a single
unit.

What Is Its Symbol?
The symbol for a conditioning device in pneumatic schematics typically looks like a diamond shape with additional markings.

Here are two basic representations of the symbol for a pneumatic quick-connect fitting:

GAGE

Figure 1.2.3: Pressure gauge and moisture filter (ISO 1219).
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Figure 1.2.4: Pressure gauge in a pneumatic circuit (ISO 1219).

1.2: Pressure is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin Technical
College).
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1.3: Pneumatic Schematic

Function of a Pneumatic Schematic

A pneumatic schematic is like a map that shows how all the components of a pneumatic system are connected and how they work
together. It's a diagram that uses symbols and lines to represent the different parts of the system and the flow of air between them.
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|
|
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|
|
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|
|
I %SHUT OFF VAVE  REGULATOR
|
|

Figure 1.3.1: A pneumatic schematic (ISO 1219).

Here's what a pneumatic schematic does:

1. Visual Representation: It provides a visual representation of the pneumatic system, showing all the components and their
relationships. This helps engineers and technicians understand the layout of the system at a glance.

2. Component Identification: Each component in the system, such as valves, cylinders, and actuators, is represented by a specific
symbol in the schematic. This makes it easy to identify and locate individual parts within the system.

3. Flow Direction: The schematic indicates the direction of airflow through the system using arrows and lines. This helps users
understand how air moves from one component to another and how different parts of the system interact.

4. Functionality: By studying the schematic, users can understand how the pneumatic system functions as a whole. They can see
how different components work together to perform specific tasks, such as moving objects or controlling machinery.

5. Troubleshooting: Pneumatic schematics are essential for troubleshooting and diagnosing problems in the system. If there's a
malfunction or a leak, technicians can refer to the schematic to identify the affected components and trace the source of the
issue.

Overall, a pneumatic schematic serves as a valuable tool for designing, understanding, and maintaining pneumatic systems,
providing a clear and concise representation of how they operate.

Symbol Standards

There are standards for the symbols used in pneumatic schematics to ensure consistency and clarity across different diagrams.
These standards help engineers, technicians, and anyone working with pneumatic systems to understand the diagrams more easily.
Two commonly used standards for pneumatic symbols are ISO (International Organization for Standardization) and ANSI
(American National Standards Institute).

ISO 1219-1: This standard, also known as ISO 1219, provides guidelines for the symbols used in pneumatic and hydraulic
diagrams. It specifies the shapes, sizes, and graphical representations of components such as valves, cylinders, pumps, and other
pneumatic and hydraulic devices.

ANSI/ISA-5.1-2009: This standard, developed by the American National Standards Institute (ANSI) and the International Society
of Automation (ISA), provides symbols for process measurement and control instrumentation. While it's not specific to pneumatic
systems, it includes symbols that are commonly used in pneumatic schematics, such as valves, actuators, and pressure gauges.

https://eng.libretexts.org/@go/page/105681


https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://eng.libretexts.org/@go/page/105681?pdf
https://eng.libretexts.org/Courses/Northeast_Wisconsin_Technical_College/Fluids_1%3A_Fluid_Power_and_Pneumatics_(NWTC)/01%3A_Pneumatics_Introduction/1.03%3A_Pneumatic_Schematic

LibreTexts"

The NFPA (National Fluid Power Association) is still an active organization, but its role has evolved over time. NFPA is a trade
association that represents manufacturers, distributors, suppliers, and users of fluid power components and systems, including both
hydraulic and pneumatic technologies.

While NFPA does not have regulatory authority like some other standards organizations, it plays a significant role in developing
and promoting standards, education, and best practices within the fluid power industry. NFPA standards cover a wide range of
topics related to fluid power, including terminology, performance specifications, safety guidelines, and symbols for hydraulic and
pneumatic systems.

So, while NFPA may not be as well known as organizations like ISO or ANSI outside of the fluid power industry, its standards
continue to be relevant and influential within the industry itself.

These standards ensure that symbols used in pneumatic schematics are consistent and universally understood, making it easier for
professionals in the field to interpret and work with pneumatic diagrams.

1.3: Pneumatic Schematic is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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1.4: Pneumatic Safety

The 6 Important Safety Rules for Pneumatics

Safety is paramount when working with pneumatic systems to prevent accidents and injuries. Here are six important safety rules to
follow when working with pneumatics:

1. Understand the System: Before working with pneumatic equipment, make sure you understand how the system operates,
including the function of each component and the potential hazards involved. Familiarize yourself with the pneumatic
schematic and follow proper operating procedures.

2. Use Proper PPE: Personal protective equipment (PPE) is essential when working with pneumatic systems. Wear safety glasses
to protect your eyes from flying debris, gloves to shield your hands, and appropriate clothing to prevent injury from moving
parts or compressed air.

3. Inspect Equipment Regularly: Conduct routine inspections of pneumatic equipment to ensure it's in good working condition.
Check for leaks, damaged hoses or fittings, and signs of wear or corrosion. Replace any defective components immediately to
prevent accidents.

4. Relieve Pressure Before Maintenance: Before performing any maintenance or repairs on pneumatic equipment, always shut
off the air supply and relieve pressure from the system. Depressurize hoses, cylinders, and other components using bleed valves
or by opening control valves to release trapped air.

5. Follow Lockout/Tagout Procedures: When servicing or repairing pneumatic systems, follow lockout/tagout procedures to
prevent accidental startup or energization. Lockout/tagout involves isolating energy sources and securing them with locks or
tags to prevent unauthorized operation.

6. Train Personnel Properly: Ensure that anyone working with pneumatic systems receives proper training on safe operating
procedures, hazard recognition, and emergency protocols. Provide ongoing training and reinforcement to promote a safety-
conscious work environment.

By following these safety rules, you can minimize the risk of accidents and injuries when working with pneumatic systems and
help ensure a safe working environment for yourself and others.

1.4: Pneumatic Safety is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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2.1: Pressure Regulator

The Pressure Regulator and What It Is Used For

A pressure regulator is like a control knob for air pressure in a pneumatic system. It's a device that helps keep the pressure at a
certain level, just like how you adjust the volume on a radio to make it louder or softer.

Imagine you're blowing up a balloon. If you blow too hard, it might burst. But if you blow gently, the balloon fills up without
popping. A pressure regulator works kind of like your breath when you blow up the balloon gently—it controls how much air
pressure goes into the system, keeping it at a safe level.

So, in a pneumatic system, a pressure regulator makes sure that the air pressure stays within a set range, preventing damage to the
equipment and ensuring everything works smoothly. It's like the guardian of the air pressure, making sure everything stays safe and
under control.

Figure 2.1.1: Pressure regulator with shut-off valve, moisture filter and gauge.

How Does It Work?

A pressure regulator works by using a valve mechanism to adjust the flow of air and maintain a consistent pressure level within a
pneumatic system. Here's how it works:
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Figure 2.1.2: Pressure regulator (ISO 1219).

1. Adjustment Knob: The pressure regulator typically has a knob or screw that you can turn to set the desired pressure level.
When you turn the knob clockwise, it increases the pressure, and when you turn it counterclockwise, it decreases the pressure.

2. Internal Mechanism: Inside the pressure regulator, there's a spring-loaded valve mechanism. This mechanism responds to
changes in pressure by either opening or closing to control the flow of air.

3. Balancing Pressure: When the pressure in the system exceeds the set level, the regulator's valve mechanism opens slightly to
allow excess air to escape. This helps maintain a constant pressure within the system, preventing it from rising too high.

4. Maintaining Pressure: Conversely, if the pressure in the system drops below the set level, the regulator's valve mechanism
adjusts to allow more air into the system, restoring the pressure to the desired level.

5. Output Pressure: The pressure regulator has an outlet where the regulated air is released into the pneumatic system. The
pressure at this outlet remains relatively constant, regardless of fluctuations in the input pressure.

In summary, a pressure regulator controls the flow of air within a pneumatic system to maintain a consistent pressure level. It
achieves this by adjusting a valve mechanism in response to changes in pressure, ensuring that the system operates safely and
efficiently.

What Is The Symbol For It?

The symbol for a pressure regulator in pneumatic schematics typically looks like a rectangle with an arrow passing through it
horizontally. The arrow indicates the direction of airflow, and sometimes it's accompanied by a smaller arrow pointing in the
opposite direction to show the pressure regulation function.

Here's a basic representation of the symbol for a pressure regulator:
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Figure 2.1.4: Pressure regulator in a pneumatic circuit (ISO 1219).

This symbol is commonly used in pneumatic diagrams to represent pressure regulators, making it easy to identify them within the
system.

2.1: Pressure Regulator is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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2.2: Fluid Conditioning Devices

The Function of a Fluid Conditioning Device and What It Is Used For

A Fluid Conditioning Device is a device that changes a fluid in some way. Think of an air filter like a cleaner for the air in a
pneumatic system. Its job is to catch tiny particles like dust, dirt, and other contaminants that might be floating around in the air,
just like how you use a strainer to catch bits of food when you're cooking pasta, an air filter catches the "bits" in the air before they
can cause problems in the pneumatic system.

When air gets sucked into a pneumatic system, it might bring along all sorts of tiny stuff that you can't see with your eyes. If this
dirty air gets into the system, it can clog up valves, jam up cylinders, and cause other parts to wear out faster. That's where the air
filter comes in. It traps all those tiny particles, keeping the air clean and the system running smoothly.

So, in simple terms, an air filter is like a shield that protects the pneumatic system from getting clogged up with dirt and dust,
helping it work better and last longer.

There are other types of conditioning that may be required. Maybe the air has too much moisture, and it needs to be
removed; maybe the opposite. Maybe the air is too hot, and it needs to be cooled down; maybe the opposite. Fluid Conditioning
Devices change the fluid into what is needed for work to be completed.

Figure 2.2.1: Pneumatic filters.

How Does It Work?

An air filter works by using a porous material, typically made of paper, fabric, or mesh, to trap and remove contaminants from the
air as it passes through. Here's how it works:

1. Airflow: Dirty air enters the air filter housing through an inlet, often located on the side or top of the filter. The air then flows
through the filter material.

2. Filter Material: Inside the air filter housing, the air passes through the filter material. This material is designed to capture
particles like dust, dirt, pollen, and other contaminants present in the air.

3. Particle Capture: As the air passes through the filter material, the contaminants in the air become trapped in the fibers or pores
of the material. This prevents the particles from continuing to flow through the system.

4. Clean Air Output: Once the air has passed through the filter material, it emerges on the other side as clean, filtered air. This
clean air is then directed into the pneumatic system or the engine intake, depending on the application.

5. Maintenance: Over time, the filter material can become clogged with trapped particles, reducing its effectiveness. To ensure
optimal performance, air filters need to be regularly inspected and replaced according to the manufacturer's recommendations.

In summary, an air filter works by using a specialized filter material to trap and remove contaminants from the air, ensuring that
only clean air enters the pneumatic system or engine intake. This helps protect the system from damage and maintain optimal
performance.
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The Pneumatic Filter Drain and How to Drain It

Pneumatic filters often have a drain mechanism to remove any accumulated moisture or contaminants that have been captured by
the filter. Draining the filter is important to maintain its effectiveness and prevent damage to the pneumatic system. Here's how you
can drain a pneumatic filter:

Pneumatic
Filter Drain

Figure 2.2.2: Pneumatic filter drain.

1. Locate the Drain Valve: Most pneumatic filters are equipped with a drain valve, which is typically located at the bottom of the
filter housing. The drain valve may be manual or automatic.

2. Manual Drain Valve: If the filter has a manual drain valve, you'll need to open it manually to release any trapped moisture or
contaminants. This is usually done by turning a knob or lever on the drain valve. Make sure to place a container or rag
underneath the valve to catch any discharged fluid.

3. Automatic Drain Valve: Some pneumatic filters are equipped with automatic drain valves, which open periodically to release
accumulated moisture or contaminants without the need for manual intervention. Automatic drain valves are often equipped
with a timer or a float mechanism to control the draining process.

4. Drain the Filter: Whether manual or automatic, draining the filter is typically a simple process. Open the drain valve fully to
allow the trapped fluid to flow out of the filter. It's important to ensure that the drain outlet is clear and unobstructed to prevent
blockages.

5. Close the Drain Valve: Once the draining process is complete, close the drain valve securely to prevent air or fluid from
escaping unintentionally. Ensure that the valve is properly sealed to maintain the integrity of the pneumatic system.

6. Verify Operation: After draining the filter, verify that the drain valve is closed securely and check for any signs of leakage.
Additionally, monitor the filter periodically to ensure that it continues to operate effectively and drain as needed.

By regularly draining the pneumatic filter, you can help maintain the cleanliness and efficiency of the pneumatic system,
prolonging its lifespan and reducing the risk of damage or malfunctions.

What Is Its Symbol?
The symbol for a conditioning device in pneumatic schematics typically looks like a diamond shape with additional markings.

Here are two basic representations of the symbol for a pneumatic quick-connect fitting:
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Figure 2.2.4: Air filters in a pneumatic circuit (ISO 1219).

2.2: Fluid Conditioning Devices is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast

Wisconsin Technical College).
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3: Circuit Connections

Quick-Connect Fittings

The Function of a Pneumatic Quick-Connect Fitting and What It Is Used For
A pneumatic quick-connect fitting is like a super-fast way to attach and detach air hoses in a pneumatic system. It's like snapping

together two pieces of a puzzle—they fit together quickly and securely without needing any tools or complicated steps.

Imagine you have two hoses that you need to connect together to make the pneumatic system work. Instead of screwing them
together or using clamps, you can use a quick-connect fitting. It's designed to snap into place with a simple push or pull, making
the connection in just a few seconds.

Figure 3.1: Quick-connects and tees.

So, in simple terms, a pneumatic quick-connect fitting makes it easy to join air hoses together in a pneumatic system without any
fuss. It's like the fastener that holds everything together, allowing the system to work smoothly and efficiently.

What Is Its Symbol?

The symbol for a pneumatic quick-connect fitting in pneumatic schematics typically looks like two lines with a semicircular notch
at one end. This symbol represents the male and female components of the quick-connect fitting, indicating how they fit together.

Here's a basic representation of the symbol for a pneumatic quick-connect fitting:

\ |
1
FEMALE END FITTING MALE END FITTING
WITH SHOWS WITHOUT
CHECK VALVE CONNECTION CHECK VALVE

Figure 3.2: Quick-connect fittings (ISO 1219).
This symbol is commonly used in pneumatic diagrams to represent quick-connect fittings, making it easy to identify them within
the system.
The Function of a Tee and Cross in Pneumatics and What It Is Used For
In pneumatics, a tee and a cross are types of connectors used to split or combine airflow in different directions.

1. Tee: A tee connector looks like the letter "T" and is used to split airflow into two directions. It's like a fork in the road where the
air can go either left or right. Tees are commonly used when you need to supply air to two different components or branches of
a pneumatic system.
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2. Cross: A cross connector looks like a plus sign "+" and is used to combine airflow from multiple directions into one. It's like a
meeting point where air from different paths comes together. Cross connectors are used when you need to bring air from
different sources or branches of a pneumatic system into a single line.

Both tees and crosses play important roles in directing airflow within a pneumatic system, allowing for flexibility in system design
and operation. They help ensure that air flows where it's needed to power various pneumatic components and perform tasks
efficiently.

What Are Their Symbols?

In pneumatic schematics, the symbols for a tee and a cross are as follows:

Tee Symbol

SYMBOL

Figure 3.3: Tee Fitting (ISO 1219).

The tee symbol resembles the letter "T", indicating the branching of airflow into two directions.

Cross Symbol

SYMBOL

CROSS —

Figure 3.4: Cross fitting (ISO 1219).
The cross symbol resembles a plus sign "+" and indicates the merging of airflow from multiple directions into one.
These symbols are commonly used in pneumatic diagrams to represent tees and crosses, making it easy to identify their function

within the system.

3: Circuit Connections is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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4.1: Actuators - Cylinders

The Function of a Pneumatic Cylinder and What it is Used For

A pneumatic cylinder is like a magic wand that uses air power to move things around. It's a long, hollow tube with a piston inside
that moves back and forth when air is pumped into it.

Figure 4.1.1: Pneumatic Cylinder.

PORT PORT
A B
i b
|- —ROD

—BODY

PISTON
Figure 4.1.1: Pneumatic Cylinder Anatomy. (ISO 1219)

Imagine a toy car that you can push with your hand to make it move. In a pneumatic cylinder, the air does the pushing instead.
When you pump air into one end of the cylinder, it pushes the piston, which then moves whatever is attached to it. It's like having a
superhero arm that can push or pull things with the power of air!

So, in simple terms, a pneumatic cylinder is used to move objects back and forth in a pneumatic system, using the force of
compressed air to do the heavy lifting. It's like the muscle of the system, helping machines and equipment perform all sorts of

tasks.

The Double-Acting Pneumatic

A double-acting pneumatic cylinder is a type of pneumatic actuator that uses air pressure to move a piston in both directions,
providing power for both extension and retraction movements. Here's how it works:

1. Cylinder Construction: A double-acting pneumatic cylinder consists of a cylindrical tube, a piston, and two ports—one for air
intake and one for exhaust. The piston is fitted with seals to create airtight chambers on both sides.

https://eng.libretexts.org/@go/page/105685
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2. Extension Stroke: To extend the piston, compressed air is directed into one end of the cylinder through the intake port. The
pressure of the air pushes the piston in one direction, causing it to move outward. As the piston extends, the air on the opposite
side of the piston is exhausted through the exhaust port.

