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QUIZ

Name the components and 

explain the working of the circuit.



UNIT 5  PNEUMATIC SYSTEMS AND COMPONENTS

Pneumatic Components: Properties of air - Compressors - Filter, 
Regulator, Lubricator Unit - Pneumatic system, pneumatic 
components - pressure - flow - direction controls valves, Air control 
valves, Quick exhaust valves, pneumatic actuators.   (3)
         



PNEUMATIC SYSTEMS

•Pneumatics is the use of gas or pressurized air in mechanical systems.

•Pneumatic systems used in industry are commonly powered by 
compressed air or compressed inert gases. 

•A centrally located and electrically-powered compressor powers 
cylinders, air motors, pneumatic actuators, and other pneumatic devices.

•A pneumatic system is selected when it provides a lower-cost, more 
flexible, or safer alternative to electric motors, and hydraulic actuators.

•Pneumatics also has applications in dentistry, construction, mining, and 
other areas       



PNEUMATIC SYSTEMS

Common Pneumatic Fluids:

1.Compressed Air:

1. Most widely used fluid.

2. Readily available, non-toxic, non-flammable, and economical.

2.Inert Gases (Nitrogen, CO₂):
1. Used when air is not suitable (e.g., in clean rooms or hazardous environments).

2. Reduces the risk of combustion or contamination.

     



PNEUMATIC SYSTEMS
Desirable Properties of Pneumatic Fluids

1.Cleanliness: The fluid (usually air) should be free from dust, dirt, and solid 
particles to avoid wear and blockage in components.

2.Dryness: Moisture should be removed to prevent corrosion, freezing, and 
malfunction of valves and actuators.

3.Non-Corrosive: The fluid must not react chemically with system components or 
seals.

4.Non-Toxic & Safe: The fluid should be safe for operators and the 
environment.

5.Stable at Operating Conditions: Should maintain its properties under varying 

temperatures and pressures.    



PNEUMATIC SYSTEMS

Main Components:

•Compressor: Generates compressed air.

•Air Receiver (Tank): Stores compressed air.

•FRL Unit: Filters, regulates, and lubricates the air supply.

•Valves: Control the direction, pressure, and flow of compressed air.

•Actuators: Pneumatic cylinders or motors convert air pressure into 
mechanical motion.

   



PNEUMATIC SYSTEMS

Advantages of pneumatic System

•More cost-effective than hydraulics – air is free

•Pneumatic safety – the system can be used in inflammable environments 
and does not

•More power in a smaller and lighter unit compared to most other 
technology systems

•Cleaner technology

•The fluid used absorbs excessive force, which means fewer threats of 
damage to equipment



PNEUMATIC SYSTEMS
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QUICK EXHAUST VALVE



QUICK EXHAUST VALVE

• Quick exhaust valves are pneumatic components designed to rapidly vent air from 

a system, typically used in cylinder applications to speed up the return stroke or 

increase actuation speed.

• When air is supplied to a cylinder through the valve, it flows normally.

• When the supply is cut and the valve senses backflow pressure, it opens a port 

directly to the atmosphere, allowing the air to exhaust quickly instead of travelling 

all the way back through the control valve.



QUICK EXHAUST VALVE
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SHUTTLE VALVE

•It allows flow from two alternate sources to a single output while 
preventing backflow between the sources.

•The shuttle valve selects whichever input has higher pressure and 
routes it to the output port. It's called a "shuttle" because it has a 
small internal piston or ball that shifts between the two inlets. 
      



SHUTTLE VALVE



PNEUMATIC SYMBOLS



UNIT 6  PNEUMATIC CIRCUITS DESIGN

Design of pneumatic circuits for automation, selection and 
specification of circuit components, sequencing circuits, cascade, 
and karnaugh - Veitch map method - Regenerative, speed control, 
synchronizing circuits.       (8)
         



BASIC PNEUMATIC CIRCUITS DESIGN
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PNEUMATIC CIRCUIT DESIGN
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ELECTRO-HYDRAULIC COMPONENTS
Electrical control, solenoid valves, relays, switches

1. Electrical Control

•Converts electrical input signals into commands that operate hydraulic components.

