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Preface

The primary focus of any engineering laboratory/field work in the technical education system
is to develop the much-needed industry relevant competencies and skills. With this in view, MSBTE
embarked on this innovative ‘K’ Scheme curricula for engineering diploma programs with outcome-
based education as the focus and accordingly, a relatively large amount of time is allotted for the
practical work. This displays the great importance of laboratory work, making each teacher, instructor
and student realize that every minute of the laboratory time needs to be effectively utilized to develop
these outcomes, rather than doing other mundane activities. Therefore, for the successful
implementation of this outcome-based curriculum, every practical has been designed to serve as a
‘vehicle’ to develop this industry identified competency in every student. The practical skills are
difficult to develop through ‘chalk and duster’ activity in the classroom situation. Accordingly, the
‘K’ scheme laboratory manual development team designed the practicals to focus on the outcomes,
rather than the traditional age-old practice of conducting practical’s to ‘verify the theory’ (which may
become a byproduct along the way).

This laboratory manual is designed to help all stakeholders, especially the students, teachers
and instructors to develop in the student the predetermined outcomes. It is expected from each student
that at least a day in advance, they have to thoroughly read through the concerned practical procedure
that they will do the next day and understand the minimum theoretical background associated with
the practical. Every practical in this manual begins by identifying the competency, industry relevant
skills, course outcomes and practical outcomes which serve as a key focal point for doing the practical.
The students will then become aware about the skills they will achieve through the procedure shown
there and necessary precautions to be taken, which will help them to apply in solving real-world
problems in their professional life.

This manual also provides guidelines to teachers and instructors to effectively facilitate
student- centered lab activities through each practical exercise by arranging and managing necessary
resources in order that the students follow the procedures and precautions systematically ensuring
the achievement of outcomes in the students.

Microwave engineering plays a crucial role in the design and development of
communication system, antennas, waveguides, and microwave devices. Simultaneously, radar
system are integral to defense, weather forecasting, navigation, and traffic management.
Understanding the principles behind the operation of microwave components and radar system is
essential for aspiring engineers in the field of electronics, communication, and applied system.

Although best possible care has been taken to check for errors (if any) in this laboratory
manual, perfection may elude us as this is the first edition of this manual. Any errors and suggestions
for improvement are solicited and highly welcome.

Maharashtra State Board of Technical Education i
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Program Outcomes (POs)

Following program outcomes are expected to be achieved through the practical of the course.

PO1: Basic and Discipline specific knowledge: Apply knowledge of basic mathematics,
science and engineering fundamentals and engineering specialization to solve the broad-
based Electronics Engineering group program problems.

PO2: Problem analysis: Identify and analyze well-defined Electronics Engineering group
program problems using codified standard methods.

PO3: Design/ development of solutions: Design solutions for well-defined technical
problems and assist with the design of Electronics Engineering group program systems
components or processes to meet specified needs.

PO4: Engineering Tools, Experimentation and Testing: Apply modern Electronic
Engineering group program tools and appropriate technique to conduct standard tests and
measurements.

PO5: Engineering practices for society, sustainability and environment: Apply
appropriate Electronics Engineering group program technology in context of society,
sustainability, environment and ethical practices.

POG6: Project Management: Use Electronics Engineering group program management
principles individually, as a team member or a leader to manage projects and effectively
communicate about well- defined engineering activities.

PO7: Life-long learning: Ability to analyze individual needs and engage in updating in
the context of Electronics Engineering group program technological changes.

Maharashtra State Board of Technical Education
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List of Industry Relevance Skills

The aim of this course is to attain the following industry/employer expected
outcome through various teaching learning experiences: "Maintain Automation systems."

1. Ability to identify, test, and select industrial sensors, actuators, and PLC hardware components.

2. Skill in wiring and interfacing field 1/0 devices (digital/analog) with PLC modules safely and
correctly.

3. Competence in developing and debugging ladder logic programs for logic operations and
automation tasks.

4. Capability to design PLC-based automation solutions using timers, counters, interlocks, and
application logic.

5. Proficiency in configuring and troubleshooting industrial communication protocols such as
Modbus, Profibus, and Ethernet/IP.

Maharashtra State Board of Technical Education 1]
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Practical - Course Outcome matrix

Course Level Learning Outcomes (COs)

CO1 - Identify different components of automation system

CO2 - Interface the given 1/O device with PLC module.