3. Retraction Stroke: To retract the piston, compressed air is directed into the opposite end of the cylinder through the intake
port. The pressure of the air pushes the piston in the opposite direction, causing it to move inward. As the piston retracts, the air
on the previous side of the piston is exhausted through the exhaust port.

4. Repeating the Cycle: The process of extending and retracting the piston can be repeated as needed by controlling the flow of
compressed air into the cylinder. By alternately pressurizing and exhausting the air on either side of the piston, the double-
acting cylinder can produce continuous and controlled linear motion.

5. Applications: Double-acting pneumatic cylinders are commonly used in various industrial applications, such as manufacturing,
automation, and robotics, where precise and controlled linear motion is required. They provide reliable and efficient actuation
for tasks such as pushing, pulling, lifting, and clamping.

What is its Symbol?

In pneumatic schematics, the symbol for a double-acting pneumatic cylinder typically looks like this:

Figure 4.1.1: Double-Acting Pneumatic Cylinder Symbol. (ISO 1219)

- _ GAGE
COMPRESSOR /| %@ é
O : ——
FILTER | ALER L 7
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]
_____________ VS

Figure 4.1.1: Double Acting Cylinder in a Pneumatic Circuit. (ISO 1219)
This symbol represents the cylindrical shape of the cylinder with the piston inside. The arrows on both sides of the cylinder indicate
that air can flow in and out to move the piston in both directions, representing its double-acting functionality.
How Does it Extend and Retract?

A double-acting pneumatic cylinder extends and retracts by controlling the flow of compressed air into and out of the cylinder
through its ports. Here's how the process works:
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Extension Stroke:
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Figure 4.1.1: Pneumatic Cylinder in Extension (ISO 1219)
1. Compressed air is directed into one end of the cylinder through the intake port.
2. The pressure of the compressed air pushes against the piston, causing it to move outward (extend).
3. As the piston moves outward, the air on the opposite side of the piston is exhausted through the exhaust port.
4. The extension stroke continues until the desired position is reached or until the air supply is stopped.

Retraction Stroke:
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Figure 4.1.1: Pneumatic Cylinder in Retraction. (ISO 1219)
1. Compressed air is then directed into the opposite end of the cylinder through the intake port.
2. The pressure of the compressed air pushes against the piston from the opposite side, causing it to move inward (retract).
3. As the piston moves inward, the air on the previous side of the piston is exhausted through the exhaust port.
4. The retraction stroke continues until the desired position is reached or until the air supply is stopped.

By alternately controlling the flow of compressed air into and out of the cylinder through its ports, the double-acting pneumatic

cylinder is able to extend and retract, providing controlled and reversible linear motion for various applications.

4.1: Actuators - Cylinders is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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4.2: Directional Control Valves

How a 4-way, 3-position Pneumatic DCV Works and What it is Used For

A 4-way, 3-position (often called a 4/3) pneumatic directional control valve (DCV) is a type of valve used to control the direction
and flow of compressed air in a pneumatic system. Here's how it works and what it's used for:

How it Works

1. Four Ports: A 4-way valve has four ports: one inlet port (P), two-cylinder ports (A and B), and one exhaust port (E).

2. Three Positions: The valve has three positions: neutral, extend, and retract. In the neutral position, all ports are blocked, and
there is no airflow. In the extend and retract positions, the valve directs airflow to one of the cylinder ports while exhausting the
other.

3. Operation:

https://eng.libretexts.org/@go/page/105686
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Figure 4.2.1: 4/3 DCV in Neutral

Position.
D PI 1B
gy S

Figure 4.2.1: DCV in Retract Position.

In the neutral position, both cylinder ports (A and B) are blocked, and no air flows to the cylinder. The piston remains stationary

https://eng.libretexts.org/@go/page/105686


https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://eng.libretexts.org/@go/page/105686?pdf

LibreTextS"

Figure 4.2.1: 4/3 DCV in Extend Position.
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Figure 4.2.1: DCV in Retract Position.

To extend the cylinder, the valve is actuated to shift to the extend position. In this position, the inlet port (P) is connected to port
A, allowing compressed air to flow into one side of the cylinder (A) to extend the piston. Port B is connected to the exhaust port
(E), allowing air to exhaust from the other side of the cylinder.
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Figure 4.2.1: DCV in Retract Position.
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Figure 4.2.1: DCV in Retract Position.

To retract the cylinder, the valve is actuated to shift to the retract position. In this position, the inlet port (P) is connected to port
B, allowing compressed air to flow into the other side of the cylinder (B) to retract the piston. Port A is connected to the exhaust
port (E), allowing air to exhaust from the other side of the cylinder.

What it's Used For

A 4/3 DCV is commonly used in applications where precise control of pneumatic actuators, such as double-acting cylinders or
pneumatic motors, is required. Some common applications include:
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o Automation systems: For controlling the movement of robotic arms or grippers.

o Material handling equipment: For controlling the movement of conveyor belts or lifting mechanisms.

o Machine tools: For controlling the movement of pneumatic actuators in machining processes.

¢ Industrial machinery: For controlling the movement of various components in manufacturing processes.

Overall, the 4/3 DCV provides versatile and precise control of pneumatic actuators, allowing for efficient and controlled operation
of pneumatic systems in a wide range of industrial applications.

The Components of the DCV and How it Operates
The components of a typical 4/3 DCV include:

1. Valve Body: The main housing of the valve that contains all the internal components and ports.

2. Spool: A movable element inside the valve body that directs airflow by blocking or opening passages between ports.

3. Actuation Mechanism: The mechanism responsible for moving the spool between its different positions. This can be manual
(such as a lever or knob), mechanical (such as a solenoid), or pneumatic (using compressed air).

4. Ports: The openings in the valve body where compressed air enters and exits. A 5-way valve typically has five ports:

o P: Inlet port for compressed air.
o A and B: Ports connected to the two sides of the pneumatic actuator (such as a cylinder).
o E: Exhaust ports for releasing compressed air from the actuator.

5. Seals and O-rings: These ensure that air flows through the valve without leaking and maintain airtight seals between the
moving parts.

What is its Symbol?
In pneumatic schematics, the symbol for a 4/3 DCV Button Operated, Spring Return typically looks like this:

.’.,.-u H—

4/5 DCV
LEVER OPERATED
DETENTED

Figure 4.2.1: 4/3 DCV Lever Operated, Detented Symbol. (ISO 1219)
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Figure 4.2.1: Double Acting Cylinder in a Pneumatic Circuit. (ISO 1219)
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The 2-way, 2-Position Valve

A 2-way, 2-position (often called a 2/2) pneumatic directional control valve (DCV) is a simpler type of valve compared to the 4-

way valve. Here are its components and how it operates:

Components
1. Valve Body: The main housing of the valve that contains all the internal components and ports.
2. Spool or Ball: A movable element inside the valve body that controls the flow of air by either blocking or opening the passage

between ports.
3. Actuation Mechanism: The mechanism responsible for moving the spool or ball between its two positions. This can be manual

(such as a lever or knob), mechanical (such as a solenoid), or pneumatic (using compressed air).
4. Ports: The openings in the valve body where compressed air enters and exits. A 2-way valve typically has two ports:
o P: Inlet port for compressed air.
o A: Outlet port where compressed air flows when the valve is open.
5. Seals and O-rings: These ensure that air flows through the valve without leaking and maintain airtight seals between the

moving parts.

How it Operates
1. Open Position: In the open position, the spool or ball moves to allow airflow from the inlet port (P) to the outlet port (A). This
position is used when air flow to a specific component or actuator is desired.
2. Closed Position: In the closed position, the spool or ball blocks the passage between the ports, preventing airflow. This position
is used when no air flow is required, such as when stopping the operation of a pneumatic actuator or isolating a section of the

pneumatic system.
By controlling the position of the spool or ball, the 2/2 DCV either allows or blocks airflow between the inlet and outlet ports,
providing simple on-off control of pneumatic components in various industrial applications.

What is its Symbol?
In pneumatic schematics, the symbol for a 2/2 DCV Button Operated, Spring Return typically looks like this:

PN

2
2/2 DCV N.C.

Figure 4.2.1: 2/2 DCV Button Operated, Spring Return Symbol. (ISO 1219)

4.2: Directional Control Valves is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast
Wisconsin Technical College).
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5.1: What are Compressors?

Compressors are components in pneumatic systems that convert mechanical energy from a prime mover (such as an electric motor
or internal combustion engine) into the potential energy of compressed air. They supply air at a sufficient pressure and volume to

perform useful work within a system.
There are two main categories of air compressors:

1. Positive Displacement Compressors — Increase pressure by reducing air volume in a confined space.
2. Dynamic Compressors — Increase pressure by adding kinetic energy to moving air and then converting it to pressure energy.

Each type has various subcategories that cater to different industrial needs.

Positive Displacement Compressors

A positive displacement compressor delivers compressed air into a receiver tank using a moveable component inside a housing.
These compressors are generally not affected by changes in working pressure, aside from minor losses due to leakage and
volumetric inefficiency.

Piston Type Compressors

The most common type of positive displacement compressor is the reciprocating piston compressor. It consists of a piston inside
a bore, driven by a crankshaft connected to a prime mover. The compressor operates through a series of suction and compression

strokes:

How a Reciprocating Piston Compressor Works
1. Intake Stroke: The crankshaft pulls the piston downward, creating an increasing volume in the bore, which lowers pressure.
When the pressure differential is sufficient, the inlet valve opens, allowing atmospheric air to enter.
2. Compression Stroke: The piston moves upward, compressing the air. As the pressure rises, the outlet valve opens, allowing

compressed air to flow into a storage tank.

Single-stage piston compressors operate up to 100 psig, but industrial applications often require higher pressures, leading to the use
of two-stage compressors, which compress air in multiple stages to increase efficiency and reduce heat buildup.

Vane Compressors

A vane compressor consists of a housing, a rotor, and multiple floating vanes. As the rotor turns, centrifugal force pushes the vanes
outward, forming air pockets. These pockets decrease in volume as the rotor turns, compressing the air.

Advantages of Vane Compressors

o Lower initial cost for small applications.
e Minimal starting torque requirements.

o Suitable for pressures up to 150 psig.

Helical (Screw) Compressors

Helical compressors, also called screw compressors, use two meshing rotors to compress air. Air is drawn in at one end and
compressed as it moves toward the discharge end.

Types of Screw Compressors
1. Dry Helical Compressors: Use timing gears to maintain clearance between rotors, eliminating the need for lubrication.
2. Oil-Flooded Compressors: Use oil for lubrication and sealing, improving efficiency but requiring oil separation downstream.

A variation of this type is the single screw compressor, which uses a single rotor and offers low noise and vibration.

https://eng.libretexts.org/@go/page/115510
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Lobed-Rotor Compressors

Lobed-rotor compressors, similar to dry helical compressors, employ a timing mechanism to prevent rotor contact. While efficient
at maximum speed, they experience slip losses at higher pressures. These compressors can reach pressures up to 250 psi with
power ranges from 7 to 3000 hp.

Dynamic Compressors

Unlike displacement compressors, dynamic compressors increase pressure by accelerating air and then converting velocity energy
into pressure energy.

Centrifugal Compressors
Centrifugal compressors use an impeller to generate centrifugal force, which pushes air into a diffuser where its velocity decreases

and pressure increases.

Key Features

o Ideal for high-volume, low-pressure applications.

o Sensitive to fluctuations in demand; running below rated flow can cause a surge, damaging components.

Radial Compressors

Radial compressors operate at very high speeds (20,000-100,000 rpm) and are commonly used in aerospace and industrial
applications.

Axial Compressors

Axial compressors move air parallel to the rotating assembly. They provide constant airflow at moderate pressures (around 90 psi)
and are typically used in high-volume applications such as blast furnaces and aircraft engines.

Multi-Stage Compressors
For higher efficiency, multi-stage compressors compress air in multiple stages. The two-stage piston compressor is a common

example.

How a Two-Stage Piston Compressor Works
1. First Stage: A large piston compresses air and sends it to an intercooler, where it is cooled before entering the second stage.

2. Second Stage: A smaller piston further compresses the air before final storage.

By cooling air between stages, two-stage compressors reduce the energy required for compression and prevent excessive heat
buildup.

Compressor Output Control
To maintain system efficiency and safety, compressor output must be regulated. Several methods exist:

Unloading Methods

1. Bypass Control: Releases compressed air into the atmosphere, keeping the compressor running at full load (inefficient).
2. Start-Stop Control: Turns the motor on and off based on system pressure (may lead to excessive motor wear).

3. Inlet Valve Regulation: Keeps the inlet valve open when demand is low, reducing compression.

4. Inlet Throttling: Restricts the inlet port to control airflow, though it maintains high power consumption.

5. Total Inlet Closure: Shuts the inlet valve completely, but this method is rarely used due to inefficiency.

System Efficiency and Losses

Even the best-designed pneumatic systems experience efficiency losses due to heat dissipation, friction, and airflow restrictions.
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Heat of Compression
Compression increases air temperature, but much of this heat dissipates before reaching the point of work, reducing system
efficiency. Intercoolers and aftercoolers help remove excess heat.

Frictional Losses

Efficient system design minimizes frictional losses by using properly sized pipes, reducing bends and elbows, and selecting the

correct compressor type and size.

5.1: What are Compressors? is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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5.2: Compressors and the Need for Aftercoolers, Driers, and Receivers

Compressor Air

After passing through the compressor intake filter, air moves into the piston chambers. In two-stage compressors, air undergoes an
initial compression in the first stage, resulting in a temperature rise. It then passes through an aftercooler where the temperature
decreases before moving to the second stage for further compression and an additional temperature increase.

At this point, the compressed air has increased potential energy but contains excessive heat and water vapor. Air compressor outlet
temperatures can range between 400°F to 500°F (204°C to 260°C). The air may also carry some dirt not removed by the intake
filter and oil vapor picked up while passing through the compressor. Both contaminants are undesirable, and the high heat could
cause issues in the distribution system, such as expansion and contraction of pipes, leading to leaks and reduced efficiency. For this
reason, instead of discharging air directly into a receiver for storage, it is first passed through an aftercooler.

Aftercoolers

As the name suggests, an aftercooler cools the compressed air after compression is complete. This cooling process is typically
achieved by passing cooling water or air over the aftercooler chamber. In addition to cooling the air, the aftercooler is where some
dirt and oil vapor fall out of suspension, and a significant amount of entrained water vapor condenses. The aftercooler must be
equipped with a moisture separator, preferably one with an automatic drain.

How an Aftercooler Condenses Water Vapor

When gas cools, its specific volume decreases, which typically leads to a decrease in gas pressure. Additionally, as air cools, its
ability to carry water vapor diminishes. This phenomenon can be compared to how cooler air during a summer day often leads to
rainfall; similarly, in the aftercooler, as compressed air cools, water vapor condenses and "rains" out.

By the time the air exits the aftercooler and enters the air receiver, it is cooler, cleaner, and contains significantly less water. Since
compressed air is typically very humid, aftercoolers are essential for removing much of the water vapor. A well-functioning water-
type aftercooler can cool the air to within 15°F of the cooling water temperature and condense up to 90% of the water vapor
initially present in the air.

The removal of water is as crucial as the removal of heat. For example, 1,000 cubic feet (28 m?3) of compressed air can release up to
1.4 quarts (1.3 liters) of water. A modestly sized system of 100 cfm (472 dm3/s) can produce more than 50 gallons of condensed
water in just 24 hours. For systems requiring even drier air, further processes can be employed.

Air Drying Methods

Several methods are available to further dry compressed air:

1. Over Compression
In this method, the air is compressed until the partial pressure of the water vapor exceeds the saturation pressure. The air is then
expanded, causing it to become drier. While this is a simple method, it consumes a lot of power and is primarily used for small
systems, making it less common in industrial applications.

2. Refrigeration
As mentioned earlier, reducing air temperature decreases its ability to hold water vapor. In a refrigerant-type cooler, hot
incoming air exchanges heat with cold outgoing air in a heat exchanger, cooling the air to around 32.4°F (0.6°C) to prevent frost
formation. This method provides dry air at relatively low initial and operating costs.

3. Absorption Process
In the absorption process, water vapor is absorbed either by solid chemicals or by deliquescent agents that liquefy as they
absorb water. Common solid chemicals include dehydrated chalk and magnesium perchlorate. Deliquescent agents like lithium
chloride and calcium chloride react with water vapor, liquefying in the process. This method is cost-effective but can lead to
corrosion issues due to the highly corrosive nature of the drying agents. Maintenance typically involves periodic replacement of
the deliquescent agents.

4. Adsorption (Desiccant Drying)
Adsorption involves trapping water vapor in the pores of desiccant chemicals, such as silica gel or activated alumina. This
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process is not fully understood but is effective in industrial applications. Although adsorption dryers have moderate to high
initial and operating costs, they often have lower maintenance costs than absorption systems due to the absence of moving parts.
In heat-regenerative dryers, however, high regenerative temperatures may increase maintenance costs.

Receiver Tank

After the air has left the aftercooler and/or dryer, it is directed to a receiver or storage tank. The receiver tank is used to store a
supply of compressed air and assure a steady supply without excessive line pulsations or frequent loading and unloading of the
COmpressor.