•Enables precise automation, safety, and integration with control systems like PLCs or 

ECUs.

Example: In a forklift, joystick input (electrical) activates solenoid valves for hydraulic 

movement.

2. Solenoid Valves

•Electromechanical devices that control fluid flow by energizing a coil to move a 

spool or plunger.

•Can be on/off (digital) or proportional (analog) to allow variable control.

Example: Activating the hydraulic lift in an excavator using a solenoid valve.



ELECTRO-HYDRAULIC COMPONENTS
Electrical control, solenoid valves, relays, switches

3. Relays

•Electrically operated switches used to control high-power solenoids or motors using 

low-power signals.

•Provide isolation and protection between control and power circuits.

Example: A relay activates a pump motor when a limit switch is triggered in a press 

machine.

4. Switches

•Devices that manually or automatically open/close circuits to initiate or interrupt 

electrical control.

•Types include push buttons, limit switches, pressure switches, and float 

switches.

Example: A pressure switch activates a solenoid valve when system pressure drops 

below a set value.



ELECTRO-PNEUMATIC COMPONENTS
Electrical timers, switches, solenoid, relays, proximity sensors etc. 

1. Electrical Timers

•Function: Delay or control the timing of pneumatic actions.

•Used to turn devices ON or OFF after a set time.

•Example: Delay the retraction of a pneumatic cylinder by 5 seconds.

2. Switches

•Used to manually or automatically start/stop electrical circuits.

•Types: Push-button, limit switch, toggle, pressure switch.

•Example: Push-button switch starts a pneumatic press cycle.



ELECTRO-PNEUMATIC COMPONENTS
Electrical timers, switches, solenoid, relays, proximity sensors etc. 

3. Solenoids (Pneumatic Solenoid Valves)

•Electromagnetic coils control valves to direct compressed air.

•When energized, the solenoid shifts the valve to allow airflow.

•Example: A 5/2 solenoid valve controls a double-acting pneumatic cylinder.

4. Relays

•Electromagnetic switches that control high-power devices using low-power 

control.

•Provide logic-based switching or sequence control.

•Example: Relay turns ON a solenoid valve when two conditions are met.



ELECTRO-PNEUMATIC COMPONENTS
Electrical timers, switches, solenoid, relays, proximity sensors etc. 

5. Proximity Sensors

•Detect object presence without contact (inductive or capacitive types).

•Send signals to trigger actions like cylinder extension.

•Example: Sensor detects a metal part and activates an air blower.



ELECTRO-PNEUMATIC COMPONENTS

Relays Electrical timers Switches Solenoids



ELECTRO-PNEUMATIC COMPONENTS
Electrical timers, switches, solenoid, relays, proximity sensors etc. Electro pneumatic

How They Work Together – Example Cycle

1.Start: The operator presses a push-button switch.

2.Timer delays action by 3 seconds.

3.Relay receives signal and activates the solenoid valve.

4.Solenoid valve directs air to extend the cylinder.

5.Proximity sensor confirms part placement → next action begins.



DESIGN OF PNEUMATIC LOGIC CIRCUITS

1. Cascade method,

2. Classic or intuitive method,

3. Step-counter method,

4. Karnaugh-Veitch (K-V) mapping method, and

5. Combinational circuit design.



PNEUMATIC CIRCUIT DESIGN – CASCADE METHOD
PROCEDURE

Step 1: 

• Each cylinder is given individual letters (say A, B, C, etc.).

• The given sequence is written first with ‘+’ representing extension (forward) stroke 

of the cylinder and ‘–’ representing retraction (return) stroke of the cylinder. 

 (For example, A+, B+, A–, B–, etc.)



PNEUMATIC CIRCUIT DESIGN – CASCADE METHOD
PROCEDURE
Step 2: 

The given sequence is split into the minimum number of groups. The grouping can be done 

as below :

(i) The first group is split where the change in stroke occurs.

