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Introduction

0.1 Purpose of the CBLM

The purpose of this CompetenBased Learning Material (CBLM) is to provide struc
tured, practical, and hands training in Industrial Automation for learners in the Light
Engineering sectorlt is designed to equip paripants with the knowledge, technical
skills, and workplace competencies required to perform effectively in modern automated
industrial environments.

This CBLM follows a CompeteneBased Training (CBT) approach, ensuring that learn

ers not only acquir¢heoretical knowledge but also demonstrate mastery through prac
tical application.By completing the course, participants will be competent in key oc
cupational areas such as relay logic control, PLC programming, industrial sensors and
actuators, HMI intgration, pneumatic and hydraulic systems, VFD operation, and PLC
based control system design.

The ultimate aim is to build a skilled workforce that meets industry demands, enhances
productivity, and supports sustainable industrial growth in Bangladesh.

0.2 Who the CBLM is for (Audience)

This CBLM is intendedfor:

ATechnicalndvocationaktudentspecializingn Electrical ElectronicsMechatronics,
or Industrial Engineering.

Andustry workers and technicians who are upgrading their skills to meet modern au
tomation requirements.

ASupervisors and foremen in the Light Engineering and manufacturing industries who
need to understand automation systems for improved productivity.

AEntrepreneurs and small industry owners seeking to implement automation solutions
in their operations.

AFreshgraduates or job seekers who want to enhance their employability in the indus
trial automation sector.

No advancedackgroundin automationis strictly required,but learnersshould have
basic knowledge of electricity, electronics, and safety practices.

0.3 How to Use this CBLM

FollowtheUnitsandCompetenciesTheCBLM is organizednto generic sectorspecific,
andoccupatiorspecificcompetencieslearnersshouldprogresstepby step,completing
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eachunit in sequence.

AEngage in Hands -on Activities: Eachmoduleincludespracticaltasksandexercises
designed to reinforce learningiearners are encouraged to practice repeatedly until
they demonstrate competency.

AUse as a Self -Learning and Reference Guide: While the CBLM isintendedor
guidedtraining, learnersmay also useit independentlyfor review and reinforcement.

AAssessment and Feedback: At the end of each unit, learners will besessed
through practical demonstration, written tests, and oral questioning. Trainers should
provide immediate feedback and coaching to close learning gaps.

AT r ai n Raled Frainersshouldfacilitatelearningby demonstratingasks supervis
ing practce, guiding discussions, and ensuring a safe learning environment.

Al ear ner 6 slLeaRerd shauld actively participate, practice diligently, maintain
safety, and collaborate with peers during tdazased activities.

By theendof this course)earnerswill havethecompetenciesequiredto work confidently
in automated industrial environments and contribute to the advancement of the Light
Engineering sector.



Module 1

Understand Concept of Pneumatic
Control System

Module Descriptor

This module covers the foundational knowledge, skills, and attitudes required-to
derstand the concept and operation of purely pneumatic control systems .
Corecompetenciesicludeidentifying majorpneumaticcomponentsgalculatingcylinder
forces, interpreting standardized circuit diagrams (ISO 491%etting up basic logic
circuits (AND/OR/NOT), and implementing controls based on flow, pressure, and time.
The module is designed for fundamentalrimg in pneumatic control technology using
the equipment set of the basic level (TP 101).

Time Duration: 35 Hours

Learning Outcomes

1. Identify Component®f PneumaticSystem
2. Interpret PneumaticCircuit Diagrams
3. Demonstraté&safePracticein Handling PneumaticSystem

Performance  Criteria

To demonstrate competency in this module, learners must achieve the follow -
ing outcomes:

1. Recognize and identify standard symbols for majorpneumaticcomponentsin-
cluding valves, actuators,and air preparationunits.
2. Calculate the theoretical and effective piston forces for bothsingleactingand

doubleacting cylinder.
3. Explain and set up direct and indirect actuation systemsgorrectlydistinguish
ing betweensignaling and control elements.

4. Impleme nt basic pneumatic logic operations (AND/OR/NOT) usingappre
priate control componentsand circuits.
5. Trace the flow of compressed air within pneumatic circuit diagrams, interpreting

functional relationshipsand operationalsequences.



2 MODULE 1. UNDERSTAND CONCEPTOF PNEUMATIC CONTROL SYSTEM

1.1 Learning Outcome 1: Identify Components of
Pneumatic System

Contents

Learners will be able to recognize standard symbols, describe the function and structure
of core pneumatic components, and perform basic engineering calculations required to
size actuatorsThis section covers the knowledge and understanding requiredrifyd
components of a pneumatic systenearners will focus on the following areas:

ABasic principles and functions of pneumatic components

AStandard symbols usedfor pneumaticcomponentgISO 12191).

APneumatic Actuators : Setup and function of Singlacting Cylinders (SAC) and
DoubleActing Cylinders (DAC).

APiston Force Calculation :Calculationof theoreticabndeffectivepistonforcefor
SAC (accounting for spring and friction) and DAC (distinguishing forward and return
strokes).

ADirectional Control Valves (DCVs) : Setupfunction,andportdesignationgin-
put, output, exhaust) for 3iay and 5/2way valves.

A\Actuation Methods : Differentiation of components by operational typgnual,
mechanical (e.qg., roller lever), and pneumatic actuation (pilot control).

A\Air Preparation Components : Purpose and function of the FiltBegulator
Lubricator (FRL) unit, including the startup valve, filter, and pressureregulator.

Assessment Criteria

L e a r achieventendf LearningOutcomel will beassessedsingthefollowing criteria.
Assessment can be done through observation, practical demonstration, discussion, and
written tests.

1. Major pneumaticomponentge.g.,actuatorspCVs,FRL units)arerecognized and
identified

2. Functionsof majorpneumaticomponentsredescribed accurately.

3. Standard symbols of pneumatic components (e.g., valves, flow controls, logic elements)
areinterpreted  correctly.

4. Input, output, and exhaustports (1, 2, 3, etc.) of valvesand actuatorsare located
and their purpose explained

5. Components ardifferentiated by operational type (manual,mechanicalpneu
matic pilot).

6. The effective piston force for singleacting and doubleacting cylindersis calculated
correctly for specifiedworking pressures.
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Required Components

No. | Component Order No.
1 | Singleacting cylinder 152887
2 | Doubleacting cylinder 152888
3 | Startup valve with filter control valve (FRL Unit) 540691
4 | Distributor block 152896
5 | 3/2-way-panelmountedwith pushbuttomactuator,normally closed 152860
6 | 3/2-way panelmountedvalve with pushbuttoractuator,normally open | 152861
7 | 3/2-way valvewith selectorswitch,normally closed 152863
8 | 5/2-way panelmountedvalve with selectorswitch 152862
9 | Pushin sleevg(4 mm) 153251
10 | Pushin T-connector(4 mm) 153128
11 | Plastictubing (4 x 0.75) 151496

Learning Activities

Learning  Activity Resources

Identify Component®f PneumaticSystem .
fy P y Alnformation Sheet1.1-1

ASelf-Checkl.1-1
Alnformation Sheet1.1-2
ASelf-Checkl.1-2

Information  Sheet 1.1-1: Pneumatic Actuators: Setup, Symbols,
and Piston Force Calculation

TheSingle -Acting Cylinder (SAC) usesompressedirtoadvancehepiston,while
aspring return pushes the piston back to its starting positibhe SAC only works
in one direction.The effective piston force~¢) must account for frictionRR) and the
spring return forceR ). The formula used iEet = A -p 1 (FRR + K ). TheDouble -
Acting Cylinder (DAC) usescompressedir for movementn bothdirections.Dueto
the piston rod, the surface area for teeirn stroke  is smaller, resulting in different
effective forces.
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(a) Single-Acting Cylinder (SAC). (b) Double-Acting Cylinder (DAC).

Figurel.l: SingleActing andDoubleActing Cylindersymbols.

Self -Check 1.1-1

InstructionsAnswer the following questionsto test your understandingf pneumatic
actuators.

1. What primary componentcausesa single-acting cylinder (SAC) to pushthe piston
rod back to its starting position?

2. Why doesa doubleactingcylinder (DAC) havetwo supplyports?

3. In terms of force calculation, what two opposing forces must be considered and sub
tracted when determining the effective piston fofee)(of a sirgle-acting cylinder?

4. Explainwhy a DAC producedifferenteffectiveforcesduringits forwardstrokecom:
paredto its return stroke,assumingthe supply pressureremainsconstant.

Answer Key 1.1-1

1. An internalspring return pushes the piston back to its starting position, as SACs
only work in one direction.

2. The DAC requireswo supply ports because compressed air is needed to power
movement inboth directions (forward and return), as it does not rely on a spring
return.

3. Thetwo opposingorcesthatmustbeaccountedor aretheFriction force  (F) and
theSpring return force (F).

4. Theeffectiveforcesdiffer becausehesurface area onthepistonrod side(usedfor
the return stroke) ismaller than the full piston area (used for the forward stroke).

Information Sheet 1.1-2: Directional Control Valves (DCVs):
Types, Ports, and Actuation

Directional Control Valves (DCVs) are fundamental components in pneumatic systems.
Their primaryfunctionis to controlthe pathof compressedir, therebystarting,stopping,
or changing the direction of airflow to other pneumatic components like cylinders.
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Understanding DCV Naming: Ports and Positions

DCVs aredescribedusingtwo numberssuchaso 3 /oR005 / 2 0 .

AThefirst number indicates the number gforts ( or oOowayso) ¢t he
exit.
AThesecond number indicateshenumberof switching positions thevalvehas.

Common DCV Types

1. The 3/2 -Way Valve A 3/2 -way valve has3 ports and2 switching positions
It is commonly used to control sing#eting cylinders or to provide a simple on/off signal.
The ports are typically labeled:

Al (or P): Pressuréort(Compressedir supply)
A2 (or A): Working Port(Outletto the actuator)
A3 (or R): Exhaust Port (Vents used air to the atmosphere)

There are two main variants:

AA Normally Closed (NC) valve blocks airflow from port 1 to port 2 in its resting
(normal) position.When actuated, it opens a path from port 1 to 2 and cluses.
Whenreleasedijt returnsto normal, andthe air at port 2 is ventedthroughport 3.

AA Normally Open (NO) valve allows compressed air to flow from port 1 to port
2 in its resting positionWhen actuated, it blocks the flow from port 1 and opens a
path for the air at port 2 to vent through port 3.

2. The 5/2 -Way Valve A5/2 -way valve hasb ports and2 switching positions

It is the standard choice for controllimpuble -Acting Cylinders (DACs) , which
require pressureto be applied alternatelyto two different ports to extendand retract.
The ports are typically labeled:

Al (or P): Pressurdort(Compressedir supply)
A2 (or B) and 4 (or A): Working Ports(Outletsto the cylinder)
A3 (or R) and 5 (or S): ExhaustPorts(Vent ports)

In one position, the valve directs air from port 1 to 4 while venting port 2 throutyh 3.
the second position, it directs air from port 1 to 2 while venting port 4 throug@his.
allows it to both push and pull the piston of a dotdaténg cylinder.

Actuation Methods

Actuationrefersto the methodusedto shift the valve from one positionto another.

AManually Actuated: Operatedy aperson(e.g.,pushbutton,lever,foot pedal).

AMechanically Actuated: Triggeredby physicalcontactwith amachinepart(e.g.,
a roller plunger on the valve is pressed by a moving cylinder).

APneumatically Actuated: Shiftedby anair pressuresignalappliedto apilot port.
These are opitleoteaddl edl vasrr

ASolenoid Actuated: An electrical signal energizes a coil (solenoid), creating a mag
netic field that shifts the valve spodthis is common in automated systems.
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Most valves also haveraturn method , such as a spring, to bring them back to their
normal position once the actuation force is removed.

2 14 4 |2 12
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Figurel.2: Left: A schematicymbolfor a3/2-way,Normally Closed(NC), pushbutton
actuated, springeturn valve.The right box shows the normal (unactuated) state where
port 1 (P) is blocked and port 2 (A) is connected to exhaust R{ENt: A schematic
symbol for a 5/2vay, solenoieactuated, springeturn valve.The righ box shows the
normal state where port 1 (P) is connected to port 2 (A), and port 4 (B) is connected to
exhaust 5 (S).

Self -Check 1.1-2

Answerthefollowing questiondasedon theinformationprovidedabove.

1. Whatdothetwo numbersnav a | Jdesignstionlike 0 5 / r@present?

2. In its normal (unactuated) state, what is the key difference between a Normally Closed
(NC) and a Normally Open (NO) 3i&ay valve?

3. Which type of cylinder is a 5/ay valve typically used to control, and why is it
suiteble for this task?

4. You see a valve on a pneumatic diagram that is activated when a machine guard is
closed, physically pressing on a small wheel on the vaWeat type of actuation is
this?

5. In a DCV symbol, what does each square box repredathigt do thesymbols at
tached to the sides of the boxes represent?

Answer Key 1.1-2

1. The first number (5) represents thamber of ports , and the second number (2)
represents theumber of switching positions

2. In its normal state, Blormally Closed (NC) valve blocks the flow of compressed
air from the supply port (1) to the working port (2).Normally Open (NO) valve
allows air to flow from the supply port (1) to the working port (2).

3. A 5/2-way valve is typically used toontrol aDouble -Acting Cylinder (DAC)
It is suitable because it can alternately supply pressure to and exhaust from the two
portsof the cylinder, allowing it to control both the extensionandretractionstrokes.

4. Thisis Mechanical Actuation (specificaly, a rollerplunger).
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5. Eachsquaréboxrepresentaswitching position of thevalve. Thesymbolsattached
to the sides (e.g., spring, pukbtton, solenoid) represent thetuation methods
used to shift the valve between these positions.

Information  Sheet 1.1-3: Air Preparation and Distribution  Com -
ponents (FRL Unit)

The air supplysystemincludesthe FRL Unit (Filter, Regulator Lubricator). The Filter

(F) cleans the compressed alihe Regulator (R)  controls and maintains a constant,
desiredoperatingoressurdor thesystem. Thevorking pressurenustnot exceed 600

kPa (6 bar) . A Distributor Block takes a single air supply input and distributes it
to multiple output ports.

Figure 1.3: Symbolsfor Air Preparationand Distribution (FRL Unit and Distributor
Block).

Self -Check 1.1-3

Instructions Answer the following questions to test your understanding of air preparation
components.

1. Whatis the main function of the Filter (F) componenin the FRL unit?

2. What is the highest recommended maximum working pressure for the pneumatic con
trol system?

3. Whatis the primary function of the Regulator(R) in the FRL unit?

4. Whichcomponentakesasinglecompressedirinputandprovidesmultiple connection
points for different sulzircuits?

Answer Key 1.1-3

1. The Filter cleansthe compresseair by removingdirt, water,and contaminants.
2. Theworking pressurenustnot exceed 600 kPa (6 bar) .
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3. The Regulatorcontrolsand maintainsa constant,desiredoperatingpressurefor the
system.
4. TheDistributor Block providesmultiple outputportsfrom asingleinput.

Job Sheet 1.1-1: Implement Direct Actuation and Force Calcu -
lation (Pressing Cheese Wheels)

Performance  Objective

Given a single-acting cylinder and a manuallyoperated3/2-way valve, you mustsetup

a pneumatic control circuit for **direct actuation**¢ou will calculate the effective

pi ston force and verify the circuitds oper
in identifying and connecting core pneumatic components

Supplies and Materials

ASingleacting cylinder (-MM1)

A3/2-way-panel mounted with pushbuttonactuator, normally closed (-SJ1)
AStartup valve with filter controlvalve (-AZ1)

ADistributor block (-XM1)

A\Plastictubing and connectors

ACalculator/Datashedfor force calculation)

Procedure

1. Calculation : Calculatetheeffectivepistonforce(Fer) duringthec y | i rfodvard 6 s
stroke at a working pressure of 600 kPa (6 bagcument this calculation.

2. Diagram Completion : Completgahepneumaticircuitdiagramfor thepressjden

tifying all components and port designations (ports 1, 2, 3).

Setup : Mounttherequiredcomponentsecurelyontheprofile plate(trainingboard).

. Tubing : Connect the components according to the completed pneumatic cireuit dia

gram, ensuring the shortest possible tubing routes.

5. Safety Check : Ensure the circuit is ready for commissionirget the filter control
valve (FRL unit) to a maximum pressureof 350 kPa (3.5 bar) for the initial test
run, as a safety precaution.

6. Test Run : Switch on the compressedir supply. Pressand hold the pushbutton
(-SJ1) to advance the cylinddRelease the pushbutton to ensure the cylinder retracts
via spring force.

7. Operation Check : If thetestrunis successfulincreaseheworking pressureo the
level required for the force calculation (600 kPa).

8. Sequence Description : Describethe working seqienceof the controller,focusingon
how the spring return achieves retraction.

ko
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Figure 1.4: PneumaticCircuit Diagramfor Direct Actuation(PressingCheesaNheels).

Performance Criteria Checklist for Job Sheet 1.1-1

For Tr ai ndse Ody

Date:

Tr ai n e NManhs:

Instructions: Observe the trainee as they build and test both logic circAstsess

their performance against the criteria below.

Performance Criteria Questions Yes | No
Did thetraineecorrectlyinterpretthe circuit diagramdor bothseries
(AND) and parallel (OR) connections?
Was the AND circuit wired correctly and did it function accordin
to its truth table?
Was the OR circuit wired correctly and did it function according
its truth table?
Could the traineeverbally explain the differencebetweenthe two
logic functions and their wiring?
Wereall safetyproceduresollowed duringthe wiring andtestingof
the circuits?
Train Feedback / Comments: Tr ai n  Signature:




10 MODULE 1. UNDERSTAND CONCEPT OF PNEUMATIC CONTROL SYSTEM

Job Sheet 1.1-2: Analyze and Set Up DAC Control and Force
Calculation (Loading Packages)

Performance  Objective

Given a doubleacting cylinder (DAC) and a 5/2-way selectorswitch, you mustsetup

a pneumatic control circuit to simulate pausing a material fd@u must calculate the
effective piston forcedr both the forward and return strokes of the DAC, demonstrating
competence in DAC control and force analysis.

Supplies and Materials

ADoubleactingcylinder(-MM1)

A5/2-way panelmountedvalve with selectorswitch (-SJ1)
AStartup valve with filter controlvalve (-AZ1)
ADistributor block (-XM1)

Procedure

1. Calculation : Calculate the effective piston forc&<f) for the DAC at a working
pressure of 600 kPa (6 baGalculate the force for thierward stroke (pre-stroke)
andthe return stroke separatelynoting the influence of the piston rod.

2. Diagram Completion : Complete the pneumatic circuit diagram for the loading

station, identifying all components and port designations.

Setup : Mounttherequiredcomponentsecurelyontheprofile plate(trainingboard).

. Tubing : Connect the DAC-MM1) to the 5/2way selector switch-§J1).Lay the

tubing using the shortest routes possible.

5. Safety Check : Ensure the circuit is ready for commissionirget the filter control
valve to a maximumpressureof 350 kPa (3.5 bar) for the initial testrun.

6. Test Run : Switch on the compressed air suppActuate the selector switchSJ1)
to advance the cylindermReset the selector switch to retract the cylind@hserve
that the cylinder holds its position until the switch is manually changed.

. Operation Check : If successfulincreasethe pressurdgo 600 kPa(6 bar).

8. Sequence Description : Describetheworking sequencef the controller,focusingon

how the 5/2way selector switch allows the cylinder tiemain in position when the
switch is not actively being reset.

ko

\‘
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-AZ1

7| Comme

Figurel.5: PneumaticCircuit Diagramfor DAC Controlusing5/2-Way SelectorSwitch.

Performance Criteria Checklist for Job Sheet 1.1-2

For Tr ai ndse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they set up the
DAC control and evaluate their calculation sheet.

Performance Criteria  Questions Yes | No

Was the DAC control circuit set up correctly using the 5/2-way
selector switch?

Were the piston forces for both the forward and return strokes @
culated correctly?

Did the cylinder remain in the selected position (latching functio
until the switch was reset?

Did the trainee correctly adhere to the maximum initial test pres
of 350 kPa?

Could the traineeexplainwhy the 5/2-way valve was requiredin-
steadof a 3/2way valve?

Train Feedback / Comments: Tr ai n  Signature:
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Job Sheet 1.1-3: Set Up Basic Control using a Normally Open
Valve (Run -on Brake)

Performance  Objective

Given a singleacting cylinder (SAC) and a manually operated\84/ valve, you must
set up a direct actuation circuit that implemenioamally Open (NO) function
to simulatea run-on brake,demonstratinggompetencén selectingandusingNO valves.

Sup plies and Materials

ASingleacting cylinder (-MM1)

A3/2-way panelmountedvalve with pushbuttoractuator,normally open(-SJ1)
AStartup valve with filter controlvalve (-AZ1)

ADistributor block (-XM1)

APlastictubing and connectors

Procedure

1. Valve Analysis : Analyze the function of the 3A&ay valve, Normally Open (NO).
Note that in its normal (unactuated)osition, the pistonrod is held advanced.

2. Diagram Completion : Completethe pneumaticcircuit diagramfor the run-on
brake, identifying all components and port designations.

3. Setup : Mount therequiredcomponentsecurelyon the profile plate.

4. Tubing : Connect the SAC-{M1) to the 3/2way valve, normally open$J1). The
brake force is generated by the spring return.

5. Initial Check : Before applying pressure, verify that the valve is wired to keep the
SAC pistonrod advancedn its initial, unactuatedstate.

6. Safety Check : Set the filter control valve to a maximum pressur@%0 kPa (3.5
bar) for the initial testrun.

7. Test Run : Switch on the compressed air suppBhe piston rod should advance
immediately. Press and hold the pushbuttoi®J1). The piston rod should retrac
(engagingthe brake). Releasdhe pushbutton.The pistonrod shouldadvanceagain.

8. Sequence Description : Describe the working sequence of the controller, explaining
how the NO valve allows the springreturnto retractthe pistonwhenthe air supply
is shut off.
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Figure 1.6: PneumaticCircuit Diagramfor Runon Brake Controller (Normally Open
Valve).

Performance Criteria Checklist for Job Sheet 1.1-3

For Tr ai ndse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they set up and
test the Normally Open valve circuit.

Performance Criteria Questions Yes | No

Was thecircuit correctly wired using the 34&ay valve, Normally
Open (NO)?

Did the pistonrod advancan theNO v a | wraduategosition?

Did the pistonrod retract(brake)whenthe NO valve wasactuated?

Did the trainee correctly identify the actuation type (direct ac
tion)?

Were all safety proceduredollowed, including the initial 350 kPa
pressure limit?

Train Feedback / Comments: Tr ai n  Signature:
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1.2 Learning Outcome 2: Interpret Pneumatic Cir -
cuit Diagrams

Contents

Learnerswill be able to interpretand analyzecircuit diagramsby tracing signal flow
and applying fundamental logic rules to predict system behawus. section covers the
knowledge and understanding required to interpret pneumatic circgracha.Learners
will focus on the following areas:

ASignaling Chain : Differentiationbetweerthefunctionof asignalingelemenianda
control element (Indirect Actuation).

AControl Logic : Implementatiorandanalysisof fundamentalogic operations: AND
(DualPressure Valve), OR (Shuttle Valve), and NOT (Normally Closed contact).
ASignal Storage : Methods for converting momentary input signals into continuous

output signals using pneumatic latching and doyiitet (memory) valves.

APosition Sensing : Useandfunction of roller-actuatedsalvesandpneumatiqprox-
imity sensors for detecting cylinder end positions.

ACircuit Analysis : Tracingthe flow of compressed air through sequential and-com
bined logic circuits (e.g., AND/OR combinations) determine the operational-se
guence.

ATroubleshooting Logic  : Identifying potential signal conflicts or logical errors based
on diagraminterpretation.

Assessment Criteria

L e a r achieventendf LearningOutcome2 will beassessedsingthefollowing criteria.
Assessment can be done through observation, practical demonstration, discussion, and
written tests.

1. Component®f pneumaticcircuit areidentified correctlywithin a circuit diagram
[6].

2. Functions of individual pneumatic componentshe tiagram arexplained accu
rately [6].

3. Theflow of compresseair within the circuit is traced and adjusted [6].

4. Relationshipdetweerdifferentcircuit componentandtheir operationakequenceare
interpreted  correctly[6].

5. Troubleshootingpointsareidentified basednthecircuit diagraminterpretatior{6].

Required Components

No. | Component Order No.
1 | Singleacting cylinder 152887
2 | Doubleacting cylinder 152888

Continuedon next page
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Table continued from previous page

No. | Component Order No.
3 | Startup valve with filter control valve 540691
4 | Distributor block 152896
5 | 3/2-way-panelmountedwith pushbuttoractuator,normally closed| 152860
6 | 3/2-way roller-actuatedvalve,normally closed 152866
7 | 3/2-way pneumaticvalve, pneumaticallyactuatedpneside 576302
8 | 5/2-way doublepilot valve, pneumaticallyactuatedon both sides | 576303
9 | Shuttlevalve (OR) 539771
10 | Duatpressureralve (AND) 539770
11 | Proximity sensorpneumaticwith cylinderattachment 2764815
12 | Pushin sleeve(4 mm) 153251
13 | Plastictubing (4 x 0.75) 151496

Learning Activities

Learning  Activity Resources

Identify all major electrepneumaticcomponents. i
fy J P P Alnformation Sheet2.1-1

ASelfCheck2.1-1

Information Sheet 1.2-1: Direct versus Indirect Actuation and
Control Elements

Objective

After completingthis informationsheetyou will be ableto:

AExplainthecriteriathatdeterminavhendirectactuationis appropriate.

ADefine andexplainthe purposeof indirect actuationin pneumaticsystems.

ADifferentiate betweenthe signaling elementand the control elementin an indirect
circuit.

Content

Direct actuation is the simplest control method, where the input signal (e.g., manual
pushbutton) directly supplies compressed air to move the actuRitect actuationis
generally limited to small cylinders requiring a low air rate because the input valve must
handle the full working air flow.

**Indirect actuation**is requiredfor largercylindersthatrequireahigh air rate, orwhen
the force needed to switch the mawlve is too great for manual operatidris method
separates the loywower control function from the highower actuation function.

In an indirect actuationsystem:
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AThe smaller valve (e.g., a manually operatedv@g valve) is thesignaling element

It generates a pneumatic pilot signal.

AThis pilot signalswitchesalargervalve (e.g.,apneumaticallyactuateds/2-way valve),

which is thecontrol element
to power the large cylinder.

. The control element handles the high air rate necessary
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Figurel.7: Conceptof Indirect Actuation.

Self-Check 1.2-1

InstructionsAnswerthefollowing questiongo testyour understandingf actuatiormeth
ods.

1.
2.

3.

4.

Whatis the main limitation of usingdirect actuationin a pneumaticsystem?

In an indirect control system, what is the name given to the smaller valve that gener
ates the initial pilot signal?

Why is indirect actuationnecessaryvhen controlling a cylinder with a large piston
diameter?

True or False: In indirect actuation,the signaling elementhandlesthe high volume of

air required to move the actuator.

Answer Key 1.2-1

1. Directactuationis limited to small cylinders or situationsrequiringalow air rate .
2. Thesmallervalveis calledthesignaling element .

3. Indirectactuations necessarpecauséargercylindersrequireahigh air rate , which

the primary valve (control element) must be sized to handle.
False . Thecontrolelemenhandleghehighvolumeof air; thesignalingelemenonly
generates the small pilot signal.
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Information Sheet 1.1  -2: Pneumatic Logic Gates: Implementing
AND and OR Operations

Objective

After completingthis informationsheetyou will be ableto:

Aldentify thesymbolsandcomponents$or the pneumaticAND andOR logic functions.
AExplainthe operationabprinciplesof the Shuttle Valve (OR).

AExplainthe operationajprinciplesof the DualPressur&/alve (AND).
AUnderstandow thesevalvesareusedto implementconditionalcontrol requirements.

Content

Pneumatic logic gates are valves that require spemiicbinations of input signals to
produce an output signal.

1. The Shuttle Valve (OR Logic) TheShuttle Valve hastwoinlets(1) andone
outlet (2). It performs the OR logic function.

AOperation: Thevalveallowscompressedir toflow fromeither of its two inputsto
reach the output.

AMechanism: If one input is pressurized, an internal piston seals off the other input,
preventing air from escaping through the unused inlet.

A\Function: This is used when an action (the output) needs to be started from two or
more locations (Input AOR Input B). If signals are present at both inlets, the signal
that arrivesfirst or hasthe higher pressurewill reachthe outlet.

2. The Dual -Pressure Valve (AND Logic) TheDual -Pressure Valve has two
inlets (1) and one outlet (2). It performsthe AND logic function.

AOperation: Thevalveallowscompressedir to flow throughonly whenboth input
signals are present simultaneously.

AMechanism:  If only one input signal is present, the flow is shut off due to the
differential forces actig on an internal piston sliddhe air can only pass when
pressure is equalized on both sides.

AFunction: Thisisusedmainlyforlocking controllers andmonitoringfunctions,
where a process start requires two safety or enabling conditions (CondiAdDA
Condition B). If signals arrive at different times, the last signal to arrive reaches the
output.
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i{:.>1 1 e

(a) Shuttle Valve (OR) (b) Dual-PressureValve (AND)

Figurel.8: ShuttleValve (OR) andDualPressure&/alve (AND) Symbols.

Self -Check 1.2-2

InstructionsAnswerthefollowing questiondo testyour understandingf pneumatidogic
gates.

1. Which pneumaticcomponents usedto implementthe OR logic function?

2. Whatspecificoperationatonditionmustbe metattheinletsof a DualPressuré/alve
for it to produce an output signal?

3. In a typical industrial application, what is the main purpose of using aPraeakure
Valve (AND gate)?

4. If a Shuttle Valve receives two input signals, how does the piston mechanism prevent
the active signal from exhausting through the unused inlet?

Answe r Key 1.2-2

=

The Shuttle Valve .

. Both input signalsmustbe presentsimultaneously.

3. It is usedfor locking controllers andmonitoringfunctions, wherenultiple conditions
must be met to proceed.

4. An internalpistonsealoff the portcorrespondingo theunusedr weakerinlet signal.

N
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Information  Sheet 1.2-3: Pneumatic Latching and Impulse Con -
trol Valves (Signal Storage)

Objective

After completingthis informationsheetyou will be ableto:

Aldentify the 5/2-way doublepilot valve asa key componenfor signalstorage.
AExplainthe conceptof signalstorage(memoryor latching)in pneumaticcontrol.
ADescribehow ashortimpulsesignaliss u i to swétahthe valve position.
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Content

Signalstorageopftenreferredto as**memory** or **latching**, is essentiator sequential
control. This function ensures that a process step remains active even after the initial
input signal that startedit is removed,suchas convertinga brief pushof a buttoninto

a sustained output to advance a cylinder.

Thecomponenprimarily usedfor pneumaticsignalstorages the **5/2 -way doublepilot
valve** (e.g.,-QM1).

A**Function:** This valve has 5 working ports and 2 switching positions. It isadar
terized by its internal **latching function**, meaning a short signal pulse at one of
the pilot ports (12 or 14) is enough to cause the valve to reverse its direction.

A**Memory Principle:** Whenanair pulseis receivedatapilot port, thevalve piston is
moved to the opposite switching positioihe compressed air from the main working
port then helps to hold the valve piston securely in this new position.

A**Reversal:** Thevalveremainsin the new positionuntil anewcompressedir pulse
is received at the opposite pilot port, switching the valve back.

A**Signal Conflict:** If signals are present simultaneously at both pilot ports (12 and
14), the signal that arrives first takes precedence in switching the valve.

A-mm1

ll.-n?
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(a) Symbol (b) Latching/Memory Function Cutaway
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Figurel1.9: 5/2-Way DoublePilot Valve (Latching/MemoryFunction).

Self -Check 1.2-3

InstructionsAnswer the following questionsto test your understandingdf pneumatic
memory elements.

1. Whatis the primary pneumaticcomponentusedto achievesignalstorage(memory)?

2. Is a continuous signal required to keep thevedy double pilot valve switched, or is
a short pul se su icient?

3. Why issignalstorageconsidered essentifdr sequentiatontrolsystems?

4. If signals arrive simultaneously at both pilot ports of thev#d¥ double pilot valve,
how is the conflict resolved?
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Answer Key 1.2-3

1. The5/2 -way double pilot valve .

2. A shortpulse(impulse)iss u i beicamigghe valve hasa latchingfunction.

3. It ensures that a process step remains active or complete its cycle even after the initial
input signal is removed.

4. The signalthat arrivesfirst takesprecedence.

Job Sheet 1.2-1: Implement Indirect Actuation (Stopping Milk
Bottles)

Performance  Objective

Given a doublacting cylinder (DAC) and a selector switch, you must set up a control
circuit using **indirect actuation**.The selector switch-$J1, the signaling element)
must pneumatically pileactuate a 5fvay valve with sprig return (QM1, the control
element), which then controls the DAEGMM1). You must demonstrate the functional
difference between the signaling and control elements.

Supplies and Materials

ADoubleactingcylinder(-MM1)

A3/2-way valve with selectorswitch,normally closed(-SJ1)
A5/2-way pneumatiovalve, pneumaticallyactuatedpneside (-QM1)
AStartup valve with filter controlvalve (-AZ1)

ADistributor block (-XM1)

APlastictubing and connectors

Procedure

1. Diagram Analysis : Analyze the circuit diagram (Exercise 5) to identify the DAC,
the signaling element$%J1), and the control elemerQM1). Note that the 5/&vay
valve is pneumatically controlled on one side and has a spring return.

. Setup : Mountall requiredcomponentsecurelyonthe profile plate.

3. Signaling Circuit : Connectheoutputport (2) of themanualselectorswitch (-SJ1)

to the pilot port (14) of the pneumaticallyactuateds/2-way valve (-QM1).

4. Control Circuit : Connect the main working ports (2 asayof the 5/2way valve
(-QM1) to the corresponding ports of the DAGML).

5. Safety Check : Ensure the circuit is ready for commissionirget the filter control
valve to a maximumpressureof 350 kPa (3.5 bar) for the initial testrun.

6. Test Run (Extend) : Switch on the compressed air suppfctuate the selector
switch (-SJ1). This sendsthe air signalto pilot port 14 on -QM1, causingthe DAC
to advance.

7. Test Run (Retract) : Reset the selector switcHS01). Confirm that the3/2-way
valve exhausts pilot port 14, allowing the spring return@M1 to shift the valve
back, causing the cylinder to retract.

N
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8. Operation  Check : If the test run is successful, increase the pressure to 600 kPa (6
bar).

9. Sequence Descri ption : Explaintheworkingsequencdifferentiatingbetweerthe
small volume of air used for the pilot signal (indirect control) versus the high volume
of air required for the DAC (power path).
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Figure1.10: PneumaticCircuit Diagramfor Indirect Actuation (StoppingMilk Bottles).

Performance Criteria Checklist for Job Sheet 1.2-1

For Tr ai ndse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they set up the

indirect actuation circuit. Assess their performance against the criteria below.
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Performance Criteria Questions Yes | No

Did the trainee correctly identify the 3iay valve as the signaling
element?

Wasthe5/2-way valve correctlywired asthe pneumaticallyactuated
control element?

Did the circuit function correctly, with the selector switch piloting
the main valve to extend the DAC?

Couldthetraineeexplainthe concepbf indirectcontrol(pilot signal
VS. power path)?

Were all safetyproceduredollowed, including the initial 350 kPa
pressure check?

Train Feedback / Comments: Train Signature:

Job Sheet 1.2-2: Implement Combined Logic (AND/NOT) for
Sequential Control (Feeding Boards)

Performance  Objective

Given the necessary components, you must set up a control circuit that feeds wooden
boards (A+ A sequence)The cylinder must **only start** if three logical conditions

are met:the Start pudbutton ¢SJ1) is pressed *AND** the cylinder is retracte@8G1

signal) *AND NOT** the removal area is occupieeBG3 signal).You must correctly
implement the combined AND/NOT logic and ensure the cylinder advances and retracts
using controlled exhausir speed.

Supplies and Materials

ADoubleactingcylinder(-MM1)

A3/2-way-panel mounted with pushbuttonactuator, normally closed (-SJ1)
A3/2-way roller-actuatedsalve, **normally open** (-BG3, usedfor NOT logic)
A3/2-way roller-actuatedsalve, normally closed(-BG1, or Proximity Sensor)
AProximity switch, pneumatiq(-BG2, for front endsensing)

A5/2-way doublepilot valve, pneumaticallyactuatecbn both sides(-QM1)
ADualpressurezalve (AND) (2 required-KH1, -KH2)
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AOnewayflow controlvalve(2 required:-RZ1,-RZ2)
AStartup valve with filter controlvalve (-AZ1)
ADistributor block (-XM1)

APlastictubing and connectors

Procedure

1. Diagram Analysis : Analyzethecircuitdiagram(Exercisel3). Notehowtwo Dual
Pressure ValvesKH1 and-KH2) are chained to form the multiple AND condition,
and where the Normally Open valvd8(G3) is placed to achieve the NOT function

[?,?, 7]
2. Setup : Mountall requiredcomponentsecurelyon the profile plate(trainingboard).
3. Logic Wiring (NOT Condition) : Connect the Normally Open (NO) rollactuated

valve (BG3) in series with the start signaf(01) line that feeds into the dymkessure
valve(-KH2). If theremovalareais occupied;BG3is actuatedshuttingoff thesupply
and fulfilling the NOT condition (no signal}].

4. Logic Wiring (AND Condition) : Connect the outputs of the conditions (Start,
Retracted, NOT Occupied) to the inputs of the ERiassure ValvesKH1, -KH2).
The final outpu of the logic chain should feed the advancepilot port (14) of the
5/2-way double pilot valve-QM1) [?, ?].

5. Control Wiring (Sequence) : WiretheDAC (-MM1) via flow controls(-RZ1,-RZ2)
to the main valve-QM1). Use the front end senseBG2) output to pilot the retract
port (12) of-QM1, thus creating the automatic A+ gequence loo].

6. Speed Control : Useexhaust air flow control onboththeadvancingandretracting
sidesfor stablespeedregulation,as requiredfor both strokes[?].

7. Safety Check : Set the filter control valve to a maximum pressur@%0 kPa (3.5
bar) for the initial test run¥].

8. Test Run (NOT Occupied) : Actuate the NOT valve-BG3) to simulate the removal
area being clearPress the Stabutton ¢SJ1). Verify that the DAC extends (A+),
senses the front eneBG2), and retracts (A automatically.

9. Test Run (Occupied) : De-actuateheNOT valve (-BG3) to simulatetheremoval
area being occupiedPress the Start buttorSJ1). Verify that the cylinderdoes not
move , proving the NOT logic is correctly implemented].[

10. Final Pressure : If the testsare successfuljncreasethe pressureto 600 kPa (6 bar)

[7].
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Figure 1.11: PneumaticCircuit Diagramfor CombinedAND/NOT Logic (Feeding
Wooden Boards).
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Performance Criteria Checklist for Job Sheet 1.2-2

For Tr ai n¥dse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they build and

test the combined logic circuit, paying close attention to the NOT function.

Performance Criteria  Questions Yes | No

Wasthe DAC wiredfor the A+ A- sequenceisingfront endsensing
(-BG2) to trigger retraction?

WastheNOT logic implementedtorrectlyusingthe Normally Open
valve (BG3) in series with the start signal?

Did the cylinderefuse to start when the NOT conditiofremoval
area occupied) was active?

Were the DuaPressure ValvesKH1, -KH2) chained correctly to
implement the overall AND logic?

Was exhaust air flow control implemented correctly for the A+ g
A- strokes?

Were all safety procedures followed, including initial 350 kPa-pr
sure limit?

Train Feedback / Comments: Train Signature:

1.3 Demonstrate Safe Practice in Handling Pneu -
matic System

Contents

This learning outcome focuses on the safe handling of pneumatic systems, including
following strict safety procedures (such as system isolation, depressurization, and main

taining pressurdimits up to 600kPa/ 6 bar). Simultaneously learnersdevelopskills in
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advanced componeimipplication, differentiating and setting controls based on physical
variables:speed/flow (using onway flow control and quiclexhaust valves), pressure
(using pressure sequence and regulator valves), and time (using pneumatic timers for
delays)

Assessment Criteria

L e a r achieventendf LearningOutcome3 will beassessedsingthefollowing criteria.
Assessment can be done through observation, practical demonstration, discussion, and
written tests.