A receiver tank is a pressure vessel for air storage, provided with a drain and flow ports and a flow baffle to assure optimum
contaminant fallout and to provide ready access to devices that will drain off contaminants. Codes are quite strict as to the strength
and testing of such devices. ASME (American Society of Mechanical Engineers), state and local codes require a safety valve to be
installed on most units. The valve must be capable of discharging the full rated flow of the compressor. Safety valves are normally
set 10 psi (0.7 bar) above the normal receiver pressure, but always below the rated working pressure of the receiver. Always be sure
the receiver has a drain, preferably an automatic one, at its lowest point. If the receiver is mounted horizontally, it is a good practice
to tilt it slightly to ensure good drainage.

Sizing a Receiver Tank

Receiver tanks are sized according to the compressor output, the size of the system, and air demand cycles. It is better to oversize
the receiver than to undersize it. This adds very little to installation costs and by averaging varying flow demands, provides
increased capacity to meet demand surges. It also lowers air velocity in the tank, which improves the fallout and removal of
condensed droplets of solvents and oils that may be in the air stream.

5.2: Compressors and the Need for Aftercoolers, Driers, and Receivers is shared under a not declared license and was authored, remixed, and/or
curated by LibreTexts.
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5.3: Piping Systems for Compressed Air Distribution

Once compressed air has been cooled, dried by the aftercooler, and stored in the receiver tank, it is ready to be distributed through
the piping system. There are three main types of piping systems commonly used:

1. Grid or Dead-End Systems
2. Unit or Decentralized Systems
3. Loop Systems

Grid Systems (Dead-End)

The grid or dead-end system is the simplest type of piping system. It consists of a central main line with smaller feeder lines and
headers branching off. The main pipes decrease in size as they extend further from the compressor, while the feeder lines are
generally of uniform size. Outlets are strategically placed along the feeder lines, and adjacent legs of the system can be cross-
connected to serve areas between feeders.

While the grid system is the least expensive and simplest to install, it has a significant drawback: there is only one flow path. This
single flow path can cause air starvation for workstations located at the far end of the system when upstream demand is heavy.

Unit or Decentralized Systems

In a unit or decentralized system, there may be two or more grids, each with its own dedicated compressor. These individual
systems can be interconnected if needed. Since the compressors are located closer to the points of air use, supply lines are shorter,
which reduces pressure drops. This results in more uniform air supply and system pressure.

Decentralized systems offer greater versatility than single grid systems and can be easily adapted to changing requirements within
the facility.

Loop Systems

The loop system is the preferred or recommended setup for air distribution. This type of system allows for optimal conductor sizing
and ensures equal distribution of compressed air throughout the plant. It provides parallel paths for air to reach all workstations,
which helps prevent air starvation during periods of high demand. In cases of heavy, momentary air demand, a receiver can store
compressed air energy and meet peak demands without causing serious pressure loss.

Installation Considerations

When laying out a piping system, especially a loop distribution system, certain considerations can improve efficiency and reduce
problems:

e Minimize Fittings: Reducing the number of fittings in the system will help prevent leaks and lower pressure drops.

¢ Use Tubing Over Pipes: Tubing offers smoother internal surfaces than pipes, allowing better airflow and reducing pressure
drops. Additionally, tubing systems require fewer fittings, reducing potential leak points.

o Avoid Tight Bends: Keeping bend radii large will minimize pressure drops. Pipe fittings, particularly 90° bends, cause five
times the pressure drop of a properly designed large-radius bend.

o Proper Slope for Mains: Main distribution pipes, feeders, and headers should have a slight slope, around % inch per foot, to
ensure condensed water is swept to drains by the airflow. Water legs with automatic drains should be installed at low points in
the system to prevent water buildup.

o Drop Leg Design: Drop legs, used to supply air to tools or workstations, should be taken from the top of the main header. The
drop leg bend should be of the same size as the main line or bent with a large enough radius to ensure minimal pressure drops.
This design helps prevent dirt and water from entering the drop line. Drains should be installed at the bottom of each drop leg to
remove any water that accumulates.

The Cost of Air Leaks

Unlike hydraulic leaks, pneumatic air leaks do not typically cause visible housekeeping issues. However, addressing them is crucial
for maintaining system efficiency and reducing unnecessary operational costs. Air leaks lead to wasted compressed air, reduced
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tool performance, and increased energy consumption.

For instance, a single leak equivalent to a ¥4 inch (13 mm) hole can waste approximately 12 million cubic feet (340,000 m3) of air
per month. Given an average cost of $0.10 per 1,000 cubic feet (472 dm3/s) of compressed air, this results in an estimated monthly
loss of $1,200. The greater financial burden, however, arises from the additional electricity required to keep the compressor running
to compensate for the air loss. Furthermore, frequent operation of the compressor to counteract leaks increases maintenance
requirements and shortens the system’s overall lifespan.

The efficiency of pneumatic tools is also significantly affected by air leaks. A pressure drop of just 10 psi (0.7 bar) can reduce tool
efficiency by 15%, with performance continuing to decline as pressure decreases further. To maintain optimal performance, it is
essential to implement routine leak detection and corrective measures.

Methods for Detecting Air Leaks

Regular inspection and repair of leaks are fundamental to ensuring system reliability and efficiency. Several methods can be used to
identify and locate air leaks:

¢ Audible Detection: Leaks can often be identified simply by listening for the hissing sound of escaping air. This method is most
effective during times when the plant is quieter, such as during shift changes, weekends, or scheduled downtime.

¢ Soap Solution or Leak-Detecting Fluid: A simple and cost-effective method involves applying a soapy water solution or
commercial leak-detecting fluid to suspect areas and connections. The presence of bubbles indicates an air leak, making it easy
to pinpoint the exact location of the issue.

o Two-Clock System: A more quantitative approach to leak detection involves the use of a two-clock system integrated into the
compressor controls:

o One clock records the total elapsed time.

o The second clock is linked to the compressor motor control and runs only when the compressor is actively operating under
load.

o By activating both clocks during non-operational periods (such as weekends) and comparing the readings after a set
duration, the amount of air lost due to leaks can be accurately measured. Some modern automated systems can even provide
permanent records of these readings, facilitating ongoing monitoring and trend analysis.

o Pressure Decay Test: This method involves shutting down the system and timing how long it takes for system pressure to drop
to a minimum level. Conducting this test during non-operational hours, such as at night when the facility is idle, allows leaks to
be identified without interference from normal operations. Once leaks are detected, repairs can be prioritized accordingly.

Maintaining System Efficiency

Routine leak detection and timely repairs play a critical role in reducing operational costs and maximizing efficiency in pneumatic
systems. By implementing a comprehensive maintenance plan that includes regular inspections and employing effective detection
methods, facilities can significantly reduce energy waste, improve tool performance, and extend the lifespan of their compressed air
systems.

Proactive air leak management not only leads to cost savings but also ensures a more sustainable and reliable pneumatic system
operation.

5.3: Piping Systems for Compressed Air Distribution is shared under a not declared license and was authored, remixed, and/or curated by
LibreTexts.
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6.1: Function of a Single-Acting Cylinder

Single-Acting Cylinders

A single-acting cylinder is a type of linear actuator designed to produce motion in one direction using fluid power, with an
external force, such as a spring or gravity, returning it to its original position. These cylinders are widely used in applications where
force is only required for one phase of movement, making them a simpler and more cost-effective alternative to double-acting
cylinders.

In pneumatic systems, single-acting cylinders operate using compressed air to generate movement in one direction, while the return
stroke relies on gravity, external load, or an internal spring. Because the return stroke does not require the same force as the
working stroke, this type of cylinder provides an efficient and economical solution for applications that do not require bidirectional
power. Single-acting cylinders are typically controlled using 2/2 valves (with a bleed valve) or 3/2 directional control valves
(DCVs).

Construction and Operation

A single-acting cylinder consists of several key components:

— PORT BODY

7

ROD

\i

PISTON SPRING

Figure 6.1.1: A pneumatic schematic showing the components of a single-acting cylinder (ISO 1219).
o Cylinder Barrel — Provides a smooth internal surface for piston movement.
¢ Piston and Piston Rod — Converts fluid energy into linear motion.
o End Cap and Port — Allows pressurized fluid to enter and drive the piston.
o Seals — Prevent fluid leakage and ensure efficient operation.
¢ Return Mechanism — Typically a spring or an external force (such as gravity) that moves the piston back when pressure is

released.
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How It Works

SUPPLY AIR
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Figure 6.1.2: A pneumatic schematic showing a supply air line connected to a single-acting cylinder (ISO 1219).

Power Stroke (Extension or Retraction): Pressurized fluid enters the cylinder through a single port, forcing the piston to move in
one direction.

AIR IN THE CAP
END IS FORCED OUT
(EXHAUST)

<

<« @ <

1\

h

ROD RETRACTING
DUE TO SPRING
FORCE

Figure 6.1.3: A pneumatic schematic showing a rod retracting due to spring force in a single-acting cylinder (ISO 1219).

Return Stroke: Once pressure is released, the return mechanism—whether a spring or gravity—forces the piston back to its

starting position.

https://eng.libretexts.org/@go/page/116640


https://libretexts.org/
https://eng.libretexts.org/@go/page/116640?pdf

LibreTexts"

Types of Single-Acting Cylinders

SINGLE-ACTING
TO EXTEND

SINGLE-ACTING
TO RETRACT

Figure 6.1.4: Two types of single-acting cylinders (ISO 1219).

o Push Type: Fluid pressure extends the piston, while a spring or gravity retracts it.
o Pull Type: Fluid pressure retracts the piston, with a spring or external force extending it.

Advantages of Single-Acting Cylinders

o Simpler Design — Fewer components reduce maintenance and installation complexity.
¢ Lower Cost — More economical than double-acting cylinders due to reduced material and component requirements.
o Energy Efficiency — Uses less compressed air or hydraulic fluid, as pressure is only applied in one direction.

Common Applications

Single-acting cylinders are widely used in industries where unidirectional force is sufficient:
o Clamping Mechanisms — Used in machining and assembly operations.

o Lifting Equipment — Found in hydraulic jacks and lift tables.

o Punching and Pressing Tools — Used in metal stamping and forming applications.
o Door Closers — Pneumatic or hydraulic door control systems for smooth closing action.

Maintenance Considerations
To ensure optimal performance and longevity, regular maintenance is essential:

o Inspect Return Springs — Prevent fatigue and breakage that could compromise functionality.
o Check for Leaks — Monitor seals and connections for air or fluid leaks.
o Ensure Proper Lubrication — Reduce wear and friction by maintaining adequate lubrication.

By following good maintenance practices, single-acting cylinders can operate reliably, minimizing downtime and maximizing

efficiency in industrial applications.

6.1: Function of a Single-Acting Cylinder is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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6.2: Single-Acting Cylinder Operation

Spring-Return Single-Acting Cylinder

SINGLE-ACTING
TO EXTEND

Figure 6.2.1: A pneumatic schematic of a spring-return single-acting cylinder (ISO 1219).

One common variant of the single-acting cylinder is the spring-return type. Compressed air is used to extend the piston rod, and a
spring inside the cylinder provides the force needed to retract it once the air pressure is released. This design is particularly useful
in applications with light loads, as the spring in the cylinder can rob the output force of the rod in extension. This type of cylinder is
useful when trying to simplify the pneumatic design and lessen parts and cost.

Spring-Extension Single-Acting Cylinder

SINGLE-ACTING
TO RETRACT

Figure 6.2.2: A pneumatic schematic of a spring-extension single-acting cylinder (ISO 1219).

This type of single-acting cylinder is the opposite of the spring-return single-acting cylinder. Compressed air is used to retract the
piston rod, and a spring inside the cylinder provides the force needed to extend it once the air pressure is released. This type of
cylinder is useful when a force is needed to be constantly applied and only at specific moments retracted, or used as a safety device
so that the cylinder will extend if loss of compressed air occurs.

6.2: Single-Acting Cylinder Operation is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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6.3: Pull-Type Single-Acting Cylinder Operation

Spring-Extension Single-Acting Cylinder

SINGLE-ACTING
TO RETRACT

Figure 6.3.1: A pneumatic schematic of a spring-extension single-acting cylinder (ISO 1219).

This type of single-acting cylinder is the opposite of the spring-return single-acting cylinder. Compressed air is used to retract the
piston rod, and a spring inside the cylinder provides the force needed to extend it once the air pressure is released. This type of
cylinder is useful when a force is needed to be constantly applied and only at specific moments retracted, or used as a safety device
so that the cylinder will extend if loss of compressed air occurs.

6.3: Pull-Type Single-Acting Cylinder Operation is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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7.1: 3/2 Direct Control Valve Function

The 3/2 DCV

A 3/2 directional control valve (DCV) is a key component used to control the operation of single-acting cylinders. This valve has

three ports:

SPRING
<> OPERATOR

(MANUAL PUSHBUTTON)

e 77

O-RING
SEALS

Figure 7.1.1: A pneumatic schematic showing the three ports of a 3/2 directional control valve (ISO 1219).

o Port P (Supply): Provides the air supply.
¢ Port A (Actuator): Connects to the cylinder.
o Port E (Exhaust): Vents air when the cylinder retracts.

In its de-energized (normal) position, the 3/2 DCV blocks the air supply at port P and connects port A to the exhaust port E. This

allows the spring in the cylinder to retract the rod without any need for pressurized air.
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Figure 7.1.2: A pneumatic schematic of a Normally Closed 3/2 DCV (ISO 1219).

Normally Closed (N.C.): In this configuration, the valve blocks the air supply in its default position. This type is typically used in
clamping applications where the release of pressure (such as unclamping) is achieved without the need for additional air pressure,
relying instead on the spring force.
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Figure 7.1.3: A pneumatic schematic of a Normally Open 3/2 DCV (ISO 1219).

Normally Open (N.O.): Here, the air flows by default, keeping the actuator powered. This configuration is often used in safety
circuits where pneumatic power is required to hold or lock a machine in place. In the event of a power loss, the valve automatically
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vents, stopping or releasing the actuator.

Application of a 3/2 Pneumatic DCV

In a typical application, the 3/2 DCV powers the cylinder to extend and then vents the air to allow the spring to retract the rod. For
example, in a cylinder clamping circuit, the N.C. configuration of the 3/2 DCV would keep the clamp in place using air pressure.
When the cylinder needs to release the clamping force, the valve is de-energized, allowing the spring to retract the cylinder rod and
unclamp the part without additional air.

7.1:3/2 Direct Control Valve Function is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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7.2: 3/2 Directional Control Valve Operation

Operation of a 3/2 Pneumatic DCV and Its Schematic Symbol

ROD
RETRACTED
FULLY
MANUAL OPERATOR
(NOT PRESSED)

AIR SUPPLY
BLOCKED

Figure 7.2.1: A pneumatic schematic with the manual operator not pressed, the air supply blocked, and the rod retracted fully (ISO

1219).
The 3/2 DCV operates by shifting a spool inside its body, changing the connection between the three ports (P, A, and E). When the
valve is de-energized, the spring inside the valve keeps the spool in the normal position, blocking the air supply and connecting the
actuator port (A) to the exhaust port (E).

https://eng.libretexts.org/@go/page/116646


https://libretexts.org/
https://eng.libretexts.org/@go/page/116646?pdf
https://eng.libretexts.org/Courses/Northeast_Wisconsin_Technical_College/Fluids_1%3A_Fluid_Power_and_Pneumatics_(NWTC)/07%3A_3_2_Directional_Control_Valves/7.02%3A_3_2_Directional_Control_Valve_Operation

@gEanwﬂE»GS“

AIR
ESCAPE
ROD S it
EXTENDING p
MANUAL
OPERATOR
(PRESSED)
EXHAUST 10
FRCI CYLINDER
CYLINDER el
(BLOCKED)
E {/// A
- > —> —

AIR SUPPLY
OPEN

Figure 7.2.2: A pneumatic schematic with the manual operator pressed and rod extending (ISO 1219)

When an operator manually energizes the valve by pressing a button or lever, the spool shifts, connecting the supply port (P) to the
actuator port (A), allowing compressed air to flow to the cylinder.

https://eng.libretexts.org/@go/page/116646


https://libretexts.org/
https://eng.libretexts.org/@go/page/116646?pdf

LibreTexts"

ROD
RETRACTING
MANUAL OPERATOR
(RELEASED)
EXHAUST FROM
FROM CYLINDER
CYLINDER =
= A
E e — A
—
p
AIR SUPPLY
BLOCKED

Figure 7.2.3: A pneumatic schematic with the manual operator released and rod retracting (ISO 1219).

When an operator manually releases the valve by depressing a button or lever, the spool shifts, connecting the supply port (E) to the
actuator port (A), allowing air to flow from the cylinder to the atmosphere.
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MANUAL OPERATOR
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Figure 7.2.4: A pneumatic schematic of a manual operator push button (ISO 1219).

The schematic symbol for a 3/2 valve shows these three ports, often with a spring symbol indicating the de-energized (normal)
position. In the normal position, the actuator port (A) is connected to the exhaust (E), while the supply port (P) is blocked. When
energized, the supply port (P) is connected to the actuator port (A), and the exhaust port (E) is blocked.

7.2:3/2 Directional Control Valve Operation is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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7.3: Operation of a N.C. 3/2 DCV Connected to a Single-Acting Cylinder

Connecting and Operating a Normally Closed (N.C.) Single-Acting Cylinder Using a 3/2 DCV

_|>_F’

wi /D

Figure 7.3.1: A pneumatic schematic showing the operation of a normally closed single-acting cylinder using a 3/2 DCV (ISO
1219).