(ii) The second, third and subsequent groups are formed such that a maximum of one 

change occurs within the group.

(iii) No letter should be repeated within any group.

(iv) The groups are identified by letters like I, II, III, etc.

 

Illustration: 

• Let us assume the sequence A+ B+ B− C+ C− A−. 

• This sequence can be split into three groups as shown below:

 A+ B+ ,  B− C+ ,   C− A−
      I            II              III



PNEUMATIC CIRCUIT DESIGN – CASCADE METHOD
PROCEDURE

Step 3: 

• Each group is assigned a pressure manifold line, which must be pressurised only 

during the time the particular group is active.

 Number of pressure lines = Number of groups



PNEUMATIC CIRCUIT DESIGN – CASCADE METHOD
PROCEDURE
Step 4: 

Selection of valves :

• Each cylinder is provided with a pilot-operated 4/2 DC valve.

 Number of pilot control DCVs = Number of cylinders

• Limit valves are positioned at either end and actuated by the piston rod to identify the 

extension and retraction of cylinders. 

• The limit valves are denoted by a₀, a₁, b₀, b₁, etc., where the suffix ‘0’ corresponds to valves 

which are actuated at the end of the return stroke and the suffix ‘1’ corresponds to valves 

which are actuated at the end of the forward stroke. 

• Each cylinder requires two limit valves.

 Number of limit valves (DCVs) = 2 × Number of cylinders

• Each manifold line supplies air pressure to those limit valves within its particular group.

• In order to pressurize the various manifold lines in the proper order, one or more group 

changing valves or cascade valves are used.

 Number of cascade (or group changing) valves (DCV) = Number of groups – 1



PNEUMATIC CIRCUIT DESIGN – CASCADE METHOD
PROCEDURE

Step 5: 

The valve connections are made as follows :

• The output of each limit valve is connected to the pilot input corresponding to the 

next sequence step.

• The limit valve corresponding to the last step of the given group is ‘not’ connected 

to the pilot actuation of the DC valve of the next cylinder. Instead, it is connected 

to the pilot line of the group changing or cascade valve to pressurise the manifold 

of the subsequent group.

• This manifold line is then connected to the pilot line corresponding to the first step 

of the next group.







UNIT 7  ELECTRO PNEUMATICS AND PLC CIRCUITS

Use of electrical timers, switches, solenoid, relays, proximity sensors 
etc. electro pneumatic sequencing Ladder diagram – PLC- 
elements, functions and selection - PLC programming - Ladder and 
different programming methods - Sequencing circuits.  (6)
         



PROGRAMMABLE LOGIC CONTROLLER (PLC)

• It is a specialized industrial computer used to automate machinery, 

processes, and systems in manufacturing, production, and other 

industrial settings.

• Executes logic-based programs to automate tasks like motor control, 

valve switching, etc.

• Has input/output modules to interact with sensors and actuators.

• Supports multiple programming languages, including Ladder Diagram 

(LD), Function Block Diagram (FBD), Structured Text, etc. 

• Think of a PLC as the “brain” that executes control logic.



PROGRAMMABLE LOGIC CONTROLLER (PLC)
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PROGRAMMABLE LOGIC CONTROLLER (PLC)

Key Features of a PLC

•Programmable: You can write logic using programming languages like 

Ladder Diagram, Function Block, or Structured Text.

•Logic Controller: It makes decisions based on input signals and controls 

output devices.

•Reliable and Rugged: Designed to withstand harsh industrial 

environments (heat, dust, vibration).



PROGRAMMABLE LOGIC CONTROLLER (PLC)

How a PLC Works (Components):

1.Inputs: Receives signals from sensors (e.g., temperature, pressure, 

proximity switches).

2.Processor (CPU): Processes logic written by the user.

3.Outputs: Sends signals to actuators (e.g., motors, solenoids, lights) 

based on logic.

4.Programming Software: Used to write and upload programs to the 

PLC.