CO3 - Develop ladder logic program for various logic gates and Boolean equations.
CO4 - Develop ladder logic program for given application.

CO5- Use the relevant communication protocol for specific automation system.

Sr. . . CO | CO
Title of the Practical
No. 1 2
1 *|dentification of components of automation trainer kit
. - - \/ —
available in the laboratory.
2. | *Interface given I/O devices with PLC. v v
3. | Interface 1/0 devices with PLC in virtual lab v v

Sourcing and sinking connection of I/O devices with descrete
I/0 module. - v

5. | *Test functionality of various logic gates using ladder diagram.

6. | *Develop ladder program for 4:1 Multiplexer.

* Test the functionality of latching using basic relay type
instructions in ladder diagram. -

Develop a ladder program for sequential ON-OFF control of
lamps/motors. - -

9. | *Develop a ladder program to process analog signal. _

Develop ladder program to control the direction (Clockwise and

10. Anticlockwise) of stepper moto. - -
1 Develop ladder program for traffic light control system

" | using virtual lab simulator - -
12 Develop ladder program to sort metalic and non-metalic

" | objects - -
13 Develop Sequencial Function Chart (SFC) to sort metalic and

non-metalic objects - -

14. | *Develop ladder program for automatic car parking system.

Interface and test PLC with profibus and profinet network

15 protocol. -

*Develop SCADA graphic screen and integrate with PLC to

16. perform the sequential ON-OFF control of Lamps/motors. - -

Maharashtra State Board of Technical Education
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Guidelines to Teachers

1. Teacher should provide the guideline with demonstration of practical to the students
with all features.

2. Teacher shall explain prior concepts to the students before starting of each practical.

3. Involve students in the performance of each experiment.

4. Teacher should ensure that the respective skills and competencies are developed in the
students after the completion of the practical exercise.

5. Teachers should give opportunities to students for hands-on experience after the
demonstration.

6. Teacher is expected to share the skills and competencies to be developed in the students.

7. Teacher may provide additional knowledge and skills to the students even though not
covered in the manual but are expected of the students by the industry.

8. Finally give practical assignments and assess the performance of students based on tasks
assigned to check whether it is as per the instructions.

9. Teacher is expected to refer complete curriculum document and follow guidelines
for implementation

10. At the beginning of the practical which is based on the simulation, teacher should
make the students acquainted with any simulation software environment.

Instructions for Students

1. Listen carefully to the lecture given by the teacher about course, curriculum, learning
structure, skills to be developed.

2. Organize the work in the group and make a record of all observations.

3. Do the calculations and plot the graph wherever it is required in the practical
4. Students shall develop maintenance skills as expected by industries.

5. Student shall attempt to develop related hand-on skills and gain confidence.

6. Student shall develop the habits of evolving more ideas, innovations, skills etc. those
included in scope of manual

7. Student should develop the habit to submit the practical on date and time.

8. Student should prepare well while submitting a write-up of exercise.

Maharashtra State Board of Technical Education
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Content Page
List of Practical’s and Progressive Assessment Sheet

Sr.

No.

Title of the practical

Page
No.

Date of
performance

Date of
submission

Assessment
marks
(25)

Dated
sign.
Of
teach
er

Remarks
(if any)

*1dentification of components of automation
trainer kit available in the laboratory.

*Interface given 1/O devices with PLC.

Interface 1/0 devices with PLC in virtual lab

Sourcing and sinking connection of 1/0
devices with descrete 1/O module

*Test functionality of various logic gates
using ladder diagram.

*Develop ladder program for 4:1
Multiplexer.

* Test the functionality of
latching using basic relay type instructions
in ladder diagram.

Develop a ladder program for sequential
ON-OFF control of lamps/motors

*Develop a ladder program to process
analog signal

10

Develop ladder program to control the
direction (Clockwise and Anticlockwise) of
stepper moto

11

Develop ladder program for traffic light
control system using virtual lab simulator

12

Develop ladder program for traffic light
control system using virtual lab simulator

13

Develop Sequencial Function Chart (SFC)
to sort metalic and non-metalic objects

14

*Develop ladder program for automatic car
parking system

15

Interface and test PLC with profibus and
profinet network protocol

16

*Develop SCADA graphic screen and
integrate with PLC to perform the sequential
ON-OFF control of Lamps/motors

Total

Note:

Out of above suggestive LLOs —

*' Marked Practical’s (LLOs) Are mandatory.
Minimum 80% of above list of lab experiment are to be performed.
Judicial mix of LLOs are to be performed to achieve desired outcomes.