1. Safety procedures and guidelinesfatowed consistently  during handling of pneu
matic systemelements,including adherenceao maximum working pressure(600 kPa)
[11, 12].

. Pneumati@pplicationisdemonstrated ontrainingboard[11].

Pneumaticomponentsandtoolsareinspected for defectsor hazarddeforeuse[11].

. Potentialrisks and hazards(e.qg., high pressurerelease tubing slip-off) areidentified
and controlled  effectively to prevent accidents [11, 13].

5. Safe shutdownand isolation proceduresof pneumaticsystemsare carried out cor-

rectly (depressurization) [4, 14].
6. Time-dependent and presstdependent controllers aset up and tested according
to specifications(e.g., setting delay time or switching pressure)15, 16].

INFANN

Required Components

No. | Component Order No.

1 | Doubleacting cylinder 152888
2 | Startup valve with filter controlvalve 540691
3 | Distributor block 152896
4 | 5/2-way doublepilot valve, pneumaticallyactuatedon both sides| 576303
5 | Onewayflow controlvalve 193967
6 | Quick-exhaustvalve 539772
7 | Pressurgauge 152865
8 | Pressureegulatorvalve with pressuregauge 539756
9 | Pressure sequenealve 152884
10 | Pneumatidimer, normally closed 540694
11 | Dualpressureralve(AND) 539770
12 | Proximity sensorpneumaticwith cylinderattachment 2764815
13 | StopwatchNecessanAccessoryfor timing/speedsetting) N/A

14 | Pushin sleeveg(4 mm) 153251
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Learning Activities

Learning Activity Resources

Identify all major electrepneumatioccomponents. )
fy J P P Alnformation Sheet2.1-1

ASelt-Check2.1-1

Nnol at ex

Information Sheet 1.3-1: System Safety, Pressure Limits, and
Quick Exhaust Function

Objective

After completingthis informationsheetyou will be ableto:

Aldentify mandatorysafetyprecautiondor operatingpneumaticsystems.

AStatethe maximumpermissibleworking pressurdor the training equipment.

ADescribethe function, purpose,and installation requirementof the Quick-Exhaust
Valve.

Content

1. System Safety and Pressure Limits Safetyin pneumaticontrolsystemss crucial
due to the use of highly pressurizedair.

ASupervision and Operation : Traineesmustwork on the circuits only underthe
supervision of an instructor.

APressure Limit  : The maximum permissible working pressure for the training system
mustnot exceed 6 bar (600 kPa)

Alnitial Testing : For the first test run of a newly set up controller, the pressure on
the filter control valve should be reduced to a maximum of **350 kPakb@.)**.

ATubing Safety : There is a risk of accident due to tubing slipping tfpneumatic
tubing slips off, the compressed air supply must be switched off immediately.

2. The Quick -Exhaust Valve (QEV) The QuickExhaust Valve-KH1, -QM2, etc.)
isaspecihi zed component used to drastically
stroke.

AFunction : The QEV is used to achieve higher piston speeds for siagié double
acting cylinders by **reducing the flow resistance of the exhaust air** during the
movenent.

AMechanism : When the supply pressure falls (during the stroke reversal), the QEV
allows the air to exhaust directly through a large port (Port 3) rather than forcing it
back through the long tubing and the control valve.

Alnstallation : Foroptimumaquick exhaustingthe valve mustbe mounteddirectly on
the cylinderdés supply port.
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Figurel.12: Quick-Exhaustvalve SymbolandFunction.

Self -Check 1.3-1

Instructions Answer the following questions to test youreusihnding of system safety
and the quickexhaust function.

1. Whatis thehighestrecommendedaximumworking pressurdor the pneumatidrain-
ing system?

2. Whatis the primary operationabdvantagechievedoy usinga Quick-Exhaust/alve?

3. For optimum performance, where must the Qiixthaust Valve be mounted in rela
tion to the cylinder?

4. What safetymeasureshouldalwaysbe followed for the first testrun of a controller
before increasing the pressure?

Answer Key 1.3-1

=

Theworking pressurenustnot exceed 600 kPa (6 bar) .

It achievesigher piston speeds  (or fasterpistonmovementpy reducingtheflow
resistance of the exhaust air.

Thevalve mustbe mounteddirectly on the c y | i n depplyd gort .
Reduceahepressurenthefilter controlvalveto amaximumof **350 kPa(3.5bar)**.

N
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Information Sheet 1.3  -2: Speed Control:  Flow Control Methods
and Setting Speed

Objective

After completingthis informationsheetyou will be ableto:

AExplainthe functionandmechanisnof the OneWay Flow Control Valve.
ADifferentiate betweesupplyair flow control andexhaustir flow control.
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Aldentify why exhaust air flow control is the preferred method for speed regulation in
DoubleActing Cylinders (DACSs)
AlUnderstandhe needfor a stopwatchwhensettingcylinder speeds.

Content

1. The One -Way Flow Control Valve The**One-Way Flow ControlValve** regu

lates speed by restricting air flow in one direction ohityernally, it combines a throttle
(adjustable restriction) and a noeturn (check) valveThe check valve closes off the

air flow in one direction, forcing the air to travel only through the rsstiricted cross
section. In the opposite direction, the air flows freely through the openedretom

valve. These valves are used primarily to regulate the speed of pneumatic cylinders by
controlling the flow rate.

2. Flow Control Methods for DACs Two principal methods exist for controlling the
speed of Doubl&cting Cylinders (DACs):

ASupply Air Flow Control: Thevalvecontrolstheair flow beingsuppliedto* the
cylinder, allowing the exhaust air to escape freélyis method is generally unfavor
able for DACs because even the smallest fluctuations in load can result in **erratic
feed speeds**.

AExhaust Air Flow Control: This is the **recommended method for BA&**. The
supply air flows freely into the chamber,but the flow control valve offers resistanceo
the air flowing *out* (exhaustair). This configuration traps the piston betweentwo
air cushions (pressure on the supply side, resistance on the exlda)stviich helps
greatly toimprove the feed behavior and maintain a stable speed despite external
load fluctuations.

3. Setting Speed Accurately To accurately ensure that the advancing eetthcting
times of the cylinders comply with the required specificationstogawatch is required
when setting the oreay flow control valves.

=

Figurel.13: OneWay Flow Control Valve SymbolandOperation.
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Self -Check 1.3-2

Instructiors Answer the following questions to test your understanding of speed control
methods.

1. What is the main characteristic of a @GWay Flow Control Valve regarding the-di
rection of air flow?

2. Which flow control methodis generallyrecommendedior Double Acting Cylinders
(DACs)?

3. Why is therecommendeflow control methodconsiderednorestableandeffective?

4. What instrument is necessary to ensure the advancement and retraction times set by
the flow control valves meet the specified duration?

Answer Key 1.3-2

1. It regulategrestricts)ir flow in one direction only , while allowingfreeflow in the
opposite diretion.

2. Exhaust air flow control isrecommended.

3. It createsa stable feed speed becausehepistonis clampedbetweerntwo air cush
ions (supply pressure and exhaust resistance), minimizing the effect of external load
fluctuations.

4. A stopwatch isrequired.

Information  Sheet 1.3-3: Pressure and Time Dependent Control
Elements

Objective

After completingthis informationsheetyou will be ableto:

Aldentify the symbolandfunction of the PressuréSequenc&/alve.

AExplainthe operationalprinciple of pressuredependenswitching.

Aldentify the symbolandfunction of the PneumaticTimer.

AExplain how the timer is usedto introduceadjustabletime delays(2 to 30 s) into a
sequence.

Content

Thisinformationsheetoversspecializedcomponentsisedn advancegpneumaticontrol
to manage operational sequencing based on physical variables other than just position.

1. Pressure Sequence Valve (Pressure Dependent Control) The**PressureSe

quence Valve** is typically &8/2-way valve. It is used to create a pressuependent

signal, ensuring that one step of a process only begins once a specific pressure condition
IS met.

AOperation: The valve switches when the pressure at its pilot port (12) **exceeds a
predefined, adjgtable level**.



1.3. DEMONSTRATE SAFE PRACTICE IN HANDLING PNEUMATIC SYSTEM31

A\Function: Thisvalveis crucialfor applicationdike clamping,whereit confirmsthat
the cylinder has achieved su i ci «pa) cl am
before releasing a signal to start the next sequence step.

AReset: The valve switches back to its normal position when the pilot pressure drops
below the set level.

2. Pneumatic Timer (Time Dependent Control) The *Pneumatic Timer (ner
mally closed)** introduces a delay into a control sequence.

AOperation:  Thetimer switchesits outputsignal (connectionl to working port 2)
**after a presettime** haselapsed.

ATechnical Range: Thetime delayis adjustabletypically spanning2 to 30 s. It
operates within a pressure range of 200 to 600 kPa (2 to 6 bar).

AReset: The timer resetsautomaticallywithin 200 ms whenthe air supplyat port 1
is interrupted.

ASetting: A stopwatchs requiredto accuratelysetthe timer delayduration.

| 2
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(b) Pneumatic Timer Symbol (Time-Delay

(a) Pressure SequenceValve Symbol On)

Figurel.14: Symbolsfor a Pressuré&equencé&/alve anda Pneumaticlimer.

Self -Check 1.3-3

Instructions Answer the following questions to test your understanding of pressure and
time dependent control elements.

1. Whatis the primary function of the Pressuré&Sequencé&/alve?

2. Which specific port on the Pressure Sequence Valve monitors the switching pressure
level?

3. Whatis the adjustablerangeof time delayfor the PneumaticTimer?

4. How doesthe PneumaticTimer resetonceatiming sequencés complete?

Answer Key 1.3-3

1. It switchesasignalonly whenthe pressuretits pilot portexceeds a predefined,
adjustable level .

. Pilot port 12 monitorsthe switching pressure.

The time delay canbe setsteplesslyfrom 2 to 30 s.

. It is reset automatically when tkapply of compressed air at port 1is inter -
rupted .

INFANN
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Job Sheet 1.3-1: Implement Exhaust Air Flow Control (Shutting
Off)

Performance  Objective

Given a doublecting cylinder (DAC) and &/2-way valve, you must set up a control
circuit (Exercise 7) where the advancing stroke (opening the valve) is regulated slowly
using **exhaust air flow control** to ensure stable movem@iite return stroke (cles

ing) must be executed as quickly as possible, demonstrating proficiency in speed control
methods.

Supplies and Materials

ADoubleactingcylinder(-MM1)

A5/2-way panelmountedvalve with selectorswitch (-SJ1)
AOnewayflow controlvalve(-RZ1)

AStartup valve with filter controlvalve (-AZ1)
ADistributor block (-XM1)

APlastictubing and connectors
AStopwatchNecessarpaccessoryor settingtime)

Procedure

1. Flow Control Selection : Determine that exhaust air flow control is the magst
propriate method for the forward stroke to ensure stable, even movement.

. Setup : Mount therequiredcomponentsecurelyon the profile plate.

3. Tubing (Power and Control) : ConnectheDAC (-MM1) tothe5/2-wayselector
switch ¢SJ1).

4. Speed Control Implementation . Install the OnéVay Flow Control ValveRZ1)
on theexhaust air line  of the forward stroke (piston side) to control advancement
speed.Ensure the retracting stroke (piston rod side) is set for maxisperd (no
restriction).

5. Safety Check : Ensure the circuit is ready for commissionirget the filter control
valve to a maximumpressureof 350 kPa (3.5 bar) for the initial testrun.

6. Test Run (Advancing) : Actuate the selector switchSJ1). The piston rod must
advance slowly and evenly.

7. Test Run (Retracting) : Reset the selector switchSJ1). The piston rod must
retract quickly.

8. Adjustment : Use a stopwatch to accurately set the advancing time as required by
adjusting the flow control valve.

9. Fina | Pressure : If testsaresuccessfulincreasethe pressurgo 600 kPa(6 bar).

N
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4 -MM1

Figure 1.15: PneumaticCircuit Diagramfor ExhaustAir Flow Control (Shutting Off).

Performance Criteria Checklist for Job Sheet 1.3-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they implement

the specified speed control and assess adherence to safety protocols.
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Performance Criteria Questions Yes | No

Wasthe DAC circuit correctlywired usinga 5/2-way valve?

Was the flow control valve implemented correctly éahaust air
control on the advancing stroke?

Did the cylinder advanceslowly andstably (openslowly)?

Did the cylinder retractquickly (closequickly)?

Weresafetyproceduresncludingtheinitial 350kPapressureheck,
followed correctly?

Train Feedback / Comments: Tr ai n  Signature:

Job Sheet 1.3-2: Set Up Pressure -Dependent Control (Pressing
Beverage Cans)

Performance  Obijective

Given a doubleacting cylinder (DAC) and associated control components, you must set
up a circuit (Exercise 14) that performs a pressing sequence {AflAe system must
utilize a **Pressure Sequence Valve®QN1) to enforce a mandatory minimum system
pressure (450 kPA 4.5 bar) as a prerequisite for starting the sequence, demonstrating
competence in setting up pressdependent control.

Supplies and Materials

ADoubleactingcylinder(-MM1)

A5/2-way doublepilot valve (-QM1)

APressur&equence/alve (-QN1)

ADualkpressurevalve (AND) (-KH1)

AShuttlevalve (OR) (-KH2)

A3/2-way pushbuttong2x: -SJ1Start,-SJ2Retract)
APneumatidProximity Sensorg2x: -BG1 Retracted;BG2 Extended)
AOneway flow controlvalves(2x: -RZ1, -RZ2)

AStartup valve with filter controlvalve (-AZ1)

ADistributor block (-XM1)
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Procedure

1.

2.

Setup : Mount all componentssecurely,ensuringthe DAC and proximity sensors
(-BG1,-BG2) are correctly aligned to detect end positions.

Pressure Sequence Setup : Connect the Pressure Sequence Vahl@N() to the
pressuresupply line or main air line.

Logic Wiring : Implement the AND conditionThe output signal from the Push
button €SJ1) and the retracted senseBG1l) must be combined with the output
signal from the Pressure Sequence Val@\(1) to pilot the advance port (14) of the
5/2-way double pilot valve-QM1).

. Return Wiring : Implement the OR conditionJse the Shule Valve ¢KH2) to

allow the retraction pilot port (12) QM1 to be triggered either by the front end
sensor(-BG2) OR the RetractPushbutton(-SJ2).

Initial Pressure Setting . Set the Pressure Sequence Vah@N1) to switch only
when the pressureexceedshe requiredthresholdof 450 kPa (4.5 bar) .

Safety Check : Ensure the system is functional before increasing presSet¢he
FRL unit to a test pressure 850 kPa (3.5 bar)

Test Run (Pressure Lockout) . With pressuréelow450kPa, presshe Startbutton
(-SJ1).The cylinder mushot advance.This confirms the pressure lock is active.

. Test Run (Full Sequence) : Increasesygempressurabove4d50kPa. Verify that

pressing-SJ1 advances the DAC (A+), and that the DAC automatically retraels (A
upon reaching the front end sens@&2).

Flow Control Adjustment : Use a stopwatch to set the advancing eatichcting
speeds via the ongay flow control valves to approximately 1 s, if specified.

Performance Criteria Checklist for Job Sheet 1.3-2

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they set up and

test the pressuredependentcontrol circuit.
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Figure 1.16:Pneumatic Circuit Diagram for Pressibependent Control (Pressing Bev
erage Cans).
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Performance Criteria  Questions Yes | No

WasthePressuré&equenc&/alve (-QN1) correctlyinstalledandad
justed to switch at 450 kPa?

Was the AND logic correctly implemented, preventing the start
nal unless pressure requirements were met?

Were the end position sensotBG1,-BG2) correctly aligned and
integrated into the sequence logic?

Was the full sequence (A+ advance,rétract) completed correctly
when pressure conditions were met?

Did the trainee correctly follow all safety procedures, including t
safe powetwup/shutdown?

Train Feedback / Comments: Train Signature:
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Module 2

Use Electro -Pneumatic Control
Application

Module Descriptor

This modulecoversthe knowledge skills, andattituderequiredto effectivelyuseelectre
pneumatic control application€ore competencies include interpreting circuit diagrams,
analyzing logical control functions, buildjnand simulating circuits in FluidSIM, and
applying sequential control logic on a physical training board.

Time Duration: 35 Hours

Learning Outcomes

2.1 Identify ElectroPneumaticComponentsand Circuits

2.2 InterpretLogical Control Functions

2.3 AssembleElectroPneumaticCircuits

2.4 Simulateand TestElectroPneumaticSystem

2.5 Apply ElectrePneunatic Control Application Circuitsin Training Board

Performance Criteria

To demonstrateompetencyn this module,learnersnustachievethefollowing outcomes:

1. Recognize and identify standardsymbolsfor all electrepneumaticcomponents.

2. Describe thespecificfunctionsof sensorsactuatorsandvalveswithin a givencircuit.

3. Distinguish  betweenelectricaland pneumaticcircuit sectionsand interprettheir
interconnections.

4. Explain the application of logical control functions, including relzgsed operators
and input/output relationships.

5. Demonstrate and accurately predict cylindermovemensequencebasecdn cir-
cuit diagramsor written descriptions.

6. Select and arrange the correct electrpneumatic components within FluidSIM-ac
cording to circuit design specifications.

7. Assemble virtual circuits in FluidSIM, ensuring correct connections for both electrical
and pneumatic lines.

8. Simulate the assembled circuit, configureasptional parameters, and monitor system
responses.

39
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9. Identify, document, and correct anyfaultsorerrorsdiscovereaiuringsimulation.

10. Apply tested control circuits to a physical training board, replicating the simulated
sequences.

11. Connect all physical pneumatic tubing and electrical wiring accurately according to
the sequence diagrams.

12. Monitor and verify thatsensorinputs and cylinder movementson the training
board are synchronized and match the intended sequence.

13. Adhere strictly to safety, operational, and shutdown procedures throughout all prac
tical tasks.

2.1 Identify Electro -Pneumatic Components and Cir -
cuits

Learnerswill be able to recognizestandardsymbols,componentsand connectiondn
electrepneumatic systems.

Contents

Thissectioncoversgheknowledgeandunderstandingequiredo identify electrepneumatic
components and circuitéearners will focus on the following areas:

AStandardsymbolsusedfor electrepneumaticcomponentssuchas cylinders, valves,
sensors, and actuators.
AFunctionsof eachcomponentvithin acircuit, includingtheirrolein controllingmotion
or logic.
ADifferencesbetweerelectricalandpneumatigartsof a systemandhow theyinteract.
AlTypical circuit layoutsand connectiondetweerelectricaland pneumaticelements.
AcCommonsensorsactuators,and valves usedin electrepneumaticapplicationsand
their operational principles.
ABasic troubleshooting concepts for recognizing component functions and interconnec
tions.

Assessment Criteria

L e a r achieventendf LearningOutcomel will beassessedsingthefollowing criteria.
Assessment can be done through observation, practical demonstration, and discussion:

ACorrectlyrecognizeandidentify standardsymbolsfor electrepneumatiaccomponents.
A\Accurately explain the functions of sensasstuatorsyalves,and other circuit ele
ments.
ADistinguishbetweenelectricaland pneumaticgpartswithin a circuit.
ACorrectlyinterpretconnectionsindsignalflow betweerelectricalandpneumaticom
ponents.
AMatch eachcircuit elementto its respectivecontrol function within a system.
ADemonstrate understanding through labeling diagrams or describing component roles
verbally or in writing.
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Required Components

41

No. | Component Order No.
1 | 3/2-waysolenoidvalve,normallyclosed| 567198
2 | 5/2-waydoublesolenoidvalve 567200
3 | 5/2-waysolenoidvalve 567199
4 | Doubleacting cylinder 152888
5 | Singleacting cylinder 152887
6 | Limit switch,electrical,left-actuated 183322
7 | Limit switch,electrical right-actuated | 183345
8 | Proximity sensorglectronic 2344752
9 | Proximity sensorpptical 572744
10 | Pressuresensor 572745
11 | Pushin sleeve 153251
12 | Pushin T-connector 153128
13 | Plastictubing,4 x 0.75,10m 151496
14 | Distributor block 152896

Learning Activities
Learning  Activity Resources

Identify ElectroPneumaticComponentsand Circuits

Alnformation Sheet2.1-1
ASelf-Check2.1-1
Alnformation Sheet2.1-2
ASelft-Check2.1-2
Anformation Sheet2.1-3
ASelft-Check2.1-3
Anformation Sheet2.1-4
ASelfCheck2.1-4
Alnformation Sheet2.1-5
ASelft-Check2.1-5
Anformation Sheet2.1-6
ASelft-Check2.1-6

Information  Sheet 2.2-1: Understanding
Pneumatic Systems

Pneumatic and Electro -

© Objective

After completingthis informationsheetyou will be ableto:

ADescribethe operatingprinciplesof a purely pneumatiacontrol system.
ADescribethe operatingprinciplesof an electropneumaticcontrol system.
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ADifferentiatebetweerthe signaland power pathsin both systems.
AExplainthe key advantagesf usingan electrepneumaticsystemover a purely pneu

matic one.

1. Introduction

to Control

Systems

In industrialautomationpneumatisystems

use compressed air to create movemé&he method used toontrol this movement can
be purely pneumatic (using air signals) or elegimeumatic (using electrical signals).
This module focuses on the di@epneumatic method, which is the standard in modern

industry.

2. The Purely Pneumatic System

is used for botlpower

In apurelypneumaticsystemcompressedir
(to movethe actuator) and for tregnal

(to tell the valvewhat

to do). Whena pneumaticpushbuttonis pressedan air signal travelsthrougha tube
to shift a main valve, which then sends air power to a cylinder.

ASignal Flow:
Cylinder

AKey Features:
can be bulky.

3. The Electro -Pneumatic System
The

omuscl e. o

Thi s
contr ol

system
signal s

Pneumatid®Pushbuttor¥Y Air SignalY Main ValveY Air PowerY

Simple and safe for elgsive areas, but signals are slow and tubing

separ at es
ar e el

air. When an electrical switch is pressedan electrical signal instantly travelsthrough

a wire to asolenoid on the main valveT h e

sending air power to the cylinder.

s ol

enoi

dés magnetic

ASignal Flow: ElectricalSwitchY Electrical Signal Y SolenoidValve Y Air Power

Y Cylinder
AKey Features:
travel long distances.

4. Direct Comparison
tween the two systems.

Very highspeedallowsfor complexlogic, is flexible, andsignalscan

The table below highlights the fundamental differeroes

ectri

Feature Purely Pneumatic Sys- | Electro -Pneumatic  Sys-
tem tem
Signal Medium Compressedir Electricity (Voltage/Cur
rent)
Power Medium Compressedir Compressedir
Signal Speed Slow Very Fast
Logic Complexity Limited High (Relays,PLCs)

t

(

f
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5. Conclusion Electrepneumatic systems combine the speed and flexibility of elec
trical control with the power and reliability of pneumatic actuation, making them ideal
for modern automationThe following informationsheets will introduce the specific
components that make these systems work.

Self -Check 2.1-1

Answerthefollowing questiondo testyour understandin@f the conceptgresented.

1. In a purely pneumaticsystemwhatis usedfor the signalpath?

2. In an electrepneumatic system, what medium is used for the power path to move the
cylinder?

3. Whatis the nameof the electricalcomponenton a valve that convertsan electrical
signal into a physical force to shift the valve?

4. List onemajoradvantagef anelectrepneumaticsystemoverapurelypneumatione.

Answer Key

1. Compressed Air .

2. Compressed Air . Thepowermediumis thesamen bothsystems.

3. A solenoid .

4. Any one of the following:Very high signal speed, the ability to createomplex
logic (with relays/PLCs)por the ability for signalsto travel long distances easily.

Information  Sheet 2.1-2: Air Supply and Distribution  Compo -
nents

© Objective

After completing this information sheeypu will be able to identify the components
used for air preparation and distribution and explain their specific functions within a
pneumatic system.

1. Start -up Valve with Filter Control Valve (FRL Unit) Thiscomponenis often
called theAir Service Unit  or FRL Unit . It is the most critical part for preparing the
compressed air before it enters the circliitconsists of three main parteften combined
into one block:

AFilter (F): Cleans the compressed air by removing dirt, water, and otimtam
nants.This prevents damage to the valves and cylinders.

ARegulator (R):  Controls and maintains a constant, desired operating pressure for
the entire system, even if the main supply pressure fluctuates.

Al ubricator (L): Injects a fine mist of oil into the air to lubricate the moving parts
of valves and actuators, reducing wear and t@dote: In many modern systems,
components are sdlfibricating, and the Lubricator is omitted).
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Thestartupvalveis typically a 3/2-way shutoff valvethatallowsyouto safelypressurize
and exhaust the entire system.

S I i '.:i i
L
j-_

Figure2.1: A typical FRL (Filter, Regulator,Lubricator) Unit.

2. Distributor  Block Thedistributorblockactslike apowerstripfor compressedir.
It takesa singleair supplyinput and distributesit to multiple outputports. This allows
asingleair sourceto supplyseveraldifferentsub-circuits or componentsimultaneously.

AFunction: To providemultiple connectiorpointsfrom asinglepressureource.
A\Application:  Essential in complex circuits where multiple valves need to be connected
to the main air supply.

3. Plastic Tubing Pl astic tubing acts aspnetntatc Opi p
system, transporting the compressed air from one component to aribibdwypically
madeof flexible polyurethaner nylon andis specifiedby its outerdiameter(e.g.,4 mm).

ASymbol: Representeblly asolid line on pneumaticircuit diagrams.
AFunction: To create a sealed pathway for compressed air to travel between-compo
nents.

4. Connectors and Fittings Thesesmall but essentialparts are usedto connect
tubing to components and to split or block air lines.

APush -in T-connector:  Splitsa singleair line into two separatdines.

APush -in Sleeve/Connector: Provides a fast, secure, and lgakof connection for
plastic tubing to a component port.

ABlanki ng Plug: Usedto sealany unusedports on a distributor block or valve,
preventing air leaks.

Self -Check 2.1-2

Answer the following questions to test your understanding of air supply and distribution
components.

1. Whatdoesthe acronymo F R ktandfor in an Air ServiceUnit?
2. Whatis the main purposeof the Regulatorin an FRL unit?
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(a) Distributor Block. (b) T Connector.
Figure2.2: Examplesof pneumatiadistributionfittings.
3. If you needto supply air to three different valvesfrom a single air source,which

component would you use?
4. Whatis the function of a Blanking Plug?

Answer Key 2.1-2

1. Filter, Regulator,and L ubricator.

2. To controlandmaintainaconstant operating pressure for thesystem.
3. A Distributor  Block .

4. Toseal an unused port onacomponento preventair leaks.

Information  Sheet 2.1-3: Pneumatic Actuators (Cylinders)

© Objective

After completing this information sheet, you will be able to identify skagling and
doubleacting cylinders, understand their symbols, and explain their principles of opera
tion and common applications.

Introduct ion to Actuators In apneumaticsystemanactuatoris acomponenthat
convertgheenergyfrom compressedir into mechanicamotion. Themostcommontype
of actuator is the cylinder, which produces linear (straligle) motion.

1. Single -Acting Cylinder (SAC) A single-acting cylinder uses compressed air to
producemovementin only one direction.

AOperation: It hasonly oneair port. Whencompressedir entersthis port, it pushes
the piston forward, compressing the sprilighen the air is released (exhausted), the
storedenergyin the spring pushesthe piston back to its starting position.
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ASymbol: The symbolclearly shows a single air inlet and a spring for the return

mechanism.
AApplications:  Usedfor simpletaskswhereforceis only requiredin onedirection, such
as clamping a workpiece, ejecting parts from a conveyor, or short pressing operations.

P

(a) A physical Single-Acting Cylinder. (b) The ISO symbol for the cylinder.

Figure2.3: A SingleActing Cylinderandits correspondingSO symbol.

2. Double -Acting Cylinder (DAC) A doubleacting cylinder usescompressedir
to power its movement iboth directions

AOperation: It has two air ports, one at each end. To extend the piston, compressed
air is supplied to the rear port while the front port is vented to the atmosghere.
retractthe piston, air is suppliedto the front port while the rear port is vented.

ASymbol: Thesymbolshowstwo air ports, indicatinghatair pressure&anbe applied
to either side of the piston.

AApplications:  Usedin themajority of industrialapplicationsvhereforceandspeed
control are needed for both forward and backward movements, such as lifting heavy
loads, pushing materials, and complex assembly tasks.

(a) A physical Double-Acting Cylinder. (b) The ISO symbol for the cylinder.

Figure2.4: A DoubleActing Cylinderand its correspondindSO symbol.

Self -Check 2.1-3

Answerthefollowing questiongo testyour understandin@f pneumaticcylinders.
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1. What force causesa singleacting cylinder to retractafter the compressedir is re-
leased?

2. How many air ports doesa doubleacting cylinder have,and why doesit needthat
many?

3. For ataskthatrequiresa strong,controlledforce for both clampingand unclamping
a part, which type of cylinder (SAC or DAC) would be the better choice?

4. Whatis the primary function of an actuatorin a pneumaticsystem?

Answer Key 2.1-3

[ —

. An internalmechanicabpring .

2. It hastwo ports . One port is for supplying air textend the piston, and the other
port is for supplying air toetract it.

3. ADouble -Acting Cylinder (DAC) wouldbethebetterchoicebecausé provides
a powered force in both directions.

4. To converttheenergyfrom compressdair into mechanical motion

Information Sheet 2.1-4: Directional and Flow Control Valves

© Objective

After completing this information sheet, you will be able to identify different types of
directional and flow control valves, understand theimbering system, explain their
symbols and principles of operation, and describe their primary applications.

Introduction to Valves DirectionalControlValves(DCVs)arethedot r a o poé 0
a pneumatic systenTheir job is to direct the flow of compressed air to the correct port
atthe correcttime, controlling the start, stop,anddirectionof movemenbf anactuator.

Understanding Valve Numbering (e.g., 5/2) Valvesarenamedisingtwo numbers:

AThefirst number indicatesthe numberof ports (pathwaysfor air to enteror exit).

AThesecond number indicates the number gbsitions (or states) the valve can be
in.

AExample: A 5/2 valve has5 portsand?2 positions.

The Solenoid Operator In electrepneumatics, the valve position is shifted by a
solenoid . Thisis anelectricalcoil that,whenenergizedbecomesnelectromagneand
generates a force to move the valvebds inte

1. 3/2 -Way Solenoid Valve, Normally Closed (NC) A 3/2-way valvehas3 ports
and 2 positions.0 No r m@ll ¢ yreednsthat when the solenoidis not energized,the
valve blocks the flow of air from the supply port.
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AOperation:  When the solenoid is energized, the valve shifts, connecting the supply
port to the output portwhen deenergized, a spring returns it to the closed position,
and the output port is ventedto the exhaust.

ASymbol: The symbol, shown in Figur2.5, has two squares (positiong)he right
square shows the normal (spring) position, where port 1 (supply) is blocked.

AApplication:  Primarily usedto control single-acting cylinders.

1 3

(a) A physical 3/2-way pneumatically actu-
ated valve. (b) The corresponding ISO symbol.

Figure2.5: A 3/2-way, singleside pneumaticallyactuatedvalve andits symbol.

2. 5/2 -Way Single Solenoid Valve This valve has 5 ports and 2 positions, with one
solenoid and a spring return.

AOperation:  Energizing the solenoid shifts the valve to its actuated poshiiren
the signal is removed, the spring pushes it back to its normal position.

ASymbol: As seen in Figur.6, the symbol has two squares, a solenoid on one side,
and a spring on the other.

AApplication:  Thestandardsalvefor controllingadoubleactingcylinder.

4|
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Figure 2.6: A 5/2-Way Single SolenoidValve andits Symbol.
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3. 5/2 -Way Double Solenoid Valve This valve also has 5 ports and 2 positions,
but it has a solenoid oboth sides and no springeturn. | t i s called a
Oi mpul sedo val ve.

AOperation: A short electrical pulse to one solenoid shifts the valve to that position.
It will stay in that positioreven after the signal is removebo shift it back, a pulse
must be sent to the opptessolenoid.

ASymbol: Thesymbolin Figure2.7 showsa solenoidon eachsideof thetwo squares.

AApplication: Used when an actuator must remain in its last positiateittrical
power is lost, or for simplifying complex electrical circuits.

14 4| |2 12

-HB‘1|I|'{: 'k li T :\I\I-MBI

iwas SENNEivar

Figure2.7: A 5/2-Way DoubleSolenoidValve andits Symbol.

One-Way Flow Control Valve Thisvalvedoesnotcontroldirection,butratherthe
speed of an actuatorlt works by restricting the amount of air that can flow through it
per unit of time.

AOperation: It combines two components in one bodythrottle  (an adjustable
screw that restricts flow) andaneck valve (which allows free flow in onlyone
direction). Air can flow freely past the check valve in one direction, but is forced
throughthe adjustablethrottle in the oppositedirection.

ASymbol: Thesymbolin Figure2.8clearlyshowsboththethrottle(restrictian) and
thecheckvalve (ball andseat)symbolscombined.

AApplication:  Usedto controlthespeedfac y | i rextemsiofbsretraction.Typ-
ically installed in pairs on the ports of a doublding cylinder.

Self -Check 2.1-4

Answerthefollowing questiongo testyour understanding@f the differentvalve types.

1. Whatdo the numbersd 5 /o8 adirectionalcontrol valve signify?

2. What is the main operational difference between a single solenoid valve and a double
solenoid valve?

3. Which type of valve (3/2, 5/2 single solenoid, or 5/2 double solenoid) would you use
to control a singlacting cylinder?

4. Whatis the primaryfunction of a oneway flow controlvalve?

o
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(a) One-Way Flow Control Valve. (b) Symbol.

Figure2.8: A OneWay Flow Controlvalve andits correspondingymbol.

Answer Key 2.1-4

1. It signifiesthatthevalvehas5 ports and2 positions

2. A single solenoid valve hasspring return , so it goes back to its normal position
when the electrical signal is removedl.double solenoid valve ismemory valve
and stays in its last position until the opposite solenoid is pulsed.

3. A3/2 -way valve .

4. To controlthespeed of anactuatorby restrictingthe flow of air.

Information Sheet 2.1-5: Electrical Sensors and Switches

Objective  After completing thisinformation sheet, you will be able to identify me
chanical and nowontact sensors, understand their symbols, and explain their operating
principles and applications in detecting object presence and system states.

Introduction to Sensors

The Role of Sensors Sensors are the sensory organs of an automated system. They
provide feedback to the electrical control circuit, telling it about the state of the machine
or its environmentThey detect the presence of objects, the position of a cylinder, or
physicalpropertiedike pressureThis feedbacks essentiafor creatinglogical sequences

and automated cycles.

Position Sensors

1. Limit Switch (Mechanical Sensor) A limit switchis amechanicasensothatis
activated by physical contadt. has a roller lever that, when pushed by an object (like
the actuator on a cylinder), operates an electrical switch inside its body.
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AOperation:  When the lever is actuated, the internal electrical contacts change state
(e.g., from Normally Open to Closed)/hen the object moves away, a spring returns
the lever to its original position.

ASymbol: Thesymbol,shownin Figure2.9, indicatesamechanicatontact(theroller)
operating an electrical switch.

AApplication: The most common use is to detect the-efadtroke position (fully
extended or fully retracted) of a pneumatic cylinder.

S AN

Figure 2.9:A Mechanical Limit Switch with a roller lever (left) and its corresponding
electrical symbol (right). The symbol shows a normally open contact actuated by me
chanical means.

2. Proximity Sensor, Electronic (Non -Contact) Thesesensorsletecthepresence

of an objecwithout any physical contacE&lectronic proximity sensors typically work

on an inductive principle (detecting metals) or a capacitive principle (detecting most
materials).

AOperation:  The sensor generates an electromagnetic fisden an objecgnters
this field, the sensor detects the change and switches its electrical output.

ASymbol: The general symbol for a proximity sensor is a diamond shape, as seen in
Figure2.1Q

A\Application:  Detecting the presence of metal parts on a conveyor or, more commonly,
detectingthe positionof ac y | i rpdtenif @& sontainsa permanentmagnet.

3. Proximity Sensor, Optical (Non -Contact) Alsoknownasphotoelectricsensors,
these devices use a beafrlight to detect objectsThey consist of an emitter that sends
out light (usually infrared) and a receiverthat detectsit.

AOperation:  Detectionoccurswhenanobjecteitherbreakshebeamof light between
the emitter and receiver, or reflects the beam of light back to the receiver.

ASymbol: Thesymbolin Figure2.11lindicatedight transmissiorandreception.

AApplication: Highly versatile for detecting objects of alma@sty material, shape,
and color.Used for counting items, checking for presence, and alignment tasks.
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Figure2.10: An Electronic(Inductive) Proximity Sensorandits Symbol.
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Figure2.11: An Optical Proximity Sensorandits Symbol.

Pressure Sensors

Pressure Sensor (Pressure Switch) Unlike apositionsensorapressurasensomon
itors the pressure of the compressed air in a sydtamessentially an electrical switch

that is activated by pressure.
AOperation:  The sensoris setto a specific pressurethreshold. When the system
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pressure reaches this threshold, the internal mechanism operates an electrical switch,
sending a signal to the control circuit.

ASymbol: The symbol, shown in Figur212 combines the symbol for pressure and
the symbol for an electrical switch.

AApplication:  Usedto confirmthata clampingor pressingoperatiorhasreachedhe
required force (since force is a function of pressure), or to monitor the main system
pressure for safety.

P 1

NG p—p S
p UL 12—
~ = >

Figure2.12: A Pressuré&ensor(Switch)andits Symbol.

Self -Check 2.1-5

Instructions Answer the following questionttest your understanding of electrical
sensors and switches.

1. What is the main difference between how a limit switch and a proximity sensor detect
an object?

2. Whatis the mostcommonapplicationfor a limit switchin a pneumaticsystem?

3. You needto createa systenthatstartsthe nextstepin a sequencenly afteracylinder
hasclampeda partwith aspecificforce. Which type of sensoi(limit switchor pressure
sensor) would you use to confirm this?

4. Which type of sensor would be best for detecting-matallic objects on a conveyor
belt without touching them?

Answer Key 2.1-5

Answers

1. A limit switch requirephysical contact with the objectwhile a proximity sensor
detects the objeetithout touching it
. Todetectheend -of -stroke position of acylinder(fully extendedr fully retracted).
3. A pressure sensor (pressureswitch),becauselampingforceis directly relatedto
the pressure in the cylinder.
4. An optical (photoelectric) sensor or a capacitive proximity sensor would be best,
as they can detect naonetallic objects without contact.

N
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Information  Sheet 2.1-6: Electrical Control and Input Devices

Obj ective After completingthisinformationsheetyouwill beableto identify electrical
input and control devices, understand their symbols, and explain how they are used to
receive user commands and implement control logic.

1. Signal Input, Electrical Thisisthemainpanelwhereahumanoperatointeracts
with the machinelt typically contains a variety of switches and pushbuttons that are
used to start, stop, or select different modes of operation.

APushbutton: A momentary switchlt changs the state of its electrical contacts only
aslong asit is beingpressedWhenreleaseda springreturnsit to its normalstate.
Pushbuttons can be:

i Normally Open (NO): Theelectricalcircuitis open(no currentflows) until the
button is pressed.
i Normally Closed (NC): Thecircuitis closed(currentflows) until the buttonis

pressed, which breaks the circuit.
ASelector Switch: A maintained switch. It stays in the position it is set to until it is
manually changed again (e.gn ON/OFF switch).

The symbolsfor theseinput devicesare shownin Figure 2.13
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Figure 2.13: A Signal Input Unit with various pushbuttonsand switches,and their
common electrical symbols.

Control Logic Devices

2. Relay A relay is an electrically operated switch.is the fundamental building
block of logic in traditional control circuitdt uses a small electrical signal to control a
completely separate, often higkwwer, circuit.

AOperation: A relay hastwo main parts: an electromagneticoil anda setof con -
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tacts . When current flowshrough the coil, it creates a magnetic field that physically
pulls a mechanism to change the state of the contacts (opening NC contacts and
closing NO contacts).

ASymbol: As shown in Figur@.14 the symbol for a relay is spinto two parts in a
circuit diagram: the coil (a rectangle, often labeled K1, K2, etnd its associated
contacts (switch symbols labeled with the same identifier).