De-energized Condition: Initially, when the push button of the 3/2 DCV is not pressed, the valve remains in its de-energized
position. In this state, the supply pressure from port P is blocked, and port A (connected to the cylinder) is open to the atmosphere
through the exhaust port (E). The spring inside the cylinder holds the rod in its retracted position.
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Figure 7.3.2: A pneumatic schematic with a cylinder extending as the push button is depressed (ISO 1219).
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Energizing the Cylinder: When the operator presses the push button of the 3/2 DCV, the valve shifts, and air flows from port P to
port A, powering the cylinder to extend. As the cylinder extends, the internal spring compresses, but its force is significantly less
than the air pressure, so it does not interfere with the extension.

De-energizing and Retracting: Releasing the button returns the valve to its de-energized position. This action blocks port P, and
port A is connected to port E, allowing the air in the cylinder’s cap end to vent to the atmosphere. The spring then retracts the
cylinder rod as the pressure on the cap end drops to zero.

7.3: Operation of a N.C. 3/2 DCV Connected to a Single-Acting Cylinder is shared under a not declared license and was authored, remixed,
and/or curated by LibreTexts.
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7.4: Operation of a N.O. 3/2 DCV Connected to a Single-Acting Cylinder

Connecting and Operating a Normally Open (N.O.) Single-Acting Cylinder Using a 3/2 DCV

L
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Figure 7.4.1: A pneumatic schematic (ISO 1219)

De-energized Condition: Initially, when the push button of the 3/2 DCV is not pressed, the valve remains in its de-energized

position. In this state, the supply pressure from port P is connected to port A (connected to the cylinder), and the exhaust port (E) is
blocked.
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Figure 7.4.2: A pneumatic schematic (ISO 1219)

Energizing the Cylinder: When the operator presses the push button of the 3/2 DCYV, the valve shifts, and air flows from port P to
port A become blocked. The exhaust port (E) connects with port (A), and the cylinder retracts due to the force from the internal
spring. The spring then retracts the cylinder rod as the pressure on the cap end drops to zero.

De-energizing and Retracting: Releasing the button returns the valve to its de-energized position. This action connects port P and
port A, causing port E to become blocked again, allowing the air in the cylinder’s cap end to pressurize. The spring inside the
cylinder holds the rod in its extended position.

Cycling the Cylinder: By repeatedly pressing and releasing the push button, the operator can "cycle" the cylinder between its
extended and retracted positions. If the button is released while the cylinder is extending, the rod will immediately start extending
because the valve shifts to its de-energized position, connecting the supply pressure to the cylinder.

The 3/2 DCV provides an efficient method for controlling single-acting, spring-return cylinders, simplifying the operation of
applications where pneumatic power is needed in only one direction. In some cases, a 3-way valve can be used for high-speed or
high-pressure applications.

7.4: Operation of a N.O. 3/2 DCV Connected to a Single-Acting Cylinder is shared under a not declared license and was authored, remixed,
and/or curated by LibreTexts.
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8.1: Pneumatic Motors
8.2: Pneumatic Muffler
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8.1: Pneumatic Motors

The Pneumatic Motor
A pneumatic motor is a type of motor that uses compressed air to generate rotational mechanical power. Here's how it works:

1. Air Supply: This compressed air is provided to the motor from either a compressor or a storage tank filled with pressurized air.

2. Expanding Air: When the compressed air directed into the pneumatic motor of the drill, it causes the motor's components to
move in a circular motion. This transfer from Fluid Power to Mechanical Power generates a force that pushes against the
motor's internal components, initiating movement.

3. Rotational Motion: The pressurized air pushes against a series of vanes inside the motor, causing them to move in a circular
motion. This rotational motion is then transferred to the motor's output shaft, which can be used to drive various equipment.

4. Versatile Applications: Pneumatic motors are used in a wide range of applications, from powering pneumatic tools like drills
to operating machinery in industrial settings.

The Pneumatic Motor Schematic Symbol

The schematic symbol for a pneumatic motor typically resembles a circle with an arrow inside it, indicating rotational motion.
Here's a basic representation:

UNI-DIRECTIONAL BI-DIRECTIONAL
MOTOR MOTOR

Figure 8.1.1: The schematic symbols for uni-directional and bi-directional pneumatic motors (ISO 1219).

In this symbol:

o The circle represents the pneumatic motor itself.

e The arrow inside the circle signifies the rotational motion generated by the motor when supplied with compressed air.
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Figure 8.1.2: An example of a pneumatic schematic using the symbol for a pneumatic motor (ISO 1219).

This symbol is commonly used in pneumatic system diagrams to represent pneumatic motors.

Three Common Pneumatic Motor Designs

There are three common designs of pneumatic motors, each with its own characteristics and applications. Let's explore them:

INLET EXHAUST VANES

HOUSING

~—» ROTATION
DRIVE END

Figure 8.1.3: A pneumatic schematic of a vane motor (ISO 1219).

Vane Motors: Vane motors consist of a rotor with vanes that slide in and out of slots in the rotor. When compressed air is directed
into the motor, it pushes against the vanes, causing them to move outward and create rotational motion. Vane motors are known for
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their simplicity, compact size, and high starting torque, making them suitable for various applications, including hand-held tools
and small machinery.

Vane motors are frequently used in applications where compact size, simplicity, and high starting torque are essential. Some
common uses include hand-held pneumatic tools such as drills, grinders, and sanders, as well as small machinery like conveyor
systems, mixers, and pumps. Additionally, vane motors are utilized in automotive applications, such as air-powered wrenches and
impact drivers, due to their lightweight and high torque output.

Figure 8.1.4: A pneumatic schematic of a piston motor (ISO 1219).

Piston Motors: Piston motors utilize pistons that reciprocate within cylinders to generate mechanical motion. Compressed air is
directed alternately to each side of the piston, causing it to move back and forth. This reciprocating motion is then converted into
rotational motion through a connecting mechanism, such as a crankshaft. Piston motors are known for their high efficiency and
power output, making them suitable for heavy-duty applications, such as winches, hoists, and industrial machinery.

Piston motors are favored for heavy-duty applications that require high efficiency and power output. They are commonly used in
industrial machinery such as winches, hoists, and cranes, where reliability and robust performance are paramount. Additionally,
piston motors find application in marine and aerospace industries for powering propulsion systems and hydraulic actuators due to
their high torque output and precise control.
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Figure 8.1.5: A pneumatic schematic of a motor (ISO 1219).

Turbine Motors: Air turbines are used to spin the burr in high-speed dental tools. The burr can rotate at speeds over 180,000 rpm,
but with limited torque. A turbine is small enough to fit in the tip of a handpiece without adding significant weight.

8.1: Pneumatic Motors is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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8.2: Pneumatic Muffler

Pneumatic Motor Muffler

A pneumatic motor muffler is a component used to reduce the noise produced by pneumatic motors during operation.
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Figure 8.2.1: A pneumatic schematic of a pneumatic motor muffler (ISO 1219)

Here is how it works:

1. Noise Reduction: Pneumatic motors often generate loud noises as a result of the rapid release of compressed air. A pneumatic
motor muffler is specifically engineered to mitigate this noise by allowing the air to escape in a controlled manner, thereby
minimizing sound levels.

2. Design: Pneumatic motor mufflers typically feature a series of baffles or chambers that the air passes through before exiting.
These baffles slow down the airflow and disrupt the sound waves, reducing the overall noise level.

3. Installation: Pneumatic motor mufflers are typically installed directly onto the exhaust port of the motor. They may be threaded
or press-fit onto the port, depending on the specific design of the motor and muffler.

4. Benefits: By reducing the noise generated by pneumatic motors, mufflers contribute to a quieter work environment, improve
operator comfort, and help comply with noise regulations in industrial settings.

The Pneumatic Motor Muffler Schematic Symbol

The schematic symbol for a pneumatic motor muffler typically resembles a shape that represents the muffler's housing, with arrows
or lines indicating the direction of airflow. Here's a basic representation:
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Figure 8.2.2: The schematic symbol for a pneumatic motor muffler (ISO 1219).
In this symbol:

o The shape represents the housing of the muffler.
o The arrow or lines inside the housing indicate the direction of airflow, typically showing the exhaust path.

This symbol is commonly used in pneumatic system diagrams to represent pneumatic motor mufflers.

8.2: Pneumatic Muffler is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin

Technical College).
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9.1: Force Output of an Extending Cylinder

Calculating the Force Output of an Extending Cylinder

When a pneumatic cylinder extends a load, the air pressure in the cap end of the cylinder exerts force on all internal surfaces.
However, the only area where this pressure produces force to move the load is on the piston’s surface. The force output of the
cylinder rod depends on how much pressure in the cap end there is and how large the piston area is.

LOAD
FORCE
LOAD
CROSS SECTION
OF PISTON
y. —‘\\ T
PISTON/ROD

FORCE D
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~_ ”

FLUID i
FORCE —  f.l. |- I—————FLUD
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Figure 9.1.1: Pressurized Cylinder Lifting a Load in Extension. (ISO 1219)
How to Calculate the Force Output of an Extending Cylinder
To calculate the force output of an extending cylinder, you'll need to consider a few factors:

1. Pressure: The force exerted by a cylinder is directly related to the pressure of the fluid (usually hydraulic oil or air) inside the
cylinder. Pressure is typically measured in pounds per square inch (psi) or Newtons per square meter (Pascal).

2. Area: The area of the piston or plunger inside the cylinder is crucial. Force equals pressure multiplied by the area over which it
acts. The formula for force (F) is:

F=PxA

Where:
F is the force (in pounds Force).

P is the pressure (in psi or pounds per square inch).

A is the Area (in square inches) of the piston or plunger.

The piston is circular, so its area can be calculated using the formula for a circle:

Area=mrA2 = pi x 1"\2 = 3.14 x 1\2
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" or radius is equal to half of the diameter of the circle. This is a difficult length to measure and most measure the diameter and
divide by 2 to get the radius. Instead of having the extra step, let's use diameter within our equation and try to find a simpler
equation to use from it.

Using diameter:
Area=(nd"2)/4 or (3.14 x d x d)/4
To simplify, let's divide 3.14 by 4.
This will result in:
Area=0.7854 x d/2 or 0.7854 x d x d

By using the simplified value of 0.7854 for the area of a circle, you can streamline the calculation process while still obtaining an
accurate estimation of the force output of the extending cylinder.

Where "d" is the piston’s diameter, this will be the distance across the widest part of the piston.
This formula is essential in determining the theoretical force exerted by an extending cylinder.
Frictional losses: In real-world scenarios, frictional losses may reduce the effective force output of the cylinder. This is particularly

relevant if the cylinder is lifting a load or moving against resistance.

An Example of Calculating the Extension Force of a Cylinder Given its Size and Pressure

Let's walk through an example of calculating the extension force of a cylinder given its size (diameter) and pressure.

v/ Example 9.1.1

Let's say we have a hydraulic cylinder with the following specifications:

Diameter of the piston: 4 inches

Pressure of the hydraulic fluid: 2500 psi
We'll use the simplified formula A=0.7854xd A2 to calculate the area of the piston, and then use F=PXA to find the force.
Step 1: Calculate the area of the piston.

A=0.7854%(4 inches)\2 or A=0.7854%(4 inches x 4 inches)

A=0.7854%16 square inches

Aw~12.5664 square inches or about 12.57 sq. in.
Step 2: Find the force exerted by the cylinder.

Given: Pressure (P) = 2500 psi

Area (A) ~ 12.57 square inches

Solution
F=PxA

F=2500 psix12.57 square inches
F~31,425 pounds Force

So, the force exerted by the hydraulic cylinder, at a pressure of 2500 psi, with a piston diameter of 4 inches, is about 31, 425
pounds Force.

This calculation demonstrates how to determine the extension force of a cylinder based on its size (diameter) and the pressure of
the hydraulic fluid.
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Theoretical Calculation

This calculation provides a theoretical estimation of the extension force of the cylinder under ideal conditions. Here's why it's
considered theoretical:

1. Ideal Fluid Properties: The calculation assumes that the hydraulic fluid behaves as an ideal fluid with constant pressure
throughout the system. In reality, factors like fluid viscosity, temperature variations, and flow dynamics can affect pressure
distribution and thus impact the actual force output.

2. Ideal Cylinder Conditions: The calculation assumes that the cylinder operates under ideal conditions, with no friction or
mechanical losses. However, in real-world scenarios, friction between moving parts, seal friction, and other mechanical
inefficiencies can reduce the effective force output of the cylinder.

3. Uniform Force Distribution: The calculation assumes that the force is uniformly distributed across the entire surface area of
the piston. In practice, uneven loading, piston misalignment, or other factors may result in non-uniform force distribution,
affecting the actual force exerted.

4. Neglects External Factors: The calculation does not account for external factors such as external loads, gravitational forces, or
dynamic loads, which can influence the actual force required to extend or retract the cylinder.

Therefore, while the theoretical calculation provides a useful estimate of the extension force based on fundamental principles,
actual operating conditions may vary, and practical considerations need to be taken into account for precise engineering design and
operation. Experimental testing and validation are often necessary to verify the performance of hydraulic systems in real-world
applications.

9.1: Force Output of an Extending Cylinder is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid
(Northeast Wisconsin Technical College).
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9.2: Force Output of a Retracting Cylinder

Calculating the Force Output of a Retracting Cylinder

When retracting, air pressure acts on the rod end of the cylinder. However, unlike in extension, the force is exerted only on the
piston’s area not occupied by the rod. This net area is called the "annular area" or "donut area." The retraction force is always lower
than the extension force at the same pressure, as the pressure acts over a smaller area.
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Figure 9.2.1: Pressurized cylinder pulling a load in retraction (ISO 1219).

The formula for retraction force modifies the extension force formula to account for the rod’s area. When accounting for the rod's

area, the area is now called the Annular Area.

& Formula 9.2.1

Force of Retraction = Pressure x Annular Area
To find the Annular Area, the area of the rod must be subtracted from the area of the piston.
Annular Area = Piston Area - Rod Area

Let's calculate the retraction force using this approach:

v/ Example 9.2.1

Let's say we have a hydraulic cylinder with the following specifications:
Diameter of the piston (Dp): 4 inches
Diameter of the rod (Dr): 2 inches
Pressure of the hydraulic fluid on the retracting side: 2500 psi

Step 1: Calculate the Annular Area.
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Piston Area = 0.7854 x Dp x Dp = 0.7854 x 4 inches x 4 inches ~ 12.5664 square inches or
about 12.57 sq. in.

Rod Area = 0.7854 x Dr x Dr = 0.7854 x 2 inches x 2 inches ~ 3.1416 square inches or about
3.14 sq. in.

Annular Area = 12.57 sq. in. - 3.14 sq. in. # 9.43 square inches

Step 2: Find the force exerted during retraction. Given: Pressure (PP) = 2500 psi (on the retracting side), Annular Area
(Aannular) » 9.4248 square inches

Force = Pressure x Annular Area
F=2500 psix9.43 square inches
F~23,575 pounds

So, the force exerted by the hydraulic cylinder during retraction, with a pressure of 2500 psi on the retracting side and a piston
diameter of 4 inches and rod diameter of 2 inches, is approximately 23,575 pounds, considering the annular area.

When compared to the extension force (31,425 pounds Force), the retraction force is lower (23,575 pounds Force) because the

pressure acts over a smaller area due to the presence of the rod.

9.2: Force Output of a Retracting Cylinder is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid

(Northeast Wisconsin Technical College).
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10.1: Defining Pascal's Law

Pascal's Law and Its Significance to Pneumatics
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Figure 10.1.1: A pneumatic schematic demonstrating Pascal's Law (ISO 1219).

Pascal's Law, named after the 17M"century French mathematician and physicist Blaise Pascal, states that "a change in pressure at
any point in an enclosed fluid (liquid or gas) at rest is transmitted undiminished to all points in the fluid,"” which means, when you
apply pressure to a confined fluid, that pressure is transmitted equally in all directions within the fluid in the closed container.

In the context of pneumatics, which is the branch of engineering that deals with the mechanical properties of gases and air pressure,
Pascal's Law is of great significance. Here's why:

1. Fluid Transmission: Pascal's Law ensures that when pressure is applied to a gas (such as air) in a confined space, that pressure
is transmitted evenly throughout the entire volume of the gas. This property allows for the consistent and predictable operation
of pneumatic systems. In a confined pneumatic system, when pressure is applied to a gas, such as a weight on a movable piston,
the gas compresses until the pressure inside equals the force applied by the weight. This pressure is distributed uniformly
throughout the gas and acts perpendicularly to the walls of the container.

2. Pneumatic Systems: Pascal’s Law has significant implications for pneumatic systems. For instance, pneumatic leverage allows
these systems to generate high force with low input pressure to move loads. This principle enables a cylinder or motor to deliver
full force output when it first starts moving, which is especially useful since it typically takes more force to start moving a load
than to keep it moving.

Unlike electric motors, which can burn out under excessive load, pneumatic systems can stall indefinitely without damaging their
components. Even at zero speed, these systems can generate full force, making them highly reliable.

3. Mechanical Advantage: Pneumatic systems use compressed air to transmit power. By harnessing Pascal's Law, engineers can
design systems where a small force applied over a small area (such as pushing down on a piston) can generate a larger force
over a larger area (using a larger piston to move a heavy object). This principle allows for the creation of powerful pneumatic
actuators and tools.