Maharashtra State Board of Technical Education
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Automation and PLC (316334)

Practical No.l: Identification of components of automation trainer kit available in the

laboratory.

Practical Significance

A PLC is an industrial computer used to control automation processes like machinery, assembly lines,
and power plants. The PLC Trainer Kit has a PLC unit with input and output terminals. It includes
input devices like push-to-ON switches and toggle switches, which send signals to the PLC. Output
devices like lamps and hooters operate according to the PLC’s control logic. All input/output devices
are connected to PLC through input and output lines.

Industry/Employer Expected Outcome

The aim of this course is to attain the following industry/employer expected outcome through various
teaching learning experiences: "Maintain Automation systems."

Course Level Learning Outcome

Identify different components of automation system.

IV. Laboratory Learning Outcomes

VI.

LLO 1.1 Identify the components of automation system available in laboratory.
Relevant Affective domain related Outcomes

Demonstrate working as a leader or a team member.
Follow ethical practices.

Follow safety practices.

Practice good housekeeping.

Maintain tools and equipment

arowdneE

Relevant Theoretical Background

Input Sensors/devices send signals to the PLC through input lines. The PLC executes the ladder logic
program to process these signals. Based on the instruction of ladder program, the PLC generates
corresponding output signals, which activate the connected output devices.

PLC accepts signals from input devices like push buttons, limit switches, proximity and photo
sensors, and temperature sensors. Input signal from input device can digital signals (ON-24V/OFF-
0V) and analog signals (0-10V, 4-20mA). PLC digital output signals are used to drive a relay, which

then controls higher power output devices like motors, pumps, or heaters safely

Maharashtra State Board of Technical Education, Mumbai 1
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VIIl.  Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram

PL ‘NE" $7-1200

e

Fig. 1.1: Automation Trainer Kit

B. Actual Block Diagram (If required attach separate page)

Maharashtra State Board of Technical Education, Mumbai
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VIIl. Required Resources/apparatus/equipment with specifications
Table 1.1
Islg Name of Resource Suggested Broad Specification Quantity

CPU: 1214C DC/DC/DC (6ES7 214-1AG31-OXBO)
Digital input: 12 nos. with toggle switches for
applying 24V dc inputs.

Programmable logic Digital Outputs: 12 Nos with 24V operated Lamp.

1 controller Analog Inputs: 02 1
Analog Outputs: 02
External Power Supply: 24 V DC.
Memory: 16 K data memory +351K Code Memory
+96K upload Memory.
PC preloaded with required PLC software (TIA

2 Computer/Laptop Software for Siemens PLC) and 1/0 communication 1
facility.

IX. Precautions to be followed

Do not short-circuit the input or output terminals.

Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without
relay/contactor.

Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their
designated terminals.

X. Suggested Procedure

1.

7.
8.
9.

Switch OFF the PLC Trainer Kit and observe it physically to identify its main components
safely.

Identify the PLC module (Siemens S7-1200) on the trainer kit, note its Digital/Analog input to
and Digital/Analog output terminals, communication ports (RJ45), and power supply section.
Observe and identify all input devices such as push buttons, toggle switches, DC voltage
generator, and DC voltmeter provided on the Kit.

Identify the output components such as indicator lamps, Hooter.

Use connecting wires to connect input devices to the PLC input terminals, and connect output
devices to the PLC output terminals.

Ensure that a PC or Laptop with pre-installed PLC programming software (e.g., Siemens TIA
Portal) is available for PLC programming and interfacing.

Open TIA Portal, create a new project, and add PLC device.

Configure PLC communication and open OB1 program block.

Select Ladder Diagram editor, insert I/O instructions, and assign addresses.

10. Develop control logic, compile the program, and download to PLC.

11. Switch PLC to RUN mode, monitor online, and verify operation

Maharashtra State Board of Technical Education, Mumbai 3
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XI. Resources used during performance
Table 1.2

Sr.

NO Name of Resource Specifications

Quantity

XII.  Actual Procedure (If required attach separate page)
1.

XIIl. Observation Table

Table 1:3 Specification of PLC Trainer

Sr.