AThree -fold Relay: Thecomponenin yourtrainingkitisad t hfoléree | mean 0
ing the physicalmodulecontainghreeindependentelaysthatyou canusefor different
parts of your circuit.

AApplications:

i Implementing Logic: Relaysareusedto creatdogic functionslike AND (contacts
in series) and OR (contacts in parallel).

i Memory (Latching): A relaycanbewiredtokeepitselfenergizeackvenafterthe
initial start signal is gone.

i Contact Multiplication: A singleinputsignal(e.g..from asensorranenergize
a relay coil thathas multiple contacts, allowing that one signal to control several
different circuits simultaneously.

——— — e
g 12 14 22 24 32 34 4 |
] |
| R e . ——
] !
% A2 41 :
% All 12 14 22 14 32 34 :
B !
} A2 1 :
i .
| "]1 12 14 22 14 32 3¢ | :
T !
A2 1 |
- - _I

Figure 2.14:A Threefold Relay module and the standard electrical symbols for a relay
coil and its contacts.
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Self -Check 2.1-6

Instructions  Answer the following questionsto test your understandingpf electrical
control devices.

1. What is the main differencebetweena momentarypushbuttonand a maintained
selector switch?

2. For an emergency stop buttomould you typically use a Normally Open (NO) or a
Normally Closed (NC) contact®/hy?

3. Whatarethetwo mainpartsof arelaythatareshownseparatelyn a circuit diagram?

4. List oneof the key applicationsof arelayin a control circuit.

Answer Key 2.1-6

Answers

1. A momentarypushbuttononly changests statewhile being pressed A maintained
switch stays in the position it is set to until manually changed.
2. Youwoulduse aNormally Closed (NC) contact.Thisis for safety; ifthe wireto
the buttonis cut, the circuit breaks,andthe machinestops(thisis calledo f s iaff e 0 ) .
3. Thecoil andthe contacts .
4. Any oneof thefollowing: Implementing  logic (AND/OR), creatingmemory/latch -
ing circuits , or for contact multiplication
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2.2 Interpret Logical Control Functions

Contents

This | earning outcome f o euoeaneac system. Yduwill 0 br a i
learnhow basicelectricalcircuitsareusedto creatdogic, processsignals,andcontrolthe
sequence of operations.

Assessment Criteria

Upon completionof this unit, you will be ableto:

Aldentify AND andOR logic in circuit diagrams.

A\Explain how series andparallel connectionsreateAND andOR logic.
ADescribethe operationof a relay-basedlatching (self-holding) circuit.
ATraceac i r caurrent@athto determineoutputactivationconditions.
ADifferentiatebetweendirect andindirect control.
A\Relateelectricalsignalsto their resultingpneumaticactions.

Required Components

For this learning outcome, you will focus on analyzing éectrical components that
createandprocess logicWhile physicalassemblywill occur inalater outcome, yowill
need to identify and understand the function of the following items in circuit diagrams:

No. | Component Order No.
1 | Relay,threefold 162241
2 | Signalinput, electrical(Pushbuttons) | 162242
3 | Limit switch, electrical,left-actuated 183322
4 | Limit switch, electrical right-actuated | 183345
5 | Proximity sensorglectronic 2344752
6 | Proximity sensorpptical 572744
7 | Pressuresensor 572745
8 | 3/2-waysolenoidvalve,normallyclosed| 567198
9 | 5/2-waysolenoidvalve 567199
10 | 5/2-waydoublesolenoidvalve 572700
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Learning Activities

Learning Activity Resources

InterpretLogical Control Functions.
P 9 Alnformation Sheet2.2-1*

ASelf-Check2.2-1
AJobSheet2.2-1
ASelf-Check2.2-2
AlJobSheet2.2-2
Ainformation Sheet2.2-3
ASelt-Check2.2-3

Information  Sheet 2.2-1: The Relay as a Control Element

Objective  After completingthis informationsheetyou will be ableto:

Aldentify the two main partsof an electricalrelay: the coil andthe contacts.
AExplainthe principle of operationof a relay andits NO/NC contacts.
AUnderstandhow arelay is represente@ndusedin a basicelectricalcircuit diagram.
ADescribethe primary functionsof arelayin a control circuit.

Content

1. What is a Relay? A relay is an electrically operated switch.is the most
fundamental building block for creating logic in elegmeeumatic control circuitslts
primary purpose is to use a small electrical signal to control a separate ditenok.of
it as a remotecontrolled switch thatllows thed b r gthercantrol circuit) to operate

hY

the Omusclesodo (the sol enoids, l i ght s, or

2. Structure and Operation A relay has two distinct parts that are electrically
separate but work together through magnetigm:Coil (Input) and theContacts
(Output) . When a voltage is applied tbe coil, it creates a magnetic field that moves
the contacts.

Content (Continued) As shownin Figure 2.15

ANormally Open (NO): This contact is an open circuit when the coil is ¢fftloses
when the coil is energized.

ANormally Closed (NC): This contactis a closedcircuit when the coil is off. It
opens when the coil is energized.

3. Task Example: Using a Relay to Turn a Light On/Of f In the circuit in
Figure 2.16 pressing pushbutto81 energizes the relay co{l. This closes the NO
contactK1, which completesthe circuit for the lamp P1, turning it on. When Slis
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Figure2.15: Operationof Normally Open(NO) andNormally Closed(NC) contacts.

released, the coil denergizes, its contact opens, and the lamp turns off. Notice how the
coil (K1) and its contact (K1) are shown in different places but are linked by the same
label.

Content (Continued)

4. Key Functions of a Relay Relaysareextremelyversatileandareusedfor several
key functions:

AContact Multiplication: A single input signal can energizeone relay coil, which
can have multiple contactsto control severaldifferent circuits at once.

AElectrical Isolation:  The low-voltage control circuit is safely separatedrom the
power circuit.

Almplementing Logic: Relaysare the foundationfor creatinglogic functionslike
AND, OR, and Memory, which we will cover next.

Self-Check 2.2-1

Instructions Answerthe following questions.

1. What arethe two main, electrically separateartsof a relay?
2. Whathappengo a Normally Open(NO) contactwhenits relay coil is energized?
3. In acircuit diagram,how do you know which contactsbelongto which coil?
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Figure2.16: A basicrelay circuit to control a light.

Answer Key 2.2-1

Answers

1. Thecoil (input)andthecontacts (output).
2. It closes , completingthecircuit.
3. Theyarelinked by thesamelabel (e.g.,K1, K2).

—k
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Job Sheet 2.2 -1: Build a Basic Relay Control Circuit

Problem Description

Before controlling a powerful solenoid valve, it is essential to first understand and test
the basic operation of a control relay. Your task is to build your first electrical diocuit
control a simple indicator lamp using a pushbutton and a single rEhéy.will verify

your understanding of how a lepower input (the pushbutton) can control a separate
output (the lamp) via a relay.

Required Components

A\Electrical Power Suppl§24V DC)
ASignallnput Unit (with oneNO PushbuttonS1)
AThreefold RelayUnit (usingonerelay, K1)
AlndicatorLampUnit (P1)

AElectricalCables

Procedure

1. Safety Check: Ensurethe24V DC powersupplyis turnedOFF.

2. Study the Circuit Diagram: Analyze the circuit in Figur@.16from the infor
mation sheetl denti fy the two separate oO0rungso
(coil) and one for the power circuit (lamp).

3. Wire the Control Circuit (Rung 1):

AConnecta cablefrom the +24V terminal of the power supplyto one side of the
Normally Open pushbutto&l.

AConnecta cablefrom the othersideof S1 to onesideof therelay coil K1.

AcConnect a cable from the other side of the Kailto theOV terminal of the power
supply.

4. Wire the Power Circuit  (Rung 2):

AcConnect a cable from the24V terminal to the common terminal of the Normally
Open contacK1l.

AConnecta cablefrom the other side of the NO contactK1 to one side of the
indicator lampP1.

AConnecta cablefrom the othersideof thelamp P1 to the OV terminal.

5. Test the Circuit:

A\Haveyour trainerinspectyour wiring.

ATurn ON the 24V DC powersupply.

APressandholdthepushbuttors1. TherelayK1 shouldmakea® ¢ | soarkd @and
the lamp P1 should turn on.

AReleasehe pushbutton. The relay shouldclick again,and the lamp shouldturn
off.

6. Shutdown: Turn off the powersupply beforedisassemblinghe circuit.
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Expected Outcome

AA correctlywired andfunctionalelectricalcircuit.

AThe indicator lamp turns on only when the pushbuttonis held down, and turns off
when it is released.

AThe ability to explainto the trainer how the coil circuit is electricallyisolatedfrom
the contact (lamp) circuit.

Performance Ciriteria Checklist for Job Sheet 2.2-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they build and

test their first relay circuit. Assess their performance against the criteria below.

Performance Criteria  Questions Yes | No

Did the trainee correctly interpret the circuit diagram and identif]
all required components?

Was thecircuit wired correctlyandsafely,following the schematic?

Did the final circuit function as expected (lamp on with press,
with release)?

Could the trainee verbally explain the function of the relay inse
rating the control and power circuits?

Wereall safetyproceduregpoweroff duringwiring) followed cor-
rectly?

Train Feedback / Comments: Train Signature:

Information  Sheet 2.2 -2: Implementing Basic Logic with  Circuits

Objective  After completingthis informationsheetyou will be ableto:

AExplainhow a seriescircuit createsa logical AND function.
AExplain how a parallelcircuit createsa logical OR function.
ADescribehow a Normally Closed(NC) contactcreatesa logical NOT function.
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AReada truth table andrelateit to the function of a logic circuit.
The AND Logic Function

1. The AND Function (Series Circuit) The AND function is a fundamental logic
operationthat requiresall inputs to be true (ON) for the outputto be true (ON). If
any one of the inputsis false (OFF), the output will be false (OFF).

Implementation with a Series Circuit In electrical circuits, we create an AND
function by connecting switches or relay contactseries . This means they are con
nected one after the other in the same p@tirrent must flow through the first switch,
AND then throughthe secondswitch, to reach the output.

Example: Two -Hand Safety Control A commonindustrialexampldasatwo-hand

safety control on a pres$he machine will only operate if the operator presses the left
pushbutton (S1AND the right pushbutton (S2) at the same tiri@is ensures the
operator 0s hands ar e s ahke eiflcyt foatinsaaiy shdwn mm t h e
Figure2.17.

Truth Table for AND Logic A truth table shows all possible input combinations
and their resulting output. For a 2-input AND function, the truth table is:

Input S1 | Input S2 | Output (Light P1)
OFF(0) | OFF(0) OFF(0)
OFF (0) ON (1) OFF (0)
ON (2) OFF(0) OFF(0)
ON (1) ON (1) ON (1)

As you cansee,thelight only turnsON in the single casewhereboth inputsare ON.

1
24V o
3

Figure2.17: An AND logic circuit. Thelight P1will only turnonif pushbuttor61 AND
pushbutton S2 are pressed.

The OR Logic Function
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2. The OR Function (Parallel Circuit) The ORfunctionrequireshatat least
one input is true (ON) fortheoutputto betrue(ON). Theoutputisonlyfalse(OFF)
if all inputs are false (OFF).

Implementation with a Parallel Circuit WecreateanORfunctionby connecting
switches or relay contacts parallel . This means each switch provides a separate path
for the current to flowCurrent can flow through the first switch, OR through the second
switch, to reach the output.

Example: Starting a Machine from Two Locations Imaginealongconveyoibelt
that needsto be started.An operatorcan pressa start button (S1) at the beginningof
the line,OR another operator can press a start button (S2) at the end of thEithmes.
buttonwill turn on the motor. The circuit for this is shownin Figure 2.18

Truth Table for OR Logic Thetruthtablefor a 2-input OR functionshowsthatthe
output is ON in three out of four cases:

Input S1 | Input S2 | Output (Light P1)

OFF(0) | OFF(0) OFF (0)
OFF(0) | ON (1) ON (1)
ON (1) | OFF(0) ON (1)

ON (1) | ON (1) ON (1)




66 MODULE 2. USE ELECTRO-PNEUMATIC CONTROL APPLICATION

ov 1

~N

E\"\ EV"

24V

Figure 2.18: An OR logic circuitThe light P1 will turn on if pushbutton S1 OR push
button S2 is pressed.

The NOT Logic Function

3. The NOT Function (Normally Closed Contact) The NOT function is a logic
inverter. It makesthe output the opposite of the input. If the input is true (ON), the
outputis false (OFF). If the input is false (OFF), the outputis true (ON).

Implementation with a Normally Closed (NC) Contact WecreateaNOT func
tion using aNormally Closed (NC) switch or relay contactBy its nature, an NC
contactallows currentto passwhen its input (the button or coil) is NOT activated.

Example: Power ON Indicator Light Consideama c¢ h inaiepdwserswitch

(S1). We want a green light (P1) to be ON to show that the machine has power, but the
machine iSNOT currently running.When we press the start button (S1), we want the
light to turn OFF. The circuit is shown in Figu2el 9

Truth Table for NOT Logic Thetruthtablefor NOT is very simple:

Input S1 | Output (Light P1)
OFF (0) ON (2)
ON (1) OFF (0)
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Figure2.19: A NOT logic circuit usinganNC pushbutton.Thelight P1is ON by default
and turns OFF only when S1 is pressed.

Self -Check 2.2-2

Instructions Answerthe following questions.

1. To createa logical AND function, do you connectthe switchesin series or in par -
allel ?

2. Look at the truth table belowVhich logic function does it represent (AND, OR, or
NOT)?

Input A | Input B | Output
OFF OFF OFF
OFF ON ON
ON OFF ON
ON ON ON

3. Which type of electrical contact is used to create a logi€al function? (Normally
Open or Normally Closed?)

4. You need to design a circuit where a warning alarm (the output) turnsegthaf
the pressure is too high (Input &) the temperature is toadh (Input B). Which
logic function would you use?

Answer

Answers

1. You connectthe switchesin series .

Key 2.2-2

2. Thetruth tablerepresentshe OR logic function.
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3. ANormally Closed (NC) contact.
4. Youwould usethe OR logic function.

Job Sheet 2.2 -2: Build and Test Logic Circuits

Problem Description

You are tasked with building and verifying the two most common control logic circuits.
First, you will build a twehanded safety circuit that requires two inputs to be active
(AND logic). Second, you will build a circuit that can be activated from two different
locations(OR logic). Your goalis to physicallytestthe truth table for eachfunction.

Required Components

AElectrical Power Suppl§24V DC)

ASignallnput Unit (with atleasttwo NO PushbuttonsS1andS2)
AlndicatorLampUnit (P1)

AElectricalCables

Procedure

Part A: Build and Test the AND Circuit

1. Safety Check: Ensureghe24V DC powersupplyis turnedOFF.
2. Wire the Series Circuit:  Following the diagramin Figure 2.17, connectthe two
pushbuttongS1 and S2) in series with the indicator lamp (P1).
AFrom+24V to S1.
AFrom the other side of S1to oneside of S2.
AFromthe othersideof S2to thelamp P1.
AFromthe othersideof P1to OV .
3. Test the AND Truth Table:
AHaveyour trainerinspectyour wiring. Turn ON the powersupply.
ATest Row 1(0,0): Do notpressanybuttons.Observethatthelampis OFF.
ATest Row 2 (0,1): Presnly S2. Observethatthelampis OFF.
ATest Row 3 (1,0): Presnly S1.Observethatthelampis OFF.
ATest Row 4 (1,1): PressS1andS2 atthe sametime. Observethatthe lampis
ON.
4. PowerOFF the supply.

Part B: Build and Test the OR Circuit

1. Rewire for Parallel: Following the diagramin Figure 2.18 modify your circuit to
connectthe two pushbuttongS1 and S2) in parallel
AConnecta wire from +24V to onesideof S1. Connecta separatewire from +24V
to oneside of S2.
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AConnect a wire from the other side of S1 to the lampdhnect a separate wire
from the other side of S2 to the sameterminal on the lamp P1.
AConnectthe otherside of P1to 0V .
2. Test the OR Truth Table:
A\Haveyour trainerinspectyour newwiring. Turn ON the powersupply.
ATest Row 1(0,0): Do notpressanybuttons.Observethatthelampis OFF.
ATest Row 2 (0,1): Pressonly S2. Observethatthelampis ON .
ATest Row 3 (1,0): Presnly S1.0Observehatthelampis ON.
ATest Row 4 (1,1): PressbothS1andS2. Observethatthelampis ON.
3. PowerOFFthe supplyanddisassemblgour circuit.

Expected Outcome
AA successfublemonstratiorof a functional AND circuit that matchests truth table.
AA successfulemonstratiorof a functional OR circuit that matchesits truth table.

AThe ability to explainto your trainerthe physicaldifferencebetweena seriesand a
parallel connection.

Performance Criteria Checklist for Job Sheet 2.2-2

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee as they build and

test both logic circuits. Assess their performance against the criteria below.

Performance Criteria Questions Yes | No

Did thetraineecorrectlyinterpretthe circuit diagramdor bothseries
(AND) and parallel (OR) connections?

Was the AND circuit wired correctly and did it function accordin
to its truth table?

Was the OR circuit wired correctly and did it function according
its truth table?

Could the traineeverbally explain the differencebetweenthe two
logic functions and their wiring?

Wereall safetyproceduresollowed duringthewiring andtestingof
the circuits?

Train Feedback / Comments: Train Signature:
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Information  Sheet 2.2-3: Analyzing Input/Output Relationships
in a Sequence

Objective  After completingthis informationsheetyou will be ableto:

Aldentify theinputs,logic, andoutputsin acompleteelectrepneumatiaircuit diagram.
ATracetheflow of anelectricalsignalfrom aninput, throughthe logic, to an output.
AAnalyzea completecircuit diagramto predictthe sequencef cylinder movement.

Content

1. Putting It All Together In the previous sheets, we learned about individual
components (relays) and basic logic (AND/OR). Now, we will combine this knowledge
to read a complete circuit diagram and understand its sequence of opéragdkey is

to tracethe path of the electrical current stepby-step.

2. Example Circuit: Cylinder Extension and Retraction (A+ A-)L e tarias

lyze the circuit shownin Figure2.20 Thegoal of this circuit is simple: whenanoperator

presses a start button, a douat#ing cylinder should extend fulljy/hen it reaches the
end of its stroke, it should automatically retract.

Identifying Inputs and Outputs  First,| e tdénsfy the key electrical components:

Alnputs (Devices that send signals):
i S1: A normallyopen(NO) pushbuttonpuro St huttan.o
i LS2: A normallyclosed(NC) limit switch. Its purposés to stopthe sequence.
i LS1: A normallyopen(NO) limit switch,whichwill beactuatedvhenthecylinder
is fully extended.
A\Logic/Processing:
i K1: An electricalrelay.
AOutputs (Devices that cause action):
i Y1. Thesolenoidon the 5/2-way valve that causeghe cylinderto extend.

Content (Continued)

3. Tracing the Signal Flow (Step -by-Step Analysis) Wecanpredictthema
c h i hehdvierby following theelectricalcurrentpath,oftencalledao r u m gladder
diagram.

1. Initial State:  The system is at resthe cylinder is retractedAll switches are in
their normal positions, and nothing is energized.

2. Step 1: Cylinder Extends (A+)
AThe operatorpresseghe Start button (S1).
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1 2

Figure 2.20: An electrepneumaticcircuit for a single cylinder extendandretractse
quence (A+ A).

ACurrentflows throughthe closedS1switchandtheNC limit switchLS2 to energize
therelay coil (K1)
AWhenK1 is energizediwo thingshappersimultaneously:

i TheNO contactof K1 (in rungl) closes.Thiscreateao | a brols @lofl di ng o
circuit in parallel with S1The relay K1 will now stay ON even if the operator
releases the start button.

i The other NO contact of K1 (in rung 2) clos@his completes the circuit for
thesolenoid (Y1)

ASolenoidY1 is energizedwhich shifts the 5/2-way valve. The cylinder beginsto

extend .

3. Step 2: Cylinder Retracts (A-)

AThe cylinder extends until its actuator makes contact with and presdsithe
switch (LS2)

Al S2isaNormally Closed (NC) contact.Whenit is pressedit opens .

AThis openingbreaksheentirecircuit for therelaycoil K1, causingt to de-energize.

ABoth contactsof K1 immediatelyreturnto their normal (open) state. The self-
holding latch is broken, and the circuit to solenoid Y1 is also broken.

ASolenoid Y1 deenergizesThe spring on the 5/@&ay valve pushes the spool back
to its initial position.

AThe airflow to the cylinder is reversedandthe cylinder retracts . The cycleis
completeand the circuit is readyfor the next start command.
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Self -Check 2.2-3

Instructions  Basedon the circuit diagramand analysisin Information Sheet2.2-3,
answer the following questions.

1. In the examplecircuit, whatis the specificpurposeof the limit switchLS2?

2. Whatisad s #hlofl doranlg @t ccincuithagdwhich specificcomponentreatest
in the diagram?

3. In the diagram,which components the primary output that directly causeshe
pneumatic valve to shift?

4. If the operatorpresseghe Startbutton (S1) andthe cylinder extendsbut then stops
and does not retract, what is one possible electrical fault?

Answer Key 2.2-3

Answers

1. The purpose of limit switch LS2 is to signal that the cylinder has reached its fully
extended position and to initiate the retraction sequence by breaking the circuit to
relay K1.

2. A self-holding circuit is a circuit that stays energized even afterstag button is

releasedln thediagramijt is createdbytheNormally Open contact of relay K1

that is wired in parallel with the start button S1.

The primary outputis the solenoid  Y1.

A possible electrical fault is that thienit switch LS2 is broken, disconnected, or

misaligned,andis thereforeneveractuatedoy the cylinderto breakthe relay circuit.

how

Job Sheet 2.2 -3 Analyze a Manual Extend/Retract Circuit

Performance Objective

Giventheelectrp neumati ¢ cir-c20t adbcagrameo AR al ysi
sheet, 0 you must correct !l y -bystep descrigtidnef s i gn
the circuitbés operation that mat ches the p

Sequence of Operation

The circuit in diagramo E-@ 2 i8 designedto perform the following sequence:

Alnitial  Position:  The doubleactingcylinder (-MM1) is fully retracted.

AStep 1 (Extend): When the operator pressSklyat he o0
relay ¢KF1) is energizedThis activates the solenoid coHMB1) on the 5/2way
double solenoid valve-QM1), causing the cylinder to exten@lhe cylinder remains
extended even after the button is released.

AStep 2 (Retract): When the operator presSKEgathe 0
secondrelay (-KF2) is energized.This activatesthe oppositesolenoidcoil (-MB2),
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which reverses the valve and causes the cylinder to retract to its initial poShien.
cylinder remains retracted.

Supplies and Materials

APenor Pencil
AProvided by Trainer:

i Circuit Diagramo E-@ 2 0
i Sequenceéinalysis Worksheet

AReferences: Information Sheetsfor LearningOutcome2.

Procedure

1.

2.

ReceivetheCircuit Diagramo E-@ 2 amdthe Sequenc@nalysisWorksheefrom your

trainer.

Part A: Analyze the Extend Circuit (Step 1-2)

AOntheworksheetfracethe pathof the currentwhenpushbuttonSF1is activated.

A\Explain the role of relay -KF1 andits contactin energizingsolenoidcoil -MB1.

AExplain why the 5/2vay double solenoid valve@M1) i s consi de
val ve and how this af f eEltissreleadece cy | i

. Part B: Analyze the Retract Circuit (Step 2-3)

AOntheworksheetfracethe pathof the currentwhenpushbutton-SF2is activated.
AExplain the role of relay -KF2 andits contactin energizingsolenoidcoil -MB2.

. Part C: Fault Analysis

AThe worksheetdescribesa fault: 0 T hcginder extendscorrectly when -SF1 is
pressed, but it immediately retractsassootbads1 i s r el eased.

ABased on the circuit, what is the most likely component failure or incorrect com
ponent used that would cause this specific fault?

. Part D: Submission

AReviewyour analysisfor clarity andaccuracy.
ASubmityour completedworksheeto your trainerfor evaluation.

red
nder

0
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1 2

Figure2.21: Circuit Diagramo E-@ 2 ®danualcontrol of a doubleactingcylinder.

Performance Criteria Checklist 2.2-1

For Tr ai nédse Ody

Tr ai n e Nahhe Date:

Instructions for the Trainer: Assess the traineeos
ysis Worksheet” against the following criteria. Mark ”Yes” if the performance is
satisfactory and ”No” if it is not.
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Performance Criteria Questions

Yes

No

2.1 Did the trainee correctly describe the function of the relays
KF1,-KF2) in the circuit?

2.2 Wastheinput/outputrelationship(e.g.,SF1-> KF1 -> MB1)
correctly explained for both extend and retract operations?

2.3 Didthet r a i desergtiomfthesequencef operationgnatch
the provided text?

2.4 Wastheeffectof thedoublesolenoidd me m ovalwearticulated
correctly?

2.5 Did the trainee logically identify a valid cause for the descri
fault?

2.6 Didthet r a i averaflamhaysisdemonstratacorrectinterpre
tation of the systemb6s behav

Tr ai nEeedbaxck / Comments:

Tr ai n 8ignatare:

75
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2.3 Assemble Electro -Pneumatic Circuits

Contents

This learning outcometransitionsfrom theory to practice. You will learn the hands
on skills required to build electioneumatic circuits within the FluidSIM simulation
software.Mastering this is a critical step before working with physical hardware.

Assessment Criteria

To demonstrateompetenceén this outcome,you mustbe ableto:

3.1 Required electrpneumatic components are selected and arranged within FluidSIM
software accordintp the circuit design specifications.

3.2 Circuit diagrams and simulation instructions are interpreted accurately before assem
bly.

3.3 Electropneumatic components are connected correctly in FluidSIM following the cir
cuit diagram and operational logic.

3.4 Electical connections and pneumatic lines are configured and linked properly using
FluidSIM tools.

Required Components

For the practical tasks in this learning outcome, you will need access to a computer with
the following software installed:

No. | Component Order No.
1 | FluidSIM PneumaticsSoftware| (SoftwareLicense)
2 | Computerwith WindowsOS (Standardequipment)

Learning Activities

Learning  Activity Resources

Identify all major electrepneumaticcomponents. )
fy J P P Alnformation Sheet2.1-1

ASelt-Check2.1-1

Information Sheet 2.3-1: Introduction to the FluidSIM Interface

Objective  After completingthisinformationsheetyouwill beableto identify themain
areas of the FluidSIM workspace and navigate the component library to find common
pneumatic and electrical components.
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Content

1. What is FluidSIM?  FluidSIMis aworld-leadingsoftwarefor designingandsimu
lating pneumatic, hydraulic, anelectricalcircuits. It allowsyou to build andtestcircuits

in a safe virtual environment, see them operate intmaal, and correct errors before
working with expensive physical hardware.

2. The Main Workspace WhenyouopenFluidSIM, thescreeris dividedinto three
main areas, as showm Figure2.22

AMenu Bar and Toolbar (Top): Containsstandarccommanddike File (New, Open,
Save),Edit, and most importantly, the simulation controls (Start, Stop, Pause).

AComponent Library (Left): Thisis yourvirtual toolbox. Itcontainsall thecom:
ponentsymbols, neatlyprganizednto folderslike 6 P n e u maBE li eccQarnitcradl s, 0
and oSensors. o

ADrawing Area / Canvas (Center): Thislarge, emptyspacds whereyouwill build
your circuits by dragging components from the library and connecting them.

1 2

Figure2.22: Themainworkspacef FluidSIM, showingtheComponent.ibrary, Drawing
Area, and Toolbar.

Self -Check 2.3-1

Instructions Answerthe following questions.
1. Whatis the main purposeof using FluidSIM software?
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2. In which areaof theworkspacevould you find thesymbolfor adoubleactingcylinder?
3. Which buttonon the toolbaris usedto startthe simulationof a circuit?

Answer Key 2.3-1

Answers

1. To design, build, and test pneumatic and electrical circuits in a safe virtual environ
ment.

2. In theComponent.ibrary, likely insidethed P n e u mandthemdosAcc t u &olden.r s 0

3. Theo St auttanavhich typically lookslike ablueo P | taigngle.
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Information  Sheet 2.3-2: Building Circuits in FluidSIM

Objective  After completing this information sheet, you will be able to place-com
ponents onto the drawing area, correctly connect pneumatic and electrical lines, and
configure component properties.

Content

1. Placing Components Toaddacomponento your circuit, simplyfind its symbol
in the ComponentLibrary, click on it, anddragit onto the Drawing Area.

2. Connecting Pneumatic Lines Toconnectpneumatidube,moveyourmouse
over a connection port (a small circle) on a compon€&€he cursor will change to a
crosshair.Click and hold the mousebutton, thendrag a line to the connectionport of
the next component and releaB&iidSIM will draw a pneumatic line (typically blue or
cyan).

3. Connecting Electrical Wires Connectingelectricalwiresis similar. Themost
importantcomponentarethe24V and0V (Ground) powerrailsfromthed E1 ect r i c a
Controlso | ibrary.

A\l electricalcircuits muststartat the 24V rail andendat the OV rail.
AClick anddragfrom oneelectricalterminalto anotherto createawire (typically brown
or black).

4. Configuring Components  Most componentganbe customized.Double -click
on a componenin the Drawing Areato openits Propertiesvindow.

AValves: You can change how a valve is operatedr example, you can change
manual valve into a solenemperated valve with a spring return.

Alinking Components: Tolink anelectricalsolenoidcoil to apneumaticalve,you
must give them the same labBloubleclick the solenoid coil and enter a label (e.g.,
0 Y 1 dhen,doubleclick thev a | watefotdoperatorandenterthe exactsameabel
( 0 Y 1Adine.will appear showing they are linked.
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1

o

Figure2.23: Doubleclicking a compoentopensts propertiesHere, asolenoid coiland
a valve operator are both given the | abel

Self -Check 2.3-2

Instructions Answerthe following questions.

1. How do you adda componentrom the library to your circuit?
2. Whatis the keyboardshortcutto openac o0 mp o nPeopertiéssindow?
3. What is the criticastep to make aelectrical solenoid coil operatepneumaticvalve?

Answer Key 2.3-2

Answers

1. Click anddragit from the ComponentLibrary onto the Drawing Area.

2. Doubleclick onthecomponent.

3. You mustgive thesolenoidcoil andthev a | satefBosdoperatorthe exactsameabel
(e.g., Y1).
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Job Sheet 2.3-1: Assembling and Testing Basic Control Circuits
in FluidSIM

Performance  Objective

Given three separate circuit diagrams, you will use the FluidSIM software to correctly
assemble and save each circuit, demonstrating competence in component seleetion, con
nection, and configuration according to the provided specifications.

Supplies and Materials

AComputerwith FluidSIM Pneumaticsoftwareinstalled.
AProvided by Trainer: A worksheetcontainingthe circuit diagramsfor all three
tasks.

General Procedure

For eachof the threetaskslisted below, you must:

1. Createa newfile in FluidSIM.
2. Using the component library, build the circuit exactly as shown in the corresponding
diagram on your worksheet.
3. Ensureall pneumaticandelectricalconnectionsare correct.
Savethe completedile usingthe specifiedfilename.
. After completing all three tasks, submit your three saved files to the trainer for eval
uation.

o

Task la: Implement AND Logic
Scenario: Createanelectricalcircuitwherealight turnsononly if PushbuttorS81AND
PushbuttorS2 are pressedsimultaneously.

ACircuit Diagram: Refertod Ci rla-@NDXL o g bnyaurworksheet.
AFile to Save As: [YourNameJANDLogic.ct

Task 1b: Implement OR Logic

Scenario: Createan electrical circuit where a light turns on if PushbuttonS1 OR
PushbuttonS2 is pressed.

ACircuit Diagram: Refertod Ci rilb-@ORIt o g bnyaurworksheet.
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AFile to Save As: [YourName]ORLogic.ct

Task 1c: Assemble a Direct Control Circuit

Scenario: Createa completeelectrepneumaticcircuit where pressinga pushbutton
extends a singtacting cylinder.

ACircuit Diagram: Refertodo Ci rlc-DirettC o n t anyolr&orksheet.

Almportant:  You mustcorrectlylabelthesolenoidcoil in theelectricalcircuit to link
it to the pneumatic valve.

AFile to Save As: [YourName]DirectControl.ct

Performance Ciriteria Checklist for Job Sheet 2.3-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions  for the Trainer: Inspectthe t r ai mthee

submitted FluidSIM files. For each task, assess their performance again:
following criteria. Mark 0 Y e 6 the performanceis satisfactoryand 6 N oifonot.
All criteria must be met to pass.

Performance Criteria  Questions Yes | No

3.1 Werethe requiredelectrepneumaticcomponentselectedand
arranged correctly for all three tasks?

3.2 Was eachcircuit diagraminterpretedaccuratelyandassembled
according to the specifications?

3.3 Wereall electricaland pneumaticcomponentconnectedcor-
rectly, following the circuit diagram and operational logic?

3.4 In Task 1c, were the electrical connections (satetabel) and
pneumatic lines configured and linked properly?

Tr ai nEeedbaxck / Comments:

Tr ai n 8ignatsre:
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2.4 Simulate and Test Electro -Pneumatic System

Contents

This learning outcome focuses on testing and troubleshooting the circuits you learned to
buildin LO3.You wi | | |l earn how to run simulati o
behavior, and use the softwareds tools to

Assessment Criteria

To demonstrateompetenceén this outcome,you mustbe ableto:

4.1 Simulation settings and parameters in FluidSIM are configured to match system op
erational requirements.

4.2 The assemblectlectrepneumaticcircuit is simulatedin FluidSIM to replicatereal
world conditions accurately.

4.3 System responses and performance data are monitored and recorded during the Flu
idSIM simulation.

4.4 Any faults or errors detected during the FluidSIM simulation are identified and doc
umented.

4.5 Necessaryorret¢ionsandadjustmentsaremadewithin FluidSIM to addressdentified
issues.

Required Components

For the practical tasks in this learning outcome, you will continue to use the FluidSIM
software environment.

No. | Component Order No.
1 | FluidSIM PneumaticsSoftware| (SoftwareLicense)
2 | Computerwith WindowsOS (Standardequipment)

Learning Activities

Learning  Activity Resources

Identify all major electrepneumaticcomponents. .
fy J P P Alnformation Sheet2.1-1

ASelfCheck2.1-1

Information ~ Sheet 2.4-1: Running Simulations in FluidSIM

Objective: Learnto start, pause,and stop a FluidSIM simulation and interpretits
visual feedback.
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Content:

1. The Simulation Toolbar  Testcircuits using the main simulationtoolbar controls:

AStart (Play): Startsthe simulation(bluetriangleicon).
APause: Freezeghesimulationto inspectthe currentstate.
AStop: Endsthe simulationandresetsthe circuit to its initial state.

2. Observing the Simulation During simulation, FluidSIM providesvisual feedback:

APneumatic Lines:  High-pressure lines are dark blue; kpressure or exhausted lines
are light blue.

AElectrical Wires: Energized wires (with current) are red; unenergized wiebglack
or grey.

AComponent Animation:  Components are animated, showing cylinders extending,
valves shifting, and contacts closing.

3. Interacting with the Circuit During a simulation, you can operate the circuit by
clicking on components like pushbuttons or switches.

1 2

o

Figure 2.24:A running simulation in FluidSIM, showing pressurized lines (dark blue),
energized wires (red), and an extended cylinder.

Self-Check 2.4-1

Instructions:  Answerthefollowing questions.

1. Whatcolor indicatesa pressurizegpneumatidine during simulation?
2. Whatcolor indicatesan energizecelectricalwire with currentflowing?
3. How do you activatea pushbuttonn FluidSIM while the simulationis running?
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Answer Key 2.4-1

Answers:

1. Dark blue.
2. Red.
3. Click onit with the mouse.

87
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Information  Sheet 2.4-2: Monitoring and Diagnosing Circuits

Objective: Learnto usethe statediagramand measuringtools to monitor system
variables and diagnose faults.

Content:

1. Component State Variables During a simulation, hover the mouse over any com
ponentto view its statevariables(e.g.,pressureyoltage,position)in a pop-up window.

2. The State Diagram  TheStateDiagramis apowerfultool for analyzingasequence
by graphing component states over tifi@is helps identify logical errors.

AHow touse: Drag the o0State Diagramod from the
onto the canvas.

AConfi guration: Doubleclick thediagram,thendraganddrop circuit components
(like cylinders or valves) into its properties window to select them for monitoring.

AAnalysis:  Whenthesimulationruns thediagramgraphgheactivity of themonitored
components, making it easy to spot sequencing errors.

1 2

o

Figure 2.25:A State Diagram in FluidSIM, plotting the extension (1) and retraction (0)
of a cylinder over the steps of the cycle.

Self -Check 2.4-2

Instructions:  Answerthefollowing questions.

1. How canyou quickly seethe pressuren aspecificoneumatidine duringa simulation?
2. Whatis the main purposeof usinga StateDiagram?
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Answer Key 2.4-2

Answers:

1. Hoverthe mousecursorovertheline.
2. To analyze a sequence by graphing component states over time, which helps identify
logical errors.

Job Sheet 2.4-1. Simulate, Diagnose, and Correct a Faulty Cir -
cuit

Task

Performance Objective

Given a prebuilt but faulty electrepneumatic circuit file in FluidSIM, you will simulate
the circuit, diagnosehe causeof the fault, correctthe error,anddocumentyour findings.
Scenario

Your trainer wil!/ provide you -AvA-t bt a. FThi ¢
circuit is intended to make a cylinder extend and then automatically retract (an A+ A
sequence). However, it contains a single logical error in the electrical wiringn\Wou

run the simulation, the cylinder does not behave as expected.

Supplies and Materials
AComputerwith FluidSIM Pneumaticsoftware.

AProvided by Trainer: FluidSIMfile 6 F a u | t-+@i. rcanddd F aAndlysis
Reporto worksheet.

Procedure

=

Openthe providedFIluidSIM file. Do not changeanythingyet.

2. Simulate and Observe: Run the simulationPress the start button and carefully
observe the behavior of the circuNote what happens versus wkhbuld happen.

3. Diagnose: Onyourworksheetdescribeheincorrectbehavioryou observed. Based
on the visual feedback (red/black wiresmponent states)dentify the exact cause
of the fault in the electrical circuit.

4. Correct: Stop the simulationMake the necessary correction to the electrical wiring
in the circuit. Do not change any components.

5. Verify:  Run the simulation again/erify that the circuit now performs the correct

A+ A- sequence.
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6. Document: Save the corrected file @[ Y o u r-CbaentedCi r ¢ uComplatet 6 .

the 0 F a AnalysisR e p oworksheet.

7. Submit:  Provide both your corrected FluidSIM file and the completed worksheet to

your trainer for evaluation.

Performance Criteria Checklist for Task Sheet 2.4-1

For Tr ai n¥se Ody

Date:

Tr ai n Name:

Instructions: Assesghet r a i ulmEm@tédiles andworksheet.

Mark 0 Y e i§ the performances satisfactoryand o N oifonot.

Performance Criteria Questions

Yes

No

4.2 & 4.3 Did the trainee accurately simulate the circuit and-mg
itor its responses to describe the fault?

4.4 Was the specific fault or error in the circuit correctly identifi¢
and documented on the worksheet?

4.5 Were the necessary corrections and adjustments made cor
within FluidSIM?

4.1 Doesthecorrectectircuit now operateaccordingo therequired

A+ A- sequence?

Tr ai nEeedbaxck / Comments:

Tr ai n 8ignatsre:
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2.5 Apply Electro -Pneumatic Control Application Cir -
cuits in Training Board

Contents

This final learning outcome is the culmination of all your trainiMgu will move from
the virtual world of simulation to the practical, harats application of your skills on a
physicaltraining board. This sectionemphasizesafety,properassemblytechniquesand
reatworld troubleshooting.

Assessment Criteria

To demonstrateompetencen this outcome,you mustbe ableto:

5.1 Electropneumaticcontrol circuits for two-cylinder (A and B) sequencesire made
based on result of the simulations.

5.2 CylindersA and B along with corresponding sensors, are correctly identified ard con
nectedto the control circuit on the training board.

5.3 Pneumaticubing and electricalwiring are connectedaccordingto the designedse
guence control diagrams involving two cylinders.

5.4 Sensor inputs and cylinder movements are monitored to ensure synchronization and
adherence to the intended sequence.

5.5 Faultsor discrepanciesn cylinder sequencesr sensorfeedbackare identified and
corrected.

5.6 Safety and operationalproceduresare followed throughoutthe setup,testing, and
shutdown processes of the training board.