4. Control: Pascal's Law also enables precise control in pneumatic systems. By regulating the pressure of the compressed air,
operators can precisely control the movement and speed of pneumatic actuators, valves, and other components. This level of
control is essential in various industrial applications, such as manufacturing and automation.

@ 0 10.1.1 https://eng.libretexts.org/@go/page/116661
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5. Safety: Understanding Pascal's Law is crucial for ensuring the safety of pneumatic systems. Engineers must carefully design
and maintain these systems to withstand the pressures involved and prevent leaks or failures that could result in accidents or
injuries.

Verification of Pascal’s Law in Practice

In practical applications, Pascal’s Law can be verified by observing pressure behavior in a pneumatic circuit. When two gauges
connected at the same point in a confined circuit read identical pressures, it demonstrates Pascal’s Law. However, if fluid is allowed
to flow, pressure drops, confirming that the law only holds when the fluid is confined.

For instance, in a setup where gauges A and B are connected to the same point, and another gauge, C, is placed downstream in a
flowing circuit, A and B will display the same pressure, while C will show a lower pressure due to the pressure drop caused by the
flowing fluid.

Thus, Pascal’s Law highlights how fluid pressure behaves in confined spaces and is a foundational principle for designing and
operating pneumatic systems.

Overall, Pascal's Law is fundamental to the functioning of pneumatic systems, providing the theoretical basis for their operation

and enabling engineers to design efficient, powerful, and reliable systems for a wide range of applications.

10.1: Defining Pascal's Law is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).

https://eng.libretexts.org/@go/page/116661



https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://eng.libretexts.org/@go/page/116661?pdf
https://eng.libretexts.org/Courses/Northeast_Wisconsin_Technical_College/Fluids_1%3A_Fluid_Power_and_Pneumatics_(NWTC)/10%3A_Pascal's_Law/10.01%3A_Defining_Pascal's_Law
https://creativecommons.org/licenses/by/4.0

LibreTexts"

10.2: Force Multiplication

How Force Is Multiplied Using Pascal's Law

Pascal's Law provides the basis for understanding how force can be multiplied in hydraulic and pneumatic systems. This principle
is often leveraged in various engineering applications to achieve mechanical advantage. Let's delve into how force multiplication
occurs:

1. Area Difference: Pascal's Law states that pressure exerted on a confined fluid is transmitted equally in all directions. This
means that if you apply a force to a small surface area, the pressure generated will be distributed evenly throughout the fluid
and exert force on all surfaces of the container. If you then have a larger surface area on which this pressure acts, you'll have a
greater overall force.

2. Hydraulic Systems: In hydraulic systems, force multiplication is commonly achieved using pistons of different sizes. When a
small piston is pushed down with a certain force, it generates pressure within the hydraulic fluid. This pressure is transmitted
equally throughout the fluid and acts on a larger piston connected to the same fluid. Because the larger piston has a greater
surface area, it experiences a larger force compared to the force applied to the smaller piston. This is the principle behind
hydraulic jacks, where a small force applied to the jack handle can lift a heavy load.

3. Pneumatic Systems: Similarly, in pneumatic systems, force multiplication is achieved by applying pressure to a confined
volume of gas (usually air) and then using this pressure to act on a larger surface area. For example, in pneumatic cylinders, a
small force applied to compress air in one chamber generates pressure, which then pushes a piston connected to a larger area,
resulting in a greater output force.

4. Efficiency Considerations: While force multiplication is advantageous in many applications, engineers must also consider
factors such as system efficiency, speed, and safety. Ensuring the proper design and maintenance of hydraulic and pneumatic
systems is essential for maximizing their performance and reliability while minimizing energy losses and potential hazards.

10 LBS/4.5Kg 100 LBS/45.4Kg

AREA=1IN? (6.45 CM?)

AREA=10IN? (64.51 CM?
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Figure 10.2.1: A pneumatic schematic demonstrating how force is multiplied using Pascal's Law (ISO 1219).

In summary, force multiplication using Pascal's Law involves applying a force over a small area to generate pressure within a
confined fluid, which is then transmitted and magnified to exert a larger force over a larger area. This principle underpins the
operation of hydraulic and pneumatic systems, enabling the creation of efficient and powerful mechanical systems for various
applications.
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Force multiplication in pneumatic systems relies on the area over which pressure acts. For instance, applying a force of 1000
pounds to a piston with a 10 square inch area generates 100 psi pressure. If this pressure acts on another piston with a 15 square
inch area, the resulting mechanical force is 1500 pounds. The formula for calculating force is:

& Formula 10.2.1

Force (Ibs) = Pressure (psi) x Area (in/\2)

Though pneumatic leverage provides an advantage in terms of generating high force, it comes at the cost of distance or volume. For
example, to move a 100-pound load 1 inch, the input force of 10 pounds would need to move 10 inches. This sacrifice of distance
is similar to how mechanical levers work.

Boosters and Intensifiers

In some industrial applications, the pressure needed for specific tasks may exceed the air supply from a compressor. In such cases,
devices called boosters or intensifiers are used. Boosters can either be air-to-air or air-to-oil types, depending on the system's needs.

An intensifier works by applying fluid pressure to a large piston area, which generates a high output pressure by transferring force
to a smaller piston. This intensified output force of the smaller cylinder can increase pressure within a pneumatic system to achieve
higher forces when necessary, such as in applications requiring clamping or pressing. A typical air-to-oil booster circuit may
include an intensifier, an air-oil tank, and a flow control valve. These systems are often employed in high-force, low-volume
applications.

Air-Oil Tanks and Circuit Design

Air-oil tanks are another component of pneumatic systems that facilitate force multiplication. These tanks store compressed air and
transfer pressure to hydraulic fluid, which then controls the system. By using air-oil tanks, pneumatic systems can achieve
smoother and more controlled operations, minimizing turbulence and aeration in the oil. This is especially useful in tasks requiring
sustained force over long periods.

Pneumatic systems rely on the principles of gas behavior and Pascal’s Law to transmit energy and multiply force. Whether through
simple pistons or more complex boosters and intensifiers, pneumatics enables high-force output with relatively low input pressure.
However, as with any system that multiplies force, distance or volume is sacrificed. By understanding the fundamentals of
pressure, volume, and force relationships in gases, as well as the design of pneumatic components, it becomes clear why
pneumatics plays such a vital role in industrial applications.

10.2: Force Multiplication is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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11.1: Two Ways to Measure Pressure - Absolute Pressure and Gage Pressure

How Pressure can be Represented in Two Methods with Absolute and Gage Pressures

Pressure can be represented using two methods: absolute pressure and gauge pressure. Understanding these representations is
crucial for accurate measurement and application in various fluid power systems.

0 PSI/0 kPa
AT 50 MILES/80.5 KM

_— AR
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Figure 11.1.1: A Pneumatic Schematic. (ISO 1219)

1. Absolute Pressure: Absolute pressure is measured relative to a perfect vacuum. It includes the atmospheric pressure as well.
The absolute pressure at sea level is typically around 101.3 kilopascals (kPa), which is equivalent to 1 atmosphere (atm) or
14.7psi. That is how much the atmosphere (above) weighs onto what is measured. In absolute pressure measurements, the value
starts from zero, indicating a perfect vacuum, and increases as pressure increases. Absolute pressure is commonly used in
scientific and engineering applications where the exact pressure relative to a vacuum is crucial.

2. Gage Pressure: Gage pressure is measured relative to atmospheric pressure. It does not include atmospheric pressure; rather, it
measures the pressure above or below atmospheric pressure. For instance, if the atmospheric pressure is 14.7psi and the gauge
pressure reads 150 psi, it means the pressure is 150 psi above atmospheric pressure. This would result in an absolute pressure of
164.7 psi. Conversely, if the absolute pressure reads 50 psi, it indicates the pressure is 14.7 psi above gage pressure. This would
result in a gage pressure of 35.3 psi. Gage pressure is often used in everyday applications like tire pressure gages, where what's
important is the pressure relative to the surrounding atmosphere.

Absolute Pressure (psia) = Gage Pressure (psig)+ 14.7 psi (Atmospheric Pressure at sea level)
Gage Pressure (psig) = Absolute Pressure (psia) - 14.7 psi (Atmospheric Pressure at sea level)

To summarize, while absolute pressure measures pressure relative to a perfect vacuum, gauge pressure measures pressure relative
to atmospheric pressure. Both methods have their specific applications depending on the context and requirements of the
measurement. Understanding this correlation is crucial for accurate pressure measurements and calculations in various fields,
including engineering, meteorology, and fluid dynamics.

Vacuum Pressure Scale

The vacuum pressure scale measures pressure lower than atmospheric pressure, decreasing from atmospheric pressure. In the
U.S., vacuum is often reported in inches of mercury (in. Hg), mirroring the gage scale but working in reverse. At sea level, a
vacuum can reach 29.92 in. Hg, equivalent to near-zero absolute pressure.

@ 0 11.1.1 https://eng.libretexts.org/@go/page/116667
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A common method of determining vacuum pressure uses a barometer setup connected to a flask. If a vacuum is created within the
flask, atmospheric pressure will push mercury up a tube proportionate to the vacuum strength. If the flask pressure decreases by 10
in. Hg, for example, atmospheric pressure supports a 10 in. Hg mercury column, indicating a 10 in. Hg vacuum. A full vacuum
would equate to 29.92 in. Hg, or nearly 0 absolute pressure.

Vacuum pressure readings align with absolute pressure values; for example, a 12 in. Hg vacuum is equivalent to an 18 in. Hg
absolute pressure. This correlation facilitates conversions between vacuum and absolute pressure scales, aiding accurate
calibration and system design.

In a pneumatic system, air pressure is generated by increasing the density of air within a closed container, which is achieved
through a process called compression. The machine that performs this function in a pneumatic system is known as an air
compressor. This compressed air, which has a pressure several times greater than atmospheric pressure, becomes the primary
source of power for various pneumatic operations.

Air pressure in a pneumatic system is created by compressing ambient air using a compressor and then distributing the compressed
air to various components to perform work. This process allows pneumatic systems to power a wide range of applications in
industries such as manufacturing, automation, and transportation.

11.1: Two Ways to Measure Pressure - Absolute Pressure and Gage Pressure is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Jessy Haid (Northeast Wisconsin Technical College).

https://eng.libretexts.org/@go/page/116667



https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://eng.libretexts.org/@go/page/116667?pdf
https://eng.libretexts.org/Courses/Northeast_Wisconsin_Technical_College/Fluids_1%3A_Fluid_Power_and_Pneumatics_(NWTC)/11%3A_Pressure_and_Volume/11.01%3A_Two_Ways_to_Measure_Pressure_-_Absolute_Pressure_and_Gage_Pressure
https://creativecommons.org/licenses/by/4.0

LibreTexts"

11.2: Energy Transmission Using a Pneumatic System

Understanding Gases and Their Behavior

Before diving into the concept of energy transmission through a gas, it is essential to first define what a gas is and explore its
characteristics. Gas is composed of moving molecules that, unlike those of solids or liquids, do not readily attract one another.
Because of their energy and lack of binding forces, gas molecules must be contained; otherwise, they will disperse into the
surrounding space.

In a confined space, gas molecules constantly move, crashing into one another and the walls of the container, similar to a swarm of
bees. This movement, called molecular energy, enables gas to take the shape and fill the volume of any container. A large portion of
the volume of gas is empty space, which allows it to expand and take any shape.

Molecular Energy and Heat

To better understand gas behavior, it's helpful to first examine what heat energy is. In solids, heat energy is the vibration of
molecules, which increases with temperature. In liquids, the molecules are in contact but not rigidly positioned; they slide past one
another, with heat energy manifesting as molecular movement. Similarly, in gases, molecules are always in motion, and higher
temperatures result in faster movement of these molecules. The relationship between temperature and pressure in gases is crucial
for understanding pneumatic systems.

When gas is housed in a container, the speed of the molecules determines its temperature, while collisions with the container walls
create pressure. These molecular collisions occur millions of times per second; a pressure gauge connected to the container would
interpret these collisions as a single pressure value. By manipulating gas properties—such as temperature, pressure, and volume—
the behavior of gases can be predicted using principles like the Ideal Gas Law, which states:

PV =mRT
Where:

e "P" is absolute pressure,

e "V"is total volume,

e "m'" is the number of moles,

e "R" is the universal gas constant (2271.87 Joules/mole),
e "T" is absolute temperature.

For practical applications, such as industrial pneumatic systems in reference to pressure, volume, and temperature, the ideal gas law
can be simplified into 3 primary equations:

INITIAL CONTAINER FINAL CONTAINER
CONDITION CONDITION

Figure 11.2.1: A Pneumatic Schematic. (ISO 1219)

11.2.1 https://eng.libretexts.org/@go/page/116668



https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://eng.libretexts.org/@go/page/116668?pdf
https://eng.libretexts.org/Courses/Northeast_Wisconsin_Technical_College/Fluids_1%3A_Fluid_Power_and_Pneumatics_(NWTC)/11%3A_Pressure_and_Volume/11.02%3A_Energy_Transmission_Using_a_Pneumatic_System

LibreTexts*

Boyle's Law

The first equation is Boyle's Law, which states:
PixVi=P2xV2

Where:

e PPP is absolute pressure,

e VVV is volume

Gay-Lusaac's and Charles's Laws
Next is Gay-Lusaac's Law, which states:
P1/T1=P2/T2

Where:

e "T" is absolute temperature.

And Charles's Law, which states:

P1/T1=P2/T2

When air is compressed, its pressure and temperature increase, but when it is allowed to expand, both temperature and pressure
decrease. This phenomenon is critical for understanding how pneumatic systems operate and how force is generated.

11.2: Energy Transmission Using a Pneumatic System is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy
Haid (Northeast Wisconsin Technical College).
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11.3: Boyle's Law

Boyle's Law and Its Significance

The effect of compressing air on its pressure is governed by Boyle's Law, a fundamental principle that describes the relationship
between pressure and volume in a gas at a constant temperature. Boyle's Law states:

& Formula 11.3.1

P1xV1=P2xV2
Where:

P1 is the initial absolute pressure
V1 is the initial volume
P2 is the final absolute pressure

V2 is the final volume

Boyle’s Law reveals that pressure and volume are inversely proportional—if the volume is reduced, pressure increases
proportionately, provided temperature remains constant. For instance, if the air volume is halved, the pressure will double. This law
provides an essential calculation tool in pneumatic design, allowing for precise adjustments in component sizing, such as storage
tanks. Properly sizing the storage tank is crucial for ensuring that compressors operate efficiently and don’t overheat due to

constant use.

v/ Example 11.3.1

Suppose we have a sample of gas initially at a gage pressure of 30 PSI (PSIg) and a volume of 4 cubic feet (ft3). If the volume
of the gas is decreased to 2 cubic feet while the temperature remains constant, what will be the new pressure of the gas?

We can still use Boyle's Law equation P1xV1=P2xV2 to solve this problem. Here's the solution in terms of cubic feet:
Step 1: Identify Initial and Final Conditions:
Initial pressure (P1): 30 PSIg
(This will need to be converted to Atmospheric Gage reading by adding 14.7 psi.)
(P1): 30 PSIg + 14.7 psi = 44.7 PSla
Initial volume (V1): 4 ft3
Final volume (V2): 2 ft3 (since the volume decreases)
Step 2: Set Up the Equation: Using Boyle's Law equation: P1xV1=P2xV2
Given: P1xV1=P2xV2
Let's set the equation up by moving variables to solve what we are looking for, which is P2.)
P2=(P1xV1)/V2
Step 3: Plug in Values and Solve for P2: Using P2=(P1xV1)/V2
Given:  P2=(P1xV1)/V2
P2=(44.7 PSla x 4 t3)/2 ft3
P2=89.4 PSla

The new pressure (P2) of the gas is 89.4 PSIa after the volume is decreased to 2 cubic feet while the temperature remains

constant.
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So, in this example, using Boyle's Law, we determined that the pressure of the gas increases from 2 atm to 4 atm when the volume
decreases from 4 ft3 to 2 ft3, assuming constant temperature.

11.3: Boyle's Law is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin Technical

College).
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11.4: What Determines the Speed of a Pneumatic Actuator

What Determines the Speed of a Pneumatic Actuator?

The speed of a pneumatic actuator, which refers to how quickly the actuator can move a load or perform its intended function, is
influenced by several factors, including the characteristics of the pneumatic system, the design of the actuator itself, and the
operating conditions. Here are the key factors that determine the speed of a pneumatic actuator:

Air Supply Pressure

The pressure of the compressed air supplied to the actuator is one of the primary factors affecting its speed. Higher air supply
pressures result in greater force exerted by the actuator, leading to faster movement. By adjusting the pressure level, you can
control the speed of the actuator within the limits of its design.

Actuator Size and Design

The size and design of the pneumatic actuator play a significant role in determining its speed. Actuators with larger piston or
diaphragm areas can generate higher forces and accelerate faster than smaller actuators for a given air pressure. Additionally, the
internal design, including the shape and size of ports, chambers, and seals, can affect the actuator's response time and speed.

Load Characteristics

The characteristics of the load being moved by the actuator, such as its mass, inertia, and friction, influence the actuator's speed.
Heavier loads or loads with high inertia require more force to accelerate and decelerate, resulting in slower movement.
Additionally, friction in the system can impede the actuator's speed, especially if the load is moving against gravity or encountering
resistance.