No Name of PLC Trainer-Make

Specification

Digital Inputs

Analog Inputs

PLC Trainer Digital Outputs

Analog Outputs

Rated DC Output Voltage

Communication Port Type

Available Input Devices

Available Output Devices

Maharashtra State Board of Technical Education, Mumbai
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X1V. Results

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Compare various PLC based on manufacturer, Type of PLC, power supply requirement,
compatible software.

2. Select appropriate PLC and 1/0 modules for the specific application.

3. Selection the PLC for given application such as water bottle filling plant, object selection
process or any other application suggested by subject teacher.

[Space for Answers] (If required attach separate page)
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
.............................................................................................................................
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.............................................................................................................................
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
-----------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................
.............................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................

XVIII. Suggested references for further reading

Table No. 1.4

Sr.

No Link / Portal / VLab Description

1 | https://plccoep.vlabs.ac.in/List%200f%20experiments.html | Virtual Lab experiment link

This lecture discusses about
basics of program logic
https://youtu.be/MS3gJg2jvu0 controllers. Various

2 . .
programming techniques and
terms used in PLC are
discussed in detail

https://sail.co.in/sites/default/files/ipss/about/2-07-015- Pdf with details of PLC and

3 15.pdf its 1/O devices.

Maharashtra State Board of Technical Education, Mumbai 6
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XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Successful installation of Packet Tracer 10%
2 | Identification of Packet Tracer Simulator components 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Create a simple network topology 10%
2 | Demonstrate device configuration and connections 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %

Marks Obtained

Dated Sign of Teacher

Process Related (15) | Product Related (10) Total (25)

Maharashtra State Board of Technical Education, Mumbai
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Practical No.2: Interface given 1/0O devices with PLC.

I. Practical Significance

To implement real-time applications in industrial automation, a variety of field devices are employed
for tasks such as temperature monitoring, object detection, and level measurement. The signals from
these input devices are processed by the PLC, which then generates appropriate control signals to
operate actuators and execute the required task. For successful operation, all field devices must be
properly wired and correctly programmed with the PLC. This experiment enables students to develop
essential wiring and interfacing skills, preparing them to connect and configure different types of

field devices with suitable PLC modules for industrial applications.

Il. Industry/Employer Expected Outcome

The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcomes

e Identify different components of automation system.

e Interface the given 1/O device with PLC module.

IV. Laboratory Learning Outcome

1. LLO 2.1 Interface input output devices with PLC and test the output for various inputs.

V. Relevant Affective domain related Outcomes

1) Promotes discipline, ensures precision in wiring, fosters accuracy during programming as well
as documentation of automation systems.

2) Builds a sense of responsibility, promotes safety consciousness while managing PLC hardware
as well as field devices.

V1. Relevant Theoretical Background

» Introduction to PLC

1. A Programmable Logic Controller (PLC) is an industrial digital computer designed to control
manufacturing processes or machinery. It performs logical, sequential, timing, counting, and
arithmetic control functions through user-defined programs stored in memory.

2. PLCs are widely used in automation systems because of their reliability, ease of programming,
and ability to interface with various input/output (I1/O) devices.

» Concept of 1/O Interfacing

1. Interfacing refers to establishing a communication link between the field devices (sensors and

Maharashtra State Board of Technical Education, Mumbai 8
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actuators) and the PLC.
2. Input Devices send real-world signals to the PLC (e.g., push buttons, limit switches, sensors).
3. Output Devices receive control signals from the PLC to perform actions (e.g., lamps, relays,
solenoids, motors).
4. The PLC reads input signals through its input module, processes the logic based on the control
program, and sends the corresponding control signals through its output module.
» Types of 1/0 Signals
e Digital (Discrete)Signals:
Represent ON/OFF or HIGH/LOW states (e.g., 24V DC or 0V).
Examples: Push button, proximity sensor, limit switch, indicator lamp, relay.
e Analog Signals:
Represent variable values such as voltage (0-10V) or current (4-20mA).
Examples: Temperature sensor, pressure transducer, speed controller.
» PLC I/0 Modules
1) Input Module — Converts incoming field signals to logic levels compatible with the PLC’s CPU.
2) Output Module — Converts CPU control signals into voltage or current suitable for actuators.
Table 2.1 Typical List of 1/0O Devices