Required Components

For the practical tasks in this learning outcome, you will need the full TRel2@ire
pneumatics training kit.

No. | Component Order No.
1 | 2x Doubleacting cylinder 152888
2 | 2x 5/2-way single solenoidvalve 567199
3 | 4x Limit switch,electrical 183322/45
4 | 3x Relay,threefold 162241
5 | 1x Signalinput, electrical(Pushbuttons) | 162242
6 | 1x Startupvalvewith FRL unit 540691
7 | 1x Distributor block 152896
8 | Plastictubing and connectors 151496etc.
9 | 24V DC PowerSupply (StationEquipment)
10 | Profile plate/ Trainingboardframe (StationEquipment)
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Learning Activities

Learning  Activity Resources

Identify all major electrepneumaticcomponents. )
fy J P P Alnformation Sheet2.1-1

ASelt-Check2.1-1

Information Sheet 2.5-1: Safety Procedures for the Training
Board

Objective: After completing this information sheet, you will be able to identify key
hazardsandfollow the correctproceduregor safelypoweringup, operating, anghutting
down the training station.

Content:

1. Pneumatic Safety Compressedair is a power source and must be respected.
Always wear safety glasses.

APressure Hazard: Never disconnect a tubeghile it is under pressurdhis can
cause the tube to whip around dangerouslyvays shut off and exhaust the main air
supply first.

Alnjection Hazard: Neverpointastreamof compressedir atyourskin. It canforce
air or debris under the skin, caugiserious injury.

2. Electrical Safety The training system uses safe 24V DC, but proper procedures
are still essential.

AShort Circuits:  Neverallow the positive (+24V) and negative(0V) terminalsto
touch directly.This can damage the power supdnsure all connections are secure.

ACorrect Polarity: Always connecttomponentsvith thecorrectpolarity. Redcables
are typically +24V, and blue/black cables are 0V.

3. Standard Operating Procedure (SOP) Follow this sequencesvery time you
operate the training board.

1. PRE-CHECK: Ensureall componentsaresecurelymountedandall electricalwiring
is complete and correct according to the diagram.
2. POWER UP:
(a) Turn ON the 24V DC electricalpowersupply.
(b) Slowly openthe mainair supplyvalve on the FRL unit. The systemis now live.
3. OPERATE: Testthec i r cfunctiond s
4. SHUT DOWN (The 0 Ai-Ri r SRulé):
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(a) Closethe mainair supplyvalve on the FRL unit.

(b) Pressthe exhaustbutton on the FRL unit to releaseall trappedpressurefrom
the system.You will hear the air escape.

(c) Turn OFFthe 24V DC electricalpowersupply.

Self -Check 2.5-1

Instructions:  Answerthefollowing questions.

1. What s the single mostimportantpiece of personalprotectiveequipment(PPE)to
wear?

2. Whatis the correcttwo-steppowerup sequence?

3. Whatis thefirst stepin the shutdownsequence?

Answer Key 2.5-1

Answers:

1. Safetyglasses.
2. First, turn on the electricalpower. Secondturn on the air supply.
3. Closethe mainair supplyvalve.
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Information  Sheet 2.5-2: Assembling Physical Circuits

Objective: After completinghisinformationsheetyouwill beableto correctlyconnect
physical pneumatic tubing and electrical wiring on the training board.

Content:

1. Connecting Pneumatic Tubing Thetrainingcomponentsisepushin fittings for
quick and secure connections.

ATo Connect: Ensure the end of the plastic tube is cletanly and squarelyPush
the tube firmly i nto tGhndypdllion theitubgtéensucol | a
it is secure.

ATo Disconnect:  Pushthe plasticcollar of thefitting inwardtowardsthe component
body, then pull the tube out.

2. Wiring Electrical Components  Thetraining systemusesAmm safetycables.

A\Principle:  Build your circuit one rung at a time, exactly as it appears on the ladder
diagram. Start at the +24V source, connect through your switches and coils, and
finish at the OV (groundsource.

AColor Code: Use red cables for connections to +24V and blue or black cables for
connections to OV.

ADaisy -Chaining: To connect components in parallel or supply powentdtiple
point s, ya@ilh at am ddaipdwggi ng one cabl e i ni

1 2

3~
/-‘\;‘\

S
¥

Figure 2.26: ConnectingphysicalcomponentsPushinga tube into a fitting (left) and
wiring an electrical circuit (right).

Self -Check 2.5-2

Instructions:  Answerthefollowing questions.

1. What actionmustyou take on a pushin fitting to releasea pneumatictube?
2. What arethe startand end points of every electricalcircuit rung?
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Answer Key 2.5-2

Answers:

1. You mustpushthe plasticcollar of thefitting inward.
2. Everycircuit muststartat +24V andendat OV (Ground).
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Job Sheet 2.5-1: Assemble and Test a Two -Cylinder Sequence
(A+ B+ B- A-)

Task

Performance  Objective

Given a complete electimneumatic circuit diagram for a twaylinder sequence (A+ B+
B- A-), you must safely assemble, test, and demonstrate the fully functional circuit on
the physical training board.

Procedure

1. Obtainall requiredcomponentfromyourt r ailister 6 s

2. Mount all components (cylinders, valves, sensors, relays) onto the training board pro
file plate according to the provided circuit diagram.

3. Connectall pneumatictubing as shownin the diagram. Ensureall connectionsare
secure.

4. Wire the entire electricalcontrol circuit as shownin the diagram. Doublecheckall
connections for accuracy.

5. CRITICAL SAFETY STEP: Before applying power, haveyour trainerinspect
and approve your complete assembly.

6. Following all safetyprocedurespowerup the system(electricity first, thenair).

7. Presghestartbuttonto testthecircuit. Verify thatthe systemperformsthe correct
A+ B+ B- A- sequence.

8. If the sequence is incorrect, safely shut down the system and troubleshoot your con
nections.Ask your trainer for guidance if needed.

9. Oncethe circuit is working correctly, demonstratets full operationalcycle to your
trainer for assessment.

10. After a successful demonstratiosafely shut down the system completely (air first,

then electricity).

3~
/-‘\;‘\
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¥

Figure2.27: Circuit Diagramfor the A+ B+ B- A- Sequence.
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Performance Criteria Checklist for Job Sheet 2.5-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee throughout the assem-

bly and demonstration. Mark ”Yes” if the performance is satisfactory and ”No” if
not.

Performance Criteria Questions Yes | No

5.6 Wereall safetyandoperationalproceduregollowed correctly
throughout the entire task?

5.2 Wereall physicalcomponentgcylindersA/B, sensorsgorrectly
identified and mounted?

5.3 Was all pneumatic tubing and electrical wiring connected cc
rectly according to the diagram?

5.4 During the demonstratiordid the circuit perform the correct
A+ B+ B- A- sequence?

5.5 (If applicable) Was the trainee able to identify and correct a
minor faults in the assembly?

5.1 Doesthe final working circuit correctly implementthe two-
cylinder sequence logic?

Train Feedback / Comments: Train Signature:
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Module 3

Perform PLC And HMI
Programming

Module Description

This unit covers the knowledge, skills and attitudes required to perform PLC

and HMI programming. It specifically includes the tasks of identifying PLC
components, identifying HMI components, configuring PLC, HMI and PC,
developing PLC program for control system and visualizing pneumatic and
hydraulic system on HMI screen

Time Duration: 50 Hours

Learning Outcome

Aldentify PLC Components

Aldentify HMI Components

AConfigurePLC HMI andPC

ADevelopPLC Programfor Control System
AVisualizePneumatiandHydraulic Systemon HMI Screen

Performance Criteria

1. PLC hardware components are identified and labeled correctly according to mmanufac
turer specifications.

2. The function of each PLComponent, including CPU, power supply, input/output
modules, communication ports, and programming devices, is described accurately.

3. PLC componentaredistinguishedasedon type, model,andfunctionality.
4. Safetyfeaturesandprotectivedevicesntegratedwvithin the PLC systemareidentified.

5. Relevant documentation, such as PLC manuals and datasheets, is consulted and in
terpreted correctly for component identification.

6. HumanMachinelnterface(HMI) hardwarecomponentsreidentifiedandlabeledcor-

rectly according to manufacturer specifications.

7. Thefunctionof eachHMI componentincludingdisplayscreensinputdevicegtouch
screens, buttons), communication modules, and power supply units, is described accu
rately

99
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8. HMI componentaredistinguishedasedon type, model,andinterfacecapabilities.
9. Safetyfeaturesandprotectivedeviceswithin the HMI systemareidentified.

10. Relevant HMI manuals, datasheets, and technical documentation are consulted and
interpreted correctly for component identification.

11. PLC hardware and software configurations are set up according to system specifica
tions and application requirements.

12. HMI devices are configured to communicate effectively with the PLC using-appro
priate protocols and settings.

13. Communication parameters between PLC, HMI, and PC are established and tested
for reliability.

14. User interface elements on the HMI are designed andgewatl to meet operational
needs.

15. Configuredsystemsretestedo verify correctoperatiorandcommunicatiorbetween
PLC, HMI, and PC.

16. Troubleshooting is conducted to resolve any configuration or communication issues
identified during testing.

17. PLC programlogic is designedollowing standardorogrammingpracticesandsafety
guidelines.

18. Basic PLC instructions such as timers, counters, contacts, coils, and data handling
commands are applied appropriately in the program.

19. Logical programmingconstructsincluding AND, NAND, OR, NOR, NOT, XOR,
XNOR operations are implemented correctly within the PLC code.

20. Programcodeis written using appropriatePLC Ladderprogramming.

21. PLC The PLC program is simulated or tested in a controlled environment to verify
functional correctness.

22. The completedPLC programis downloadedto the PLC hardwareand configured
for operation.

23. Program performance is monitored during operation to ensure reliability and com
pliance with system requirements.

24. HMI screenis designedfor pneumaticcomponents.
25. HMI screenis designedfor hydraulic components.
26. Cylinder sequences visualizedfor pneumat system
27. Cylinder sequencas visualizedfor hydraulic system.
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3.1 Learning Outcome 1: Identify PLC Components

Assessment Criteria

Aldentify and label PLC hardware components and protective devices (CPU, power
supply, rack/backplane, I/0O, communication modules/ports, programming port) per
OEM specifications.

AExplainthe function of eachidertified componeneccurately.

AClassify modules by type, model, and 1/O characteristics (DI/DO, Al/AQ, relay/tran
sistor, sourcing/sinking).

AConsult and interpret OEM manuals/datasheets to verify part numbers, terminal des
ignations,andl/O addressingapply ESDandisolationsafetyduringinspection.

Required Components

N Component

PLC CPU module (e.g., SiemensS7-1200)

PLC powersupplymodule

Digital input (DI) and Digital output(DO) modules
Communicatiormodules(e.g.,Ethernet/PROFINET)
24 VDC panelpowersupply

PhysicalPLC training panelwith connected/O devices
OEM Manuals/DatasheetéDigital or Print)

Blank I1/0 Map Worksheet

e JENIRIRSIENFAE IS

Learning Activities

Learning  Activity Resources

Identify PLC Hardware
Interpret Documentatior]
and Apply Safety

Anformation Sheet3.1-1
ASelf-Check3.1-1
Alnformation Sheet3.1-2
ASelf-Check3.1-2
Anformation Sheet3.1-3
ASelf-Check3.1-3

AlJobSheet3.1-1
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Information Sheet 3.1 -1:. PLC Hardware Components and Pro -
tective Devices

Objective Equip learners to define a PLC, understand core architecture, and correctly
identify, label, and verify PLC hardware components and protective devices using OEM
documentation and safe practices.

Programming Terminal

Input_ l T Qutput
devices devices
| 0
— W —
,I\, — > U
=
[ P — CPU _/\/_
™ U MEMORY 8
al 15 T ‘Qi

—

t t

Paower supply

—l

Figure 3.1: Working Principle of PLC

What is a PLC?

ADefinition: A Programmable Logic Controller (PLC) is an industrial, microprocessor
based control device that reads inputs (sensors/switches), executes a user program
cyclically, and drives outputs (actuators) in real time, with higlability in harsh
environments.

AWhy PLCs: Rugged (EMl/temperature/vibration), modular or compact with ex
pandable 1/O, deterministic control (scan cycle), extensive diagnostics, and easy inte
gration with HMIs/SCADA.

ABasic PLC scan cycle:

1. Input scanreadinputs)

2. Programscan(executelogic)
3. Outputupdate(write outputs)
4. Communications/diagnostics

ACommon languages: Ladder Diagram (LD), Function Block Diagram (FBD), Struc
tured Text (ST), Instruction List (IL, legacy), Sequential Function Chart (SF&).
this unit, focus on Ladder.
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| INPUT INPUT QUTPUT |

B
| | | /1 {
| [ I/I \ ) |

Figure3.2: LadderDiagram(LD)

Core PLC Hardware Components

ACPU module: Processor,memory, reattime clock, firmware; indicators (PWR,
RUN, STOP,ERR/SF),ports (USB/Ethernet/serial)may acceptmemory card; houses
the program.

APower supply module: Converts120/230VAC or 24 VDC to regulatednternal
bus voltages for the CPU and modules; check output ratings (V, A).

Al/O modules:

i Digital Input (DI): Acceptson/off signals(e.g.,24 VDC). Key traits: channelkount,
voltage type, input delay, isolatioitypical terminals:L+, M/COM, INX.

i Digital Output(DO): Driveson/off loads. Types:relay (isolated, slower), transistor
(PNPsourcing, NPNsinking, faster).Specs:maxcurrentperchannel, totaturrent,
protection. Terminals: OUTx, COM, L+.

i AnaloglInput (Al) [if present]:0-10V, 4-20 mA; resolution(e.g.,12i 16 bit); wiring
(2/3/4-wire). Terminals: A+, A-, RTN, SHLD.

i AnalogOutput(AQ) [if present]:0-10V, 4-20 mA; perchannelimits.

ACommunication modules: ProvidenetworkinterfaceqEthernet/IPPROFINET,
Modbus TCP/RTU, R232/485, CAN, DeviceNet)indicators: LINK, ACT, MS/NS
or BF/SF.

AProgramming interface/port: USB, Ethernet,or serial connectionto load pro-
grams and diagnosticRequires vendor software (IDE).

AMounting platform: Rack/backplaner baseunit (for modularPLCs)or integrated
base for compact PLCs.

Protective Devices and Safety -Related Elements

AMain isolator/disconnect: De-energizeghe control panel; lockablefor lockoutt
tagout (LOTO).

ACircuit protection:  MCBs/fusedor incomingandbranchcircuits; separat@rotec
tion for outputs and field devices as per load.

A24 VDC panel power supply: FeedsPLC andl/O; featuresovervoltage/over
current protection; ensure current headroom.

ASurge protection and shielding (site dependent):  For mains,24 VDC, and
communicationlines; proper earthing/PE.

AGrounding and bonding: PE terminals,shield clamps;reducenoiseandfault
hazards.

ASafety I/Ofrelays/PLC (if present): Yellow-coded modules; duahannel inputs
for E-stops/guardsfollow OEM safety manuals.
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103 102 101 1 2 3 4 5

SIEMENS SIMATIC S7-1200

EEEEEEEE EEEEEE
D1 2345837 12345

CPU 12150
DC/oC/oc

Figure3.3: SiemensSIMATIC S7-1200(PLC)

How to Identify and Label Components (Step -by-Step)

1. Visual inspection:
ARead nameplate/side labahanufacturer, family/series, part number, voltage/cur
rent ratings, firmware revision.
A\Note indicatorsand port markings: PWR/RUN/ERR,I0.x/Q0.x, LINK/ACT,
L+/M/COM.
2. Verify with  OEM documentation:
AUsemodulepartnumberto openthe correctdatasheet/manuagction.
AcConfirm voltageclass,channelcount,isolation,addressingandterminallayout.

3. Classify:

ADI vs DO; relay vs transistor; PNP (sourcing, +24 V switching) vs NPN (sinking,
0 V switching); analog ranges if present.

4. Labeling (follow site standard: IEC 81346/ISA 5.1 or site SOP):
ADevicetags:e.g.,PLC-CPU-01,PLC-PSU01,PLC-DI-16-01,PLC-DO-16-01.
ATerminallabels:10.0i 10.7 (DI), Q0.0' Q0.7 (DO), L+, M/COM, SHLD.

ANetwork labek: ETH-PLC-01 (IP: 192.168.1.10) RS485A/B.
AUsedurable,legible labels;updatethe I/O map and paneldrawings.

Reading Common Markings and Ports

ACPU LEDs: PWR (Power),RUN (Progranmrunning),STOP(Programstopped),
ERR/SF (System fault), BF/NS (Bus/Network fault).

Al/O LEDs: Input channeldight whenlogic i 1 detected;outputsindicate active
drive.

ATerminals and symbols: L+ or+24VDC; M or0V; PE(protectiveearth);COM
(common), OUTXx (outputs), INx (inputs); A+,-Aanalog), SHLD (shield).

ATypical addressing conventions:
i Siemensl0.0€é 10.7 (inputs),Q0.0é Q0.7 (outputs)
i Allen-Bradley (file-based):1:1/0, O:2/3; Tag-based:Motor RunCm¢ DI_PB_ Start
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SIEMENSH| OF OE OEOEOEQEOEOEO
0200Q20.2Q2Q202Q4Q2 0.0

SIEMENS SIMATIC LAMP1 LELAY1
§7-1200 T

M Q.0.01
0.6Q.60.80.£Q0.80Q.60.8Q.80.8 0.86Q.80.0

SENSOR1

Figure 3.4: S7-1200 PLC wiring diagram.

Basics: Sourcing vs Sinking (Quick Guide)

ASourcing (PNP): Module supplies+24 V to the load; return goesto 0 V. Common
for DO in many systems.Inputs often reference0 V.

ASinking (NPN): Module switches to 0 V; load connected to +24 V. Ensure sensor
polarity (PNP/NPN) matches module type.

AAlways confirmwiring diagrams irthe manual beforeonnecting.

Safety and Handling Essentials

AApply LOTO:isolateandlock themaindisconnecbeforeinstalling/removingnodules
or wiring.

AESD control:wear a wrist strap, handle by edges, avoid touching pins, store-in anti
static bags.
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PNP Sensor Wiring NPN Sensor Wiring
Connects the positive +24 Vdc lead to the switched lead Connects the negative @ Vdc lead to the switched lead

+24 Vdc
—————————— +24 Vdc +24 Vdc

Switched Lead

——————————— Input @ Input @
= Current Flow ==

@ Vdc

—————————— @ Vdc 2 Vdc
3-Wire PNP (Sourcing) Sensor PLC DI Module (Sinking) 3-Wire NPN (Sinking) Sensor PLC DI Module (Sourci

Figure3.5: Sourcingvs Sinking(PNPandNPN)

ADo not hotswapunlessthe moduleandrack explicitly supportit.
ASegregate power and signal wiring; observe shielding and grounding practices to min
imize noise.

Figure3.6: DC Powersupply
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Quick Reference Table
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Component Typical Primary Function / What to Check
Markings

CPU PWR/RUN/ERR, | Executegprogramcheckmodel firmware,
USB/ETH, SD ports, status LEDs

PowerSupply 120/230 VAC or 24 | Feeds PLC bus; verify input/output ratingg

(PSU) VDC in; 24 VDC and load capacity
out

DI Module 10.x, L+, M/COM | Read24VDC signals;confirmchannel

count, voltage, input delay

DO Module QO0.x, L+, COM, Switches loads; relay vs transistor, curren
OUTx limits, protection

Al/AO Module | A+, A-, SHLD, Measures/driveanalogsignals;range,
V/ImA resolution, wiring type

Communication | ETH RJ45, Network connectivity; protocol, baud/IP,

Module RS-232/485FBUS | BF/NS LEDs

Programming USB/Ethernet/ Connectto IDE for download/diagnostics

Port Serial

Isolator/MCB/ ON/OFF,rating Panel protection; select proper rating and

Fuse (A), curve labeling

24 VDC Supply

24 VDC, A rating,
DC OK

Field and PLC power; headroom and
diagnostics contact

Self -Check 3.1-1

Answerthefollowing questiondbasedon theinformationprovided.

1. What arethe threemain stepsof a basicPLC scancycle?
2. List four corehardwarecomponentyou would expectto find in amodularPLC rack.

3. What is the differencebetweena ¢ s o u r (PNPyapda o0 s i

output?

Answer

Key 3.1-1

n KNPN)gigital

1. Thethreemain stepsare: 1. Input Scan,2. ProgramScan,and3. OutputUpdate.
2. Any four of the following: CPU module,PowerSupply module, Digital Input (DI)
module,Digital Output(DO) module,Analogl/O module,or Communicationmodule.

3. A sourcing (PNP)

switches the load to 0 V (ground).

output supplies +24 V to the load. sinking (NPN)

output
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Information  Sheet 3.1-2: PLC Module Functions, 1/O Classifica -
tion, and Addressing Conventions

Objective  Explain the role and operationof PLC modules(CPU, power, I/O, spe
cial/HS,communications)lassifyl/O by electricalandbehaviorakcharacteristicAC/DC,
relay/transistor/triacPNP/NPN,sourcing/sinkingN.O./N.C., analogranges),and ap
ply common vendor addressing conventions to build a correct, docum&ntethp.

Normally-Open Mormally-Closed Coil/Output

| /] ()

Module Functions Overview

ACPU (Central Processing Unit) : Executesheuserprogram containgrocessor,
memory, RTC; status LEDs (PWR/RUN/STOP/ERR); pdgi$SB/Ethernet/serial);
manages scan cycle and diagnostics.

APower Supply (PSU) : Convertanains(120/230VAC) or 24VDC toregulatedus
power for modules; verify voltage/current ratings; consider redundancy and derating.

ADigital Input (DI) Modules : Read disrete on/off signals (e.g., 24 VDC); kepecs:
channekount,inputthreshold, filter/debounce, isolation, comntgpe (sourcing/sink
ing).

ADigital Output (DO) Modules : Switchdiscreteloads. Types:

i Relay IsolatedhandlesAC/DC, slowerswitching,limited life.
i Transistor(DC): PNP (sourcing)or NPN (sinking), fast, currentlimited.
i Triac (AC): For AC loads, zeraross switching, not fddC.

AAnalog Input (Al) Modules [if present]: Measure D10 V, 420 mA, RTD/TC
(temp); specsrange, resolution (bits), accuracy, update rate, wiring (2X@7),
isolation.

A\Analog Output (AO) Modules [if present]: Source 010 V or 420 mA; specs:
load/resistanceresolution,accuracy,warm-up.

ASpecial/High -Speed Modules : HSC (highspeed counterPTO/PWM (pulse out
puts), motion control, temperature, safety I/O; offload tocrgcal tasks.

ACommunication Modules/Ports . Ethernet/IPPROFINET,ModbusTCP/RTU,
RS-232/485, CAN, DeviceNet; provide network connectivity and data exchange with
HMI/SCADA/drives.
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I/O Classification (Electrical and Behavioral)

AVoltage/Current  Class: DC (12/24VDC), AC (120/230VAC).

ASwitching Style (DO): Relayvs Transistorvs Triac.

ASourcing vs Sinking (DC 1/0): PNP (sourcing, provides +24V) vs NPN (sinking,
switches to 0V).

AContact Semantics (Inputs):  N.O. (Normally Open) vs N.C. (Normally Closed)
refers to the denergized state.

AAnalog Signal Types: Voltage(0-10V) or Current(4-20 mA).

Converted CPU
analog signal
Process Analog input module
.................. 0..10V
| 0..20 mA Memory
+ Pressure E 4..20mA (cache) -
« Temperature | o “5. = — | apc g:x e L PIW 256
+ Flowrate i :
Sensor :
« Velocity ! PIW ...
*« pm
« Viscosity
» Filling height
phee Analog output module
Electric signal
0..10V PQW ...
AOV...10V PQW...
q i .
el |eo—————{oac [ Paw... ——=—¢= TPaw 25
: actuator ‘
' : I!"’"’m
<>

Figure3.7: Analoguel/O

Addressing Conventions (Concepts and Vendor Examples)

Core Concepts

AAddress structure:  Rack/slot/channeiapping; bytes/words:bits for discrete;
words/dwords for analog.

AFixed -address vs Tag-based: SomePLCsusefixed memoryaddressee.g.,l/Q/M),
others use named tags (aliases to module data).

Al/O Map: Documentslot order, channelcounts,and the assignedaddresses/tags;
keep synchronized with the project and panel drawings.

Common Patterns

ASiemens S7 (classic): Inputs I, Outputs Q, Memory M. Bitd0.0, Q0.1;Bytest
Words: IBO, QWO.

AAllen -Bradley Logix 5000 (tag-based): Module tags: Local:2:l.Data.OAlias
tags: DI_PB_Start

AMitsubishi  (Q/L/FX):  Inputs: X0...XF Outputs: YO...YF

Best Practices and Common Pitfalls
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Figure3.8: Allen BradleyPLC

AGroup 1/0 Logically: By areaor function;reserveaddressangegor expansions.

ADocument Everything: Maintainan I/O list with devicetags,slot/channelad
dress/tag name, and descriptions.

AMind Polarity: MatchPNP/NPNsensorso moduletype.

AProtect Outputs: Observecurrentlimits; useflyback diodesfor DC coils.

Figure3.9: BasicControl circuit with PLC

Self -Check 3.1-2

Answer the following questions to test your understanding of PLC modules and address
ing.
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1. For a Digital Output (DO) module, what is one advantage of usirgdagz output
type, and one advantage of usingaasistor output type?

2.A digital i nput mo d u |Dees it expedt ¢osbe comnbceedto a s 0
PNP or NPN sensors?

3. Whatis the purposeof an /O Map in a PLC project?

Answer Key 3.1-2

1. A relay output 5 advantageous because it is isolated and can switch both AC and
DC loads.A transistor  output is advantageous because it is much faster and has a
longer lifespan for higiirequency switching.

22A 0sinkingo input modul e s istrb& snnected to & n t t
0 s 0 ur cRNP gansomw which provides the +24V signal.

3. An I/O Map is a critical document that links the physical hardware (slot, channel, ter
minal) to its logical addressor tag namein the PLC program,along with a description
of the connected device (e.g., OStart F
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Information Sheet 3.1-3: OEM Documentation Interpretation
and Safety Practices

Objective Enable learners to locate and interpret OEM documentation to accurately
identify PLC components and terminals; decode part numbers and labels; extraet electri
calandinstallationrequirementsandapplysafework practiceLOTO, ESD, verification

of abgnce of voltage) during inspection and labeling.

Structural Types of PLCs and Their Characteristics

Compact (Box-Type) Modular PLC Embedded (Insert
(Board-Type) PLC

Backplane

00008 communiticationfli0©0000]

Power

Powar Supply | [F5

Input

Supply sion 5 Input Expansion Programming
@ o
CPU k) o
c o
Memory | 1/0 3 CPU :
-
O

IR

Input | Output

t

(@)
(=)
=
=
)
o
o+
]
&

Outpu

Expansion Unit

Scalability | Typical Scalability Tigh Scalability |Low to Medium
Simple Simple High Medium/large Typical OEM
systems systems systems Use integration

Figure3.10: Typesof PLC

OEM Documentation  Types and Access

ADatasheet / Technical Data: Electrical ratings, channel counts, isolation, environ
mental limits, terminal types, wiring examples.

AUser / System Manual: Configurationmnotesdiagnosticsgnoduleparametersad
vanced features.

AWiring Diagram / Terminal Layout: Terminalnumbering,signalnamescom
mons, shield/PE, recommended wire sizes and torque.

AFinding documents: Manufacturemwebsite(by catalog/parhumber) QR codeon
module, project document pack.

Interpreting  Part Numbers, Labels, and Legends

APart number decoding: Family/series)/O type andcount(e.g.,DI16, DO16),
voltage class (24 VDC), output type (relay/transistor).
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ANameplate fields:  Catalog/parho.,serialno.,firmware/hardwareev, supplyrat-
ings, approvals (UL, CE).

ATerminal/port markings: L+ , M/COM/0V, PE, INX/OUTx, A+/A- (analog),
SHLD, RJ45 ETH.

A\LED/status legends: CPU: PWR/RUN/STOP/ERR/SF/BF; I/O: channel LEDs
indicate state.

R R
— Lo
VDC

VAC

+\/ 4 DC +V4 AC
0 0 >
t t

-V -V

Figure 3.11: Alternating Current(AC) and Direct Current(DC)

Safety Practices for Identification  and Handling

Electrical Safety (LOTO and Verification)

1. Prepare: Notify, review proceduresidentify all energysources.

2. Isolate: Open/lockmainisolatorandanyauxiliary suppliestagwith details.

3. Verify absence of voltage: Test your meteon aknown sourcetestthe circuit,
thenret e st y o u r-beforett euwc (A)t.e st

ESD and Handling

AWear a testedESD wrist strap; use ESD mat/bagshandlemodulesby edges;avoid
touching pins.

Document Control and Traceability

AUse controlled copies: Checkdocumenmnumber,edition/revision,anddate.
AMaintain  as-builts:  Updatepanelschematicsl/O maps,andlabellists afterchanges.
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Tag table
Marmne Data type Address
1 OM SiW Bool %l0.0
2 & 11 OFF S/ Bool %l0.7
3 <0 Qutput Bool %0Q0.0
4 1| Preset Time Time %MDO
5 11| Value 1 Int Y10
& -4 Value 2 Dint MDD 14
7 <1 Value 3 Real %MD 100

co

e e B = T—LT
S — M

Figure 3.12:PLC I/O tist (TIA Portal)

Self -Check 3.1-3

Answerthefollowing safetyanddocumentatiomuestions.

1. What 1is the most i mportant piece of infor
to find its o icial document ation?

2. Before touching any elewtal terminals inside a control panel (even after turning off
the power), what threstep verification process must you perform with a multimeter?

3. Whatdoeso E S Btandfor, andwhatis one simple pieceof PPEyou canwearto
prevent it?

Answer Key 3.1-3

=

ThePart Number (or CatalogNumber).

2.The e@Béf@msTtoucho veri f i Testtyouo metep r oncaekisown livel .
sourceto proveit works. 2. Test the circuit you intendto work on to proveit is
dead.3. Re-test your meter on t he known | ive source to
the test.

3. ESD standsfor Electro -Static Discharge . You canwearan ESD wrist strap

connectedo a propergroundpoint.
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Job Sheet 3.1-1. PLC Panel Inspection and I/O Mapping

/~ Job Sheet 3.1-1

Performance Objective

Given a prewired PLC training panel, OEM datasheets, and a blank I/O map
template, the trainee will safely inspect the panel, correctly identify all major com
ponentsand their specifications,and createa complete,accuratel/O map that

links physical terminals to their logical addresses and field devices.

Safety First

This job requires opening a control panebck -Out/Tag -Out (LOTO) pro -
cedures must be strictly followed. All power must be isolated and verified as
absentbefore proceeding.Wear appropriatePPE, including safety glasses.

Supplies and Materials

APLC TrainingPanel(e.g.,SiemensS7-1200based)

Al ock-Out/TagOut Kit

AMultimeter (for verification of absenceof voltage)

AESDWrist Strap

AManufactureiDatasheetsor all installedPLC modules(digital or print)
ABlank 1/0 Map Worksheet

Procedure

1. Apply Safety Procedures (LOTO):
AWith your trainer,identify the main electricaldisconnecfor the panel.
ACorrectlyapply your lock andtag to the isolator.
AUsing a multimeterandthe 6 T eBeforeT o u artetbod,verify that there
is zero energy at the main power terminals inside the panel.
2. Visual Inspection and Component Identification:
AVisually identify the major components:Main Disconnect,24VDC Power
Supply, CPU, DI modules, and DO modules.
A\For the CPU and each 1/0 modutarefully read and record the fihrt
Number (e.g., 6ES7 214..) from the nameplate.
3. Consult OEM Documentation:
AUsing the part numberfor the Digital Input (DI) module,locae its 0 i
dat asheet from the manufacturer
AFromthe datasheeffind andrecordthe following specifications:
i Numberof input channels.
i Requiredinput voltage(e.g.,24 VDC).
i Whetherit is a sourcingor sinking module.
4. Create the I/O Map:
AOn your blank I/O Map worksheetstartfilling out the table.
ATrace the wire from t(ehgelo.®.Uderdifgthed i r st I n
field device it iI's connected to (e.g.,
An your worksheetcreatean entry:

al

Cci
6s webs
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i Address/Tag: 10.0
i Description:  SystemStartPushbutton
i Device Type: N.O.Pushbutton
i Module: DI 16x24VDC (Usethe identified moduletype)
ARepeathis procesdor atleastfour inputsandfour outputs.
5. Final Review:
AReviewyour completed/O Map for accuracyand completeness.
APresentyour worksheetto the trainerfor evaluation.
AOnly afterthet r a i appravad, safelyemoveyour lock andtagandrestore
the panel.

Performance Criteria Checklist for Job Sheet 3.1-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee during the task and

review their completed I/O Map.

Performance Criteria  Questions Yes | No

Did the trainee correctly identify and label all major PLC hardwa
components (CPU, PSU, 1/0)?

Was the trainee able to classify an I/O module (e.g., DI, DO,
sourcing/sinking) using its part number and datasheet?

Did the trainee correctly consult and interpret the OEM docume
tation to find key specifications?

Was the I/O Map filled out accurately, linking physical terminals
their corresponding éld devices?

Wereall safetyprocedureg$LOTO, verificationof zerovoltage , ESD)
correctly applied throughout the task?

Train Feedback / Comments: Tr ai n  Signature:
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Self -Check

Self -Check

Answer the following questions to assess your understanding of identifying PLC
components:

1.

2.

List and briefly describe the function of the four main components of a Pro-
grammable Logic Controller (PLC) system.

What is the primary role of the input module in a PLC, and provide two exam-
ples of devices that would connect to it?

Explain the function of the output module. Name two examples of devices it
would control.

Describe the role of the Central Processing Unit (CPU) within a PLC. What
key tasks does it perform?

. Differentiate between a ’compact’ or ’fixed’ PLC and a ’'modular’ PLC in terms

of their physical components and expandability.

117
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Answer Key

1. Four main components of a PLC system:

APower Supply: Transforms standard AC wall voltage into the stable low
voltage DC power needed to operate the

ACentral Processing Unit (CPU): The centr al processor
interprets the tsr 6 s  p It acorgimuausty monitors inputs, processes the
control logic, and determinesthe appropriatestatefor the outputs.

Alnput Module: The interface that connects field devices like senands
switches to the PLC. It translates incoming electrical signals from these de
vices into a digital format the CPU can process.

AOutput Module: The interface connecting the PLC to field devices like
motors and lights. It converts lewoltage control sigals from the CPU into
higherpower signals capable of activating these external devices.

2. Role of the input module and examples: Its primaryfunctionis to mon -
itor the status  of external input devices and translate their-veatld signals
into a binary format (ON/OFF) that the CPU can use.

AExample 1: Pushbuttonsr selectoiswitchegmanualbperatocommands).

AExample 2: Proximity sensors or limit switches (automated detection of
object presence/position).

3. Function of the output module and examples: Theoutputmo d u fure-6 s
tion is to take t he cawdtenihtoeectrcall c¢command:
signals with enough power to switch external devices on or off, thereby centrol
ling a process.

AExample 1: Indicatorlightsor alarmg(for visual or audiblestatuseedback).

AExample 2: Motor startersor solenoids(for activatingmotion or flow).

4. Role of the Central Processing Unit (CPU): The CPU acts as t h
core, executingthe programthrough a repetitive threestep scan cycle :

ACheck Input Status: It captures the current state of all connected input
devices.

AProcess Logic: It runstheusercreatedorogram makinglogical decisions
based on the input statuses.

AWrite to Outputs: It updates the output module with the results of the
logic, turning devices on or off accordingly.

It alsomanagesystemdiagnosticsaandcommunications.

5. Difference between Compact and Modular PLCs:

ACompact (Fixed) PLC: A self-containedunitwherethe CPU,powersup
ply, and aset numbeof I/O points arantegrated intane physical case
It is ideal for smaller tasks and cannot be significantly expanded.

AModular PLC: A flexible system built from separate components (CPU,
powersupply,l/O modulesxhataremountedon ashared rack or back -
plan e. This allows for customization and expansion by adding or swapping
modules, making it suitable for larger, more complex applications.
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3.2 Learning Outcome 2: Identify HMI Components

Assessment Criteria

Aldentify andlabel HMI hardwarecompments(display, touchscreenkeypad,power
connection, communication ports, USB ports) per OEM specifications.

AExplainthe function of eachidentified componentandport accurately.

AClassify HMIs by type (e.g., panelount, PGbased, mobile) and key characteristics
(screen size, resolution, input method).

AConsultandinterpretOEM manuals/datashedtsverify partnumbersportpinouts,
andenvironmentatatings;apply ESD andisolation safetyduringinspection.

Required Components

prd

I ENIRIRSIENFAE SIS

Component

HMI panel(e.g.,SiemensTP700Comfort)
24 VDC panelpowersupply
Ethernetcommunicationcable

LOTO Kit andESD Wrist Strap

HMI programmingsoftware(e.g., TIA Portal)
PLC (for communicatiortest)
ManufacturerDatasheetgDigital or Print)
HMI SpecificationWorksheet

Learning Activities

Learning Activity Resources

Identify HMI Hardware Functionsand Tagging Alnformation Sheet3.2-1

ASelf-Check3.2-1
Anformation Sheet3.2-2
ASelf-Check3.2-2
AJobShee3.2-1
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Information Sheet 3.2 -1: HMI Hardware Components and In -
stallation

Objective Equip learners to define an HMI, understand its role in automation, and
correctlyidentify, label,andverify HMI hardwarecomponentsisingOEM documentation
and safe practices.

SIEMENS

=1

REALPARS

Figure3.13: HMI andPLC Communication

What is an HMI?

ADefinition: A HumanMachine Interface (HMI) is a graphical user interface (GUI)
device that connects an operator to a machine or control system (like a IPLC).
visualizes process data and provides control inputs.

AWhy HMIs:  Provideintuitive visualization(status tfrends,alarms) centralizeccon
trol and data entry (setpoints, recipes), alarm management, and data |ldgeging.
places complex hardwired panels.

ABasic HMI data exchange cycle:

1. Readdata (tags) from thELC.

2. Updatescreerelementggaugesnumbersjndicators).
3. Scanfor operatorinput (touchscreempress,dataentry).
4. Write new datdtags) tothe PLC.

5. Checkfor alarmsandlog data.
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S unitronics:

[ Plant# 5 Tank#11-12]

Figure3.14: Exampleof aHMI program

Core HMI Hardware =~ Components

ADisplay Screen: The physical screen (LCD) that shows the grapHies; specs:
size (inches), resolution (pixels), brightness (nits), backlight type.
ATouchscreen/Input Device: The transparent layer over the display that detects
touch(resistiveor capacitive).SomeHMIs alsohavephysicalfunctionkeysor keypads.
AProcessor and Memory: Theinternald b r hatmuristheHMI applicationhan
dles graphics, and manages communicatinoludes RAM, norvolatile storage (for
the project), and may have an SD card slot for expansion/backup.
ACommunication  Ports: The interfacesfor connectingto PLCs and otherdevices.
i EthernetPort(RJ45):For modernprotocolslike Ethernet/IPPROFINET,Mod-
bus TCP. LEDs indicate Link/Activity.
i SerialPorts(DB9): For olderprotocolslike ModbusRTU, RS-232/422/485.
i USB Ports:USB-A (Host) for connecting keyboard, mouse, or USB drive; LtE5B
(Device) often for project download.
APower Supply Connector: Typically a terminal block for 24 VDC power input
(check polarity:+24 V, 0 V, and PE/Ground).
AMounting Hardware: Gaske for sealing against a panel, and mounting clips or
studs to secure the HMI in a panel cutout.

Protective Devices and Installation

AMain isolator/disconnect: De-energizeshecontrolpanelwheretheHMI is mounted.
ACircuit protection: A dedicatedVICB or fusefor the 24 VDC supplyline to the
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HMIL.

A24 VDC panel power supply: Must provide stabl e
current capacity for the HMI.

AEnclosure and IP Rating: The HMI 6s front bezel has a
rating (eg., IP65) for dust and water resistantemust be installed in a suitable
enclosure using the correct gasket to maintain this rating.

AGrounding (PE): A dedicated protective earth connection is critical for safety and
noise immunity.