Flow Rate and Air Flow Restriction

The flow rate of compressed air through the pneumatic system and any restrictions or obstructions in the flow path affect the
actuator's speed. Higher flow rates allow for faster pressurization and depressurization of the actuator chambers, leading to quicker
response times and movement. Conversely, flow restrictions, such as narrow hoses, valves, or fittings, can reduce airflow and slow
down the actuator.

Control Valves and Regulators

The type and characteristics of control valves and regulators used in the pneumatic system influence the actuator's speed. Flow
control valves, such as throttle valves or needle valves, can be used to adjust the airflow rate and regulate the actuator's speed.
Pressure regulators control the air supply pressure to the actuator, affecting its force and speed.

Operating Conditions and Environment

Factors such as temperature, humidity, altitude, and ambient conditions can affect the performance of pneumatic actuators and
consequently their speed. Extreme temperatures can alter the properties of the compressed air and the actuator materials, impacting
speed and reliability. Additionally, operating in harsh environments with dust, moisture, or contaminants may require additional
precautions to maintain optimal performance.

By considering these factors and optimizing the pneumatic system design, operating parameters, and control strategies, you can
achieve the desired speed and performance from pneumatic actuators in various industrial applications.

In pneumatic systems, the speed of an actuator is controlled not by the volume flow from the air compressor but by other factors.
Unlike in hydraulics, where the actuator’s speed depends directly on the flow rate provided by the pump, pneumatic actuators rely
on the pressure at the regulator that exceeds the amount needed to overcome system resistance.

The Role of Excess Pressure

The speed of a pneumatic actuator is influenced by the excess pressure available at the regulator, often referred to as Px. This
excess pressure is the amount that remains after accounting for the resistances within the system, including load resistance and air
friction. As the available excess pressure (Px) increases, so does the actuator’s speed. The relationship can be expressed

11.4.1 https://eng.libretexts.org/@go/page/116948



https://libretexts.org/
https://eng.libretexts.org/@go/page/116948?pdf
https://eng.libretexts.org/Courses/Northeast_Wisconsin_Technical_College/Fluids_1%3A_Fluid_Power_and_Pneumatics_(NWTC)/11%3A_Pressure_and_Volume/11.04%3A_What_Determines_the_Speed_of_a_Pneumatic_Actuator

LibreTexts"

mathematically, showing that the higher the Px value, the faster the actuator will operate. Factors that can increase Px, and
therefore speed, include:
o Increasing regulator pressure: Raising the pressure at the regulator results in more excess pressure.

o Decreasing load resistance: Reducing the load that the actuator has to move lowers the overall resistance.
o Minimizing air resistance: Streamlining the air circuit, such as by reducing the number of bends and fittings, decreases

frictional resistance in the airflow path.

Speed Limits in Pneumatics

There is a practical speed limit in pneumatic systems. When air reaches the speed of sound at any point in the circuit, additional
increases in Px will no longer enhance the actuator’s speed. This phenomenon occurs because airflow cannot exceed the speed of
sound, limiting how fast the actuator can move regardless of further pressure increases.

Pneumatic systems are particularly useful for high-speed applications, even at relatively low pressures. This efficiency is
observable as actuators extend quickly in response to the excess pressure, with time to complete a cycle decreasing as pressure
rises. Therefore, higher pressure not only ensures a faster actuator response but also enables pneumatic systems to handle tasks that

demand rapid movement.

11.4: What Determines the Speed of a Pneumatic Actuator is shared under a not declared license and was authored, remixed, and/or curated by

LibreTexts.
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12.1: Creating Air Flow

How a Pneumatic System Creates Air Flow and Transmits Energy

A pneumatic system generates flow by utilizing the difference in air pressure between two points, which causes air to move from
areas of high pressure to low pressure until equilibrium is reached. The greater the pressure difference, the faster the air flows,
provided that resistance in the passage remains low. When unrestricted, this flow can reach the speed of sound, a characteristic that
enables high-speed actuator movements within pneumatic systems.

P1=HIGH P2=LOW

INITIAL
CONDITION
FLOW FROM HIGH TO LOW
P1 ; ) ( ; ) P2
P1=P2
FINAL
CONDITION
A 4

NO FLOW

Figure 12.1.1: A Pneumatic Schematic. (ISO 1219)

For example, consider two containers connected by a valve, with one container at a higher pressure than the other. When the valve
is opened, air flows from the high-pressure container to the low-pressure container until the pressure equalizes. The rate of air flow
depends on both the pressure differential between the containers and any resistance in the passage. Lower resistance and higher-
pressure differentials enable faster airflow, which is essential for the efficient operation of pneumatic systems.

In these systems, energy transmission occurs when compressed air—stored as potential energy—converts to kinetic energy as it
flows through components. Compressed air can move a resisting object through a distance, generating useful work. For instance, a
tank charged to 100 psia (7 bar) releases air, which flows through a valve into a connected cylinder. If the cylinder’s piston
encounters resistance that equates to 50 psia (3.5 bar), the air will flow until the pressure at the piston equals this resistance. This
causes the piston to move, thus accomplishing work by overcoming the load resistance.

However, this transmission method has limits. As air flows out of the tank, tank pressure decreases. When the pressure within the
tank matches the cylinder pressure before the cycle is complete, work ceases. To maintain adequate air pressure, pneumatic systems
require an air compressor that can continuously replenish the air in the storage tank.
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12.2: Resistence in Pneumatic Systems

Two Types of Resistance in Pneumatic Systems

In a pneumatic system, there are primarily two types of resistance that affect the performance and efficiency of the system: flow
resistance and pressure resistance.

Flow Resistance

Flow resistance, also known as flow impedance or pressure drop, refers to the resistance encountered by the compressed air as it
flows through the components of the pneumatic system. This resistance is primarily caused by factors such as friction, changes in
direction, and restrictions in the flow path.

Three Main Causes of Flow Resistance
1. Frictional losses - As compressed air flows through pipes, hoses, valves, fittings, and other components, it experiences
frictional resistance, which leads to a loss of pressure and energy.
2. Changes in direction - Whenever the flow direction changes, such as at elbows, bends, or tees, flow resistance increases due to
momentum changes and turbulence in the air stream.
3. Restrictions - Narrow passages, constrictions, or partially closed valves can create restrictions in the flow path, causing
increased flow resistance.

How Flow Resistance Affects a Pneumatic System

¢ Reduced airflow - Flow resistance decreases the flow rate of compressed air through the system, which can lead to slower
actuation of pneumatic devices and decreased performance.

o Energy loss - Pressure drop across components due to flow resistance results in energy loss, reducing the overall efficiency of
the pneumatic system.

o Heat generation - Flow resistance causes frictional heating of the compressed air, leading to temperature increases within the
system.

Pressure Resistance

Pressure resistance, also known as back pressure or load resistance, refers to the resistance encountered by the compressed air when
it's applied to perform work or overcome external forces in the pneumatic system. This resistance opposes the flow of air and
requires the system to maintain sufficient pressure to overcome it.

Causes of Pressure Resistance

o Mechanical loads - Pneumatic actuators, cylinders, and other devices exert resistance against the compressed air when they
perform work, such as lifting loads, moving objects, or applying force.

o External forces - In applications such as pneumatic tools, the resistance encountered during cutting, drilling, fastening, or other
tasks contributes to pressure resistance in the system.

Effects of Pressure Resistance

o Increased energy consumption - Higher pressure resistance requires the pneumatic system to generate and maintain higher
pressures, leading to increased energy consumption.

¢ Reduced speed and force - Higher pressure resistance limits the speed and force output of pneumatic actuators and tools,
affecting their performance and efficiency.

o Risk of system overload - Excessive pressure resistance can overload the pneumatic components and lead to system failure or
damage if not properly controlled.

Both flow resistance and pressure resistance need to be carefully considered and managed in pneumatic system design to ensure
optimal performance, efficiency, and reliability for various applications. Proper selection of components, sizing of pipes and
fittings, and control of operating parameters help minimize resistance and maximize the effectiveness of the pneumatic system.
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Loads at the Actuator
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Figure 12.2.1: A Pneumatic Schematic. (ISO 1219)

Loads at the actuator in a pneumatic system refer to the forces or loads that the actuator needs to overcome or apply during its
operation. Actuators are devices that convert the energy from compressed air into mechanical motion, allowing them to perform
various tasks such as lifting, pushing, pulling, rotating, or controlling the movement of objects or machinery. The loads at the
actuator can be categorized into two main types: resistive loads and inertial loads.

Resistive Loads

Resistive loads are forces that oppose the motion of the actuator and require it to exert force to overcome them. These loads can
result from factors such as the weight of objects being lifted, friction between moving parts, or resistance encountered during the
operation of pneumatic tools.

o Vertical Loads - In applications where the actuator needs to lift or support a load vertically, such as in lifting platforms,
elevators, or material handling equipment, the resistive load is primarily due to the weight of the load being lifted. The actuator
must exert enough force to overcome the gravitational force acting on the load and lift it to the desired height.

¢ Horizontal Loads - When the actuator is used to push, pull, or move objects horizontally, such as in conveyor systems, pushing
mechanisms, or door opening/closing systems, the resistive load arises from factors such as friction between surfaces, resistance
from the environment, or the weight of the object being moved. The actuator must generate sufficient force to overcome these
resistive forces and move the object smoothly and efficiently.

Inertial Loads

Inertial loads refer to the forces experienced by the actuator due to the acceleration or deceleration of masses it is moving. These
loads are related to the mass of the object being accelerated or decelerated and the rate of change of its velocity.
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e Acceleration Loads - When the actuator is used to accelerate a load, such as in conveyor systems or robotic applications,
inertial loads arise due to the mass of the load and the rate at which its velocity changes. The actuator must apply sufficient
force to accelerate the load smoothly and prevent sudden jerks or vibrations.

o Deceleration Loads - Similarly, when the actuator is used to decelerate a moving load, such as in braking systems or safety
mechanisms, inertial loads occur as the actuator opposes the momentum of the moving mass. The actuator must provide braking
force to slow down the load safely and control its deceleration rate.

Effectively managing resistive and inertial loads is essential for ensuring the proper operation, performance, and longevity of
pneumatic actuators and the overall pneumatic system. Proper selection of actuators, consideration of load characteristics, and
implementation of appropriate control strategies help optimize system performance and efficiency while minimizing wear and
potential damage to components.

Loads from Air Friction

FRICTIONAL LOAD FRICTIONAL
RESISTANCE RESISTANCE RESISTANCE —
A Pl= 70kPa AP = 345kPa A P = 35kPa
REGULATOR
GAGE GAGE A GAGE B
450kPa 380kPa 35kPa

00 6
_D__’ I IIID

Figure 12.2.2: A Pneumatic Schematic. (ISO 1219)

Loads from air friction, also known as aerodynamic loads, occur when a pneumatic actuator or object moves through a fluid
medium, such as air. These loads can affect the performance, stability, and efficiency of the system, particularly in applications
where high-speed motion or precise control is required. Here's more detail about loads from air friction:

Drag Force

Drag force is the primary component of aerodynamic loads and is caused by the interaction between the object and the air it moves
through. When an object moves through the air, it disrupts the airflow around it, creating areas of high pressure in front of the
object and low pressure behind it. This pressure difference generates a drag force that opposes the motion of the object.

e Magnitude - The magnitude of the drag force depends on factors such as the shape, size, and speed of the object, as well as the
density and viscosity of the air. Larger objects with irregular shapes or high speeds experience greater drag forces.

o Direction -The drag force acts in the direction opposite to the object's motion, slowing it down and requiring additional force to
overcome.

Effects of Air Friction

¢ Reduced Speed - Air friction increases the resistance encountered by the moving object, leading to a decrease in its speed or
velocity. This can affect the performance of pneumatic actuators or systems that rely on high-speed motion, such as pneumatic
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conveyors, robotic arms, or automated manufacturing processes.

e Increased Energy Consumption - To overcome the drag force and maintain the desired speed, the pneumatic system must
supply additional energy, resulting in increased energy consumption and reduced overall efficiency.

o Vibration and Instability - Aerodynamic loads can induce vibrations or instabilities in the system, especially at high speeds or
in applications with irregular airflow patterns. These vibrations can affect the accuracy, precision, and stability of the pneumatic
actuator's motion, leading to reduced performance or potential damage to components.

o Heat Generation - The interaction between the moving object and the air can generate heat due to frictional forces. In
pneumatic systems operating at high speeds, this heat generation may contribute to temperature increases within the system,
affecting the performance and longevity of components.

Mitigation Strategies

e Streamlining - Designing objects with smooth, streamlined shapes can help minimize drag and reduce aerodynamic loads.
Aerodynamic shapes, such as airfoils or streamlined profiles, are often used in applications where air friction is a significant
factor.

o Reduced Cross-Sectional Area - Minimizing the cross-sectional area exposed to airflow can reduce drag and aerodynamic
loads. This can be achieved through compact design, streamlined contours, or retractable components.

o Controlled Airflow - Implementing airflow control devices, such as baffles, spoilers, or air deflectors, can help manage airflow
around the object and reduce drag forces. These devices are often used in applications where precise airflow management is
critical for performance optimization.

By understanding and effectively managing loads from air friction, pneumatic systems can be designed and operated to achieve

optimal performance, efficiency, and stability in various applications.

12.2: Resistence in Pneumatic Systems is shared under a not declared license and was authored, remixed, and/or curated by Jessy Haid (Northeast
Wisconsin Technical College).
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12.3: Delta P
Delta P.

"Delta P," often denoted as AP, stands for "delta pressure" and represents the change in pressure between two points in a system. It's
a common term used in engineering, fluid mechanics, and various technical fields to quantify pressure differences or differentials.

Here's a more detailed explanation of Delta P:
1. Definition:

Delta P, or AP, is calculated by subtracting the pressure at one point (P1) from the pressure at another point (P2) in a system.
Mathematically, it is represented as:

AP=P2-P1
where:

1. o AP is the delta pressure.
o P1is the pressure at the initial point.
o P2 is the pressure at the final point.

2. Applications:

¢ Fluid Dynamics: In fluid mechanics and hydraulic systems, delta P is used to describe pressure differentials across
components like valves, pipes, fittings, and pumps. It helps in determining flow rates, pressure losses, and overall system
performance.

o Process Control: In industrial processes, delta P is monitored and controlled to ensure proper operation and safety of
systems. For example, in chemical processing plants, delta P across filters or membranes indicates their fouling or clogging
status.

o HVAC Systems: In heating, ventilation, and air conditioning (HVAC) systems, delta P across filters, ducts, and vents is
monitored to optimize airflow, maintain indoor air quality, and improve energy efficiency.

¢ Maedical Devices: In medical equipment like ventilators, dialysis machines, and infusion pumps, delta P is crucial for
controlling fluid flow rates, ensuring patient safety, and regulating treatment parameters.

3. Measurement and Units:

Delta P can be measured using pressure gauges, transducers, or sensors that are capable of detecting pressure differences. The units
of delta P depend on the pressure units used in the system, such as pounds per square inch (psi), pascals (Pa), bar, inches of water
column (inH20), or millimeters of mercury (mmHg).

In summary, delta P is a fundamental concept used to quantify pressure changes in engineering systems and fluid dynamics. It plays
a critical role in various applications, from fluid flow analysis to process control and system optimization.

How delta P describes pneumatic resistance and its importance.

In pneumatic systems, delta P, or delta pressure, is used to describe pneumatic resistance, which refers to the pressure drop or
difference experienced by compressed air as it flows through the components of the system. Delta P quantifies the change in
pressure between two points in the pneumatic circuit and is essential for understanding and managing pneumatic resistance. Here's
how delta P describes pneumatic resistance and its importance:

1. Description of Pneumatic Resistance:

Delta P in a pneumatic system represents the pressure drop that occurs as compressed air moves through various components such
as pipes, hoses, valves, fittings, filters, and pneumatic actuators. Pneumatic resistance is primarily caused by factors such as
frictional losses, changes in direction, restrictions in the flow path, and the load applied by pneumatic actuators.

1. o Frictional Losses: As compressed air flows through the components, it encounters friction with the inner surfaces, leading
to energy losses and pressure drop.
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o Changes in Direction: Whenever the airflow direction changes, such as at elbows, bends, or tees, additional resistance is
encountered due to momentum changes and turbulence in the air stream.
o Flow Restrictions: Narrow passages, constrictions, or partially closed valves create restrictions in the flow path, causing
increased resistance and pressure drop.
2. Importance of Delta P in Pneumatic Systems:

Delta P is crucial for several reasons in pneumatic systems:

2. o« Performance Optimization: By quantifying pneumatic resistance through delta P measurements, engineers can identify
areas of high pressure drop and optimize the system design to minimize resistance. This helps improve the overall
performance, efficiency, and reliability of the pneumatic system.

o Energy Efficiency: Understanding delta P allows designers to select appropriate components, sizes, and configurations to
reduce pressure losses and minimize energy consumption. By minimizing pneumatic resistance, energy efficiency is
improved, leading to cost savings and environmental benefits.

o Component Sizing and Selection: Delta P considerations are essential for selecting propetly sized pipes, hoses, valves, and
fittings to ensure adequate airflow and pressure delivery throughout the system. Oversized components can lead to excessive
pressure drop and inefficiencies, while undersized components may cause flow restrictions and performance issues.

¢ System Diagnostics and Troubleshooting: Monitoring delta P at different points in the pneumatic system helps diagnose
performance problems, identify blockages, leaks, or malfunctions, and troubleshoot operational issues. By analyzing
pressure differentials, engineers can pinpoint areas of concern and implement corrective actions.

o Safety and Reliability: Maintaining appropriate delta P levels ensures that pneumatic components operate within their
specified pressure ranges, reducing the risk of overloading, damage, or premature failure. Proper pressure management
enhances system safety and reliability, preventing accidents and downtime.