PROGRAMMABLE LOGIC CONTROLLER (PLC)

Example Applications:

•Automatic bottling or packaging machines

•Traffic light control systems

•Elevator operation

•Industrial robotic arms



PLC PROGRAMMING LANGUAGES

Five main PLC programming languages:

1. Ladder Diagram (LD)

2. Function Block Diagram (FBD)

3. Structured Text (ST)

4. Instruction List (IL) (obsolete)

5. Sequential Function Chart (SFC)



PLC PROGRAMMING LANGUAGES

1. Ladder Diagram (LD)

•Most commonly used in industrial automation.

•Resembles electrical relay logic with “rungs” and “rails.”

•Uses contacts (inputs) and coils (outputs).

•Easy for electricians and technicians to understand.

Example use: Start/Stop motor control circuit.



PLC PROGRAMMING LANGUAGES

1. Ladder Diagram (LD)



PLC PROGRAMMING LANGUAGES

2. Function Block Diagram (FBD)

•Graphical language showing logic as function blocks.

•Each block represents operations like AND, OR, timers, counters.

•Good for continuous and analog processing.

 Example use: HVAC systems or PID control.



PLC PROGRAMMING LANGUAGES

2. Function Block Diagram (FBD)



PLC PROGRAMMING LANGUAGES

3. Structured Text (ST)

•High-level, text-based language similar to Pascal or C.

•Best for complex math, data processing, and loops.

•Used in advanced applications like robotics or motion control.

Example use: Complex sorting logic or calculations.



PLC PROGRAMMING LANGUAGES

3. Structured Text (ST)



PLC PROGRAMMING LANGUAGES

4. Instruction List (IL) (Obsolete in newer standards)

•Low-level, assembly-like language.

•Compact and fast, but harder to read and maintain.

Example use: Legacy systems.



PLC PROGRAMMING LANGUAGES

4. Instruction List (IL)



PLC PROGRAMMING LANGUAGES

5. Sequential Function Chart (SFC)

•Used for step-by-step operations.

•Represents the process flow as steps and transitions.

•Ideal for batch processing or multi-stage sequences.

Example use: Filling, heating, and emptying tanks in order.



PLC PROGRAMMING LANGUAGES

5. Sequential Function Chart (SFC)



PLC PROGRAMMING LANGUAGES

Language Type Best For

LD Graphical
Simple logic, relay-based 

circuits

FBD Graphical
Analog processing, 

reusable logic

ST Text-based
Complex logic, math-

heavy processes

IL Text-based
Legacy, low-level 

instructions

SFC Graphical
Step-wise or sequential 

control



ELECTRICAL CONTROLS FOR FLUID POWER SYSTEMS
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ELECTRICAL CONTROLS FOR FLUID POWER SYSTEMS



ELECTRICAL CONTROLS FOR FLUID POWER SYSTEMS



LADDER DIAGRAM
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LADDER DIAGRAM



KARNAUGH–VEITCH (K-V) MAP METHOD

▪The Karnaugh–Veitch (K-V) Map Method in fluid power systems is a 

systematic technique used to simplify sequential operations and design 

control logic for pneumatic or hydraulic circuits, especially in automation 

involving multiple actuators (cylinders). 

▪Purpose: It helps design logic control circuits by minimizing Boolean 

expressions that represent the sequential operation of actuators.

▪Application: Used when the number of steps or actuators becomes large 

and complex — the method simplifies the control logic, aiding in the 

design of electro-pneumatic or electro-hydraulic circuits.   

 



KARNAUGH–VEITCH (K-V) MAP METHOD

▪Advantages:

Reduces design errors.

Minimizes the number of control components (like relays).

Simplifies wiring and logic understanding.   



KARNAUGH–VEITCH (K-V) MAP METHOD
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KARNAUGH–VEITCH (K-V) MAP METHOD



KARNAUGH–VEITCH (K-V) MAP METHOD
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KARNAUGH–VEITCH (K-V) MAP METHOD
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