AScreen Protector:  An optional transparent film applied to the touchscreen to pre
vent scratches in harsh environments.

, cl ea

How to Identify and Label Components (Step -by-Step)

1. Visual inspection: Read nameplate/rear label for manufacturer, model/part num
ber, power requirementdlote port markings.

2. Verify with OEM documentation: Usethe partnumberto find the datasheet/
manual. Confirm communication protocols and panel cutdintensions.

3. Classify: Type (Panelmount, PC-based),Specs(e.g., 0 1-iich, capacitivetouch,
1280x800 resolutiono).

4. Labeling: Apply devicetags(HMI-01) and port labels (ETH-PLC-NET) per site
standards.

Safety and Handling Essentials

AApply LOTO: Isolatepanelpowerbeforeinstalling or wiring the HMI.

AESD control: Wear a wrist strapand handleby edges.

APanelMounting: Ensurepoweris off beforecuttingthe panel. Usethe providedgasket
for a proper sealDo not overtighten mounting clips.

Self -Check 3.2-1

Answerthe following questionabout HMIhardware.

1. Whatis the function of the EthernetPort (RJ45)on an HMI?
2. Whatis thedifferencebetweertheH M| @isplayscreemandits touchscreen?
3. Why isthelP rating (e.g.,IP65)important whennstallingan HMI in a controlpanel?

Answer Key 3.2-1

1. The Ethernet Port is used for higheed communication with the PLC aather
network devices using protocols like PROFINET or Ethernet/IP.

2. Thedisplay screen is the physical LCD that shows the graphithetouchscreen
is a separat e, transparent | ayer on top
as an input.

3. ThelP (IngressProtectionyatingindicateshowwell theH M| fiosit is sealedagainst
dust and waterUsing the correct gasket during installation is crucial to maintain this
protectionand preventdamageto the electronicsin an industrial environment.
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Information  Sheet 3.2-2: HMI Functions, Screen Elements, and
Tagging
Objective Explain the core software functions of an HMI, classify common graphical

screerelementgobjects), andlescribe theoncepiof tagbasedcommunicatiorbetween
an HMI and a PLC to build a functional operatorinterface.

8
1

2
=g
-
=1
-
-
-
=

V] )

1| ————————

ov

‘ Tag values to HMI

Tag values from HMI

Figure3.15: HMI SoftwareFunctions

Core HMI Functions Overview

AVisualization & Control . Displaying realtime process status and allowing operator
interaction via buttons, sliders, and data entry fields.

AAlarm Management : Annunciating,displaying,logging, and requiring acknowt
edgement of system alarms to alert operators to abnormal cosditio

ATrending & Data Logging : Samplingandrecordingprocessariables(tags)over
time and displaying them as graphical trends.

ARecipe Management : Storinganddownloadingsetsof parameterg§recipes)o the
PLC for batch processes.

ASecurity & User Access : Managinguseraccountsandpasswordso restrictaccess
to critical functions.
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Common HMI Screen Elements (Objects)

ABasic Objects:
i Button: For operatorinput (momentary,set, reset,toggle). Linked to a boolean
PLC tag.
i Indicator: To display status (e.g., a circle that is gray for off, green for running, red
for faulted). Linked to a digital or integer PLC tag.
i Text/Labels: Statictext for titles and labels.
AData Objects:
i Numeric/String Display (/O Field)Shows the value of a PLC tag (e.g., tempera
ture, pressure, countCan also be configured for input.
i BarGraph/ Gaug¢ Slider: Graphicalrepresentationf ananalogvalue.
AAdvanced Obijects:
i TrendChart: Displays historicalvaluesof oneor moretagsovertime.
i Alarm Display/Banner:A dedicatedobjectfor showingactive, unacknowledged,
and historical alarms.

Devices | Plant objects Options

) j C JEl[[Z)B T USAstE:s AsRs g T3 —s Bes Jalils s P’ N 2y E -
_~{ v | Basic objects
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[} Device configuration
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> | Details view | |'a Properties [%, Info 1] 2% Diagnostics |

Figure3.16: CommonHMI ScreerElementqObjects)

Tagging and Communication  Concepts

Core Concepts

ATag: A named variable in the HMI that links to a specific memory address or tag in
the PLC. It is the fundamental connection for data exchange.

AHMI Tag Database: A list of all tags defined in the HMI projecEach taghas
properties like: Name, Connection (PLC), PLC Address/Tag, Data Type (Bool, Int,
Real), and Scan Rate.

Communication Driver

AAn HMI needs a specific software driver for each type of PLC it needs to talk to (e.g.,
Siemens S2200/1500 Ethernet, Modbus TCP/IP).
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AThe driver handles the protoesecific details of communicatioithe developer just
needstoseletthe correct driver and provide the

= B & =

HMI tags
Name a Tag ta.. Data type Connection PLCna... PLCtag .. Accessmode Acquisition cycle | Logged  Source com...

< HMI_Tag_1 Defau.. Bool <internal tag= Unde... 15

- OM sw Defau... Bool HMI_Connection_1 PLC_1 "OM sw” <symbolic access> 100 ms

- Off sw Defau... Bool HMI_Connection_1 PLC_1 *Off sw” <symbolic access> 500 ms

- Value Defau... Byte HMI_Connection_1 PLC_1 Value <symbolic access> 1s

- Value 3 De...E Real HMI_Connection... PLC_1 '\.fa...m[z] <symbolic access> E 10s D
<Add news>

(<] T | B

e T
Discrete alarms Analog alarms

Self -Check 3.2-2

Figure3.17: HMI Tags

Answerthefollowing questionsaboutHMI softwarefunctions.

1. What is the fundamental concept that allows an HMI to display a value from a PLC,
suchasacount@rs current value?

2. Name three different types of graphical objects you could use on an HMI screen and
state the purpose of each.

3. Besidesbasic control (buttons)and monitoring (indicators),what is one advanced
function that an HMI provides for process management?

Answer Key 3.2-2

1. The fundamental concept isTag. An HMI tag is created and linked to the specific
address or tag name of the counter
2. Any threeof the following:

AButton:  For operatorinput to control the process.
To visually showthestatusof adevice(e.g.,motorrunning/stopped).
A/O Field (Numeric Display): To show the realime value of a process variable

like pressure or temperature.
ATrend Chart:
AAlarm Display: Tolist all activeandhistoricalsystemalarms.

me mory

Alndicator:

To displaythehistoryof aprocess/ariableovertime.
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3. Any oneof thefollowing: Alarm Management , Trending/Data Logging , Recipe
Management , orUser Security

Job Sheet 3.2-1: HMI Panel Inspection and Specification

& Job Sheet 3.2-1

Performance  Objective

Given a physical HMI panel, access to the internet or provided datasheets, and a
blank specification worksheet, the trainee will safely inspect the device, correctly
identify all key hardware components and ports, and document its primary speci
fications.

Safety First

TheHMI panelshouldbedisconnectedrom power. If it is mountedn alive panel,
LOTO procedures must be followed before inspection. Wear an ESD wrist strap if
handling the device out of its packaging.

Supplies and Materials

AHMI Panel(e.g, SiemensSIMATIC HMI TP700Comfort)
AESDWrist Strap

AManufactureDatasheetgor internetaccesgo find them)
A0 H M$pecificatonWor k sheet 0

Procedure

1. Prepare for Inspection: Ensure the HMI is denergized.If handlingthe
unmounted device, put on an ESD wrist strap and connect it to a proper ground
point.

2. Visual Inspection and Identification:
ACarefullyinspectthe front andback of the HMI panel.
Al ocatethema n u f a cnameplagssr Bkl on the backof the device.
ARecord the fulModel/Part  Number (e.g., 6AV2 124...) and theSerial
Number .
3. Identify Physical Components and Ports:
AOn your worksheet, identify and list all visible ports (e.g., Ethernet,-dSB
USB-B, Power Connector, SD Card Slot).
Aldentify the input method(e.g., TouchscreenPhysicalFunctionKeys).
4. Consult OEM Documentation:

AUsing the part number, find the o icia
line.

AFrom the datasheet, find and record the following key specifications on your
worksheet:

i Display: ScreenSize(inches),Resolution(pixels).
i Power Requirement: Input Voltage (VDC) and Current Consumption

A).
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i Communication: List the primaryprotocolssupportedy the Ethernet
port (e.g., PROFINET, Ethernet/IP).
i Environmental: ThelP ratingof thefront panel(e.g.,IP65).
5. Final Review and Submission:
AReviewyour completedHMI SpecificationWorksheetfor accuracy.
APresentyour worksheetto the trainerfor evaluationand verification.

Performance Ciriteria Checklist for Job Sheet 3.2-1

For Tr ai nédse Ody

Trai n Name: Date:
Instructions: Observe the trainee during the task and

review their completed worksheet.

Performance Criteria Questions Yes | No

Did the trainee correctly identify and label all major HMI hardwg
components and ports?

Was the trainee able to classify the HMI by its key characteristig
(screen size, resolution, input method)?

Did the trainee correctly consult and interpret the OEM docume
tation to find key specifications?

Were all safetyprocedureqESD protection,ensuringzercenergy
state) correctly applied?

Train Feedback / Comments: Tr ai n  Signature:
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3.3 Learning Outcome 3: Configure PLC, HMI, and
PC

Assessment Criteria

AConfigure PC network adapter settings (static IP address, subnet mask) to establish
communication on an industrial network.

A\Establish correct physical connections (Ethernet, USB) between a PCaRLEMI
panel.

ACreatea new project in a PLC IntegratedDevelopmentEnvironment(IDE), add
a target CPU, configure its device properties (e.g., IP address), and download the
configuration.

ACreate a new project in an HMI IDE, add a target HMI panel, configure its commu
nication settingsto link to the PLC, and downloadthe project.

AUse basic network diagnostic tools (e.g.
O0Accessi bl eerily suecessf@ sonfiguratioo and communication.

Required Components

N Component

PLC CPU modulewith Ethernetport (e.g.,SiemensS7-1200)
HMI panelwith Ethernetport (e.g.,SiemensTP700Comfort)
PC with administratorrights and PLC/HMI softwareinstalled
Unmanagedethernetswitch

Ethernetcables(3 required)

24 VDC power suppliesfor PLC and HMI

SIEGIENEMENIENES

Learning Activities

Learning  Activity Resources

Configure Network, PLC, andMI for Communication )
9 Alnformation Sheet3.3-1

ASelf-Check3.3-1
Alnformation Sheet3.3-2
ASeltCheck3.32
Alnformation Sheet3.3-3
ASelf-Check3.3-3
AJobSheet3.3-1
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Information  Sheet 3.3-1: PC Network Configuration and Com -
munication Basics

Objective  Enablelearnergo configureaP C &etworksettingsor anindustrialcontrol
network, understand the roles of IP addresses and subnet masks, and use basic tools to
verify physical and networlevel connectivity.

IP Addressing Fundamentals

AP Address: A unique numerical label assigned to each device on a network (e.g.,
192168.1.10Q . Il tdé6s | i ke a house number on a s
network must have a unique IP address.

ASubnet Mask: Determinesvhich partof thelP addresss thed n e t vaondwlkich

part i s the o0device. o0 For devices Ato t al
common subnet mask 265.255.255.0
AExample:

T PCIP:192.168.1.50Subnet:255.255.255.0
T PLCIP:192.168.1.10Subnet:255.255.255.0
I These devices can commaaie because their network portid92.168.) is the
same.
AStatic vs. DHCP:
i DHCP (Dynamic):  An address is assigned automatically by a se@emmon

f or o i c e/ hNotsaitabledar automakion as addresses can change.
i Static.: The addresss manually and permanentlyassignedto a device. This is
the standard for automation to ensure reliable, predictable communication.

PLC and HMI Network Configuration

__PLC _Hw

PLC IP: 192.168.1.10 HMI IP: 192.168.1.20
Subnet Mask: Subnet Mask:
255.255.255.0 255.255.255.0
Subnet Mask: Subnet Mask:
255.255.255.0 M 255.255.255.0

pHcP () on DHCP (L) off

Static @ Static @

— DHCP ——
Server

- Proper IP address and subnet mask configuration ensures
PLC-HMI communication; DHCP simplifies dynamic IP assignment,
whitenment;' cook driadrevices.”’

Figure3.18: PLC andHMI networkconfiguration.

How to Configure a Static IP on a Windows PC
1. OpentheControl Panel ,goto Network and Sharing Center .
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Click onChange adapter settings .

Right-click onyour Ethernet or Local Area Connection
Selectinternet Protocol Version 4 (TCP/IPv4)
SelectUse the following IP address .

Enter the static IP addressand Subnetmask providedfor your network plan. (e.g.,
IP: 192.168.1.50 Subnet:255.255.255.0 The Gatewaycan usually be left blank
for a simple, isolated network.

Click OK to savethe changes.

andselectProperties
andclick Properties

Physical Connections and Verification

AHardware:

AVisual
the PC, PLC, HMI, and switctA solid green lightypically indicates a good physical

Usestandard Ethernet cabl@SAT5eor better).Connect thd®>C, PLC,
and HMI to a common Ethernet switch.
Check: After connectinglookfor link/activity lights ontheEthernejportsof

link; a flashing light indicates dagtivity.

AVerify with 6 p i nlgtheWindows CommandPrompt,type ping <IP_address>

ACheck wi

(e.g.,ping 192.168.1.19. A successfuteply confirmsnetworklevel reachability.
t h
P C dPsaddressand verify that your static settingshave beenappliedcorrectly.

oln thecComnfiandgPéompt, typeconfig to see your own

Open ek Rightclick
Start — Networl_< ange > FEthernet -
and Sharing adapter Properties
f—\Ce.nt\er settings Jp
SelectIPv4 Select EnterlP—
andclick | Use the address - End
B following andSubnet
perties
IP address mask

Figure3.19: Horizontalflowchartfor configuringa staticlP address.

Self -Check 3.3-1

Answerthe followingquestions aboutetworkconfiguration.

1.

2.

Why is it standard practice to usatic

IP addresses instead of DHCP in industrial

automation?

If your PC hasan IP addressof 6 1 9 2 . 1 6 &d your RL@ Gas an IP address
of 06192.168.1.1060, wi | |
60255. 25 5Vhy205hy ot? ?

and see no link lights on the port?

t h e yd subreet naadk lofe

t

. What is the first thing you should check if you connect an Ethernet cable to a PLC

0]
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Answer Key 3.3-1

1. Static IP addresses are used because thepeireanent and predictabl€ontrol
devices need a constant, known address so other systems can reliably communicate
with them. If addresseweredynamic(DHCP),theycouldchangeandcommunication
links would break.

2. No, they will not be able to communieaWi t h a subnet mask of
the first three octets T(héel 9P2C 1li6s8 .aXnd )t hdee f ¢
net wor k, while the PLC is on the 06192. 16¢

3. Check the most basic things firsts the PLC powered on® the cable plgged in
securelyat both ends?Is the cableitself known to be good?

Information Sheet 3.3 -2: Basic PLC Configuration and Down -
load

Objective  Explain the process of creating a new PLC project, configuring the CPU
hardware and its network addresghin the programming software, and successfully
downloading this configuration to the physical PLC.

The PLC Configuration Process The general workflow is the same across most
modern PLC brands:

1. Create Project: Start the PLC IDE and create a new, emptgject. Give it a
descriptive name.
2. Add Device: Add a new device to the projectou will need to select the exact
model number (or a compatible series) of your PLC CPU from a hardware catalog
within the software This is critical.
3. Configure Device Proper ties:
AOncethedeviceis in your project, operits Properties  or Configuration — window.
ANavigateto the settingsfor the built-in Ethernet  port .
AAssignthePLCauniquelP address andthecorrectSubnet mask .
4. Compile (Optional but Recommended): Usethed C o mpord B wifunalian
to checkthe hardwareconfigurationfor errors.
5. Download to Device:
AThis is the process of transferring youl
PLCO6s memory.
ASelectthed D o wn lodald da nfenétienr o
AThe software will scan the network for compatible devi@aect your PLC from
the list.
AThe IDE will compareie project with the PLC6s curr
load the changes.
AThe PLC may be placedin STOP modeduring the download. You may needto
manually restartit (put it in RUN mode) afterwards.
6. Go Online and Verify: After downloadingusethed GO n | ifeataréioconnect
the IDE to the PLC in reattime. A healthystatus(e.g., greenindicators)confirms
the configuration was successfM.ou can check the PLCO6s di ¢
errors.
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PLC Configuration Flow

CREATE PROJECT
ADD PLC DEVICE

CONFIGURE IP ADDRESS

COMPILE CONFIGURATION

DOWNLOAD TO PLC

GO ONLINE & VERIFY

Figure3.20: PLC ConfigurationFlowchart.

Common Pitfalls

AWrong CPU Model/Firmware: Selecting the incorrect CPU model or firmware
versionin the hardwarecatalogwill causethe downloadto fail. Always doublecheck
the part numberon the physical device.

ADuplicate IP Address: Assigning the same IP address to the PLC that another
device on the network is alreadyusing will causea network conflict.

APC and PLC on Different Subnets: If theP C @rslP L CIB addressed o riad t
within the same subnet, they cannot communicate directly, and the software will not
find the device.

AFirewall Issues:  WindowsFirewall or antivirussoftwareon the PCcansometimes
block the specialized protocols used by the PLC softwdoel may need to dd
exceptions for the IDE.

Self -Check 3.3-2

AnswerthesequestionsaboutPLC configuration.

1. When addinga new PLC to a project, why is it critical to selectthe exactmodel
number and firmware version?

2. Whatis thepurposeof theo GO n | ifeataréin a PLC programmingenvironment?

3. If adownloadfails, whataretwo commonnetworkrelatedissuesyou shouldcheck?
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Answer Key 3.3-2

1. The | DE uses the model number and -fir mwa
pabilities, memory size, and instruction s&tmismatch will cause a compilation or
download error.

22The 0Go Onlineo feature connects Qilme pro
reattime, allowing you to monitor the live status of the logic, view tag values, and
access diagnostic information.

3. Two common issues are: 1.cduplicate IP address conflict on the network. 2. The
PC and PLC are on different subnets . (A firewall blocking theconnectioris also
a valid answer).
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Information Sheet 3.3 -3: Basic HMI Configuration and Down -
load

Objectve Descri be the process of creating a
network address, establishing a communicatiok to the PLC, and downloading the
project to the physical HMI device.

The HMI Configuration  Process ConfiguringanHMI involvessettingupbothits
own identity and how it talks to other devices:

1. Create Project: Start the HMI IDE and create a ngwoject, selecting the exact
model number of your HMI panel from a list.

2. Configure HMI Network Settings:

An the projectsettings find the areafor theH M| 6w networkconfiguration.
AAssigntheHMI auniquelP address andthecorrectSubnet mask .

3. Define a Connection to the PLC: Thisis the mostimportantstep.
AGototheConnections , Communications , or Devices areaof theproject.
A\Add anewconnection.Give it alogical name(e.g.,PLC_Main
ASelecthecorrectcommunication  driver for yourPLC (e.g.,SiemensS7%1200/1500

or Allen-Bradley Ethernet/IB.
AEnterthelP address of the PLC thattheHMI needg¢o communicatavith (e.g.,
192.168.1.1p

4. Create a Simple Test Screen: Add a basic object (like a circle) to a screen and
link its color to atag from the newly created PLC connectidrhis helps verify
communication later.

5. Download (Transfer) to Device:

ASelectthed Do wn | doTarda nosr & 8 e Rirdo j fienctiono

AThe softwarewill askyou to specifythetargetHMI, oftenby its IP address.

AThe projectis compiled and sentover the network to the HMI. The HMI will
typically restart with the new application.

6. Verify on Panel: Once the HMI restarts, check for any communication error mes
sages on the screelf.your test object is workig, communication is successful.

Best Practices and Common Pitfalls

ADocument IP Addresses: Always maintain a list of all IP addresses used on a
control network to avoid duplicates.

APitfall:  Incorrect PLC IP in HMI: A commonerroris enteringthewrongPLC
I P address i n the HIM$i8 the fosbthimgdacchdclkinthes et t i
HMI shows a communication fault.

APitfall:  Wrong Communication Driver: Selecting the wrong driver (e.g., using

a Modbus driver for a PROFINET PLC) wilesult in a complete communication
failure.
APitfal:  HMIvs. PLCIP Address: |t i s easy to confuse ¢
own IP address with configuring the IP address of the PLC it needs to talkeg.
are two separate settings.
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Programming PC — PLC HMI Pane
T PLC -
Configuration = =
™~ SetPLC's IP —
—_— T Js——
: IP: 192.168.01 IP: 192.168.
IP: 192.168.0.50 Sni e L
A a A

i~ 2. Download HMI Project -

PLC IP Address: 192.168.0.10

[ Driver: Siemens $7-1200/1500 J

Figure3.21: HMI ConfigurationFlowchart.

Self -Check 3.3-3

AnswerthesequestionsaboutHMI configuration.

1.

2.
3.

WhensettingupanewHMI project,you needto configuretwo importantlP addresses.

What are they?

Whatis the purposeof ad ¢ o mmu n d c & in@amHd1l project?
Your HMI screeris showinga communicatiorfault error. Whatis the mostlikely and

easiesto-fix configuration error you should check first?

Answer Key 3.3-3

1.

2.

You must configurel. T h e  Hdwh, &usique IP address

of thePLC it needs to communicate

MODULE 3. PERFORM PLC AND HMI PROGRAMMING

, and 2.The IP address
with (in the connection settings).

A communication driver is a piece of software that handles the specific language or

protocol (e.g., PROFINET, Modbus)requiredto talk to a particularbrandor model

of PLC.

connection settings.

. The most likely error is having entered theong PLC IP address i n

t

h e

HMI

‘N
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Job Sheet 3.3-1:. Establishing a Basic PC-PLC-HMI Network

/& Job Sheet 3.3-1

Performance Objective

Given a PC, PLC, HMI, and Ethernet switch, the trainee will physically connect
all devices, correctly configure static IP addresses for each, and verify full network
communication using diagnostic tools.

Safety First

Ensure all devices are contet to a properly grounded power sourétandle
hardware with care.

Supplies and Materials

APC with administratorrights and PLC/HMI IDE installed(e.g., TIA Portal)
APLC CPUwith Ethernetport(e.g.,S7-1200)

AHMI Panelwith Ethernetport (e.g., TP700)
AUnmanagedEthernetswitch and 3x Ethernetcables

A24 VDC power suppliesfor PLC and HMI

Network Plan

ASubnet Mask: 255.255.255.0 (for atlevices)
APC IP Address: 192.168.0.50

APLC IP Address: 192.168.0.10

AHMI IP Address: 192.168.0.20

Procedure

1. Physical Connection:

APoweroff all devices.

AUsing Ethernetcables,connectthe PC, PLC, and HMI to the Ethernet
switch.

AConnectthe PLC andHMI to their respective24 VDC powersupplies.

APoweron all devices.Verify power andink lights areactive.

2. Configure PC Network Adapter:

AFollowing the steps in Information Sheet 4.3 configure your I
ernet adapter with the static IP addré82.168.0.50 and subnet mask
255.255.255.0 .

3. Configure PLC Device:

Aln your PLC IDE, createa new projectandaddyour PLC model.

AOpenthedevicepropertiesandsetits IP addres$0192.168.0.10 andsubnet
maskto 255.255.255.0

ADownloadthis hardwareconfigurationto the PLC.

4. Configure HMI Device:
Aln your HMI IDE, createa new projectandaddyour HMI model.
AConfigurethe H M| 6ven IP addressto 192.168.0.20 .
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ACreate a new communication connection to the PLC, using the correct dr
and entering t He2168l0CG.s | P addr es:
ADownloadthe projectto the HMI.

. Verify Communication:

AOn the PC, openthe CommandPrompt.
APingthe PLC: 6 p i1n9g2 . 1 6 8/erify .ydu @eda reply.
APingtheHMI: 6 p i1m9g2 . 1 6 8/erify yd geda reply.

Aln the PLC IDE, usethed Ac c e Divh lomG®n | i fearmm@to
confirm that the softwarecan seeboth the PLC and HMI on the network.
Final Review: Presentyour working setup to the trainer, demonstrating tr

successful ping replies and the online status in the IDE.

Performance Criteria Checklist for Job Sheet 3.3-1

For Tr ai ndse Ody

Tr ai n Name: Date:

Instructions: Observe the trainee during the task and

verify the final communication status.

Performance Criteria Questions Yes | No

Did the traineecorrectly configurethe P C &taitic IP addressand
subnet mask?

Wereall physicalEthernetconnectionsnadecorrectly?

Was the trainee able to create a PLC project, set its IP address
successfully download the configuration?

Was the trainee able to create an HMI project, configure i tP
PLC connection, and download successfully?

Did the trainee successfully
features) to verify communication between all three devices?

Train Feedback / Comments: Tr ai n  Signature:




3.4. LEARNING OUTCOME 4: DEVELOP PLCPROGRAMFOR CONTROLSYSTEML39

3.4 Learning Outcome 4. Develop PLC Program for
Control System

Assessment Criteria

ACreateand managesymbolic tags (variables)with appropriatedatatypes (BOOL,
INT, TIME) for inputs, outputs, and internal memory.

AConstruct basic ladder logic diagrams using fundamental instructionstally open
(NO) contacts, normally closed (NC) contacts, and output coils.

Almplementa standardmotor start/stoplatching circuit (seadin circuit) using ladder
logic.

AUtilize timer instructions(e.g., On-Delay Timer - TON) to createtime-basedlogic
sequences.

AUtilize counterinstructions(e.g.,CountUp Counter- CTU) to track events.

ADownl oad the user program to the P4LC,
tion to test and debug the logic.

Required Components

N Component

ConfiguredPLC andPC (from LO3)

PLC programmingsoftware(IDE, e.g., TIA Portal)

24 VDC power supply

Pushbuttongat least1x Normally Open,1x Normally Closed)
Indicatorlight or small24VDC relay

I/0O wiring for connectingbuttonsandlight to PLC modules

SIEGIENEMENIENES

Learning Activities

Learning  Activity Resources

DevelopBasicPLC Programs
P 9 Alnformation Sheet3.4-1

ASelfCheck3.41
Alnformation Sheet3.4-2
ASelf-Check3.4-2
AJobSheet3.4-1

go
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Information Sheet 3.4 -1: PLC Programming Fundamentals T
Tags and Ladder Logic

Objective Introduce the core concepts of PLC programming: symbolic tagdaftar
storage, fundamental data types, and the basic building blocks of ladder logic (contacts
and colls).

Tags and Data Types

ATag (or Symbol/Variable): A userfriendly namegivento amemorylocationin

the PLC. Instead of using a raw address H).0 or N7:0/1, we use descriptive

names likeStart Pushbuttonor Motor_Speed This makes programs much easier to

read and maintain.
AData Type: Definesthekind of dataatagcanhold.

i BOOL (Boolean): The most common type. Represents a single bit of information,
either 1 (True/ON) or O (False/OFF) . Used for push buttons, sensors,and
simple outputs.

i INT (Integer): A 16-bitwholenumber(e.g.,-32,7680 32,767).Usedfor counting,
simple math, or storgvalues.

i DINT (Double Integer): A 32-bit whole numberfor amuchlargerrange.

i REAL A floating-point number for values with decimals (e.g., 123.43%ed for
analogvalueslike temperatureor pressure.

i TIME: A specialtype for storingtime durations(e.g., T#5sfor 5 seconds).

Basic Ladder Logic (LD) Instructions LadderLogicis agraphicalanguagehat
mimics electrical relay control circuitS he PLC oOscanso-tothditen | ogi c
and leftto-right.

ARung (or Network): A horizontalline of logic thatendswith anoutputinstruction.

A\Normally Open (NO) Contact: 6] | 6 This instruction is ¢
if the associatedit/tagis 1 (ON) . It asksthe question,0 Itilse bit ON ? 0
A\Normally Closed (NC) Contact: 6|/ 6 This instruction i

flow) if the associated bit/tag 8 (OFF) . It asks the questiom | s t he bit C
This is commonly used for stop buttons.

AOutput Coil: 6( )6 This instruction wrlfthes a v
logic on the rung before it is true, the coil tubl (1) . If the logic is false, the coil
turnsOFF (0) .

The Start/Stop Latching Circuit Themostfundamentatircuitin PLC program
ming. It allows a momentary push button to turn on an output and keep it on until a
different button is pressed.

Alogic:
i A Normally OpenStart_PBcontactturns on the Motor coil.
i A second Normally OpeNlotor contact is placed in parallel (a branch around) the
Start PBcont act . Thinsd iosr tOH ea Matdnasaoh, tBisypatb t h e
keeps it on even after tl8tart_PBis released.
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i A Normally ClosedStop_PBcontact is placed in sesaebefore the parallel branch.
When the physical stop button is pressisl,contact in the panel opensausing
the PLC input to go to OThe NC instruction in the logic then becomfasse,
breaking the rung and turning tMotor coil off.

Self -Check 3.4-1

Answer thefollowing questionsaboutprogrammingundamentals.

1. What data type would you use for a tag that represents a simple start pushbutton?
What about for a tag that storeseaperature setpoint like 95.5 degrees?

2. A sensorconnectedo a PLC input is currently OFF. Will a Normally Open(NO)
contactassociatedvith thats e n stagroétrsie or falsein the ladderlogic?

3. In a start/stoplatching circuit, what is the purposeof the 6 s & antontact?

Answer Key 3.4-1

1. For the start pushbutton, you would use@OL (Boolean).For the temperature
setpointyouwoulduseaREAL (floating-pointnumber).

2. If the sensor is OFF (value is 0), a Normally Open (NO) contact wikdise . (A
Normally Closed contact would be True in this case).

3. Thesealin c o nt pucpbséisto 0 | a torchblathe circuit in the ON stateafter
the momentary start button has been releakgutovides an alternate path for logic
flow to keep the output coil energized.

Information  Sheet 3.4-2: Using Timers and Counters

Objective  Explain the function and application of two essential PLC instructions: the
On-Delay Timer (TON) for timebased cotrol and the Count Up Counter (CTU) for
event tracking.

The On -Delay Timer (TON) A TON timer waits for a set amount of time after its
input condition becomes true before turning on its output.

AOperation:  Whenthelogic leadingintothet i mé t plirdis true , thetimer starts
accumulating timeWh en t he accumul ated time (O6ETO)
the output triei.t f (6Q®6é) i npubsol N6 becomes f
resets i mmediately (O6ET6 goes to 0, 0Q06

ACommon Parameters:

i IN (Input): A BOOL thatstartsthetimer whentrue.

i PT (Preset Time): Thetargettime duration(e.g., T#5sfor 5 seconds).

i Q (Output): A BOOL thatbecomegruewhenthetimeris done.

i ET (Elapsed Time): A TIME valueshowingthecurrentaccumulatedime.

AUse Case: Delaying the start of a motor, keeping an oven on for a specific duration,
timing a mixing process.
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The Count Up Counter (CTU) A CTU countelincrementsts currentvalueby one
each time its countip input sees a rising edge (goes from false to true).

AOperation: Eachtimethelogic leadinginto thed C Wia transitionsfrom false to
true ,thec o u n tueentvatue( 6 C Maeasedy 1. Whend C \Is@reaterthanor
equal tothe presetv a | u e the@iRpudtdi) (, 6 Quinstrue . The counter holds
its value unti |l the ORO (Reset) input bec

ACommon Parameters:

i CU (Count Up): A BOOL thatincrementghe counteron arising edge.
i R (Reset): A BOOL thatresetghe counterto O whentrue.

i PV (Preset Value): Thetargetcountvalue(anINT).

i Q (Output): A BOOL thatbecomegruewhenCV >= PV.

i CV (Current Value): AnINT showingthecurrentcount.

AUse Case: Countingpartsonaconveyorbelt, trackingthenumberof machinecycles,
counting rejected products.

Self -Check 3.4-2

Answerthefollowing questionsabouttimersandcounters.

1. AnOnDel ay Ti mer ( TON) halst 9 t&PT 0 pindter DO ND e
5 seconds, t he A&MWhMdG widnalt hpgoesaal fuael od. t h
and the 6Q6 (Output) bit be?

2. Whatis thekey differencebetweerat i mé it @¢iandac o u n 6 € kpia>s

3. How do you reseta CTU counterbackto zero?

Answer Key 3.4-2

1. The timer will reset immediatelyTt he O ETO6 wi | | go to O, and
False.

2. At i mé t Blével -sensitive (itisactiveaslongastheinputistrue).)Acount er 6 s
0 C U &@dge -sensitive (it only acts on the moment the input transitions from false
to true).

3. You reseta CTU counterby makingits 6 R(Beset)inputtrue.

Job Sheet 3.4-1: Programming a Start/Stop Latching Circuit

/& Job Sheet 3.4-1

Performance Objective

Given a configured PC and PLC, the trainee will create tags, write a standard
start/stop latching circuit in ladder logic, download the program, and test its func-
tionality by monitoring the logic online.
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Safety First

Ensureall connectionsare secure. Be awareof the P L C 6pgrationalstate
(RUN/STOP).

Supplies and Materials

AcConfiguredPCwith PLC IDE (from LO3)
AConfiguredPLC with powersupply(from LO3)
Alx Normally Open(NO) Pushbuttorffor Start)
Alx Normally Closed(NC) Pushbuttor(for Stop)
Alx IndicatorLight (or relay)

Al/O wiring

Procedure

1. Hardware Connection:
AWire the NO Startbuttonto the first PLC digital input (e.g., 10.0).
AWire the NC Stop buttonto the secondPLC digital input (e.g.,10.1).
AWire the Indicator Light to the first PLC digital output(e.g.,Q0.0).
2. Create PLC Tags: InyourPLCIDE, createthreenewtags:
AStart_PB(BOOL) linked to your first input address.
AStop_PBBOOL) linked to your secondnput address.
Alndicator_Light(BOOL) linked to your first outputaddress.
3. Develop Ladder Logic:
ACreateonenewladderlogic rung.
APlacea Normally Open(NO) contactusingthe Start_PBtag.
APlacea Normally Closed(NC) contactin seriesusingthe Stop_PRag.
APlacean OutputCoil usingthe Indicator_Lightag at the endof the rung.
A\Add a branch around tf&tart_PBcontact.On this branch, place a Normally
Open (NO) contactusing the Indicator_Lighttag. This is your seatin.
4. Download and Test:
ACompile yourprogramto checkfor errors.
ADownloadtheprogramto thePLC.
APlacethe PLC in RUN mode.
5. Monitor and Verify:
AGo0o On | with thé&PLC to monitorthe logic live.
A\Pressthe physical Start button. Observethat the Indicator_Lightcoil
turns on and stayson even after you releasethe button.
A\Press the physical Stop buttaDbserve that the logic continuity is broken
and the Indicator_Lightcoil turns off.
ADemonstratehe working circuit to your trainer.
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Performance Ciriteria Checklist for Job Sheet 3.4-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee during the task and

verify the final program execution.

Performance Criteria Questions Yes | No

Were symbolic tags createdcorrectly with the properdatatypes
(BOOL)?

Was the ladder logic constructed corredittyplementing the stan
dard start/stop latching (seal) circuit?

Wasthe userprogramsuccessfullydownloadedo the PLC?

Did the trainee successfully
test and verify the logic?

Did the final circuit operate as expected (start, latch, and step ¢
rectly)?

Train Feedback / Comments: Train Signature:
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3.5 Learning Outcome b5: Visualize Pneumatic and
Hydraulic System on HMI Screen

Assessment Criteria

ADesignasimpleHMI screerwith alogicallayoutfor machinevisualizationandcontrol.

AAdd and configure basic graphical objects, including buttons, indicator lights, static
text, and simple shapes (rectangles, circles).

ALink HMI object properties (e.g., color, visibility, text content) to PLC tags to display
the systemds status.

ACreate a simple animation, such as a rectangle representing a cylinder piston moving
based on thetate of PLC tags.

AlmplementHMI buttonsthat write to PLC tagsto control a pneumaticor hydraulic
actuator.

ADownloadthe HMI projectto the paneland test the visualizationand control in
conjunction with the PLC program.

Required Components

Z

I ENIRIRGIENFE IS

Component

ConfiguredPLC, HMI, andPC (from previousLO)
PLC programmingsoftware(IDE)

HMI programmingsoftware(IDE)

24 VDC panelpowersupply
Doubleactingpneumatiacylinderwith positionsensors
5/2-way doublesolenoidvalve

Compresseair supply,tubing, andfittings

Wiring for solenoidvalve coils and sensors

Learning Activities

Learning  Activity Resources

DesignandTestHMI Visualization .
9 Alnformation Sheet3.5-1

ASelf-Check3.5-1
Alnformation Sheet3.5-2
ASelf-Check3.5-2
AJobShee3.51
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Information ~ Sheet 3.5-1: Introduction  to HMI Development

Objective Introduce the fundamental concepts of HurMachine Interface (HMI)
design, its purpose, common objects, and the critical link between HMatah®LC
tags.

What is an HMI? A HumanMachine Interface (HMI) is a graphical user interface
that allows an operator to interact with and control a machine or process. It acts as the
ofaceo of the automation system.

APurpose: To replace physical push butig switches, and indicator lights with a
centralizedsoftwarebasedlisplay. Itprovidesvisualizationof the processallowsfor
control and parameterchangesand displaysalarmsand statusinformation.

AHMI Screen: The project is organized into orme more screens=ach screen is
designed for a specific task, such as machine control, recipe management, or alarm
viewing.

ATag Connection: The most critical concept. HMI objects (like buttons and lights)
are useless on their owmhey must be connected,r 0t agged, 06 to var.
t he PL CO& sTherA®dinmeadsyfrom PLC tags to display information and writes
to PLC tags to send commands.

Common HMI Objects HMI softwareprovidesalibrary of pre-built graphicalobjects
to build your screens.

AButt on: Usedfor operatorinput. Can be configuredin severalways:
i Momentary: ThelinkedPLCtagis TRUE only while thebuttonis beingpressed.
i Set/ Reset: Onebuttonsetsatagto TRUE, anothebuttonresetst to FALSE.
i Toggle: Each press inverts the state of the linked PLC tag (TRUE to FALSE, or
FALSE to TRUE).
Alndicator Light: Typically a circle or square that changes color based on the state
of aBOOL tagin the PLC. Usedto showstatus(e.g.,Motor Running,Valve Open).
AStati ¢ Text: Simple text labels that do not changised for titles, instructions, and
labeling other objects.

ANumeric/Text  Display: An objectthatdisplaysthevalueof aPLCtag(e.qg.,INT,
REAL, STRING). Used to show temperatures, pressures, counts, or messages.
ASimple Shapes: Rectangleslines,and circles used to draw static diagrams of the

machine or process.

Self -Check 3.5-1

Answer the followingquestions about basitiMI concepts.

1. Whatis the main purposeof an HMI in an automationsystem?

2. What is the differencebetweena 0 Mo me n HMIrbyttonanda o T o g giMle ©
button?

3. Todisplaya cyclecountfrom the PLC ontheHMI, which HMI objectwould you use,
and what datatype would its linked PLC tag be?
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Answer Key 3.5-1

1. The main purpose of an HMI is to provide a graphical interface for an operator to
monitor and control amachineor processteplacingohysicalcontrolswith acen
tralized software display.

2. A Momentar y buttonis only ON while beingpressedA Toggle buttonchangess
state(from ON to OFF or OFF to ON) eachtime it is pressedand holdsthat state.

3. YouwoulduseaNumeric Display  (or I/O Field) object. Itslinked PLC tagwould
typically be ariINT (Integer) or DINT.

Information  Sheet 3.5-2: Creating Basic Animations

Objective  Explain how to use HMI animation properties, such as visibility and color
changejo createdynamicvisualizationsthat reflect the reattime stateof the machine.

Dynamic Properties (Animations) Animationsbring a staticHMI screerto life
by changing object properties based on PLC tag values. This provides immediate visual
feedback to the operator.

AVisibility: Makes an object appearor disappear.This is controlledby a BOOL
tag. When the tag is TRUE, the object is visiblehen FALSE, it is invisible (or
vice-versa).

i Use Case: Showing an alarm icon only when an alarm tag is active. Displaying a
OCylinder Ext endedextergeddimittswitchisoobadey when tt

AColor Change: Changes the fill or line color of an objedthis can be based on a
BOOL (e.g., grey for OFF, green for ON) or an integer (e.g., green for state 0, yellow
for state 1, red for state 2).

i Use Case: A pumpgraphicthatis greenwhenrunningandgreywhenstopped.
A tankthatturnsred whenthe level is too high.