Type of Device Device Function
Input Push Button Start/stop command
Input Limit switch Detects mechanical position
Input Proximity sensor Detects object presence
Output Indicator Lamp Visual status indication
Output Relay Controls high-power load
Output Solenoid valve Controls fluid flow
VII.  Circuit diagram / block diagram / flowchart

A. Suggestive Block Diagram

Maharashtra State Board of Technical Education, Mumbai 9
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Voltage - Mode Analog Inputs

Analog Proximity

-

R=EALPARS

Fig. 2.1: 1/O device interfacing with PLC
(Source: Courtesy of REALPARS)

B. Actual Block Diagram (If required attach separate page)

Maharashtra State Board of Technical Education, Mumbai
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VIIl. Required Resources/apparatus/equipment with specifications
Table 2.2
Islg Name of Resource Suggested Broad Specification Quantity

CPU: SIEMENS S7-1214C
DC/DC/DC (6ES7 214-1AG31-
OXBO)

Digital input: 12 nos. with toggle
switches for applying 24V dc inputs.
Digital Outputs: 12 Nos with 24V
1 Programmable logic controller  |operated Lamp.

Analog Inputs: 02 1 Experimental kit
Analog Outputs: 02

External Power Supply: 24 V DC.
Memory: 16 K data memory +351K
Code Memory +96K upload Memory.

PC preloaded with required PLC
software (T1A Software for Siemens

Computer/Laptop PLC) and I/0 communication facility.

Toggle Switch

Push button (Push to ON)

Push button (Push to OFF)

3 Input output devices Sensor (Object detector)

S

Relay (Electromechanical SPST,
SPDT etc.)

Neon Bulb 1

IX. Precautions to be followed

1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without
relay/contactor.

3. Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their
designated terminals.

4. Use correct grounding and wiring practices.

5. Do not connect or disconnect devices when PLC is powered ON.

6. Verify addressing and signal polarity before operation.

X. Suggested Procedure
1. Identify the 1/O devices (digital or analog).
2. Connect input devices to the PLC input terminals (common and signal).
3. Connect output devices to the PLC output terminals.
4. Configure I/O addresses in the PLC software (e.g., 10.0, Q0.0).
5. Develop and download the ladder logic or control program.
6

. Test the operation to verify correct response between input actions and output responses.

Maharashtra State Board of Technical Education, Mumbai 11
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XI. Resources used during performance
Table 2.3

Sr.

No Name of Resource Suggested Broad Specification Quantity

CPU:

Digital input:

Digital Outputs:

1 Programmable logic controller  |Analog Inputs:

Analog Outputs:
External Power Supply:
Memory:

Computer/Laptop Configuration:

2 Computer/Laptop
Programming software used:

3 Input output devices 3)

XII.  Actual Procedure (If required attach separate page)
1.

XI1l. Observation Table

Table 2.4

Sr. Field Device Type Address Operating mode Function of Device
No. Interfaced Input/output Analog/Digital

1

2

3

4

5

Maharashtra State Board of Technical Education, Mumbai 12
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X1V. Results

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Identify and interface I/O modules to connect field devices for automatic bottle filling system using
PLC.

2. List various 1/0 devices with their types based on operating signals also give function of each
device.

[Space for Answers] (If required attach separate page)

.............................................................................................................................
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XVIII. Suggested references for further reading

Table 2.5

Sr.
No.

Link / Portal / VLab

Description

Frank D. Petruzella Programmable Logic Controllers, 5th Edition

1| McGraw-Hill Education, 2016. ISBN: 978-0073373843 Reference Book
PLC I/O basics PLC Input
. and Output Signal Digital
. I =
2 | https:/lyoutu.be/IEd1OM5JQPs?si=qDue2ImdtZv3pKAa Analog signal Explained
I/0 Module of PLC
XIX. Assessment Scheme
Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Successful installation of GNS3 10%
2 | ldentification of GNS3 Simulator components 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Create a simple network topology 10%
2 | Demonstrate device configuration and connections 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated Sign of Teacher
Process Related Product Related
(15) (10) Total (25)

Maharashtra State Board of Technical Education, Mumbai
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Practical No.3: Interface 1/O devices with PLC in virtual lab

I. Practical Significance

Interfacing 1/O devices with a PLC in a virtual lab lies in providing a safe, cost-effective, and
realistic platform to understand industrial automation systems. It allows learners to simulate real-
world conditions by connecting virtual sensors, switches, and actuators to a PLC, helping them
visualize and test how inputs and outputs interact through control logic. This hands-on experience
enhances understanding of PLC programming, troubleshooting, and system behaviour without the
risk of damaging physical equipment. Moreover, it enables flexible experimentation, performance
analysis, and skill development essential for real industrial applications.