In summary, delta P describes pneumatic resistance by quantifying pressure differentials in a pneumatic system. Understanding and
managing delta P is crucial for optimizing performance, improving energy efficiency, selecting appropriate components, diagnosing
problems, and ensuring the safety and reliability of pneumatic systems.

How to measure delta P across pneumatic components.

Measuring delta P, or the pressure differential, across pneumatic components is essential for assessing system performance,
diagnosing issues, and optimizing operation. There are several methods to measure delta P in pneumatic systems, depending on the
specific components and requirements of the application. Here are some common techniques:

Pressure Gauges

Pressure gauges are the simplest and most commonly used devices for measuring pressure differentials across pneumatic
components. They consist of a dial or digital display indicating the pressure reading and are typically installed at different points in
the pneumatic circuit. To measure delta P, you would install pressure gauges before and after the component of interest, then
calculate the difference between the two readings.

Differential Pressure Transducers

Differential pressure transducers are more advanced devices specifically designed to measure pressure differentials. They consist of
two pressure ports connected to the upstream and downstream sides of the component, along with a sensor that measures the
difference in pressure between the two ports. Differential pressure transducers provide accurate and precise readings of delta P and
are often used in applications requiring high resolution or automated monitoring.

Manometers

Manometers are simple devices used to measure fluid pressure by balancing it against a column of liquid, typically mercury or
water. In pneumatic systems, U-tube manometers or inclined manometers can be used to measure pressure differentials across
components. By comparing the heights of the liquid columns on the two sides of the component, you can determine the delta P.

Pitot Tubes

Pitot tubes are commonly used to measure fluid flow velocity in pipes and ducts, but they can also be adapted to measure pressure
differentials across pneumatic components. By positioning the pitot tube at the inlet and outlet of the component, you can measure
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the dynamic pressure difference, which is directly related to the delta P.
Flow Meters with Differential Pressure Measurement

Some flow meters, such as orifice plates, venturi tubes, and flow nozzles, rely on measuring the pressure drop across a constriction
to determine fluid flow rate. These devices can also be used indirectly to measure delta P across pneumatic components by
analyzing the pressure difference before and after the component.

When measuring delta P across pneumatic components, it's essential to ensure that the measurement method is appropriate for the
application, provides accurate and reliable results, and complies with safety and regulatory requirements. Additionally, calibration
and regular maintenance of measurement devices are necessary to ensure accuracy and consistency over time.

Cascading pressure.

Cascading pressure, also known as pressure cascading or pressure sequencing, is a technique used in pneumatic systems to control
the operation of multiple actuators or devices in a sequential or cascading manner. This method ensures that actuators or devices
operate in a predetermined sequence, allowing for efficient and controlled movement or operation of various components within
the system. Here's how cascading pressure works and its significance:

1. Basic Principle:

Cascading pressure relies on the principle of using a series of interconnected valves, regulators, and actuators to control the flow
and pressure of compressed air to different parts of the pneumatic system. By adjusting the pressure levels at each stage, the
sequence of actuator movements or operations can be precisely controlled.

2. Operation:

The cascading pressure system typically consists of multiple stages, each with its own pressure setting and actuator or device
connected to it. The pressure settings in each stage are arranged in a hierarchical manner, with higher pressure levels applied to
actuate or control primary functions and lower pressure levels for secondary functions.

2. o« Primary Actuation: The highest pressure level is applied to actuate the primary function or main actuator in the system.
This could be a large pneumatic cylinder for lifting or moving heavy loads, for example.

o Secondary Actuation: Lower pressure levels are applied to actuate secondary functions or auxiliary actuators in the system.
These could be smaller cylinders, valves, or other pneumatic devices used for fine-tuning or controlling additional
movements or operations.

¢ Sequential Control: The pressure levels are adjusted and controlled using pressure regulators, typically arranged in series
or cascaded configuration. As the primary actuator completes its movement, it triggers the next pressure level to activate the
secondary actuator, and so on, creating a sequential chain of events.

3. Significance:

o Controlled Operation: Cascading pressure allows for precise control and coordination of multiple actuators or devices,
ensuring that they operate in the desired sequence and timing. This is particularly important in applications where
synchronized movement or operation is required.

¢ Optimized Performance: By controlling the sequence of actuation, cascading pressure helps optimize the performance and
efficiency of the pneumatic system. It prevents conflicts, collisions, or excessive air consumption that may occur if all
actuators were activated simultaneously.

o Load Distribution: Cascading pressure helps distribute the load or workload evenly across multiple actuators, preventing
overloading of individual components and prolonging their lifespan. It also allows for efficient use of compressed air
resources, reducing energy consumption and operating costs.

« Enhanced Safety: By controlling the sequence of operations, cascading pressure enhances safety in pneumatic systems,
minimizing the risk of accidents, collisions, or damage to equipment and personnel.

Overall, cascading pressure is a valuable technique in pneumatic systems for controlling the sequential operation of multiple
actuators or devices. It offers precise control, optimized performance, load distribution, and enhanced safety, making it suitable for
various industrial applications requiring synchronized movement or operation.
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12.4: What Determines the Speed of a Pneumatic Actuator

What Determines the Speed of a Pneumatic Actuator

The speed of a pneumatic actuator, which refers to how quickly the actuator can move a load or perform its intended function, is
influenced by several factors, including the characteristics of the pneumatic system, the design of the actuator itself, and the
operating conditions. Here are the key factors that determine the speed of a pneumatic actuator:

Air Supply Pressure

The pressure of the compressed air supplied to the actuator is one of the primary factors affecting its speed. Higher air supply
pressures result in greater force exerted by the actuator, leading to faster movement. By adjusting the pressure level, you can
control the speed of the actuator within the limits of its design.

Actuator Size and Design

The size and design of the pneumatic actuator play a significant role in determining its speed. Actuators with larger piston or
diaphragm areas can generate higher forces and accelerate faster than smaller actuators for a given air pressure. Additionally, the
internal design, including the shape and size of ports, chambers, and seals, can affect the actuator's response time and speed.

Load Characteristics

The characteristics of the load being moved by the actuator, such as its mass, inertia, and friction, influence the actuator's speed.
Heavier loads or loads with high inertia require more force to accelerate and decelerate, resulting in slower movement.
Additionally, friction in the system can impede the actuator's speed, especially if the load is moving against gravity or encountering
resistance.

Flow Rate and Air Flow Restriction

The flow rate of compressed air through the pneumatic system and any restrictions or obstructions in the flow path affect the
actuator's speed. Higher flow rates allow for faster pressurization and depressurization of the actuator chambers, leading to quicker
response times and movement. Conversely, flow restrictions, such as narrow hoses, valves, or fittings, can reduce airflow and slow
down the actuator.

Control Valves and Regulators

The type and characteristics of control valves and regulators used in the pneumatic system influence the actuator's speed. Flow
control valves, such as throttle valves or needle valves, can be used to adjust the airflow rate and regulate the actuator's speed.
Pressure regulators control the air supply pressure to the actuator, affecting its force and speed.

Operating Conditions and Environment

Factors such as temperature, humidity, altitude, and ambient conditions can affect the performance of pneumatic actuators and
consequently their speed. Extreme temperatures can alter the properties of the compressed air and the actuator materials, impacting
speed and reliability. Additionally, operating in harsh environments with dust, moisture, or contaminants may require additional
precautions to maintain optimal performance.

By considering these factors and optimizing the pneumatic system design, operating parameters, and control strategies, you can
achieve the desired speed and performance from pneumatic actuators in various industrial applications.

In pneumatic systems, the speed of an actuator is controlled not by the volume flow from the air compressor but by other factors.
Unlike in hydraulics, where the actuator’s speed depends directly on the flow rate provided by the pump, pneumatic actuators rely
on the pressure at the regulator that exceeds the amount needed to overcome system resistance.

The Role of Excess Pressure

The speed of a pneumatic actuator is influenced by the excess pressure available at the regulator, often referred to as Px. This
excess pressure is the amount that remains after accounting for the resistances within the system, including load resistance and air
friction. As the available excess pressure (Px) increases, so does the actuator’s speed. The relationship can be expressed
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mathematically, showing that the higher the Px value, the faster the actuator will operate. Factors that can increase Px, and
therefore speed, include:
o Increasing regulator pressure: Raising the pressure at the regulator results in more excess pressure.

o Decreasing load resistance: Reducing the load that the actuator has to move lowers the overall resistance.
o Minimizing air resistance: Streamlining the air circuit, such as by reducing the number of bends and fittings, decreases

frictional resistance in the airflow path.

Speed Limits in Pneumatics

There is a practical speed limit in pneumatic systems. When air reaches the speed of sound at any point in the circuit, additional
increases in Px will no longer enhance the actuator’s speed. This phenomenon occurs because airflow cannot exceed the speed of
sound, limiting how fast the actuator can move regardless of further pressure increases.

Pneumatic systems are particularly useful for high-speed applications, even at relatively low pressures. This efficiency is
observable as actuators extend quickly in response to the excess pressure, with time to complete a cycle decreasing as pressure
rises. Therefore, higher pressure not only ensures a faster actuator response but also enables pneumatic systems to handle tasks that

demand rapid movement.

12.4: What Determines the Speed of a Pneumatic Actuator is shared under a not declared license and was authored, remixed, and/or curated by
Jessy Haid (Northeast Wisconsin Technical College).
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13.1: Pneumatic Needle Valve

Function and Operation of a Pneumatic Needle Valve

In pneumatic systems, a needle valve plays a critical role in controlling actuator speed by regulating airflow. When the load is
small and there is minimal frictional resistance, pneumatic actuators can operate at high speeds. However, this may not be ideal for
all applications, as excessive speed can compromise control and precision. To manage actuator speed effectively, needle valves are
frequently used, offering a way to create an intentional flow restriction, thereby reducing the pressure reaching the actuator.

A common application of needle valves is in systems that require precise control of actuator movements, such as pneumatic robots,
conveyor sorter gates, and clamps. By adjusting the flow rate to a controlled, steady speed, needle valves help ensure smoother and

safer operation.

Components and Schematic of a Needle Valve

ADJUSTMENT SCREW—.
‘\ ADJUSTMENT KNOB
Ry — (TURNED OUT)
o pa—
A T— A
I =
5 /
g /'I/./
— 5,
/’ vy i
VALVE BODY —~ | /~

Figure 13.1.1: A Pneumatic Schematic. (ISO 1219)

Long Description: At the center, a threaded adjustment screw extends vertically, with an adjustment knob at the top. The screw
penetrates the valve body, which is depicted as a block with a diagonal line pattern indicating cross-section. Arrows are shown
indicating the direction of flow through the valve body, which runs horizontally.

A typical needle valve consists of two primary components: the valve body and an adjustment screw. The valve body has two
drilled ports connected by a passageway that creates the path for airflow. The adjustment screw, which is typically tapered at the

end, controls the opening of this passage.
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Figure 13.1.2: A Pneumatic Schematic. (ISO 1219)

Long Description: The knob, labeled "Adjustment Knob (Turned In)," connects to a threaded shaft that extends vertically into the
component. The shaft tapers into a cone pointing downward, intersecting a horizontal gray passage. An arrow below shows the
fluid flow curving around the narrowed section. The labeled point "Flow Restricted Here" marks where the shaft constricts the
passage and limits flow.

Turning the screw clockwise (CW) restricts the passage, increasing air resistance; turning it counterclockwise (CCW) opens the
passage, reducing resistance. This adjustable design provides precise control over the airflow, allowing for fine adjustments of
actuator speed in response to the desired operational pace. Airflow is restricted through the needle valve regardless of the direction
of flow.

SYMBOL SYMBOL
EXPLANATION

o« INDICATES
VARIABLE

‘,_>‘ INDICATES
ORIFICE

Figure 13.1.3: A Pneumatic Schematic. (ISO 1219)

Long Description: Diagram split into two sections. On the left, under the title "Symbol," three horizontal lines form the graphic: the
top line curves upward, the middle is straight, and the bottom curves downward. A diagonal arrow passes through all three. On the
right, under "Symbol Explanation," the same graphic appears with two arrows highlighting parts of it. The label "Indicates
Variable" points to the tip of the diagonal arrow, while "Indicates Orifice" marks where the arrow crosses the lines.
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Figure 13.1.2: A Pneumatic Schematic. (ISO 1219)

Long description: Along a horizontal line of component symbols, a needle valve appears near the center. Its symbol—an arrow
pointing up and to the right intersecting three horizontal lines, with the top and bottom lines curved—illustrates its adjustability and
flow-regulating function. To the left are additional system components, while to the right are two gauges labeled GAGE A and
GAGE B with arrows pointing upward, followed by more symbols representing other pneumatic elements.

In schematic diagrams, a needle valve is represented with a symbol that indicates its adjustability and function in regulating flow.
This adjustability allows the valve to adapt to various applications, effectively controlling actuator speed by altering the passage

size.

Flow Rate Control in Pneumatic Systems

In a pneumatic circuit, actuator speed is largely determined by how quickly air fills and exhausts from the actuator chamber. Since
actuator motion depends on pressure acting on both sides of the piston, the cfm (cubic feet per minute) of airflow into the actuator
inlet and out through the exhaust port directly affects speed. While pressure regulators can modulate the required pressure to match
the load resistance at the actuator, they do not directly control the flow rate, which primarily is what determines the speed of an
actuator. Instead, needle valves or flow control valves with bypass checks are used to regulate flow rate.

By positioning a needle valve in a pneumatic circuit, operators can control the flow rate into or out of an actuator and thus the
actuator speed. For a needle valve to maintain a constant flow, it requires the system load to remain stable and consistent
throughout the cycle. However, any increase in load or frictional resistance will reduce the flow rate, thereby slowing or stopping
the actuator.

Safety and Considerations for Needle Valve Use

Safety is important when designing and using flow control systems in pneumatics, especially due to the compressibility of air. In
cases where the load encounters additional resistance, there can be a sudden reduction in speed, but once the resistance is
overcome, the actuator may rapidly increase speed. This sudden change can pose a risk to operators and equipment if not managed
carefully. Therefore, pneumatic circuits using needle valves should be thoroughly examined for potential failure points to avoid
hazardous conditions.

13.1: Pneumatic Needle Valve is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast
Wisconsin Technical College).
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13.2: Air Flow Rate in Pneumatic Systems

Air flow rate in pneumatics is the measure of how much air moves through a system or past a specific point within a certain
timeframe. This rate can be quantified either by weight or by volume, though volume is most used in pneumatic applications. Flow
rate essentially determines how well a pneumatic system can operate, and it directly affects actuator speed and system

responsiveness.

Units of Measurement for Air Flow Rate

TIME FOR THE
AIR TO FLOW
PAST POINT A

POINT A

VOLUME OF AIR

Figure 13.2.1: A Pneumatic Schematic. (ISO 1219)

For larger air flows, the most common units of measurement are cubic feet per minute (CFM) in the English system and cubic
meters per minute (CMM) in the International System of Units (S.1.). For smaller flow rates, the timeframe is typically extended
to an hour, using cubic feet per hour (CFH) or cubic meters per hour (CMH). These measurements allow technicians to gauge
and compare air flow across various applications and systems efficiently. In the U.S., it is most common to use cubic feet per
minute (CFM).

Since air is compressible, the volume flow rate of air must be defined at a specific pressure. To standardize and accurately size
pneumatic components, flow rates are defined at specific pressures. In pneumatic systems, three pressure-related terms are often

used to define air volumes:

1. Volume at a Given Pressure

VEL = VOLUME AT PRESSURE
; 1ft/min 3cfm @ 44.1psia

VOL = 3FT°

Figure 13.2.2: A Pneumatic Schematic. (ISO 1219)
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When measuring the air volume at the system’s current pressure. For example, imagine the flow through a tube is described as 3
CFM at 44.1 PSla (30 PSIg+14.7psi). This means that a volume of three cubic feet of air at a pressure of 44 psi passes by a certain
point each minute.

Power output devices, such as pneumatic tools, commonly specify flow rate requirements in this manner. In this case, the pressure
specified is the pressure that would exist at the inlet to the tool.

2. Free Air Volume

VOLUME AT FREE AIR CONDITION

FREE AIR VOLUME

L 9cim @ 14.7psia

Figure 13.2.3: A Pneumatic Schematic. (ISO 1219)

Free air volume describes the amount of volume the air flowing in the tube would occupy if it were allowed to expand to
atmospheric conditions. For example, if we were to describe the air flow rate of a compressed gas in terms of free air, the volume
flow rate would be much larger because the pressure of free air is lower.

For instance, when compressed air is expanded to atmospheric conditions, its volume increases due to the pressure drop.

. 5cfm @ 60psia

MOTOR

—a

20cfm @ 40psia

CYLINDER

L | =

7cfm @ 75psia

AIR
COMPRESSOR

Figure 13.2.4: A Pneumatic Schematic. (ISO 1219)

In many cases, the pressures in branch circuits of a pneumatic system are different. For this reason, free air is often used to describe
the airflow in these branch circuits even though the airflow in each branch is not at free air pressure. This allows designers to
perform tasks such as calculating the total flow needed from the air compressor.