AMovement: Changes the X/Y position of an object on the scrdéw position is
linked to a numeric tag (INT or REAL) in the PLC. As the PLC logli@anges the
tagds value, the object moves.

i Use Case: A rectanglaepresentingcylinderpistonmoveshorizontallyasaPLC
tag Cylinder_Positionchanges from 0 to 100A box graphic moves along a
conveyor path.

Self -Check 3.5-2

Answerthe following questionabout HMlanimations.

1. You want a pipe on the HMI screen to appear green when a pump is running and grey
when it is stoppedwWhich animation property would you use, and what type of PLC
tag would you link it to?

2. To make a graphic of a cylinder piston move horizontally on the screen, what two
things are required (one in the HMI, one in the PLC)?

3.You want t ext t hdtvVEa ywyso aapplpleRRM AAQT t he s
fault occurs.Which animationpropertywould you apply to the text object?
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Answer Key 3.5-2

1.

2.

YouwouldusetheColor Change animationproperty.Youwouldlink it toaBOOL
tag in the PLC thatrepresentshe p u m gunrsEing status(e.g., Pump_Is_Running

In the HMI:  You need to apply Movement animation (e.g., Horizontal Movement)
to the pistongraphic and linkits position toa numeric PLC tag (e.gan INT). In
the PLC: You need to write ladder logic thahanges the value of that numeric
tag based on the machinebds state.

. You would applytheVisibility — animationto thetextobject, linkingit to theboolean

alarm tag in the PLC.

Job Sheet 3.5-1: Visualizing a Pneumatic Cylinder on an HMI

/& Job Sheet 3.5-1

Performance Objective

Given a configuredPLC and HMI, the traineewill write a simple PLC program
to control a cylinder, then design and download an HMI screen to visulhéze
cylinderés state and provide contr ol

Safety First

Ensure compressed air is connected and the system is Bmadyvare of moving
parts. Wear safety glasses.

Supplies and Materials

AConfiguredPC,PLC, andHMI (from previousLO)

APLC andHMI IDEs (e.g., TIA Portal)

ADoubleacting cylinder with RetractedLS1) and Extended(LS2) sensors
A5/2-way doublesolenoidvalve (Y1 to extend,Y2 to retract)
ACompresseair supply,tubing, andwiring

Procedure

1. Develop PLC Program:
Aln your PLC IDE, create tags for the HMI buttons (HMI_Extend_Cmd
HMI_Retract_CmédbothBOOLSs)andfor thecylindersensorandsolenoids.
AWrite two simpleladderrungs:
i Rungl: HMI_Extend_Cménergizeshe Y1 Extend_Solenoimbil.
i Rung2: HMI_Retract_Cmeaenergizeghe Y2_Retract_Solenoidoil.
ADownloadthe programto the PLC andplaceit in RUN mode.
2. Design HMI Screen:
An your HMI IDE, createanewscreertittedd Cy | iCroche m ol 0 .
AsStatic Drawing: Usesimpleshapegrectangleslines)to drawabasicrep-
resentation of a pneumatic cylinder.
AAdd Controls: Add two buttons labeled 0 E X T E Nand 0 R-E
T R A C TGonfigurethemas momentary  buttonsandlink themto the



3.5. LEARNING OUTCOME 5: VISUALIZE PNEUMATIC AND HYDRAULIC SYSTEMON HMI

HMI_Extend_Cmand HMI_Retract CmdPLC tags, respectively.

AAdd Indicators: Addtwocircleslabeledd R e t r andot Eexdt oe tWske
aColor Change animationoneach Jinking themto theLSlandLS2sensor
tags so they turn green when active.

3. Create Animation:

ADraw a smallrectanglensideyour cylinder drawingto representhe piston.

AApply a Visibility animationto the pistongraphic.Add two appearances:
i Makeit visiblewhenthe LS2Extended}agis TRUE.

i Makeit invisible whenthe LS2tagis FALSE.
i (Alternative: Usea Movementanimationlinked to a positiontag).
4. Download and Test:

ADownloadthe HMI projectto the panel.

AdTest the systemPr ess the OEXTENDO button
the physical cylinder extends. T
turn green, and your piston graphic should appear (or move).

APress the ORETRACTO button and v
updates accordingly.

ADemonstratehe fully functional visualizationto your trainer.

Performance Criteria Checklist for Job Sheet 3.5-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee during the task and

verify the functionality of the final HMI screen.

Performance Criteria Questions Yes | No

Was the HMI screen designed with a logical layout, incluthiasjc
objects (buttons, indicators, text)?

Were the HMI indicator lights correctly linked to PLC sensor tag
to show the cylinderdés statu

Did the trainee successfully create a simple animation (visibility,
movement) to visualize the piston?

Did the HMI buttonscorrectly write to PLC tags and control the
physical cylinder?

Wasthefinal HMI projectsuccessfullydownloadedandtestedwith
all elements functioning as designed?

Train Feedback / Comments: Tr ai n  Signature:
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Module 4

Perform Advanced
Electro -Pneumatic Control
Application

Module Descriptor

This advancednodulecoversthe knowledge, skills, andttituderequiredto programand
implementPLC-baseckelectrepneumatiacontrolsystems Corecompetenciesicludede
velopingladderlogic, designingdMI interfacesandapplyingarangeof PLC instructions
to controlmulti-cylindersequencesn aphysicaltrainingboard. This modulebuildsupon
previous knowledge of basic pneumatics and relay logic.

Nominal Duration: 40Hours

Performance Criteria

Todemonstrateompetencyn thismodule Jearnersmustachievehefollowing outcomes
by the end of the training:

1. Identify and explain the function of components in a Ph&3ed electrpneumatic
system, includinghte PLC, I/O modules, and interfaces.

2. Develop correct ladder logic programs in TIA Portal to implement specified control
requirements, including logic gates, timers, and counters.

3. Design and create functional HMI screens with buttons and indicators that are cor
rectly linked to the PLC program.

4. Translate written sequence descriptions (e.g., A+ B+M) into a functional PLC
program.

5. Interface andphysicallywire PLCI/O modulego reatworld electrepneumaticom:
ponents like sensors, pushbuttons, and solenoid valves.

6. Integrate andapplyadvancedhstructionssuchasMOVE, Comparisonandprogram
control (JMP/CALL) to solve complex sequencing tasks.

7. Program and implement a completemulti-cylinder (3cylinder) sequential opera
tion on a physical training board.

8. Download programs to both the PLC and HMI, and use online monitoring tools to
test, troubleshoot, and debug the system.

9. Adhere to all safety procedures when working with pgtg/sical PLC training hard
ware.

151
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0

4.1 Learning Outcome 1: Logic Gate Implementa -
tion and Basic I/O

Contents

This learning outcome serves as a practical refresher for your basic PLC programming
skills. You will apply your knowledge of fundamental ladder logic instructions to imple
ment classic logic gates (AND, OR, NOT), create latching circuits, and design a simple
HMI screen to interact with your program.

Assessment Criteria

To demonstrateompetenceén this outcome,you mustbe ableto:

1. PLC ladderlogic diagramsare analyzedand interpretedto understandhe required
control sequences.

2. Systemrequirementaretranslatednto ladderlogic functions.

3. Ladderdiagramis developediusingappropriatedevices.

4. ElectricalconnectiondetweenPLC modulesand[HMI/operatorpanel]laremade.

Required Components

No. | Component Order No.

1 | Computerwith TIA Portal (STEP7 and WinCC) (SoftwareLicense)

2 | SiemensS7-1215CPLC TrainingKit (StationEquipment)
3 | SiemensHMI BasicPanel (StationEquipment)
4 | EthernetCable (StationEquipment)

Learning Activities

Learning  Activity Resources

Logic GatelmplementatiorandBasicl/O.
9 P Alnformation Sheet4.1-1

ASelf-Check4.1-1
Alnformation Sheet4.1-2
ASeltCheck4.1-2
AlJobSheetd.1-1
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Information Sheet 4.1-1: Implementing  Logic Gates in Ladder
Logic

Objective  After completingthis sheetyou will be ableto write ladderlogic programs
to implement AND, OR, and NOT functions using basic PLC contact and coil instruc
tions.

Content

1. The AND Function (Series) TocreateanAND function,placetwo Normally
Open(--] | --) contactinstructionsin series. Theutputcoil will only beenergizedf
Input 1 AND Input 2 are both active.

2. The OR Function (Parallel) TocreateanORfunction,placetwoNormallyOpen
(--] |--) contact instructions in parallel by creating a branch. The output coil will be
energized if Input 1 OR Input 2 istive.

3. The NOT Function (NC Contact) To create a NOT function, use a single
Normally Closed(--|/| --) contact instructionThe output coil will be energized when
the input is NOT active.

- Network 1:

“Swich -1" "Swich-2" "Load”

‘ W00 01 300
| | | 1 I

Figure4.1: Ladderlogic for the AND functionusingtwo contactsn series.
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- Network 2:

“d0 .0 W00
“Swich -1" "Load"
I 1 | 1
1 | 1
01
“Swich - 2"
] |

Figure4.2: Ladderlogic for the OR function usingtwo contactsn parallel.

- Network 3:

0.0 W0 .0
“Swich -1" "Load”

I

/1 { }

Figure4.3: Ladderlogic for the NOT functionusinga Normally Closedcontact.

Self -Check 4.1-1

Instructions

1. How aretwo contactsarrangedo createan AND function?
2. If only oneof two inputsin an OR functionis active,will the outputbe ON or OFF?

Answer Key 4.1-1

Answers

1. Theyarearrangedn series.
2. The outputwill be ON.
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Information  Sheet 4.1-2: Latching Circuits and Basic HMI De-
sign

Objective  After completing this sheet, you will be able to program a latching- (self
holding) circuit and desigra basidHMI screenwith buttonsandindicatorslinked to your
PLC tags.

Content

1. The Latching / Self-Holding Circuit A commonproblemwith asimplepush
button is that the output turns off as soon as you release the bAittatching circuit
solves this by wusing tihned0 oaurt pouht 0dlsd do wnh ec ocnit

Alogic: ANormal ly Open o0Starto button is place
contact from the output coll itself.

ATo Stop: A Normally Closed 0Stopodo button is
branch.Pressingthe Stop button breaksthe sealand turns the output off.

2. HMI Design and Tagging An HMI allows an operator to control the PLC. We
do this by linking HMI objects to PLC tags (variables).

APLC Tags: ForHMI control,we useinternalmemorybits (e.g.,%MO0.0foro HMI _ St ar t o,
%MO0.1foro HMI _ St op o) .

AHMI Objects: Weusead But obgectfor inputandado Ci rawd edwdi cat or 0
object for output.

Alinking: I n t he HMI software (Wi nCC), we | ink
PLCtag. Welink theo A p p e a (ed.rcaloe) of anindicatorto anotherPLC tag.

Self -Check 4.1-2

Instructions

1. In alatchingcircuit, whatis the purposeof the Normally Closedd St buttan?
2. What is the generalnamefor the variablesthat link an HMI objectto the PLC
program?

Answer Key 4.1-2

Answers

1. Its purposeis to breakthe circuit ando u n | ahe autpud, turning it off.
2. Theyarecalledo Tags 0.
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Comment
€0 .0 6o %000
“Swich -1" “swich-2" "Load"”
] | ]
1 1 |/1 { :
0o
Swich -2°
] |
1 I

(a) Latching circuit in ladder logic.

e T —

-~ [
PLC Latching Control p =

MOTOR_STATUS

Q START | | STOP
OFF

-

(b) Corresponding HMI screen.

Figure4.4: A PLC latchingcircuit andits associatedHMI operatorinterface.

Job Sheet 4.1-1: Implement Logic and Latching with PLC and

HMI

Performance  Objective

Youwill createasinglePLC programandacorrespondinddMI screerthatdemonstrates
AND logic and a Latching circuit.
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Procedure

1. Project Setup: CreateanewTIA Portalprojectwith a PLC andanHMI. Establish
the connection.
2. PLC Program:
ARung 1(AND Logic): Write arungwheretwo HMI inputs(%M0.00 But t on _ A0,
%MO0.10 Bu t t oarein Bedesto controla PLC output(%Q0.00 Li ght _10) .
ARung 2 (Latching Circuit): Write a separate rung for a latching circiin
HMI O0St ar%MlQbuatntdo nan( HMI %MBI vallpcontrobaut t o n
second PLC outpu4Q0.10 Li ght _20) .
3. HMI Design:
AOn one screen createall the necessarybjects: two momentarybuttonsfor the
AND | ogic (oButton A0, OButton Bo) and

AOn the same screen, add a anroymeon3taorpyo obSutt:
and a second indicator (oLight 20) for 1
4. Linking: Connectall HMI objectsto their correspondind’LC tags.
5. Download & Test: Downloadboth projects.
6. Demonstrate: ~ Showyourtrainer:
AThato L i J dantyturnsonwhenyoupres B u tAt0BANID 0 B u tBtdmthe
screen.
AThatpressingd St amgd & i 2 dntandit STAYSonafteryoureleaset, and
t hat pressing O0Stopo turns it of f .

Performance Criteria Checklist 4.1-1

For Tr ai nédse Ody

Tr ai n e Nanhes: Date:

Performance Criteria Questions Yes | No

2.3 Wasthe ladderdiagramdevelopedcorrectly, showingboth a
series (AND) and a latching circuit?

3.2 WastheHMI screerdesignedvith all requiredobjectsandwere
they correctly linked to the PLC tags?

2.1 & 2.2 Did the trainee successfully demonstrate that both tf
AND logic and the latching circuit function as required?

Tr ai nleeedbask: Signature:
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4.2 Learning Outcome 2: Single Cylinder Sequencin g
with Timers and Counters

Contents

This learning outcome introduces tirhased and eveitlased control for a single preu
matic actuator.You will learn to integrate timers to create process delays and counters
to track cycles.This moves you from simple instantaneous logic to creating automated
sequential operations.

Assessment Criteria

To demonstrateompetencen this outcome,you mustbe ableto:

2.4 Theeffectof eachlogicalfunction[e.g.,timer, counter]on actuatorss determinedand

articulated.
2.5 Programmingerrorsandlogic faults are detectedand corrected.
4.4 Timers, counters, and sensor inputs are integrated to manage the sequence timing and

cylinder position feedback.

Required Components

No. | Component Order No.
1 | PLC TrainingKit (S7-1215Cwith TIA Portal) (StationEquipment)
2 | 1x Doubleacting cylinder 152888
3 | 1x 5/2-way single solenoidvalve 567199
4 | 2x Limit switch, electrical(or Proximity Sensors) 183322/45
5 | PushbuttonsPowerSupply, Tubing etc. (StationEquipment)

Learning Activities

Learning  Activity Resources

SingleCylinder Sequencingvith TimersandCounters.
gety 9 Sl Alnformation Sheet4.2-1

ASelf-Check4.2-1
AJobSheetd.2-1
Alnformation Sheet4.2-2
ASelf-Check4.2-2
AJobSheetd.2-2
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Information ~ Sheet 4.2-1: Time -Based Sequencing (A+ Y 5s Y
A-)

Objective

After completing this information sheet, you will be able to program and implement a
time-based automatic sequence using anD@fay Timer (TON) instruction in ladder
logic.

Content

1. Time -Based Control  Many industrial processes require ati@actto be delayed
(e.g., holding a part for gluing, heating, or cooling). For this, we use a Timer. The most
common is the Oibelay Timer (TON), which waits a set amount of time after its input
becomes true before turning on its output bit.

2. The TON Instruction in TIA Portal A TON block hasseveralkey parameters:

AIN: Theinputconditionthatstartsthetimer (e.g.,alimit switchbeingactivated).
APT: Thed Pr &s$ entetlie durationof the delay (e.g., T#5sfor 5 seconds).
AQ: The outputbit that becomesTRUE only after the timer hasfinished counting.
AET: Theo E| a P s mehioh showsthe currenttime valueasit countsup.

3. Sequence Logic: A+ Y 5sY A- The goal is to extend a cylinder, have it wait
at the extendedposition for 5 secondsand then automaticallyretract.

1. A StartButtonenergizesninternalrelay (memorybit) thatcontrolsthecycle.

2. This memorybit energizeghe ExtendSolenoid(Y1), causingcylinder A to extend
(AH.

3. The cylinder extendsuntil it hits the extendedimit switch (LS2).

4. LS2 providesthed | 8slgnalto a TON block, startingthe 5-secondcountdown.

5 When the timerds 06Q06 output becomes TRUE,
which deenergizes the Extend Solenoid (Y1), causing the cylinder to refct (

The completdadderlogic for this sequencés shownin Figure4.5.
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—C e M0.0
10.0 Start_Buttom T1.Q Cycle_Activ
MO0.0

S

—C__ ) (Q0.0
MO0.0 Cycle_Active Extend_Solenoid_Y
T
—C_ N 455
10.1 Extended_LS2 PT . T#0ns
Q| . |T#0ms

Figure 4.5: Ladderlogic for a time-basedsequencdA+ Y 5sY A-).

Job Sheet 4.2-1: Implement a Time -Based Sequence

Performance Objective

Followingthelogic from InformationShee#.2-1, youwill programwire, anddemonstrate
a functional timedelayed cylinder sequence.

Procedure

1. Plan: Createan I/O AssignmentList for 1 DAC, 2 limit switches,1 startbutton,
and 1 solenoid.

2. Program: Write theladderlogicin TIA Portalto achievethe A+ -> 5s -> A-se
quence as shown in Figudeb.

3. Assemble: Physicallywire all componentso thePLC. Connecthepneumaticcom-
ponents.
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4. Safety Check: Haveyourtrainerverify yourwiring beforeapplyingpower.
5. Download and Test: Download your program and test the systéhit does not

wor k, use the o0Online Monitoringo tool t
6. Demonstrate:  Showthe fully functional sequence your trainer for assessment.

Performance Ciriteria Checklist 4.2-1

For Tr ai n¥se Ody

Tr ai n e NMahes: Date:

Instructions for the Trainer: Observe the traineebo
of the physical system. Assess their competence against the following criteria. Mark
”Yes” if the performance is satisfactory and ”No” if it is not.

Performance Criteria  Questions Yes | No

4.4 Was an On-Delay Timer (TON) correctly integratedinto the
ladder logic to manage thesecond delay?

44 Was the timeros I nput cCof
position sensor, and was t h-g
traction sequence?

2.4 Did thefinal systencorrectlyperformthefull A+-> 5s-> A-
sequence upotemonstration?

3.2 Wereall physicalcomponentgPLC, valve, sensorsgcylinder)
wired and plumbed correctly according to the I/O plan?

2.5 (If applicable) Was the trainee able to use the monitoring {
to logically troubleshoot and correct any errors in their progral
wiring?

Tr ai nkEeedb ack / Comments:

Tr ai n 8ignatsre:
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Information  Sheet 4.2-2: Event -Based Sequencing with Counters
and HMI

Objective

After completing this information sheet, you will be able to program an éwsesdd
sequence using an Wpounter (CTU) and create an HMI to control and monitor the
process.

Content

1. Event -Based Control with Counters Countersareusedvhenanactionshould
occuronly after a certain number of events. The-Cgunter (CTU) is ideal for this. It
incrementdts value eachtime it receivesa signal pulseat its CountUp (CU) input.

2. The CTU Instruction in TIA Portal

ACU: Thed C o Wmp tinput, triggeredby a rising edgesignal.

AR: Theo R e simput. &henTRUE, it setsthec o u n vatue(6\4 to 0.

APV: Thed Pr &= ¢ tuthelargetnumberof counts.

AQ: The outputbit, which becomesSTRUE whenCYV is greaterthanor equalto PV.
ACV: Thed Cu r V & In umdich@anbe displayedon an HMI.

3. HMI for Process Monitoring  For a counting processthe HMI is crucial. It
allows the operator to:

AStart the process.

AReset thecount.

AMonitor thecurrentnumberof cyclescompleted.
ASeethestatus (e.g.,0 Pr oC®msl et ed) .

To display the count, we use an ol /O Field
counterdés CV tag.

4. Sequence Logic: Run 3 Cycles then Stop  The goal is to make a cylinder cycle
(A+ A-) for exactly 3 times, controlled from an HMI.

1. An HMI 0 St éuttanbeginsthe cycling process.
2. An HMI 0 R e sbattortresetsthe counter.
3. Each time the cylinder completes a cycle (detected by the retracted limit switch LS1),
it triggers the counterdés CU input.
4. Themaincyclelogic is only allowedto runif thec o u n bugput@ is FALSE.
5. Whenthe countreaches3, thec o u n QeutpoitbecomesrRUE, which stopsthe
cycle and turns on a OProcess Compl eteo i

Theladderlogic andHMI screerfor this areshownin Figure4.6 andFigure4.7.
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cTo CTU cVv>
oy Tl Heset '@, LST PV — Cycle_Count_DB.CV
- PU —J- O LsT
_CIVIO:1>_ HMI_Reset O RV |— Cycle_Count_DB.CV
PV ? Q |— Process_Complete_DB.Q
—C ) Q0.0
Master Control_Bites Process_Complete_\Q
HMI_Start_Complete_DB.Q
—— é Master_Contl_Enable OY1

Figure 4.6: Ladderlogic for a multi-cycle sequencaisinga CTU counter.

Job Sheet 4.2-2: Implement an Event -Based Sequence with HMI

Performance Objective

Followingthelogic from InformationSheet.2-2, youwill programamulti-cyclecounting
sequencejesigna correspondingdMI interface ,anddemonstrat¢hefunctionalsystem.

Procedure

1. Plan: Create an I/O Assignment List for the physical components (1 DAC, 2 limit
switches, 1 solenoid).

2. PLC Program: Writetheladderlogicin TIA Portalto makeacylindercycle3times
and then stopUse a CTU counterThe process should be started aedet from
HMI tags @6Mbits).

3. HMI Design: Designascreenwith:
AA 0 S t Qayr ct buetodn.
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SIS

3-Cycle Process Control

Cycles Completed

RESET
Target Cycles
3 OFF
Process
Complete

Figure4.7: HMI screerfor controllingandmonitoringthe countingprocess.

AA 0 Re €6 ti n butan.o

AAn o | F O etodisplaythec o u n tuerenivaue (CV).
AAn indicatorlight for6 Pr oCems! et e 0 .
Linking: Connectall HMI objectsto the appropriatéPLC tags.

. Assemble & Safety Check: Physicallywire all componentaindhaveyourtrainer

verify your setup.

. Download & Test:  Downloadbothprojects.Testthesystento ensurahecylinder

cycles exactly 3 times, the HMI display updates correctly, and the reset button works.

. Demonstrate:  Showthefully functionalPLC-HMI applicationto your trainer.

Self-Check 4.2-1

Instructions:  Answerthefollowing questions.

1.

2.

What is the main problemthat o S t Legpg iisdeasignedto solve in multi-cylinder
circuits?

In the A+ B+ B- A- sequence, what event must happen to transition from Step 2 (B
extending) to Step 3 (B retracting)?

. Whattype of PLC memoryis typically usedto represeneacho St m thé&sequence?
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4.3 Learning Outcome 3. Multi -Cylinder Sequencing
and Program Control

Contents

This learning outcomeelevatesyour programmingskills to control multiple actuators

in a coordinated sequenc¥éou will learn how to manage the interaction between two
cylinders, prevensignalconflicts, andntegratetimersandcounteranto a multi-cylinder
process.You will also be introduced to program control instructions for better code
structure.

Assessment Criteria

To demonstrateompetenceén this outcome,you mustbe ableto:

4.1 Sequentl control requirements for [multdylinder operations are analyzed and-doc
umented.

4.3 Control logic is expanded to incorporate [twryjinder sequential operations, manag
ing synchronization and interlocking.

2.5 Programmingerrorsandlogic faults are detectedand corrected.

2.6 Ladder logic programs are downloaded to the PLC hardware and integrated with the
electrepneumatic system.

Required Components

No. | Component Order No.
1 | PLCTrainingKit (S7-1215Cwith TIA Portal) | (StationEquipment)
2 | 2x Doubleacting cylinder 152888
3 | 2x 5/2-way single solenoidvalve 567199
4 | 4x Proximity sensor(Magneticor Inductive) 2344752
5 | PushbuttonstHMI Panel,PowerSupply,etc. (StationEquipment)
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Learning Activities

Learning Activity

Resources

Multi-Cylinder Sequencingind ProgramControl.

Alnformation Sheet4.31
ASelt-Check4.31
ATask Sheet4.3-1
Alnformation Sheet4.3-2
ASelf-Check4.3-2
ATask Sheet4.3-2
ASelt-Check4.3-2
Ainformation Sheet4.3-3
ATask Sheet4.3-3
ASelf-Check4.3-3

Information  Sheet 4.3-1: Two -Cylinder
A-)

Objective

Sequencing (A+ B+ B-

After completingthis sheet,you will be ableto programa sequentialA+ B+ B- A- se

guence using proximity

Content

1. The Challenge of Multi  -Cylinder Control

sensors and

t he

Whencontrollingmorethanone
cylinder, the main challenge is preventing signal confliEts. example, the sensor that
signals the end of th&+ motion must trigger th&+ motion, but it must NOT interfere
later in the cycleTo solve this, we use amethodchked 0Step Logi co

2. Step Logic with Memory Bits SteplLogicusednternalmemorybits(M-flags)to
represent each step of the sequel@e.l vy one 0Stepo i

the conditions for the next step to occur.

AStep 1: Activatedby the Startbutton. It turnson SolenoidY1 (for A+.
AStep 2: Activatedwhen Stepl is active AND sensorfor A+ is made. It turnson

Solenoid Y2 (forB+ and turns off Step 1.

S

act.i

AStep 3: Activatedwhen Step2 is active AND sensorfor B+ is made. It turns off

Solenoid Y2 (forB-) and turns off Step 2.

AStep 4: Activated when Step 3 is active AND sensorfor B- is made. It turns off

SolenoidY1 (for A-) and turns off Step3.

AThefinal sensoffor A- resetshe whole sequencdackto theinitial state.

0st

(or

vV e
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— » Sensor LS1 (A-)

IC3 Start Button & LS1 & LS3

~Snsor LS22 Action:
(A+)

Figure4.8: Exampleof StepLogic for anA+ B+ B- A- sequence.

Job Sheet 4.3-1: Implement a Two -Cylinder Sequence
Task

Performance  Objective

Followingtheo s tl e gy methadfrom InformationSheet4.3-1, youwill program,wire,
and demonstrate a functiorft B+ B- A- sequence using two doukéeting cylinders.

Procedure

1. Plan: Createanl/O AssignmentList for the requiredcomponents:
Alnputs:  1x StartPushbuttondx Proximity Sensorgfor A-, A+, B-, B+).
AOutputs:  2x SolenoidCoils (Y1 for A+, Y2 for B+).

2. PLC Program: Write the ladderlogic in TIA Portalto achievethe A+ B+ B- A-
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sequencdJseinternalmemorybits (%M flags)to implementhesteplogic asdescribed
in the Information Sheet.

3. HMI Design: Cr eat e a si mpl e HMI screen with
button. Add indicator lights foeach step of the sequence (
Ext endi ninked to yautstep I9gic memory bits.

4. Assemble: Physically wire all components to the PLC according to your I/O list.
Connect all pneumatic components for two dotdsieng cylinders.

5. Safety Check: Have your trainer verify your complete wiring and plumbing before
applying power.

6. Download & Test: Download both the PLC and HMI projectBest the system
by pressing the HMI oStarto button. Us e
Monitori ngo t ool to troubl eshoot any errors |

7. Demonstrate:  Show the fully functionaA+ B+ B- A- sequence to your trainer for
assessment.
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Information  Sheet 4.3-2: Adding a Timer to a Sequence

Objective

You will learn to integrate an GRelay Timer into a multitylinder sequence to create a
process delay.

Content

1. Integrating a Timer Addingatimeris simplewith StepLogic. Insteadf asensor
immediately triggering the next step, we use the sensor to trigger afinee t i mer 0 s
oDoneo bit then triggers the next step.

2. Sequence Logic: A+ B+ (wait 5s) B- A- L e tnidify our previoussequence.

AThesequenceunsasbeforeuntil CylinderB is fully extendedB+).

AThe sensorfor B+ doesnot trigger Step 3 directly. Instead,it startsa 5-second
On-Delay Timer (TON).

AAfter 5secondsthet i mé Raditputbecomesrue. Thisd Qbit is nowthecondition
that activatesStep 3, which beginsthe retractionsequencgB-).
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Idle ——

|
Start Button & LS1&LS3

y

Step 1: Extend A (A+)
Action: Y1 ON

T
Sensor LS2 (A+)

Step 2: Extend B (B+)

Action: Y2 ON

T
Sensor LS4 (B+)

Step 2.5: Dwell Timer
Action: Timer T1 Enabled (PT=5s)

|
Timer T1.Q (Done)

v

Step 3: Retract B (B-)

Action: Y2 OFF

Sessor LI(A)

|
Sensor 1S3 (B-)

Step 4: RetractA(A-) |
Action: Y1 OFF

Figure4.9: Integratinga TON timerinto the A+ B+ B- A- sequence.

Job Sheet 4.3 -2: Add a Time Delay to a Sequence
Performance Objective

You will modify your previousA+ B+ B- A- programto include a 5-seconddwell time
after cylinder B extends,creatingthe new sequencéA+ B+ (wait 5s) B- A-.

Procedure

1. Open Project:  Start with your completed and functional program from Task Sheet
4.31.

2. Modify PLC Program:
A\In your ladderlogic, locatetherungthatinitiatesthe B- motion (Step3).
AModify this rung so that the B+ proximity sensomo longer directly triggersthe
nextstep. Instead,t shouldtriggeranOn-Delay Timer (TON) with apreset



4.3. LEARNING OUTCOME 3: MULTI -CYLINDER SEQUENCING AND PROGRAMCONTROL1

time of 5 secondgT#53.
AUsethet i melanébit (.Q) asthe new conditionto startthe B- motion.
3. Modify HMI Design (Optional but Recommended):

AAdd a text field or I ndi cator on your F
and |link i1ts wvisibilliNoy.QtThis grdvides visuaner 6 s
feedback to the operator.

4. Download & Test:

ADownloadthe modified PLC andHMI projects.

ARun the sequence and use a stopwatch to verify that cylinder B remains extended
for approximately 5 seconds before the retraction sequence begins.

ATroubleshootinyissueswith your timer logic.

5. Demonstrate:  Showthefully functionaltimedsequencéo your trainerfor assess
ment.

Self -Check 4.3-2

Instructions:  Answerthefollowing questions.

1. Which PLC instructionis usedto createa time delayafter aninput becomegrue?

2. In thesequencé&\+ B+ (wait 5s) B- A-, whatis theinput conditionfor thet i mer 6 s
IN terminal?

3. Whatis the outputof the timer (.Q) usedfor in this sequence?
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Information  Sheet 4.3-3: Counting Sequence Cycles

Objective

You will learn to use a counter to run a nmuaiylinder sequence for a preset number of
times and then automatically stop.

Content

1. Automatic Cycle Control To run a process for a set number of cycles (e.g., 50
times), we use acounteh he countbkr s wbul partct as a mas
signal for the entire sequence.

2. Sequence Logic: Run A+ B+ B- A-50 Times

AWe usean Up-Counter(CTU) with a Presetvalue (PV) of 50.
AThe main o0Starto button from the HMI wil
out put 60Q6 i s FALSE (meamhng tbBeoooumtper

logic.
AAt theendof eachfull cycle(e.g.,whenthesensoffor A- is triggered) we sendapulse

to the o0Count Upo (CU) input of the count
AWhenthecountreache$0,thec o u n 6 €obitputbecomed RUE. Thisimmediately

di sables the opermissiono | ogi c, prevent.i
AA sepasate d®Réeéton on the HMI is wired t

allowing the operatorto resetthe countto 0 and starta new batch.
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System Idle
(Ready)

HMI
Start Button
Pressed?

Yes Is Counter Done?
(Counter.Q = FALSE)

HMI Ruton_Resset

Yes
Is Counter_Done Process: Run Action:
ONE full A+ Eﬁ
NO1 A+ B++ B-
k | A-Cycle — = Counter (Counter.CU)
Action: -
Increment Counter
(Counter.CU)
Reset Button
Pressed

Action: Activate
“Process "Process
Complete” on HMI

Cycle Complete-Awaiting
Reset

HMI Reset

——O OCounter.R)

L

Figure4.10: Using a CTU counterto control the total numberof sequenceycles.

Self -Check for Learning Outcome 3

Instructions

Answerthefollowing questiondo reviewthekey conceptdrom this learningoutcome.

1. What is the main challenge when programming a raylinder sequence, and what
programming method can be used to solve it?

2. In the sequenceA+ B+ (wait 3s) B- A-, what eventshouldtrigger the start of the
3-second timer?

3. You want a machineto run exactly 100 cycles. Which PLC instructionwould you
use?What value would you set for its Preset Value (PV)?

4. To makea sequencestop after reachingthe presetcount,you shouldusea Normally

contactof thec o u n pbuputdits(.Q) asa o p e r mi cordition fioro

the cycle to run.
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Answer Key for Learning Outcome 3

Answers

1. Themain challengeis preventingsignal conflicts . Theo St ¢ @ g i ar ©ascade
method,usinginternalmemorybits, canbe usedto solveit.

2. The event that should trigger the timer is the activation optbgimity sensor

for B+ (the sensor that confirms Cylinder B is fully extended).

YouwoulduseanUp -Counter (CTU) . Youwouldsetits PV to 100.

You shoulduseaNormally Closed (NC) contact.Thisallowsthecycleto runwhen

the counter is notdonegnd br eaks the <circuit when t

true.

hw

Task Sheet 4.3-3: Implement Automatic Cycle Counting
Task

Performance  Objective

You will modify your A+ B+ B- A- program to automatically run for a preset number of
cycles (50 times) and then stop, displaying the status on the HMI.

Procedure

1. Open Project:  Startwith your completedorogramfrom TaskShee#.3-1 (thenon
timed version).
2. Modify PLC Program:
AAdd anUp -Counter (CTU) to your program.Setits Presetalue (PV) to 50.
AFind the signal that indicates a full cycle has been completed (e.g., the rising edge

of the A proximity sensor)Us e t hi s si gnal to trigger
(CU) input.

AAdd amicspdrond condition to the vEwey fir
sequence should only be all o@&as&#ALBED st ar
Use a Normally Closed contact of the co

AAdd a new rung rf otrhat Owielslettor ibgugero t he
input.

3. Modify HMI Design:

AAdd a new OReset Countero button to youl

in your PLC.
AAdd ano | [FO e bbedto displaythe c o u n Cerrerd\&lue (.C\}, so the
operator can see how many cycles have run.

AAdd an indicator | ight for oOProcess Comj

bit (.Q).
4. Download & Test:
A\For testingpurposeschangethec o u n P\éto asmall number like 3.
ADownloadboth projects.
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ARun the system. Verify that the sequenceuns exactly 3 times and then stops.
Checkthattheo Pr o C e s | light ®iras on andthe HMI countis correct.

ATest the OResetod button to eaocessitoran i t ¢l
again.
5. Demonstrate:  Show the fully functional counting system (set back to 50 cycles or
as instructed) to your trainer for assessment.
Self-Check 4.3-3
Instructions:  Answerthefollowing questions.
1. Which PLC instructionis usedto countthe numberof timesan eventoccurs?
2To stop a sequence after 50 cycl es, a Nor
(Q is used as aWihypnastinbe Nosmally €losed®i g n al
3. Whatis the purposeof thec o0 u n © ® e §(R) ingut?
Performance Criteria Checklist for LO3 Tasks
For Trainerds Use Only
Tr ai n &andes Date:
Instructions for the Trainer: Observe the trainee as they demonstrate the three
completed tasksAssess their overall competence against the following critdfark
0Yeso i f the perfor mance Alsritgimamustdd naettd or vy @

pass.

Performance Criteria Questions

Yes

No

4.1 & 4.2 Did the trainee correctly analyze the requirements for all t
sequencesA+B+BA-, timed, and counted) and develop the approp
ladder logic?

4.3 Was the control logic correctly expanded to manage the synchro
tion and interlocking between the two cylinders in all tasks?

4.4 Werethe timer andcounter instructionscorrectly integratedinto
the logic to managethe sequences requiredin Tasks4.3-2 and 4.3-3?

3.2 & 3.5 Werethe physicalcomponentsorrectly interfacedwith the
PLC, and were the wiring and connections tested and functional?

2.5 Wasthe traineeableto logically troubleshootand correctany pro-
gramming errors during the testing phase?

2.6 & 4.5 Were the final PLC and HMI programs successfully downloa
and did the trainee demonstrate fully operational systems for all

tasks?
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Tr ai nEeedbaxck / Comments:

Tr ai n 8ignatare:

Answer Key for Learning Outcome 3

Answers to Self -Check 4.3 -1

1. StepLogic is usedto solvesignal conflicts .

2. Theproximity sensothatdetectCylinderB is fully extendedtheB+ sensormust
be activated.

3. Internalmemory bits (%M flags) areused.

Answers to Self-Check 4.3-2

1. The On-Delay Timer (TON ) instruction.

2. Theinput conditionis the activationof the proximity sensorfor B+ .

3.The t i me rQpisusenl totriggertthe fext step in the sequence (Step 3, which
initiates theB- motion).

Answers to Self-Check 4.3-3

|

. The Up-Counter(CTU) instruction.
2. It mustbe Normally Closedso that the circuit haspermissionto run whenthe count
is less than50. When the count reaches 50, tlig bit becomes true, and the NC
contact opens, breaking the circuit.
3.The Reset i nput is used to set the count
a new batch of cycles to begin.
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44 Learning Outcome 4. Advanced Control with
Data Handling and 3  -Cylinder Sequ encing

Contents

This final learning outcome is the capstone of the modutas will program and im
plement a complex, thremylinder sequence, integrating advanced instructions for data
handling and program control to create a fully automated systbaiais where all your
learned skills are combined to solve a comprehensive indestlylalproblem.

Assessment Criteria

To demonstrateompetencen this outcome,you mustbe ableto:

4.1 Sequentiakcontrol requirementdor 3 cylinders(A, B & C) operationsare analyzed
and documented.

4.2 PLCladderlogic isused tadevelop controsequences fd-cylinderoperations.

4.3 Control logic is expanded to incorporateydinder sequential operationsianaging
synchronization and interlocking between cylinders.

4.5 Thefinal PLC programis downloadedo the hardwareandtested.

4.6 Systemoperationis monitoredto ensurethe sequentialcontrol of cylindersis per
formed safely, reliably, and according to design.

Required Components

Forthefinal project,youwill needthefull setof PLC andelectrepneumaticomponents.

No. | Component Order No.

1 | PLCTrainingKit (S7-1215Cwith TIA Portal) | (StationEquipment)
2 | HMI BasicPanel (StationEquipment)
3 | 2x Doubleacting cylinder 152888

4 | 1x Singleacting cylinder 152887

5 | 3x5/2-way singlesolenoidvalve (or similar) 567199

6 | 6x Proximity sensorgfor endpositions) 2344752

7 | PushbuttonslPowerSupply, Tubing etc. (StationEquipment)
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Learning Activities

Learning Activity Resources

AdvancedControlwith DataHandlingand3-Cylinder Sequencing Alnformation

Sheet 4.41
ASelf-Check
441
Anformation
Sheet 4.2
ASelfCheck
442
AJob  Sheet
4.41

Information  Sheet 4.4 -1: PLC Components and Interfacing

Objective

After completingthis informationsheetyou will be ableto:

ARecognizeanddescribethe functionsof corePLC hardwarecomponent$3].
Aldentify and explain integrationinterfacesbetweenthe PLC and electrepneumatic
components [4, 5].
ecognizesignaltypesusedfor PLC interaction,suchasDigital andAnalog[4, 6].
AConsultandinterprettechnicaldocumentatior{e.g., manuals datasheetd)7, 8].

Content

The**Perform AdvancedElectroPneumaticControl Application** competencyequires
knowledge of PLC systems to manage complex sequenceBHi8]involves identifying
components and understanding their connectivity [4].

1. PLC System Components  The PLC system is composed of several key components
[3, 9]

ACPU (Central Processing Unit): The core module that executes the ladder logic
program [3].

Al/O Modules (Input/Output): TheseincludeDigital 1/0 (inputsfrom sensors,
outputs to solenoids) and Analog I/0O modules [3, 6, 9].

APower Supply Module: Providesoperatingvoltage[3].

2. Interfacing and Protocols Integrationinterfacesconnectthe PLC to the electro
pneumatic system [4].

ASignal Types: Interactions involve electrical signals, recognized as eifhigital
(ON/OFF) or Analog (continuousvariables)[6]. These signals must be matched
with PLC input/outputspecificationg[5].
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HMI Touch Panel

Programming
PC

Digital Inputs

Prossiunry Sensor

Analog Inputs

Analod Input
Signal (e.g., 4-20mA)

Solenoid Valvle
Prneanputic Cynder
Pinitact Ccinpler

Figure 4.11:Conceptual Diagram of PLC Interfacing with EleeRoeumatic Compo
nents.

ACommunication  Protocols: Protocoldike Profinet andEthernet areimple-
mented for communication between the PLC and other components or devices (like a
PC) [5, 6, 10].

ADocumentation: Technicaldocumentations, suascircuit diagrams, dataheets,
and manuals, must be consulted and interpreted for component idaotifidat8].

Self-Check 4.4-1

Instructions Answer the following questions to test your understanding of PLC eompo
nents and interfacing.

1. Which modulehandlegshe executionof the PLC ladderlogic program?

2. Name two communication protocols recognized for PLC and elpoamatic com
ponent interfacing.

3. Whatis the differencebetweeran Analog signalanda Digital signalin PLC commu
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nication?

Answer Key 4.4-1

1. TheCPU (Central Processing Unit) [3].

2. Profinet andEthernet [6, 10].

3. Digital signalsaretypically ON/OFF,while Analog signalsrepresentontinuous
variables [6].

Information  Sheet 4.4 -2: Data Handling and Sequence Control
Instructions

Objective

After completingthis informationsheetyou will be ableto:

AExplainthe necessityof usingTimersandCountersin sequentiatontrol[8, 11].

ADefine and understand the role of synchronization and interlocking in-oytittder
operations [12].

AUnderstanchow sensolinputs areintegratedto managepositionfeedback11].

Content

This sheet addresses the use of advanced programming elements (data handling) to man
age complex sequences involving multiple cylinders [11].

1. Integrating Timers and Counters InadvancedPLCprogrammingspecificdevices
are used to manage sequences that depend on time or event repetition [8, 13].

ATimers: These instructions are integrated to managee¢geence timing  [11].
Timers introduce adjustable delays into the automated sequence [14].

ACounters: These instructions arused to track events or cycles, integrating with
sensor inputs to provide feedback [11, 14].

A\Appropriate Devices: PLC ladder diagrams are developed using these appropriate
devices, which include Relays, Magnetic contactors, Coiteers , andCounters [7,
8].

2. Synchronization and Interlocking When programming for 3 cylinders (A, B, &
C), coordination is crucial [12].

ASynchronization: Control logic must be expanded to manage the coordination of
3-cylinder sequential operations [12].
Alnterlocking:  Thiscriic al contr ol strategy ensures th

proceeds when the preceding conditions (often the end position of another cylinder)
are safely met [12].

ASensor Integration: Sensor inputs are essential components integrated into the logic
to manageylinderpositionfeedbaclkandenablehesequencéo advanceeliably [11].
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L r— »— Cycle_Couite_DoumttBit)
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Figure4.12: Symbolsfor PLC Timer and Counterinstructions.

Self -Check 4.4 -2

Instructions Answer the following questions to test your understanding of data handling
elements in PLC programming.

1. Name two specific programming instructions integrated into ladder logic to manage
sequence timing and cylinder position feedback.

2. What contol techniqueis usedto preventan outputfrom becomingactive until its
preceding operational requirements are definitely met?

3. What component provides the necessary cylinder position feedback that is integrated
with timers and counters?

Answer Key 4.4 -2

1. Timers andCounters [11].
2. Interlocking  (or synchronization)12].
3. Sensor inputs (suchasproximity sensorsj11].
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Job Sheet 4.4-1: Program PLC for Sequential Control (3-Cylinder)

Performance  Objective

Basedon job specificationsyou mustanalyzeand programthe PLC for sequentiakontrol
of 3 cylinders (A, B & C) [12]. You mustdevelop,download,andtestthe ladderlogic
toimplementacomplex3-cylindersequencesuchasA+ Y B+ Y C+ Y AT Y BT Y Ci
[8], ensuringsynchronizatiorandinterlocking[12].

Supplies and Materials

AComputerwith PLC programmingsoftware(e.g., TIA Portal)[15].
APLCHardwarge.g.,SiemensS7-1215C)[16].

AThreeDoubleActing Cylinders(A, B, C) [8, 11].

ASolenoidvalves(6 requiredfor 3 DACS) [11].
ASensorgMagnetic/Capacitivéroximity sensorgor positionfeedback)11].
AElectrical Wiring and PneumaticTubing [5].

AManualsand Circuit Diagrams[8].

Procedure

1. Requirement Analysis: Analyze the sequential control requirements for the 3 €ylin
ders(A, B & C) operationbasedon job specificationg[12].

2. Develop Ladder Logic: Develop the PLQadder logic using appropriate devices
(Timers, Counters, Relays) to implement the required control sequence [7, 8].

3. Integrate Advanced Logic: Expand the control logic to incorporate theydinder
sequential operation, managisgnchronization and interl ocking between cylin
ders [12].

4. Integrate Data Handling: Integratdimers,countersandsensoinputsto manage
the sequence timing and cylinder position feedback [11].

5. Hardware Interfacing: Identify and preparelectrepneumatic componentsr PLC
interfacing [5]. Make electrical connections between PLC modules and the devices,
matching sensor signal types with PLC inputs [5].

6. Download and Test: Download the final PLC program to the hardware [11] and
test the inerface wiring for continuity and operation [12].

7. Monitoring and Verification: Monitor the system operation to ensure the sequen
tial control of cylinders is performed safely, reliably, and according to design [11].
Detect and correct programming errorsl &wgic faults [5].
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Figure4.13: PneumaticCircuit Diagramfor 3-Cylinder SequentialControl.

Performance Criteria Checklist for Job Sheet 4.4 -1

For Tr ai ndse Ody

Tr ai n e Nahes: Date:

Instructions: Observe the trainee as they program, wire, and test the 3-cylinder
sequence. Assess their performance against the criteria below.

Performance Criteria  Questions Yes | No

4.1 Were sequentialcontrol requirementdor 3 cylindersanalyzed
and documentedbasedon job specifications?

4.2/4.3WasPLC ladderlogic usedto developcontrolsequencesan
aging synchronization and interlocking?

4.4 Were TimersCounters,and sensor inputs correctly integrate
to manage sequence timing and feedback?

3.2/3.5Were electrical connectionsmade correctly and interface
wiring tested for signal integrity and operation?

4.5/4.6Did thefinal systemoperationperformthesequentiatontrol
safely and reliably according to design?

Train Feedback / Comments: Tr ai n  Signature:
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Module 5

Module 5: Understand Concept of
Hydraulic Control System

Module Descriptor

This unit covers the foundational knowledge, skills, and attitudes required to understand
the concept of a hydraulic control systeltnspecifically includes the tasks of identifying

the major components of a hydraulic system using the Festo TP 501 training package,
interpreting standard hydraulic circuit diagrams to trace fluid flow and understand opera
tional sequencesnddemonstrang safepracticesvhenhandlingandoperatinghydraulic
equipment.

Nominal Duration: 30Hours

Performance Criteria

Todemonstrateompetencyn thismodule Jearnersmustachievehefollowing outcomes
by the end of the training:

1. Recognize and identify  all major componentsf the Festd'P 501 hydraulic training
system, including the power pack, valves, and actuators.

2. Describe the specific function of each major hydraulic component and diffatenti

them by operational type.

Interpret  thestandardSO symbolsfor all componentsisedin thetraining system.

Analyze basic hydraulic circuit diagrams to identify components, trace the path of

fluid flow, and describe the operational sequence.

5. Identify potential troubleshooting points within a circuit diagram based on-an un
derstanding of its function.

6. Follow all required safety procedures and guidelines for handlingprigbsure hy
draulic equipment.

7. Demonstrate the ability to build andtesta basichydraulic circuit in a simulator
(FluidSIM).

8. Assemble and demonstrate a functional hydraulic application on the physical TP
501 training board safely and correctly.

ko

185
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5.1 Learning Outcome 1: Identify Hydraulic System
Components

Contents

This learning outcome provides a comprehensiventroduction to the hardwareused in
basic hydraulic system&/ou will learn to identify each major component of the Festo TP
501 training package,describeits specific function, interpretits 1ISO symbol, and locate

its working ports.

Assessment Criteria

To demonstrateompetencen this outcome,you mustbe ableto:

1. Major hydrauliccomponentsrerecognized.

2. Functionsof major hydrauliccomponentsaredescribed.

3. Symbols of hydraulic components améerpreted.

4. Input, Outputportsof valvesand actuatorsare locatedandtheir purposeare ex-
plained.

5. Componentaredifferentiatedby operationakype.

Required Components

For the practical tasks in this learning outcome, you will use the Festo TP 501 training
package.

No. | Component / Equipment Purpose
1 | FestoHydraulic Training PackaggTP 501) | Completesetof hydrauliccomponents
2 | Hydraulic PowerPack(partof TP 501) To supply pressurizefiuid
3 | ComponentDatasheeteind Manuals For referenceandspecifications

Learning Activities

Learning  Activity Resources

Identify all major electrepneumaticcomponents. )
fy J P P Alnformation Sheet2.1-1

ASelt-Check2.1-1
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Information  Sheet 5.1-1: The Hydraulic Power Source and Dis -
tribution

Objective

After completing this information sheet, you will be able to identify the core components
of a hydraulic power pack and the devices used for fluid distribution, and explain their
functions and symbols.

Content

1. The Hydraulic Power Pack (or HPU) The power pack is the source of all
energy in a hydraulic systenit. takes electrical energy and converts it into fluid power
(pressure and flow)The Festo TP 501 power pack contains several key components in
one unit:

AReservoir (Tank): Stores the hydraulituid (oil). It also helps to cool the fluid and
allow contaminants to settle.
A-Electric Motor: Theprimemoverthatdrivesthe hydraulicpump.
AHydraulic Pump: A device that creates fluid flowt doesnot create pressure; it
creates flow.Pressure is cauddy resistance to that flow.
APressure Relief Valve: This is the most important safety devideis a normally
closed valve that opens to divert fluid back to the tank if the system pressure exceeds
a safepresetlimit. This protectsthe pumpandothercomponentgrom overpressure.
APressure Gauge: A visualinstrumenthatdisplaysthe currentsystempressure.

The complete power pack is represented by a simplified symbol in circuit diagrams, as
shown in Figures. 1

Figure5.1: A typical HydraulicPowerPack.
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2. The On -Off Valve This is a simple manually operated valve used to shut off the
flow of fluid from the power pack to the rest of the circlitis a critical isolation device
used for safety and maintenance.

3. Distribution Manifolds  Oncethepressurizedluid leaveshepowerpack,it needs
to be distributed to different parts of the circuit.

Ad-way Distributor  with Pressure Gauge: Thiscomponentakesonepressure
input (P) andonetankreturninput (T) andprovidesfour pairsof PandT connections.
This allowsyou to supplypowerto up to four separatéranche®f acircuit. Thebuilt-
in gauge is useful for monitoring pressure in that specific branch.

AT -Distributor: A simple fitting that splits one fluid line into two, similar toTa
connector in pneumatics.

Figure5.2: A 4-way distributionmanifold, usedto supplymultiple circuit branches.

Self -Check 5.1-1

Instructions:  Answerthefollowing questions.

1. What is the most important safety device on a hydraulic power pack, and what is its
function?

2. Doesa hydraulicpumpcreatepressureor flow?

3. Whatis the purposeof a 4-way distributor manifold?

Answer Key 5.1-1

1. ThePressure Relief Valve . Itsfunctionisto protectthesystenfrom overpressure
by diverting fluid back to the tank if pressure exceeds a safe limit.

2. A hydraulicpumpcreatedlow . Pressurés createdby resistanceo this flow.

3. Its purpose is to take a single supply of pressurized fluid and distribute it to multiple
circuit branches.
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Information  Sheet 5.1-2: Directional Control Valves (DCVSs)

Objective

After completing this information sheet, you will be able to identify the different types
of handlever directional control valves in the TP 501 kit, explain their port connections
(P, T, A, B), and interpret their schematic symbols.

Content

1. What are Dire ctional Control Valves? DCVs are the Obrains
hydraulic circuit. They are used to control the start, stop, and direction of fluid flow,

which in turn controls the movement of actuators like cylinders and mdibes; are

named based on their mber of ports and positions (e.g., a-#/8y valve has 4 ports

and 3 positions).

2. Standard Port Labeling Hydraulic DCVs usea standardettering systemfor
their ports:

AP: PressureThis port connectgo the pressurizediuid supplyfrom the powerpack.

AT: Tank. This port connectso the returnline, which goesbackto the reservoir
(tank).

AA andB: Working Ports. Theseports connectto the actuator(e.g., the two ports of
a doubleacting cylinder).

3. 4/2 -Way Hand Lever Valve A 4/2-way valve has $orts (P, T, A, B) and 2
positions. The one in your kit has a spring return.

AOperation:  In its normal (spring) position, it might connect P to A and B to T.
When you push the lever, it shifts to its second position, reversing the connections
(e.g.,conneting P to B andA to T). Releasinghe lever causeghe springto return
it to the normal position.

AApplication:  Usedfor simpleextend/retractontrolof adoubleactingcylinder.

4. 4/3 -Way Hand Lever Valve, Closed Mid -Position A 4/3-wayvalvehas4 ports
and 3positonsThe o0cl osed centero or Obl ocked cen

AOperation: It has twoactuated positions (like the 4y¥ay valve) for extending and
retracting.However, italsohasaneutralmiddle position  whereall four ports (P,
T, A, B) are blocked

AApplication:  This allows you to stop arfaydraulically lock a cylinder in any po
sition mid-stroke. Thisis essentiafor lifting andholdingapplications.SeeFigure5.3.
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Figure 5.3: Symbol for a 4/3vay DCV with a closed center positioAll ports are
blocked in the middle.

5. 4/3 -Way Hand Lever Valve, Relieving Mid -Position  This is another type of
4/3-way valve with a special center positidn.t i s also cakredoa of a
centero val ve.

AOperation: In its neutralmiddle position , theworking portsA andB areconnected
to the Tank (T) port, while the PressurgP) port is blocked.

AApplication: This all ows the actuator to be mov
is centeredlIt also unloads the pump by connecting its flow directly to the tank in
some configurations, saving ener@ee Figuré.4.

Both 4/3way valves i n your kit wuse a detent, meaning
you set them to, without a spring return.

Al |B

T M

Pl T

Figure 5.4:Symbol for a 4/3vay DCV with a relieving (tandem) center positigviand
B are connected to T in the middle.



5.1. LEARNING OUTCOME 1: IDENTIFY HYDRAULIC SYSTEMCOMPONENTS191

Self -Check 5.1-2

Instructions:  Answerthefollowing questions.

1. In a hydraulicDCV, whatdo the lettersP, T, A, andB standfor?

2. Whichtypeof 4/3-wayvalvewouldyou useif youneededo stopacylindermid-stroke
and hold it firmly in place against a load?

3. Whatdoesthe0 s p Ir iernt dgieatureon the 4/2-way valve meanfor its operation?

Answer Key 5.1-2

1. P =Pressurel = Tank,A andB = Working Ports(to actuator).

2. Theclosed mid -position valve, because it blocks all ports and hydraulically locks
the cylinder.

3. It meanghatwhenyou releasdhe handlever, aspringautomaticallypusheghevalve
back to its initial position.

Information Sheet 5.1-3: Pressure and Flow Control Valves

Objective

After completing this sheet, yawill be able to identifypressure and flowontrolvalves,
explain how they manage system force and speed, and interpret their symbols.

Content

1. Pressurevs. Flow In hydraulics,i t dusial to distinguishbetweenpressureand
flow:

APressure Control relatesdirectly to Force . Higher pressureprovidesgreaer force.
AFlow Control relatesdirectly to Speed . Higherflow rateresultsin fastermovement.

2. Pressure -Relief Valve  Thepressureelief valveis the mostimportantsafetydevice
in a hydraulic system.

AFunction: It is a normally closed valve that senses system presuhe pressure
exceeds a preset limit, the valve opens to divert excess flow back to the tank, thus
protecting the system from overpressure.

ASymbol: Shownin Figure5.5, it is anormallyclosedvalve heldshutby anadjustable
spring, with a pilot line sensing the inlet pressure.
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P

T

Figureb5.5: A pressureaelief valve andits ISO symbol.

3. 2-Way Flow Control Valve This is a simple adjustable throttle valve that restricts
flow.

AFunction: It restrictsflow equallyin both directions to control actuatorspeed.
ASymbol: An adjustablaestriction,asshownin Figure5.6.

-
H o

Figure5.6: A 2-way flow control valve andits symbol.

4. One-Way Flow Control Valve Thisvalvecombinesathrottle andacheckvalve.

A\Function: It providesadjustabldlow controlin onedirectionandfree (unrestricted)
flow in the oppositedirection. It is idealfor controllingspeedn onedirectionof travel
(e.g., slow extension, fast retraction).

ASymbol: A throttle andcheck valven parallel,as showrnn Figure5.7.
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Figure5.7: A oneway flow control valve andits symbol.

Self -Check 5.1-3

Instructions:  Answerthefollowing questions.

1. Whatis the main safetyfunction of a pressureelief valve?
2. Whatphysicalpropertydoesaflow controlvalve manageForceor Speed?
3. Whatis the key differencebetweena 2-way and a oneway flow control valve?

Answer Key 5.1-3

1. It protectsthe systemfrom overpressuréy diverting excesdlow backto thetank.

2. It managespeed .

3. A 2-way flow control valve restrictsflow in both directions. A oneway flow control
valve restrictsflow in one direction and allows free flow in the oppositedirection.

Information  Sheet 5.1-4: Actuators and Specialty Components

Objective

After completing this sheet, you will be able to identify hydraulic actuators and specialty
check valves and explain their unique operational functions.

Content

1. Actuators: Creating Motion Actuatorsconverthydraulicpowerinto mechanical
motion.

ADifferential Cylinder: A doubleactingcylinderwith unequabistonareasdueto
the rod. It typically extends with higher force and lower speed, and retracts with
lower force and higher speed.weight can be added to simulate a load.

A\Hydraulic Motor: Converts hydraulic power into continuowggary motion . Mo-
tor speeds controlledby flow rate,andtorque(turningforce)is controlledby pressure.

2. Check Valves Check valves (noneturn valvey permit fluid flow in only one direc
tion.
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(a) A differential cylinder and its symbol.
|

(b) A hydraulic motor and its symbol.

Figure5.8: Commonhydraulicactuatorsandtheir schematicsymbols.

ACheck Valve: A simpleoneway valvethatallowsfreeflow in onedirectionandblocks
reverseflow. A spring may requirea minimumo o p e pr e g solbe @/€&rcome.

APilot -Operated Check Valve (Delockable): Actsasanormalcheckvalvebutcan
be ounl ockedo by app piptipertgThipallosvs faiid to Howt o a
in thenormallyblockedreversealirection,whichis essentiafor safelyholdingandthen
releasing a load.

W'Ji Al X

(b) Symbol for a pilot -operated (delockable)
(a) Symbol for a simple checkvalve. check valve.

Figure5.9: Schematicsymbolsfor differenttypesof checkvalves.
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Self -Check 5.1-4

Instructions:  Answerthefollowing questions.

1. What is the difference between a hydraulic cylinder and a hydraulic motor in terms of
the motion they produce?

2. Whatis the main function of any checkvalve?

3. Whatmakesa 0 d e | o crbrardiurneyadve specialcomparedio a standardcheck
valve?

Answer Key 5.1-4

1. A cylinder produces linear (straighhe) motion, while a motor produces continuous
rotary (spinning) motion.

2. It allowsfluid to flow in only onedirection.

3. It canbe 0 u n | o orkKoeced@penby applying pressureto a separatepilot port,
allowing fluid to flow in the normally blocked reverse direction.
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Job Sheet 5.1-1: Component Identification, Symbol Interpreta -
tion, and Port Location

Performance  Objective

By completingthethreetasksin this JobSheetyouwill demonstratgour ability to phys
ically recognizemajor hydrauliccomponents, interpréteir correspondingSO symbols,
and locate their primary working ports.

Tools and Materials

AFestoHydraulic Training Packagg TP 501) components.

AA setof laminatedcardswith 1ISO symbolsfor all TP 501 components.
Ad J Shieet.1-1Wo r k s (pewdedby trainer).

APenor Pencil.

Task A: Physical Component to Symbol Matching

Procedure:

1. Your trainerwill placeseveralphysicalhydrauliccomponent®n theworkbench.

2. You will begivena shuffleddeckof ISO symbolcards.

3. For eachphysicalcomponentfind its matchingsymbol card and placethe cardin
front of the component.

4. Ask your trainerto verify your matcheseforeproceedingo the nexttask.

Task B: Symbol to Function Description

Procedure:

1. Your trainerwill presentyou with five differentISO symbolcards.
2. Onyourworksheetfor eachsymbol,you mustwrite down:
AThefull nameof the component.
AA brief, onesentencealescriptionof its primary function.
Alts operational type (e. g., oDirectional
Val veo) .

Task C: Port ldentification

Procedure:

1. Your trainer will select a 4/8vay directional control valve and a doualeting cylin
der.

2. You must physically point to the ports on eachcomponentand verbally statetheir
letter and purpose.
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3. For the 4/3-way valve, you mustidentify: P (Pressure) , T (Tank) , A (Work
Port) , andB (Work Port)

4. Forthedoubleactingcylinder,youmustidentify theExtend Port andtheRetract
Port .

Performance Criteria Checklist for Job Sheet 5.1-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Observe the trainee and review their

worksheet. Assess their performance across all three tasks.

Performance Criteria  Questions Yes | No

1.1 In Task A, did the traineecorrectly recognizeand matchthe
physical components to their symbols?

1.2 & 1.5 In Task B, was the function and operational type of e:
component described accurately?

1.3 In Task B, were the component names correctly identified fr
their ISO symbols?

1.4 In Task C, were the input and output ports on the valve and
cylinder correctly located and their purpose explained?

Train Feedback / Comments: Tr ai n  Signature:
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5.2 Learning Outcome 2: Interpret Hydraulic Cir -
cuit Diagrams

Contents

This learning outcome is practical, handen guide to building and simulating a-va
riety of fundamental hydraulic circuits using FluidSIM softwav@u will construct a
series of circuits, starting from basic cylinder control and progressing to more advanced
applications involving speed, pressure, and motor control.

Assessment Criteria

To demonstrateompetenceén this outcome,you mustbe ableto:

1. Component®f hydrauliccircuit areidentified.

2. Functionsof individual hydraulic componentsepresentedn the diagramare ex-
plained.

3. Theflow of liquid within the circuit is tracedanddescribed.

4. Relationshipsbetweendifferent circuit elementsand their operationalsequencere
interpreted.

5. Troubleshootingyointsareidentified basedon the circuit diagraminterpretation.

Required Components

For the practical tasks in this learning outcome, you will need access to a computer with
the FluidSIM Hydraulics software.

No. | Component / Equipment Purpose

1 | Computerwith FluidSIM Hydraulics | For circuit designandsimulation
Software

Learning Activities

Learning  Activity Resources

Identify all major electrepneumaticcomponents. )
fy J P P Alnformation Sheet2.1-1

ASelt-Check2.1-1
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Information  Sheet 5.2-1: Direct Control of a Double -Acting Cylin -
der

Objective

After completingthis sheetyou will be ableto:

Aldentify componentsor directcylinder control.
AExplainthe function of a 4/3-way, closedcentervalve.
ATracefluid flow for the extend retract,andstop positions.

Content

1. The Concept of Direct Control oDirect Contr oloperamé an s

directional control valve (DCV) directly controls the movement of an actuator, with no
electrical or pilot controls involved.

2. Circuit Components  This circuit requiresthree fundamentalcomponents:

A\Hydraulic Power Pack: Supplieshepressurizediuid.
Ad4/3 -Way, Closed -Center Valve: Directsthefluid flow.
ADouble -Acting Cylinder: Theactuatothatperformsthework.

3. Circuit Analysis and Fluid Flow The 4/3-way valve (Figure ??) hasthree
distinct positions:

AExtend (Lever Right): ThevalveconnectportP to A andB to T . Fluid flows
into the back of the cylinder, causing it to extend.

ARetract (Lever Left): The valve connects po®tto B andA to T. Fluid flows
into the front of the cylinder, causing it to retract.

AStop/Hold (Lever Center): All four ports (P, T, A, B) are blocked.Fluid is
trapped on both sides of the piston, hydraulically locking the cylinder in place.

Self -Check 5.2-1

Instructions:  Answerthe following questionsbasedon the circuit above.

1. Which componenin thecircuit allowsthecylinderto be stoppedandheldmid-stroke?

2. Tomakethecylinderretract,which portsareconnectedy thedirectionalvalve?(e.g.,
PtoA,BtoT)

3. Whatis the purposeof Port T on the valve?

Answer Key 5.2-1

1. Thed/3 -way, closed -center valve.
2. Toretract,thevalve connects? to B andA to T.
3. PortT is thereturnport thatdirectsthe hydraulicfluid backto the Tank (reservoir).

a
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Image

Figure 5.10:A circuit diagram for the direct control of a dowaleting cylinder using a
4/3-way, closeecenter valve.

Information  Sheet 5.2-1: Direct Control of a Double -Acting Cylin -
der

Objective

After completingthis sheetyou will be ableto:

Aldentify componentsor directcylinder control.
AExplainthe function of a 4/3-way, closedcentervalve.
ATracefluid flow for the extend retract,andstop positions.

Content

1. The Concept of Direct Control oDirect Contr oloperamé ans a
directional control valve (DCV) directly controls the movement of an actuator, with no
electrical or pilot controls involved.

2. Circuit Components  This circuit requiresthree fundamentalcomponents:

AHydraulic Power Pack: Supplieshepressurizedluid.
Ad4/3 -Way, Closed -Center Valve: Directsthefluid flow.
ADouble -Acting Cylinder: Theactuatothatperformsthework.

3. Circuit Analysis and Fluid Flow The 4/3way valve (Figure??) has three
distinct positions:
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AExtend (Lever Right): ThevalveconnectgportP to A andB to T . Fluid flows
into the back of the cylinder, causing it to extend.

ARetract (Lever Left): The valve connects padtto B andA to T. Fluid flows
into the front of the cylinder, causing it to retract.

AsStop/Hold  (Lever Center): All four ports (P, T, A, B) are blocked.Fluid is
trapped on both sides of the piston, hydraulically locking the cylinder in place.

Ll = pi—y
[m] [:“‘ S :i\::
-l A

Figure 5.11:A circuit diagram for the direct control of a dowaleting cylinder using a
4/3-way, closeecenter valve.

Self -Check 5.2-1

Instructions:  Answerthe following questionshasedon the circuit above.

1. Whichcomponentin thecircuit allowsthecylinderto bestoppedandheldmid-stroke?

2. Tomakethecylinderretract,which portsareconnectedy thedirectionalvalve?(e.q.,
PtoA,BtoT)

3. Whatis the purposeof Port T on the valve?

Answer Key 5.2-1

1. The4/3 -way, closed -center valve.
2. Toretract,thevalve connects? to B andA to T.
3. PortT is thereturnport thatdirectsthe hydraulicfluid backto the Tank (reservoir).
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Job Sheet 5.2 -1: Build a Direct Control Circuit

Performance Objective

Using FluidSIM, youwill build andsimulatethe directcontrolcircuit for adoubleacting
cylinder, and document its stdyy-step function.

Procedure

1. Createa newfile in FluidSIM Hydraulics.

2. Fromthe componentibrary, draganddrop the following onto your canvas:
AHydraulicPowerPack(simplified symbol)
A4/3-Way HandLever Valve (configureit to be a closedcenter,detentedype)
ADoubleActing Cylinder

3. Connectthe componentsvith hydrauliclinesasshownin Figure ??.

4. Run the simulation by pressingheo St &uttdn.o

. Test and Describe the Function:

AStep 1 (Extend): Click the right side of the valve leve@bserve the fluid flow
(highlighted | ines) &On d sepatate sheey of papet err 0 s
in a text box in FluidSIM, describe how the fluid flows from P to A to extend the
cylinder.

AStep 2 (Stop): Click thecenterof thevalvelever. Observahatall flow stopsand
the cylinder holds its positoDbe s cr i be t hi s obl ocked cent

AStep 3 (Retract):  Click the left side of the valve leve®bserve the fluid flow.
Describe how the fluid flows from P to B to retract the cylinder.

6. Stopthe simulation.

. Saveyour file as [YourName]DirectControl.ct

8. Submit both your FluidSIM file and your written descriptionof the stepsto your
trainer.

(62

\‘

Information ~ Sheet 5.2-2: Speed Control with a Flow Control
Valve

Objective

After completingthis sheetyou will be ableto:

AExplainthefunctionof aoneway flow controlvalve.
AUnderstandhe conceptof 6 me-b @ spéedcontrol.
AAnalyzea circuit diagramthat incorporatespeedcontrol.

Content

1. The Need for Speed Control Cylinder speed is often controlled for specific tasks
(e.g., a slow press,a fast return). This is achievedby managingthe f | u flowv 6 ate
with a flow control valve.
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2. The One-Way Flow Control Valve This valve combinestwo components:

AA Throttle:  An adjustableestrictionto limit flow.
AA Check Valve: Allows freeflow in onedirectionandblocksreverseflow.

This combination provides controlled flow in one direction and free (full sgked)n
the other.

3. Meter -In vs. Meter -Out Therearetwo placemenmethodgor controllingspeed:

AMeter -In: Controlling fluid enteringthe actuator.

AMeter -Out (Recommended): Controlling fluid leavingthe actuatorThis method
is preferred in hydraulics as it creates bpokssure, leading to smoother, more stable
movement, especially under load.

4. Circuit Analysis: Meter -Out Control The circuit in Figure 5.12 controlsthe
cylinderods :extension speed

AThe oneway flow control valve is placedon the line leaving Port B.

ADuring extension, fluid from Port B ferced through the throttle , restricting flow
and controlling speed.

ADuring retraction,fluid enteringPort B bypasses the throttle via the checkvalve,
allowing a fast return stroke.

Il
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Figure5.12: A hydrauliccircuit usingaoneway flow controlvalvefor 0 me -b & speed
contr ol of the cylinderdéds extensi on.
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Self -Check 5.2-2

Instructions:  Answerthefollowing questions.

1. What physical property does a flow control valve directly confPoéssure, Force, or
Speed?

2. What is the recommended method for speed control in hydraulic cirougtgrin or
meterout? Why?

3. In aoneway flow control valve, what componentallows fluid to flow freely in one
direction?

Answer Key 5.2-2

1. It directly controlsSpeed (by controllingtheflow rate).

2. Meter -out isrecommendebecausé createbackpressureeadingto smootheand
more stable cylinder movement.

3. TheCheck Valve (ornonreturnvalve).

Task Sheet 5.2-2: Build a Speed Control Circuit

Performance Objective

Using FluidSIM, youwill build andsimulatea hydrauliccircuit thatusesaoneway
flow control valve to control the extension speed of a deabtang cylinder, and
you will document its stepy-step function.

Procedure

1. Start with your completed file from Task Sheet-%,2r build the direct control
circuit again.

2. Fromthe componentlibrary, draganddropa One -Way Flow Control Valve .

3. Insert the Valve: Placetheflow controlvalveontheline connectindg?ortB of
the cylinder to Port B of the directional valMensure it is oriented correctly for
meterout control of the extension stroke (the check valve symbol should allow
free flowtowardsthe cylinder).

4. Configure the Valve: Doubleclick the flow control valve and set its opening

level to a low value, likd0%.

Run the simulation by pressinghed St &uttdn.o

. Test and Document the Sequence: On a separate worksheet, you will now

describethe stepby-step function of the circuit.
AStep 1- Extension (Metered):
(a) Actuatethe directionalvalve to the extendposition.
(b) Observe: The cylinder extends slowly=luid leaving Port B is forced
through the throttle.
(c) Document: On your worksheetgescribe this steExplain that the
speed is slow because the fluid is being restricted by the throttle.

o o
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AStep 2 - Retraction (Free Flow):
(a) Actuatethe directionalvalve to the retractposition.
(b) Observe: Thecylinderretractquickly. Fluid enteringPortB bypasses
the throttle and flows freely through the check valve.
(c) Document:  On your worksheet, describe this st&xplain why the
retraction is much faster than the extension.
AStep 3 - Adjust and Compare:
(a) Stopthe simulation. Changethe openingof the flow control valve to
80% .
(b) Runthe simulationagainand extendthe cylinder.
(c) Document: Describenowtheextensiorspeechangedndwhy.
7. Stopthe simulation.
8. Saveyour final file as[YourName]SpeedControl.ct
9. Submitbothyour FluidSIM file andyour completedvorksheeto your trainer.
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Information Sheet 5.2-3: Pressure Control with a Pressure -Relief
Valve

Objective

After completingthis sheetyou will be ableto:

AExplainthe relationshipbetweenpressureandforce.
ADescribehow a pressureelief valve setsmaximumsystempressure.
A\Analyzea circuit wherepressurebuilds againsta load.

Content

1. The Relationship Between Pressure and Force Hydraulic force is directly
relatedto pressureby the formula:

Force = Pressure x Area (F=Px A)

By controllingthes y s t reai@uwnpressureywe controlthemaximumforceanactuator
can exert.

2. Setting Maximum System Pressure Thepressure -relief valve setsthemaxk
mum system pressure.

AFunction: |t é6s a normally ¢l osed Whadnpressuteh at
reacheghesetlimit (e.g., wheracylinderstalls), itopensanddivertspumpflow back
to the tank.

APurpose: It serves as both a criticahfety device against overpressure and as the
tool for setting maximum system force

3. Circuit Analysis: A Pressing Operation The circuit in Figure 5.13 demon
strates a pressing operation where a cylinder extends against a load.

A\A pressure gauge allows for visual monitoringof the systempressure.
AWhile the cylinderis moving, the pressurés relatively low.
AWhenthe cylinder stalls againstthe load, pressureisesto the maximumsetting of

the pressure el i ef wval ve, representing the systeé
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Figure5.13: A circuit designedo demonstratenaximumpressure Whenthe cylinder
is blocked, pressure rises to the setting of the relief valve.

Self -Check 5.2-3

Instructions:  Answerthefollowing questions.

1. Whatis the primary safetycomponenbn a hydraulic power pack?

2. If you need to increase the maximum clamping force of a hydraulic press, what com
ponent would you adjust?

3. In a hydraulic circuitwhen is the system pressure typically at its higheken the
cylinder is moving freely, or when it is stopped against a load?

Answer Key 5.2-3

1. The pressure -relief valve .
2. Youwouldadjustthepressure -relief valve .
3. Pressuras highestwhenit is stopped against a load .
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Task Sheet 5.2-3: Build a Pressure Control Circuit

Performance  Objective

Using FluidSIM, you will build a circuit to demonstrate the function of a pressure
relief valve and observe how it limits the maximum system pressure.

Procedure

1.
2.

o~

Createa newfile in FluidSIM.

Build the circuit asshownin Figure5.13 You will need:

AHydraulicPowerPack

AA separateadjustablePressure -Relief Valve

AA Pressure  Gauge

AA Shut -off Valve (or ablockedcenterDCV)

A\A pluggedor cappedT-fitting (to simulatea blockedline)

Configure the Valve: Doubleclick thepressureelief valve andsetits opening

pressure t@ MPa (30 bar).

Run the simulation

Test and Document the Sequence:

AStep 1 (Flowing):  With the shutoff valve open, observe th@essure on
the gaugelt should be very low because the fluid is flowing freely back to
the tank.Document this observation.

AStep 2 (Blocked):  Click on the shubff valve to close it, blocking the fluid
path.

AObserve: The pressure on the gauge will ingtg rise and then stop at
exactly 3 MPa.You will see the relief valve symbol animate to show fluid
being diverted.

ADocument:  Onyourworksheetexplainwhy the pressurestoppedising at
3 MPa, referencing the function of the pressaieef valve.

AStep 3 (Adjust and Re-test): Stopthesimulation. Changthepressure
reliefv a | wettiogstod MPa (50 bar). Runthe simulationagain andlock
the flow. Document the new maximum presstgading.

Save your file agYourNameJPressureControl.ct and submit it to your

trainer.

Information  Sheet 5.2-4: Locking a Cylinder with aPilot -Operated
Check Valve

Objective

After completingthis sheetyou will be ableto:

AExplainthe function of a pilot-operateddelockable)checkvalve.
AUnderstandvhy this valveis critical for safelyholdinga verticalload.
AAnalyzea circuit diagramfor aload-holding application.
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Content

1. The Problem with Holding a Load A standardlirectionalvalvemaynotsafely
hold a vertical loadSmall internal leaks (spool leaks) can allow the cylinder to drift
downwards, which is extremely dangerolspositive hydraulic lock is required.

2. The Solution:  The Pilot -Operated Check Valve A pilot-operated check valve
(or 0 d e | o criorardéturnesalve) providesthis positive lock.

ANormal Operation: It actslike astandaracheckvalve,allowing fluid to flow into
the cylinder to lift the load, but blocking the returnflow to preventit from falling.
APilot 6 Un | o Signal: A separatilot port receives a pressure signal to force

the valve open, allowing fluid to flow out in the normally blocked reverse direction.

Thecylinderremainssecurelylockeduntil a deliberatepilot signalunlocksit.

3. Circuit Analysis: A Safe Load -Holding Circuit Figure5.14shows this valve
usedto hold a vertical cylinder:

Alifting (Extend): Fluid flows freely throughthecheckvalveto lift thecylinder.

A\Holding (Center): When the main DCV is centered, the check valve closes, trapping
oil under the piston and locking the cylinder in place.

Al owering (Retract): The DCV directs pressure to the top of the cylinded
simultaneously sends a pilot sag to the check valveThis pilot signal unlocks the
valve, allowing the trapped fluid to escape as the cylinder retracts.

!

-RM1 SH__ AT |B

Figure5.14: A load-holding circuit using a pilot-operatedcheckvalve to safelylock a
vertical cylinder.
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Self -Check 5.2-4

Instructions:  Answerthefollowing questions.

1. Why is a standard closax&nter directional valve not always safe for holding a heavy
vertical load?

2. Whatis thenameof theextraportonadelockablecheckvalvethatisusedoo unl o c k 0
it?

3. In the loadholding circuit, where does the pressure signal to unlock the check valve
come from?

Answer Key 5.2-4

1. Becausesmallinternalleaks(spoolleaks)in thevalve canallow thecylinderto slowly
drift downwards.

2. ThePilot Port .

3. It comesfrom the sameline thatis sendingpressureo the top of the cylinder to make
it retract.

Task Sheet 5.2-4: Build a Load -Holding Circuit

Performance  Objective

Using FluidSIM, you will build and simulate a hydraulic circuit that uses a-pilot
operated check valve to safely lift and hold a loaded vertical cylinder.

Procedure

1. Createa newfile in FluidSIM.

2. Build thecircuit asshownin Figure5.14 You will need:

AHydraulicPowerPack

Ad4/3WayHandLeverValve (closedcenter)

ADoubleActing Cylinder (orientit vertically)

APilot -Operated Check Valve ( 60 Nmtarnvalve,d el ockabl e o)

AA loadfor thecylinder(youcanaddamass/forcénthec y | i propertie8)s

Run the simulation

Test and Document the Sequence:

AStep 1 (Lift): Actuate the DCV to extend the cylindeédbserve that it
lifts the load.

AStep 2 (Hold): Center the DCVObserve: The cylinder should holids
position perfectly without drifting down, even with the lo&bcument this.

AStep 3 (Lower):  Actuate the DCV to retract the cylindedbserve: As
fluid is sentto the top of the cylinder, a pilot signalis simultaneouslysent
to the check valve, allowing the cylinder to lower smootldpcument this
action.

5. Experiment  (Optional): For comparison,removethe pilot-operatedcheck

> w
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valve and try to hold the load with only the closed-center DCV. You may notice
a slight drift over time, demonstrating the need for the check valve.
6. Save your file as [YourName]-Load-Holding.ct and submit it to your trainer.