For example, free airflow at a given pressure can be determined using Boyle's Law:
VFA=P1xV1PSla

where P1 is the pressure in the tube, V1 is the flow rate of air in the tube, and PSIa (14.7 PSIa) is the standard atmospheric
pressure.
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Conversion of Air Volumes at Pressure to Free Air Volumes

To convert a measured volume at a given pressure to free air volume, use Boyle’s Law by rearranging to calculate the free air
volume, VFA , as follows:

VFA=P1xV114.7 psia VFA=14.7 PSla P1xV1

where P1 is the initial pressure in psia, and V1 is the flow rate at that pressure. This conversion allows for direct comparisons in
free air terms, regardless of the system’s pressure.

3. Standard Volume

STANDARD VOLUME

VEL = 9scfm

1ft/min

VOL = 9FT® @ 68°F
36% RELATIVE HUMIDITY

Figure 13.2.5: A Pneumatic Schematic. (ISO 1219)

Air volume is measured at standard conditions, typically at a specific temperature and pressure. To standardize measurements for
comparison across systems, standard volume is used. A standard cubic foot of air (SCF) represents air at specific conditions: 14.7
psia (sea level pressure), 68°F, and 36% relative humidity. At sea level, free air and standard air are usually within 5% of each
other. By referencing air volumes under these standard conditions, pneumatic components can be consistently compared. For
example, the flow rate might be specified in “standard” cubic feet per minute (SCFM), which helps engineers select air
compressors and other components with comparable flow ratings.

It is important to use a consistent pressure-based definition throughout calculations to maintain accuracy.

Free Air vs. Standard Air

There is often confusion between free air and standard air. Free air refers to the atmospheric air entering the compressor, whose
properties vary with temperature, humidity, and altitude. In contrast, standard air refers to air at defined, unchanging conditions.
Because ambient air properties fluctuate, free air volumes are typically converted to standard volumes to maintain consistency
when comparing flow rates and component ratings across systems.

13.2: Air Flow Rate in Pneumatic Systems is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid
(Northeast Wisconsin Technical College).
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13.3: Air Velocity and Flowmeters

Velocity in Pneumatic Flow

The velocity of air in a pneumatic system refers to how quickly it moves through a pipe. This speed is essential in determining how
fast air reaches actuators and tools, influencing response time and operational efficiency. Velocity is commonly measured in feet
per second (fps) and varies with the flow rate and pipe size. For example, 20 SCFM (“standard” cubic feet per minute) moving
through a large pipe may travel at 100 fps (feet per second), but in a smaller pipe, it may reach 200 fps.

In pneumatic systems, critical velocity—the maximum achievable airspeed—is approximately the speed of sound (about 100 fps at
normal temperatures). Although seldom a concern in typical industrial systems, critical velocity would be relevant in applications
demanding ultra-fast response times.

Understanding Flowmeters in Pneumatic Systems

Flowmeters play a crucial role in measuring actual air flow rates in industrial systems. These measurements help rate the
performance of both new and existing equipment. For instance, large air compressors often undergo flow rate testing when new to
confirm operational efficiency. Years later, the same test may be used to identify issues if performance declines.

Figure 13.3.1: A Pneumatic Schematic. (ISO 1219)

The most effective way to measure air flow rate is by using a flowmeter. Various types of flowmeters are available, with one of the
most common being the rotameter or variable orifice flowmeter. This type is widely used in industrial applications and is
commonly found on pneumatic trainers.

Function and Application of Flowmeters

Flowmeters are essential for verifying that pneumatic systems, such as compressors, deliver their specified flow rates. By
periodically measuring the flow rate, technicians can confirm that equipment continues to function optimally or identify when
maintenance is required. This is particularly valuable in troubleshooting scenarios, as a drop in the measured flow rate could
indicate obstructions, leaks, or wear in the system.
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Operation of a Rotameter

OUTLET

| — TAPERED TUBE

BALL
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- READ SCALE AT
BALL CENTER

INLET

Figure 13.3.2: A Pneumatic Schematic. (ISO 1219)

A rotameter, in this case, is a specific type of variable orifice flowmeter designed to measure flow rate with precision. It consists
of a clear acrylic tube with a tapered, round internal shape and a metal ball that moves within it. The ball is specifically sized and
weighted to correlate with a standard calibration scale marked on the outside of the tube.

¢ Construction and Principle: Inside the tube, the metal ball rests near the narrow bottom when no flow is present. As air enters
through the inlet at the bottom, it flows around the ball, creating a pressure difference that lifts the ball up. The upward
movement continues until the ball reaches an equilibrium point where the pressure differential around it precisely balances its
weight.

+ Reading the Flow Rate: The flow rate is read by observing the position of the ball against the scale inscribed on the tube,
which is calibrated to display the flow rate in standard cubic feet per hour (SCFH) on pneumatic trainers. The center of the
ball aligns with the measurement scale, indicating the current flow rate accurately.

o Origin of the Term: The term "rotameter" comes from the subtle rotation of the ball within the tube. This rotation is caused by
air molecules colliding with minute irregularities on the ball’s surface, making the ball turn as it rises.

Connecting and Operating a Rotameter

1'/_’\ f/—/‘> e |
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—>—O =
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L BUILT-IN
NEEDLE VALVE

Figure 13.3.3: A Pneumatic Schematic. (ISO 1219)

To connect and operate a rotameter properly, observe these steps:
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1. Needle Valve Control: Most rotameters, including the one on a typical pneumatic trainer, come with an integrated needle valve
at the inlet. This valve allows the user to gradually introduce air, preventing sudden bursts that could rapidly lift the ball,
potentially causing damage.

2. Observing Flow and Pressure Changes: Upon opening the needle valve, the air begins to flow, lifting the ball in the tube,
while air exhausts from the outlet. Increasing the pressure will produce a corresponding rise in flow rate, lifting the ball higher
in the tube.

Through controlled adjustments and readings, the rotameter provides accurate flow measurements, making it invaluable for
applications where precise airflow control is essential, such as in calibration or testing environments.

13.3: Air Velocity and Flowmeters is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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14.1: Check Valves

Understanding the Function and Operation of Pneumatic Check Valves

A pneumatic check valve is a basic component that allows fluid flow in only one direction while blocking flow in the opposite
direction. These valves are essential in pneumatic systems for controlling the flow of compressed air.

A check valve consists of a valve body with inlet and outlet ports and a moveable member that is typically lightly biased by a
spring. This moveable member can vary in design, such as a flapper (called a swing) or plunger but most often it is a ball or poppet.

How a Check Valve Works
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Figure 14.1.1: A Pneumatic Schematic. (ISO 1219)

Check valves are designed so that fluid can flow through in only one direction. When system pressure at the check valve inlet
exceeds the spring force biasing the poppet (usually around 5 psi), the poppet moves off its seat, allowing flow. This is known as
the free-flow direction. When fluid tries to flow in the opposite direction, the poppet is pushed against its seat, preventing flow.
Basically, it plugs a passage and prevents flow through that passage.
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Figure 14.1.2: A Pneumatic Schematic. (ISO 1219)

The passage will stay blocked even if there is fluid under pressure on both sides of the poppet or ball. The pressure would be equal
on both sides (due to Pascal’s Law), canceling the force created on each side. This case results in the bias spring keeping the ball or
poppet seated.

In pneumatic systems, check valves often use resilient seals on the poppet and are commonly used as bypass valves. When
used as a bypass, they can allow flow to go around components like flow control valves that would otherwise restrict flow in
both directions.
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Applications of Pneumatic Check Valves
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Figure 14.1.3: A Pneumatic Schematic. (ISO 1219)
Check valves have several key applications in pneumatic circuits:

1. Internal Compressor Valves: In piston air compressors, check valves serve as intake and discharge valves, controlling the flow
of air as it enters and exits the compressor chamber.

2. Maintaining Pressure in Storage Receivers: When a compressor reaches the desired pressure in a storage tank or receiver, a
check valve between the compressor and the tank prevents air from flowing back into the compressor, ensuring the tank
maintains its pressure.

3. Quick-Connect Fittings: Check valves in quick-connect fittings enable quick connection and disconnection of pneumatic
components without losing air pressure in the supply line.

4. Bypass Applications: Check valves are used to bypass flow around certain components in one direction, enabling control over
a circuit's operation. For example, a check valve can bypass a flow control valve to control a cylinder’s speed in one direction,
while allowing full speed in the opposite direction.

5. Specialized Functions: Check valves are also used in advanced pneumatic circuits for applications like logic functions, where
they select the higher pressure from two sources (also known as a shuttle valve), and safety features, such as blocking flow in
case of a line break to prevent hose whip.
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Types of Pneumatic Check Valves
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Figure 14.1.4: A Pneumatic Schematic. (ISO 1219)

The two most common types of check valves in pneumatic systems are the ball valve and poppet valve:

1. Ball Check Valve: This type features a small, durable ball that seals against the valve seat, blocking reverse flow. It opens when
inlet pressure pushes the ball away from its seat.

2. Poppet Check Valve: The poppet valve design uses a plunger or disk to block flow in one direction. When inlet pressure
overcomes the spring force, it lifts the poppet, allowing flow. When flow reverses, the spring pushes the poppet back onto the
seat, blocking air passage.

In both types, the free-flow direction is often indicated by the symbol (ball seating into the cup seals the passage in that flow
direction) on the valve’s body, guiding users in setting up the circuit properly.

14.1: Check Valves is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin Technical
College).
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14.2: Flow Control Valves

Overview of Flow Control Valves in Pneumatic Systems

In pneumatic systems, a flow control valve is essential for managing the speed of actuators by regulating airflow through one
direction while allowing unrestricted flow in the other. This control helps adjust actuator speed in various applications by creating
restrictions within the circuit path.

Structure and Function of Flow Control Valves

The flow control valve is essentially a combination of a needle valve and a check valve. It consists of a body with two ports, a
needle valve equipped with an adjustment knob, a check valve poppet, and a spring. This structure enables the flow control valve to
perform dual functions: it restricts flow in one direction and allows free flow in the other. This configuration minimizes the need
for additional plumbing, as it combines the functions of both a needle and a check valve in one unit.

These valves are commonly used to control the speed of bi-directional actuators in a single direction, and they resemble needle
valves closely enough that distinguishing between the two types can sometimes be challenging without closer inspection.

Principles of Orifice and Flow Rate Control
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Figure 14.2.3: A Pneumatic Schematic. (ISO 1219)
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Figure 14.2.4: A Pneumatic Schematic. (ISO 1219)
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The flow restriction in a pneumatic circuit is often achieved by incorporating an orifice. An orifice is a small opening through
which air flows, and several factors affect the flow rate, including the orifice’s size, length, and pressure differential across it.
Smaller orifices, like those found in a needle valve, slow the airflow by creating resistance, effectively controlling actuator speed.
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Figure 14.2.1: A Pneumatic Schematic. (ISO 1219)
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Figure 14.2.2: A Pneumatic Schematic. (ISO 1219)

Types of Orifices

o Fixed Orifice: A non-adjustable, reduced-size opening commonly found in preset flow control valves.

o Adjustable Orifice: Enables finer control by allowing users to modify the orifice size. Adjustable orifices include ball valves,
globe valves, and needle valves.

Each type of adjustable valve has specific features for flow control:
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¢ Ball Valve: Has a near-straight flow path, controlled by adjusting the rotation of a ball with a cross-drilled hole.
¢ Globe Valve: Contains a complex flow path, adjusting by moving a plug or globe within the opening.
o Needle Valve: Provides precise flow control by adjusting a rod with a cone-shaped tip within the opening.

Applications of Flow Control in Pneumatic Circuits

Flow control valves find wide application in regulating the speed of pneumatic actuators, particularly cylinders. They can be used
in both single-acting and double-acting cylinder circuits to control the extension and retraction speeds by metering the airflow out
of the cylinder (a setup known as meter-out control).

1. Single-Acting Cylinder Control: In a single-acting cylinder, a flow control valve restricts the air exhaust during retraction,
which controls the cylinder’s retraction rate. The cylinder moves unrestricted during the extension as air enters without
resistance.

2. Double-Acting Cylinder Control with a 4-Way Valve: For more complex applications, a 4-ported, 3-way valve can control
the cylinder’s extension or retraction speed by regulating exhaust airflow. A 5-ported, 3-way valve offers independent exhaust
ports for more refined control in both directions. This configuration eliminates the need for a bypass check valve, allowing for a
simpler design while still providing adequate control of cylinder speed.

3. “Sandwich” Flow Controls: “Sandwich” flow control valves mount between the directional control valve and the cylinder,
allowing precise cylinder speed adjustments while reducing the risk of failure under air compressibility conditions. This setup
also provides independent control for each cylinder movement direction.

Considerations and Challenges in Flow Control

Pneumatic systems can sometimes experience issues like “jumping” or rapid partial stroking, where a cylinder quickly shifts due to
a delay in back-pressure buildup. This can happen if the directional control valve is activated before the cylinder completes its
stroke, causing temporary acceleration until equilibrium is achieved. Properly adjusted flow control valves can mitigate this issue,
though certain applications may require more sophisticated solutions.

14.2: Flow Control Valves is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast Wisconsin
Technical College).
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15.1: Adjusting Flow and Speed

Adjusting Flow Control in Actuator Circuits

When setting up a flow control valve to control actuator speed, adjusting the valve alters the actuator's response. For instance, when
controlling the retract speed, the actuator rod may extend quickly due to unrestricted flow. However, during retraction, the flow
restriction slows the cylinder movement. Actuator load also affects flow control operation; since flow rate depends on restriction
size and pressure drop, any load change shifts the speed due to altered pressure needs. Consequently, load changes can impact
actuator speed, as the altered pressure changes flow through the valve.

In a system where flow controls are positioned to adjust, extend, and retract speeds, back pressure can also influence cylinder
motion. If, for example, a flow control valve creates back pressure on the cylinder during extension, the extend speed can be
recorded and monitored. As back pressure increases, cylinder speed may decrease due to the higher resistance to flow, and if the
load lessens, cylinder speed can increase.

15.1: Adjusting Flow and Speed is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast
Wisconsin Technical College).
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15.2: Meter-In Flow Control Circuits

Meter-In Flow Control Circuits
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Figure 15.2.1: A Pneumatic Schematic. (ISO 1219)
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Figure 15.2.2: A Pneumatic Schematic. (ISO 1219)

The placement of flow control valves in a circuit has significant implications. In a meter-in setup, the valve is positioned to control
flow entering the actuator, affecting speed during extension or retraction, depending on placement. The opposing load characteristic
of meter-in circuits makes them useful in specific applications like extending a lift cylinder in packaging machines. A key
limitation is that they only work where load opposes movement, as they cannot handle aiding loads that might cause uncontrolled
movement.
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Figure 15.2.3: A Pneumatic Schematic. (ISO 1219)
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Figure 15.2.4: A Pneumatic Schematic. (ISO 1219)

15.2: Meter-In Flow Control Circuits is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Jessy Haid (Northeast
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15.3: Meter-Out Flow Control Circuits

Meter-Out Flow Control Circuits

FLOW GAGE
GAGE CONTROL B
A VALVE

T

b

A
L
b

[—
>
12 C

Figure 15.3.1: A Pneumatic Schematic. (ISO 1219)
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Figure 15.3.2: A Pneumatic Schematic. (ISO 1219)

Conversely, a meter-out flow control circuit restricts fluid leaving the actuator, controlling speed regardless of whether the load is
aiding or opposing. This versatility makes meter-out configurations better suited for applications where load forces may aid
cylinder movement. In a meter-out circuit, back pressure builds in the actuator, resisting the aiding load and ensuring smooth

movement. A practical application is retracting a cylinder where the load assists movement; the meter-out control keeps movement
stable by generating back pressure.
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Figure 15.3.3: A Pneumatic Schematic. (ISO 1219)
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Figure 15.3.4: A Pneumatic Schematic. (ISO 1219)

15.3: Meter-Out Flow Control Circuits is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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15.4: Specialized Flow Control Circuits

Specialized Flow Control Circuits
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Figure 15.4.1: A Pneumatic Schematic. (ISO 1219)

Exhaust Port Control

Many directional control valves (DCVs) allow connection of flow controls at exhaust ports to limit exhaust flow and create
backpressure. This configuration, a meter-out circuit, is particularly effective for single-acting cylinders where loads vary. An
example includes controlling retract speed for a part-handling cylinder that lowers parts of varying weights.
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Figure 15.4.2: A Pneumatic Schematic. (ISO 1219)

Pressure Port Control

Placing a flow control in the DCV’s pressure line provides a meter-in circuit suitable for opposing loads, such as in a double-acting
agitator cylinder where speed must be regulated in both directions.
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Independent Speed Control
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Figure 15.4.3: A Pneumatic Schematic. (ISO 1219)

In industrial settings, it’s often necessary to adjust actuator speeds independently in each direction. This independent speed control
is useful in scenarios where, for example, a machine's cylinder needs to move slowly while performing work but can reset at high
speed. Applications include forming presses where a cylinder extends slowly during pressing but retracts quickly for the next cycle.
Additionally, due to cylinder area differences in the rod and cap ends, speed naturally varies in each direction; independent speed
control allows identical extension and retraction speeds if required.

Operation Summary and Applications

In practice, connecting and adjusting these various flow control setups allows for precise manipulation of actuator speeds in
pneumatic systems. Meter-in and meter-out circuits provide tailored speed control to accommodate opposing or aiding loads,
respectively. Independent speed controls enable further customization for each stroke direction, enhancing operational efficiency in
many industrial processes.

15.4: Specialized Flow Control Circuits is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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