5.2. LEARNING OUTCOME 2: INTERPRET HYDRAULIC CIRCUIT DIAGRAMS213
Information Sheet 5.2-5: Controlling a Hydraulic Motor

Objective

After completingthis sheetyou will be ableto:

AExplainthe function of a hydraulicmotor.
AUnderstanchow to control the directionandspeedof a hydraulicmotor.
A\Analyzea circuit diagramfor a motor control application.

Content

1. Function of a Hydraulic Motor A hydraulicmotoris anactuatothatconverts

fluid powerinto continuougotary motion (torqueandspeed)It workslike apumpin

reverse:pressurized fluid turns internal components (gears or vanes) to rotate an output

shaft.

2. Controlling a Hydraulic Motor Motor control involves managing direction and

speed:

ADirection of Rotation: Controlledby adirectionalcontrolvalve (DCV) thatreverses
the fluid flow.

ASpeed of Rotation: Di rectl y pr op o flawiraten,avhichis adjustdd e

using aflow control valve

3. Circuit Analysis: Reversible Speed Control Figure 5.15 showsa standard
circuit for controlling a mo t ospe&dand direction.

A\A 4/3 -way, relieving -center valve is usedfor directionalcontrol.
i LeverRight/Left: Rotatesghe motor clockwiseor counterclockwise.
i Lever Center: The motor stops,andthe relieving centerunloadsthe pumpto the
tank, saving energy.
AA 2-way flow control valve is placedin themainpressurdine. It adjustsheflow

rate for the entire circuit, contr ol

f
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Figure5.15: A circuit for controllingthe speedanddirectionof a hydraulicmotor.

Self-Check 5.2-5

Instructions:

Answerthefollowing questions.

1. Whattype of motion doesa hydraulicmotor produce?

2. Wh a't property
sure or Flow Rate)

of t he

hydraulic

f(Prasi d

3. In the examplecircuit, which component isusedto reverse thano t odiregti®n of

rotation?

Answer Key 5.2-5

1. It producesotary motion (spinning).
2. Themo t ospeéds determinedoy theFlow Rate .

3. The4/3 -way directional  control

valve .

pr

r
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Task Sheet 5.2-5: Build a Motor Control Circuit

Performance  Objective

UsingFluidSIM, youwill build andsimulatea hydrauliccircuit to controlthespeed
and direction of a hydraulic motor.

Procedure

1.
2.

ok

Createa newfile in FluidSIM.

Build the circuit asshownin Figure5.15 You will need:

AHydraulicPowerPack

A2-Way Flow Control Valve

Ad4/3 -Way Hand Lever Valve (configure it to be a relieving/tandem center,
detented type)

A\Hydraulic  Motor

. Configure the Valve: Doubleclick the flow control valve and set its opening
level t020% .
Run the simulation

. Test and Document the Sequence:

AStep 1 (Forward Rotation): ActuatetheDCYV to theright. Observehe
motor rotating at a controlled speddocument this.

AStep 2 (Stop): Center the DCV. Observe that the motor stops and the
pump unloads (the pressure line from the pump goes light blue). Document
this.

AStep 3 (Reverse Rotation): Actuate the DCV tdhe left. Observe the
motor rotating in the opposite direction at the same controlled sjbesed.
ument this.

AStep 4 (Adjust Speed): Stop the simulationChange the flow control
val veds @feRun the simulation again and observe the significant
increase in motor speed.

. Saveyour file as[YourName]Motor-Control.ctand submitit to your trainer.
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Performance Criteria Checklist for LO2 Simulation Tasks

For Tr ai nédse Ody

Tr ai n e Mahs: Date:
Instructions for the Trainer: Review the t r ai needs

five submitted FluidSIM files DirectControl.ct SpeedControl.ct etc.).
Assess their overall competence against the following criteria based on the

correctness of their submitted worllar k o0Yeso i f the perfor ma
and ONoo i f not
Performance Criteria  Questions Yes | No

2.1 In all submitted files, were the correct hydraulic compon
identified from the library and placed in the circuit according to
diagrams?

22 Does the traineebs wor k de
the function of each component (e.g., correct orientation of the
control valve, correct center ptien of the DCV)?

2.3 After runningthesimulations doestheanimatedluid flow cor-
rectly match the intended pa
retract, hold, etc.)?

2.4 Did the trainee correctly build the circuits to show a clear 1
tionship between the components and the final operational seq
(e.g., adjusting th flow control changes the speed)?

2.5 In the written descriptions (where required), did the tra
identify key functional points that could become troubleshoo
points(e.g.,0 ipffessureloesnotrise,therelief valve maybesettoo
l owo) ?

Tr ai n e rFéedback / Comments: Tr ai n e rSiysature:
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Information Sheet 5.3-6: Safety and Assembly Procedures for
the TP 501 Board

Objective

After completing this sheet, you will be able to identify critical hydraulic safety hazards
andfollow the correctproceduredor assemblingandoperatingthe TP 501 powerpack.

Content

1. The Dangers of High -Pressure Fluid Hydraulic systems operate at very high
pressuresA t i ny, nearly invisible opinhole | eak:¢
velocity that it can penetrate skin, causingjuad injection injury . This is a severe

medical emergency.

ANEVER use your hand to check for leaks.

ATo find a leak, use a piecé cardboard or wood and pass it over the suspected area
(see Figuré.17).

ASafety glasses are mandatory at all times.

2. Connecting and Disconnecting Hoses The TP 501 system uses quioBnnect
couplings.

ATo Connect: Push the mla coupling into the female coupling until it clicksug
gently to ensure it is locked.

ATo Disconnect: First, relieve all pressure in the lin€hen, pull back the sleeve
onthefemalecouplingtoreleaseéhemaleend.Never disconnect a pressurized
hose.

3. Safe Start -Up and Shutdown Procedure  Follow this exactsequenceverytime.

1. Pre-Start Check:
AEnsurethe main powerswitchis OFF .
ATurnthepressureelief valvefully counterclockwise(minimumpressure).
ACenterall directionalcontrol valves.
2. Start -Up Sequence:
(a) Turn ON the main powerswitch. The motorand pumpwill run.
(b) Slowly turn the pressurerelief valve knob clockwise while watchingthe gaugeto
set the desired system pressure (e.g., 5 M¥®abar).
3. Shutdown Sequence:
(a) Turn the pressure relief valve knob courtkrckwise to reduce system pressure
to zero.
(b) Turn OFF the main powerswitch.
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DON'T

NEVER USE
HAND

Figure5.16: The safeway to checkfor a hydraulicleak. Neveruseyour hand.

Self -Check 5.2-6

Instructions:  Answerthe following critical safetyquestions.

1. Whatis the only safeway to searchfor a high-pressurénydraulicleak?

2. What is the first thing you should do during the shutdown sequence for the hydraulic
power pack?

3. Canyoudisconnect hydraulichosewhile it is underpressure®Yes/No)

Answer Key 5.2-6

1. Usea pieceof cardboardor wood, never your hand .
2. Thefirst stepis to turnthe pressureelief valve to reducethe systempressureo zero.
3. No. You mustalwaysrelievethe pressurdirst.
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Job Sheet 5.2 -4: Assemble and Test All Circuits

Performance Objective

You will follow all safety procedures to physically assemble, test, and demonstrate each
of the five hydraulic circuits from the previous learning outcome using the Festo TP 501
training hardware.

Procedure Summary

This is a comprehensiveask. For EACH of the five circuits (Direct Control, Speed
Control, Pressure Control, Load Holding, Motor Control), you must:

Review your completedFluidSIM diagram.

Assemble the physical components on the profile board.

Connect thehosesaccordingo thediagram.

Perform a SAFETY CHECK with your trainer.

Operate thecircuit following the correctstartup andshutdownprocedures.
Demonstrate thec i r cfunctibnfogourtrainerandexplainits operation.

oA~ wWNPE

Performance Criteria Checklist 5.2-4

Assessment Checklist

Tr ai n &lamnes Date:

For each circuit, the trainee must demonstrate the following criteria to the satis-

faction of the trainer.

- Safety First: Was PPE worn®ere all safety procedures followed (leak chec
start-up/shutdown)?

= Correct Assembly: Were all components mounted and connected correctly
according to the diagram?

= Functional Demonstration: Did the circuit operate as intended without-m
function?

= Verbal Explanation: Could the trainee explain the function of the circuit and
each component’s role?

Self -Check 5.2-6

Instructions:  Answerthefollowing questions.

1. Whatis the purposeof the pressureelief valve?
2. Whatis the differencebetweena checkvalve anda pilot operateccheckvalve?
3. How do you controlthe speedof a hydraulicmotor?
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Answer Key 5.2-6

1. It limits the maximumpressuren the systemfor safetyandforce control.

2. A pilot operateccheckvalve canbe unlockedby anexternalpressuresignal.
3. By controllingtheflow rateof thefluid with aflow controlvalve.

5.3 Learning Outcome 3: Demonstrate Safe Practice

in Handling Hydraulic System

Contents

This final learning outcome is where you apply all your knowledge to the real world.
You will take the circuits you designed and perfected in the FluidSIM simulations and
build them using the physical components of the Festo TP 501 training bidaed.
primary focus of this section is on following critical safety procedures to correaly an
safely assemble and operate live hydraulic circuits.

Required Components

For the handen assembly tasks in this learning outcome, you will need the complete
Festo TP 501 training package and appropriate safety gear.

No. | Component / Equipment Purpose

1 | FestoHydraulicTrainingPackaggTP
501)

2 | HydraulicPowerPack

The completeset of physicalcompo
nents (valves, cylinders, motor, etc.)

To supply pressurizefiuid

Hydraulic Hoseswith Quick-Connect
Couplings

To connectthe components

LO2

4 | Profile Plate/ TrainingBoardFrame | For mountingthe components

5 | PersonalProtective Equipment (PPE) | Safety glasses are mandatory

6 | Oil Drip Tray andCleaningRags For environmentakafetyand cleanli
ness

7 | Your completedFIuidSIM files from | As areferencdor building the circuits
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Learning Activities

No. | Learning Activity

1 | Read Information Sheet 513to master all critical safety and assembly procg
dures for the TP 501 board.

2 | Follow the comprehensive, fiyeart procedure in Job Sheet-8 30 physically
assemble, test, and demonstrate each of the hydraulic circuits you pre
built in FluidSIM.

3 | Practiceidentifying and reporting any potential hazardsor unsafeconditions
during the handsn labs.
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Information Sheet 5.3  -1: Safety and Assembly Procedures for
the TP 501 Board

Objective  After completing this sheet, you will be able to identify critical hydraulic
safetyhazardsndfollow thecorrectprocedure$or assemblingomponentsndoperating
the TP 501 power pack.

1. The Number One Rule of Hydraulic Safety Hydraulic systems operate at

very high pressureA t i ny , nearly invisible | eak (a
of hydraulic fluid at such high velocity that it can easilyhg@ate your skinThis is

called afluid injection injury and it is a severe medical emergency that can lead to
amputation.

ANEVER, EVER use your hand or any part of your body to check for leaks.

ATo find a leak, use a piece of cardboard or wood and pass it over the suspected area,
looking for a stream of oilSee Figures.17.

AAlways wear your safety glasses.

2. Connecting and Disconnecting Hoses TheTP501systemusesjuick-connect
couplings that are designed to be safe andfdep.

ATo Connect: Simply push the male coupling firmly into the female coupling until
you hear and f e eGentlytug oo thd hose to ensurenttisdéockpd. a c e .
ATo Disconnect:  You mustfirst relieveanypressuren theline. Then,pull backthe
sleeve on the female coupling and the male end will relédeeer try to disconnect
a hose that is under pressure.

3. Mounting Components The components of the TP 501 kit are designed to be
mounted securely onto the slotted profile plate of the training staBosure each
component is properly seated and locked in place before connecting hoses.

4. Safe Start -Up and Shutdown Proce dure for the TP 501 Power Pack Follow
this exact sequence every time.

1. Pre-Start Check:

AEnsurethe main powerswitch on the powerpackis OFF .

ACheckthatthe pressureelief valve is setto a minimum pressuresetting.

AVerify thatthemaindirectionalcontrolvalvein your circuit is in theneutral(center)

position.
2. Start -Up Sequence:

(a) Turn ON themainpowerswitchfor the powerpack. Theelectricmotorwill start,
and the pump will begin to run.

(b) Slowly turn the knob on the pressure reliefwe clockwise while watching the
pressure gaugesSet the system pressure to the required level (e.g., 5/Mi®a
bar).

(c) Thesystemis now live andreadyfor operation.

3. Shutdown Sequence:
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(a) Turntheknobonthepressureelief valve counterclockwiseto reducethesystem
pressure to zero.

(b) Placeall directionalvalvesin their neutralposition.

(c¢) Turn OFFthe main powerswitch on the powerpack.

NEVER USE
HAND

Figure5.17: The safeway to checkfor a hydraulicleak. Neveruseyour hand.

Self -Check 5.3-1

Answerthefollowing critical safetyquestions.

1. Whatis the only safeway to searchfor a high-pressurénydraulicleak?

2. What is the first thing you should do during the shutdown sequence for the hydraulic
power pack?

3. Canyoudisconneci hydraulichosewhile it is underpressure®Yes/No)

Answer Key 5.3-1

1. Usea pieceof cardboardor wood, never your hand .
2. Thefirst stepis to turnthe pressureelief valve to reducethe systempressureo zero.
3. No. You mustalwaysrelievethe pressurdirst.



224MODULE 5. MODULE 5: UNDERSTAND CONCEPTOF HYDRAULIC CONTROLSYSTEM

Job Sheet 5.3 -1: Practical Assembly and Testing of Hydraulic
Circuits

Job Overview

Performance Objective By completing the five tasks in this Job Sheet, you will
demonstrate your ability to safely assemble, test, and demonstrate a variety ef funda
mental hydraulic circuits on the Festo TP 501 physical training board, based on standard
circuit diagams.

General Procedure  For eachof the five tasksbelow, you must:

Readthe taskdescriptionandrefer to the correspondingircuit diagram.
Gatherandinspectall requiredcomponentsrom the TP 501 kit.
Securelymountthe component®n the training board.

Connectall hydraulichosescorrectlyasshownin the diagram.

CRITICAL SAFETY STEP: Before proceedinghaveyour trainerinspectyour
complete assembly.

Following all safetyprocedures, power upesystem.

Testthe circuit to verify its function asdescribedn the task.

Demonstrateéhe working circuit to your trainerfor assessment.
Safelyshutdownthe systemcompletelybeforemovingto the nexttask.

agrONPE

©oNO

Task A: Build a Direct Control Circuit Objective: Assemble the direct control
circuit for a doubleacting cylinder.

AReference: Circuit Diagramfrom Information Sheet5.2-1.

AKey Components: 4/3-Way ClosedCenterValve, DoubleActing Cylinder.

ADemonstration: Showthetrainerthatyou canextendyetract,andstopthecylinder
mid-stroke.

Task B: Build a Speed Control Circuit Objective: Modify the previous circuit
to include meterout speedcontrol.

AReference: Circuit Diagramfrom Information Sheet5.2-2.

AKey Components: Add a OneWay Flow Control Valve.

ADemonstration: Show the trainer that the cylinder extends slowly but retracts at
full speed.Then, adjust the valve to change the extension speed.

Task C: Build a Pressure Control Circuit Objective: Assemblea circuit to
demonstratahe function of the pressureelief valve.

AReference: Circuit Diagramfrom Information Sheet5.2-3.

AKey Components: Pressuré&auge Shutoff Valve (or DCV).

ADemonstration: Showthetrainerthatwhentheline is blocked thesystenpressure
rises to the level set by the presstekef valve and goes no higher.
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Task D: Build a Load -Holding Circuit Objective: Assemblea circuit to safely
lock a vertical cylinder underload.

AReference: Circuit Diagramfrom Information Sheet5.2-4.

AKey Components: Pilot-OperatedCheckValve, 9kg Weight.

ADemonstration: Mount the cylinder vertically with the weigh&how the trainer
that when the DCV is centered, the cylinder holds its position without driffihgn,
show thatyou can safely lower the cylinder.

Task E: Build a Motor Control Circuit Objective: Assemble a circuit to control
a hydraulic motor.

AReference: Circuit Diagramfrom Information Sheet5.2-5.

AKey Components:  HydraulicMotor, 22Way Flow ControlValve, 4/3Way Relieving
Center Valve.

ADemonstration: Show the trainer that you can start, stop, and reverse the motor.
Then, demonstrate how to adjust its speed using the flow control valve.

Performance Criteria Checklist for Job Sheet 5.3-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions for the Trainer: Observe the trainee

throughout the assembly and demonstration of all five tasks. Assess their overall
competence against the following criteria. Mark ~Yes” if the performance is
consistently satisfactory and "No” if not. All criteria must be met to pass the
module.
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Performance Criteria Questions Yes | No

3.1, 3.5, 3.6, 3.7

SAFETY: Wereall safetyproceduresindguidelinesfollowed con
sistently throughout all tasks(®.g., wore PPE, followedorrect
powerup/shutdown sequence, handled hoses safely, identifie
tential risks).

3.2
INSPECTION: Before assembly, did the trainee inspect the-c(
ponents and hoses for any visible defects?

34

ASSEMBLY: For each of thdive tasks, was the hydraulic app
cation assembled on the training board correctly according t
circuit diagram?

3.2 & 34

OPERATION: Was the correct system pressure maintaiaed,
did the trainee demonstrate the correct functionality for each G
five circuits?

3.3
SIMULATION KNOWLEDGE: (Oral Questioning) Can th
trainee explain how their physical assembly relates to the Fluiq
circuit they previously demonstrated?

Tr ai n Eeedback / Comments (Note any specific safety violations or
successful demonstrations):

Tr ai n 8ignatsre:




Module 6

Use Electro -Hydraulic Control
Application

Module Descriptor

This unit covers the knowledge, skills and attitudes required to use elbgth@ulic
controlapplication.It specificallyincludesthe tasksof identifying electrehydrauliccon
trol circuits, interpreting logical control functions, assembling eleleyidraulic circuits,
simulating and testing electttydraulic system and applying electmgdraulic control
application circuits in training board.

Nominal Duration: 30Hours

Learning Outcomes

6.1 LearningOutcomel: Identify ElectroHydraulic Control Circuits
6.2 LearningOutcome2: Interpretand DesignBasic Control Circuits
6.3 LearningOutcome3: AssembleElectroHydraulic Circuits

6.4 LearningOutcome4: SimulateandTestElectroHydraulic System
6.5 LearningOutcome5: Apply ElectroHydraulic Control Circuits

Performance Criteria

Standardsymbolsfor electrehydrauliccomponentarerecognizedandidentified.
Functionsof eachelectrehydrauliccomponenwithin the circuit areexplained.
Electricaland hydraulic partsof the circuit are distinguishedand categorized.
Functionsof sensorsactuatorsyalves,andcontrollersin the circuit areidentified.
Circuit elementsare matchedto their respectivecontrol functionswithin the system.

6. Relaybasedogicaloperationsandfunctionsusedn controlsystemsareidentifiedand
described.

7. Input and output relationshipswithin the logical control systemare analyzedand
explained.

8. Logical sequenceandconditionsof cylindermovemengreinterpreted.
9. Theeffectof eachlogical function on actuatorss determinedandarticulated.
10. Faultsor irregularitiesin sequenceontrol are detectedhroughanalysis.

a s wbdhPe
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11. Theoverallsequentiatontrollogic is interpreted.

12. Requiredelectrehydraulic components are selected and arranged within FluidSIM
software according to design.

13. Circuit diagramsand simulationinstructionsare interpretedoeforeassembly.

14. Electrohydrauliccomponentareconnectecatorrectlyin FluidSIM following thecir-
cuit layout and operational logic.

15. Electrical connections and hydraulic lines are configured and linked using FluidSIM
tools.

16. Simulation settingsand parametersn FluidSIM are configuredto match system
operational requirements.

17. The assembled elo-hydraulic circuit is simulated in FluidSIM to replicate real
world conditions.

18. System responses and performance data are monitored and recorded during the Flu
iIdSIM simulation.

19. Any faults or errors detectedduring the FluidSIM simulation are identified and
documented.

20. Necessary corrections and adjustments are made within FluidSIM to address identi
fied issues.

21. Electrohydrauliccontrolcircuitsfor two-cylindersequenceareselected.

22. Cylinders A and B along with correspondingsensorsare correctly identified and
integratedinto the control circuit on the training board.

23. Hydraulictubing andelectricalwiring are connected.
24. Sensolinputsandcylinder movementsare monitoredto ensuresynchronization.

25. Faultsor discrepanciesn cylinder sequencesr sensorfeedbackare identified and
corrected.

26. Safetyand operationalproceduresare followed throughoutthe setup,testing, and
shutdown.

6.1 Learning Outcome 1. Identify Electro -Hydraulic
Control Circuits

Contents

This learningoutcome introduces the hardware used in eldtyaraulic systemsYou

will learnto identify eachmajorcomponentf theFestoT P 601trainingpackagedescribe

its function, and interpret its standard ISO symbol, distinguishing between the electrical
and hydraulic parts of the system.

Assessment Criteria

To demonstrateompetenceyou mustbe ableto:
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1.1 Recognizeandidentify standardsymbolsfor electrehydrauliccomponents.
1.2 Explainthe functionsof eachelectrehydrauliccomponentvithin a circuit.
1.3 Distinguishand categorizethe electricaland hydraulic partsof the circuit.
1.4 Identify the functionsof sensorsactuatorsyalves,andcontrollers.

1.5 Match circuit elementdo their respectivecontrol functions.

Required Components

No. | Component / Equipment Category
1 | HydraulicPowerPack PowerSupply
2 | 24V DC Electrical PoweSupply PowerSupply
3 | 4/2-way and4/3-way SolenoidValves DirectionalControl
4 | DoubleActing Cylinder Actuator
5 | RelayUnit (Threefold) Electrical Control
6 | SignallnputUnit (Pushbuttons) Electrical Input
7 | Limit Switch/ Pressuré&witch Sensors
8 | HydraulicHosesandElectricalCables Connection
9 | ComponentDatasheetaind Manuals Reference

Learning Activities

Learning  Activity Resources

Identify all major electrepneumaticcomponents. )
fy J P P Alnformation Sheet2.1-1

ASelt-Check2.1-1
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Information Sheet 6.1-1: The Electro -Hydraulic Power Supply
and Distribution

Objective

After completingthis sheet,you will be able to identify the componentghat supply
hydraulic and electrical power and explain their functions.

Content

1. Two Systems in One An electrehydraulic systemis a hybrid using two power
sources:

A\Hydraulic Power Circuit (The 0 Mu s ¢ | Baes the physical work using high
pressure oil.

AEl ectrical Control Ci MakesdetisiofigBihgiow-poRersigi n 0 ) :
nals (typically 24V DC).

2. Hydraulic Power Supply TheHydraulic Power Pack providestheflow and
pressurelt hastwo main connetions:

AP-Line (Pressure): Supplieshigh-pressureil to the circuit.
AT-Line (Tank): Providesareturnpathfor theoil to thereservoir.

3. Electrical Power Supply The control circuit uses a separa#/ DC Electrical
Power Supply . It provides two main connection rails:

A+24V Rail: The positiveside where altircuitsbegin.
A0V Rail (Ground): The negativesidewhereall circuits mustend.



6.1. LEARNING OUTCOME 1: IDENTIFY ELECTRO-HYDRAULIC CONTROL CIRCUITS231

Hydraulic Power 24V DC Power
Pack Supply

Figure 6.1:The two separate power sourceg:dydraulic Power Pack (lefand a24Vv
DC supply (right).

Self -Check 6.1-1

Instructions:  Answerthefollowing questions.

1. An electrehydraulicsystemusestwo differenttypesof power. Whatarethey?
2. Whatis the typical voltageusedfor the electricalcontrol circuit?
3. Whatdo the letters6 Padd6 Trépresenbn a hydraulic manifold?

Answer Key 6.1-1
1. Hydraulic Power (high-pressureil) andElectrical Power (low-voltageelectricity).

2. 24V DC.
3. 6 Pstandsfor Pressure , andd Tsfandsfor Tank (returnline).

Information Sheet 6.1  -2: Solenoid -Operated Directional Control
Valves (DCVs)

Objective

After completingthis sheetyouwill beableto identify solenoidoperatedCVs, explain
their actuation, and interpret their symbols.
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Content

1. The Electro -Hydraulic Interface Solenoidvalvesaretheinterfacebetweerthe
electricaldo b r andthethydraulico mu s Mhemthedolenoidreceivesa 24V DC signal,
its magnetic force shifts the valve spool.

2. 4/2 -Way Single Solenoid Valve This valve hasa single solenoidand a spring
return.

A\Function:  When solenoid Y1 is energizetthe valve shiftsWhen the signal is re
moved, the spring immediately returthe valve to its normal position.

AApplication:  Usedfor 6 p r-andhso | odedationsvheretheactionstopsassoonas
the input is released.

3. 4/3 -Way Double Solenoid Valve, Closed Center This is a omemory
pulse valve with a solenoidon eachend.

AFunction: A brief pulse to solenoid Y1 shifts the valve, andtiys there after
the signal is removed. A pulse to Y2 is required to shift it b&ble center position
blocks all ports, hydraulically locking the actuator.

AApplication: Ideal for circuits where an actuator must remain in position until a
separate command is given.

4. 4/3 -Way Double Solenoid Valve, Relieving Center This is alsoa memory
valve, but with a different centerposition.

AFunction:  The centerposition connectswvorking portsA and B to Tank (T),
unl oading the pump and all owing the actue
AApplication:  Usedfor motor controlor in energye i cdesignst

M1

Figure6.2: Symbolfor a4/2-way singlesolenoid springreturnDCV.
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Figure 6.3: Symbolfor a 4/3-way double solenoid,closedcenterDCV.

Figure 6.4: Symbolfor a 4/3-way double solenoid,relieving-centerDCV.

Self -Check 6.1-2

Instructions:  Answerthefollowing questions.

1. Whatis the mainoperationalifferencebetweera singleanddoublesolenoidvalve?
2. Which 4/3way valve wouldyou use tohydraulicallylock acylinder?
3. Whatdoesa rectanglewith a diagonalline represenbn a schematic?

Answer Key 6.1-2

1. A singlesolenoidvalveis springreturn. A doublesolenoidvalveisad me movalwe 0
that stays in its last position.

2. Theclosed -center valve.

3. An electricalsolenoid .
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Information  Sheet 6.1-3: Electrical Input Devices

Objective

After completingthis sheet,you will be ableto identify pushbuttonsand switchesand
interpret their electrical symbols.

Content

1. Operator Controls Thesignalinputunitistheo p e r adniotpansl,containing
switches that open or close a circuit.

2. Pushbuttons (Momentary Switches) These change the circuit state only while
held down. A spring returnsthemto their normal stateupon release.

ANormally Open (NO): Open at refs Pressing it closes the switch to complete a
circutt Used f or o0Starto commands.

ANormally Closed (NC): Closedat rest. Pressingt opensthe switchto breaka
circut. Used f or oSt opmalelcommands (f ail

3. Switches (Maintained Switches) Theselatch or stayin the selectedposition
(e.g., ON/OFF toggle, Manual/Auto selector).
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g ©
NO Symbol

94y OV Output -@
i ® O
NC Symbol

Figure 6.5: The signalinput unit and symbolsfor Normally Open(NO) and Normally
Closed (NC) pushbuttons.

Self -Check 6.1-3

Instructions:  Answerthefollowing questions.

1. What is the main difference betweena momentarypushbuttonand a maintained
switch?

2. Which type of pushbuttonis typically usedfor ad St aomtand?

3. Why areNormally Closed(NC) pushbutton®ftenusedfor 0 St oomands?

Answer Key 6.1-3

1. A momentary pushbutton is active only while press®dnaintained switch stays in
position.

2. ANormally Open (NO) pushbutton.

3. Becausédreakingthecircuit is afail-safeaction.
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Information  Sheet 6.1-4: Electrical Control and Sensing Devices

Objective

After completing this sheet, you will be able to identify relays and sensors, explain their
function, and interpret their symbols.

Content

1. Relay Unit  Arelay is an electrically operated switdhis a fundamental building
block for creating logic.

AFunction: A small signal to its coil controls one or more separate sets of contacts,
allowing for logic (AND/OR), contact multiplication, and latching (memory).

ASymbol: The coil and contactsare drawn separatelybut linked by the samelabel
(e.g., K1).

2. Limit Switch (Mechanical Sensor) A°- I i mit switch detects
presence by making contact with it.

AFunction: Mostoftenusedto detectac y | i remttefistileeposition.Whenactu
ated, it changes the state of its electrical contacts.
AApplication:  Essentialfor creatingautomaticsequences.

3. Pressure Switch (Pressure Sensor) A pressureswitch convertsa hydraulic
pressureevel into an electrical signal.

AFunction:  An adjustable switch that activates only when pressure reaches a preset
level.

AApplication:  Usedfor force-dependentontrol, suchasconfirming clampingforce
before starting another operation.

ar



6.1. LEARNING OUTCOME 1: IDENTIFY ELECTRO-HYDRAULIC CONTROL CIRCUITS237

1214 2224 3234 4244

A2 11 21 31 41

1214 2224 3234 4244

RN

‘1214 2114 3131 4244

Figure 6.6:Schematic symbols for a relay, showing the coil (K1) and its corresponding
Normally Open (NO) and Normally Closed (NC) contacts.

2 |i

1

Figure6.7: Schematicsymbolsfor amechanicalimit switch,showingboththe Normally
Open (NO) and Normally Closed (NC) contact configurations.
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Figure 6.8:Schematic symbols for a pressure switch, showing both the Normally Open
(NO) and Normally Closed (NC) contact configurations.

Self -Check 6.1-4

Instruct ions: Answerthefollowing questions.

1. Whatis the primary function of arelayin a control circuit?
2. Whatis the mostcommonusefor alimit switchin anelectrehydraulicsystem?
3. Which sensorconfirmsaspecificclampingforcehasbeenachieved?

Answer Key 6.1-4

1. To useasmallsignalto control othercircuits, createlogic, or multiply contacts.
2. To detectthe endof-strokepositionof a cylinder.
3. A Pressure Switch .
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Task Sheet 6.1-1: Component Identification Worksheet

Performance Objective

Giventhe table below, you will draw the correctISO symbolfor eachcomponentand
write a brief description of its function.

Tools and Materials

APenor Pencilwith a straightedge.
AReferences: InformationSheets5.1-1 through6.1-4.

Procedure

1. For eachcomponentistedin the table,completethe two empty columns.

2. Inthed S y mlxaump,neatlydrawthe completeandcorrectISO symbol.

3. Inthed F u n c dolunonywite a concise onesentencealescriptionof its purpose.
4. Submitthe completedtableto your trainerfor evaluation.

Component Name Symbol (Draw Here) Function

Hydraulic Power Pack
(Simplified)

4/3-Way, DoubleSolenoid,
ClosedCenter DCV

Double-Acting Cylinder

Electrical Relay (Coil and
one NO/NC pair)

Normally Open (NO)
Pushbutton

Limit Switch(NO)
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Performance Criteria Checklist for Task Sheet 6.1-1

For Tr ai nédse Ody

Tr ai n Name: Date:
Instructions: Review the trainee’s completed worksheet.

Assess their written and drawn work against the following criteria.

Performance Criteria  Questions Yes | No

1.1 Did the trainee correctly interpret the names and draw the s
dard symbols for the components?

1.2 & 1.4 Was the function of each component described corre
on the worksheet?

1.3 & 1.5 Did the trainee correctly categorize each component
its type and control function?

1.1 (Verbal) (Optional)Did thetraineeverballyrecognizehephys
ical components from the training kit?

Train Feedback / Comments: Tr ai n  Signature:
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6.2 Learning Outcome 2: Interpret and Design Basic
Control Circuits

Contents

This outcome focuses on relagsed electrical control for hydraulic systenisu will
learnthe differencebetweerdirectandindirectcontrol, masterthe self-holding (latching)
circuit, and practice analyzing cintadiagrams.

Assessment Criteria

To demonstrateompetenceyou mustbe ableto:

2.1 ldentify anddescriberelay-basedogical operations.

2.2 Analyze and explain input/outputrelationships.

2.3 Interpretlogical sequence®f cylinder movement.

2.4 Determinethe effectof eachlogical functionon actuators.

2.5 Detectfaults or irregularitiesin sequence&ontrol throughanalysis.
2.6 Interpretthe overall sequentiatontrollogic.

Required Components

No. | Component / Equipment Purpose
1 | PenandPaper Worksheet For analysisanddocumentation
ElectroHydraulic Circuit Diagrams For interpretationexercises

Learning Activities

No. | Learning Activity

ReadInformation Sheet6.2-1 to understandlirect andindirect control.
ReadInformation Sheet6.2-2 to learnthe self-holding (latching) circuit.
Completethe Self-Checksto testyour understanding.

Follow the procedure in Task Sheet-8.%0 analyze and document a latching
circuit.

AW |IN|PF
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Information Sheet 6.2 -1: Direct and Indirect Control

Objective

After completing this sheet, you will be able to differentiate between direct and indirect
control, explain the advantages of using a relay, and interpret their diagrams.

Content

1. Direct Control  This is the most basic method, where an input device (eigs, p
button) is wired directly to the output (solenoid coil).

AOperation:  Pressingthe button completesthe circuit and energizeghe solenoid.
Releasing the button breaks the circuit.

ADisadvantages: Limited logic capability and requires the switchto handlt he s ol eno

full current.
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| ]
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Figure6.9: Direct control: PushbuttorS1is wired directly to solenoidY1.

2. Indirect Control  This methodintroducesa relay betweenthe input and output.

AOperation: Thepushbuttorenergizesherelaycoil (low power).A contactrom the
relay then switches power to the solenoid (high power).

AAdvantages: Thisis thefoundationof advancedontrol,allowingfor complexlogic
(AND/OR), contactmultiplication, and protectionof delicateinput sensors.
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24 o 2
3 3
S1 Evy K
4 4
KC C7HRSV
0% o

Figure6.10: Indirect control: S1 energizeselay K1; the K1 contactcontrolssolenoidY1.

Self-Check 6.2-1

Instructions:  Answerthefollowing questions.

1. In directcontrol,whatis wired directly to the solenoidcoil?
2. Whatistheo mi d d | companenrdin indirect control?
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3. List onemajoradvantagef usingindirect control.

Answer Key 6.2-1
1. Theinputdevice(e.g.,apushbutton).

2. An electrical relay
3. Any oneof: Allows for logic, contactmultiplication, or protectsinput devices.

Information Sheet 6.2 -2. Implementing Latching (Memory) Cir -

cuits

Objective

After completingthis sheetyouwill beableto explainanddesignalatching(self-holding)
circuit using a relay.

Content

1. The Need for Memory Tomakeaprocesstart and continue running after

releasing a momentary start button, t he e
started.This is done with #atching or self -holding circuit.
2. The Self -Holding Principle A latching circuit wus-es one

mally open (NO) contacts, wired parallel with the start button, to keep its own coil
energized.

AStart:  An NO pushbuttorprovidestheinitial signalto energizetherelay.

AHold: Ther e | BQ@corgactclosescreatingaparalleld h o | gathfogtiiecurrent
after the start button is released.

AStop: A normallyclosed(NC) pushbuttonwiredin series with thelatch,is pressed
to break the circuit and eenergize the relay.

This Start/Stoplatch is a fundamentabuilding block of industrial control.
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Self -Check 6.2-2

Instructions:  Answerthefollowing questions.

1. How is ther e | &oldingcontactwired relative to the start button?  (Seriesor
parallel?)

2. Whattype of pushbutton(NO or NC) is usedfor thed St oomnand?

3. What happensdf the operatorpressesoth Startand Stop at the sametime?

Answer Key 6.2-2

1. It iswiredin parallel with the startbutton.
2. ANormally Closed (NC) button.
3. Thecircuit will stop(or not start). Thisis calledo Stopmi nance. 0
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Job Sheet 6.2 -1: Analyze a Latching Circuit

Performance Objective

MODULE 6. USE ELECTRO-HYDRAULIC CONTROL APPLICATION

Given the circuit diagram below, you will analyze its operation and write eogtetep
description of the sequence of events.

butt on

Procedure

1. Studythe circuit diagram.

2. ldentify all componentspushbuttonstelays,solenoidsyalves,andthe actuator.

3. On a gparate sheet, write a numbered list describing the full sequence, starting with
01lThe operator presses the Start

4. Describewhateachelectricalactioncausesn the hydrauliccircuit.

5. Continueuntil thecylinderhasfully extendedandretracted.

6. Submityour written sequencdor evaluation.

Performance Criteria Checklist for Task Sheet 6.2-1

For Tr ai ndse Ody

Tr ai n Name: Date:
Instructions: Review the t r a i mnvettenb sequenceof
operation.
Performance Criteria Questions Yes | No
2.1 Did the trainee correctly identify the latching function of rela
K1?
2.2 Wastherelationshipbetweertheinput buttons(S1, S2, S3and
the outputs (Y1, Y2) correctly described?
2.3 & 2.6 Was the full logical sequence (extend, stop, retraet)
terpreted correctly?
2.4 Did the trainee accurately determine the effect of solenoids
and Y2 on the cylinder?
2.5 Could the traine= explain what would happenif the holding
contact for K1 failed to close?
Train Feedback / Comments: Tr ai n  Signature:

(
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6.3 Learning Outcome 3. Assemble Electro -Hydraulic
Circuits

Contents

This outcome transitions from theory to virtual practice using FluidSIM. The focus is on
correctcomponenplacementwiring, andusingsimulationto verify circuit functionality.

Assessment Criteria

To demonstrateompetenceyou mustbe ableto:

3.1 Navigak the simulationsoftwareenvironment.

3.2 Selectandplacehydraulicandelectricalcomponentérom the library.
3.3 Correctlyconnectcomponentgo form circuits.

3.4 Startthe simulationand observecircuit operation.

Required Components

No. | Component / Equipment Purpose

Computerwith FestoFluidSIM Software | Virtual Assemblyand Simulation

Circuit Diagramsfrom LO2 Referencdor building

Learning Activities

No. | Learning Activity

ReadnformationShee6.3-1to familiarizeyourselfwith theFluidSIM interface.

Follow TaskSheet6.3-1 to build andsimulatethreefundamentatircuits.

Demonstrategyour functionalsimulationsto your trainer.
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Information  Sheet 6.3-1: Building Electro -Hydraulic Circuits in
FluidSIM

Objective

After completingthis sheet, yowvill beableto navigateFluidSIM, find components, and
connect them to create a basic circuit.

Content

1. The FluidSIM Environment The window is divided into th€omponent Li -
brary (left) and theDrawing Area  (right).

2. Buildinga Circuit

1. Drag and Drop: Dragcomponent$rom thelibrary tothedrawing area.

2. Connect: Click and drag between component ports to draw hydraulic lines (red) or
electrical wires (blue).

3. Label Components: Doubleclick a component to assign a label (e.g., Y1, K-
idSIM automatically links components with the same label (e.g., coil K1 and contact
K1).

3. Simulating the Circuit Use the tool barédés oPl ayo but
and the 0St op oClidkwon pushbuttonsoto aperate thetf.there are
errors, FluidSIM will alert you.
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Task Sheet 6.3-1: Simulation of Basic Control Circuits

Performance Objective

Using FluidSIM, youwill build, simulate, angerify the operationof direct, indirect, and
self-holding latching control circuits.

Procedure

Part A: Direct Control

1. Build a hydrauliccircuit with a power pack, a 4/2-way singlesolenoidvalve, anda
cylinder.

2. Build anelectricalcircuit to controlthesolenoid(Y1) directly with apushbutton
(S2).

3. Simulateandverify thatthe cylinder extendsonly while S1is held down.

Part B: Indirect Control

1. Usethe samehydrauliccircuit.

2. Build anelectricalcircuit for indirect control: S1energizeselayK1; anNO contact
from K1 energizes solenoid Y1.

3. Simulateandverify the identicalfunction.

Part C: Latching Control

1. Usea hydrauliccircuit with a double -solenoid 4/3-way closedcentervalve.

2. Build acompleteelectricallatching circuit to controltheo e x t solerwid(Y1)
with Start/Stopbuttonsand a relay (K1).

3. Useaseparatpushbuttor{S3)to energizeéhed r e t solanoid(YR).

4. Simulate and verify that Start extends and holds, Stegnéegizes the latch, and S3
retracts.



























































































































































































