Il. Industry/Employer Expected Outcome

The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcomes

CO 1. Identify different components of automation system.

CO 2. Interface the given I/0 device with PLC module.

IV. Laboratory Learning Outcome

LLO 3.1 Interface input output devices with PLC and test the output for various inputs in virtual lab.

V. Relevant Affective domain related Outcomes

1.

Promotes discipline, ensures precision in wiring, fosters accuracy during programming as well
as documentation of automation systems.

Builds a sense of responsibility, promotes safety consciousness while managing PLC hardware
as well as field devices.

VI. Relevant Theoretical Background

A Programmable Logic Controller (PLC) is an industrial digital computer designed to control
and automate electromechanical processes such as machinery operation, assembly lines, and
robotic systems. It operates based on input and output (1/0) interfacing, where input devices like
sensors, switches, and push buttons send signals to the PLC, which processes them according to
the programmed logic, and output devices such as motors, lamps, and relays execute the desired
actions.

The PLC continuously scans inputs, executes the control program (usually written in ladder
logic), and updates outputs accordingly. Interfacing 1/0 devices enables the PLC to interact with
the external environment, making automation possible.

In avirtual lab environment, these 1/O operations are simulated using software tools that replicate
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the behavior of real sensors and actuators. This allows learners to understand signal flow, logic

processing, and control system operation safely and efficiently while reinforcing theoretical
concepts of digital logic, control systems, and industrial automation.

VIl.  Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram

—— Ry l__° g
DO | > '
> @ [

Fig. 3.1: Virtual lab setup for Input output interfacing
(Courtesy: https://www.vlab.co.in/)

B. Actual Block Diagram (If required attach separate page)
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VIIl. Required Resources/apparatus/equipment with specifications
Table 3.1
Islg Name of Resource Suggested Broad Specification Quantity
Minimum Intel i3 or equivalent processor,
4 GB RAM (8 GB recommended), Windows 10
1 Computer/Laptop or above / Linux OS. 1

Internet connection to access virtual
simulator.

lab

IX. Precautions to be followed

Ensure the virtual PLC simulator and 1/0 modules are correctly configured before starting.

Follow the logical connections between inputs and outputs as per the circuit diagram.

Verify ladder logic or control program before running the simulation.

Monitor input/output status continuously to detect errors early.

Save your work regularly to prevent loss due to crashes.

Use step-by-step simulation modes to test the program gradually.

X. Suggested Procedure

1. Open virtual lab software.

2.
3.

o

XI. Resources used during performance

Select PLC Lab.

Open list of experiments tab.

Click on hardware and software of PLC.

Read related theory concepts carefully and appear for pretest.

Follow given procedure to perform simulation.

Take printout final simulation and stick in given space.

Table 3.2

Sr.
No.

Name of Resource

Specifications

Quantity
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XII.

XII.

Actual Procedure (If required attach separate page)
1.

Observation Table
Table 3.3

Sr.No. Observations Remark

1

Virtual simulation software used

2

Number of input devices available in V.
Lab.

Unidirectional Section includes

Bidirectional section includes

oooooooo

--------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

. Practical Related Questions:

Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Interface discrete and analog field devices in automation system with reference to a simple
application.

2. List various 1/0 devices with their types based on operating signals also give function of
each device.
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[Space for Answers] (If required attach separate page)
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XVII1I. Suggested references for further reading

Table 3.4

Sr. No. Link / Portal / VLab Description

Frank D. Petruzella Programmable Logic Controllers, 5th

Edition McGraw-Hill Education, 2016. ISBN: 978-007337384 | Rererence Book

2 https://plc-coep.vlabs.ac.in

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Identification of topology 10%
2 | Observation and documentation 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Drawing of network diagram 10%
2 | Explanation of working topology 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained Dated Sign of Teacher

Process Related | Product Related

(15) (10) Total (25)
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Practical No.4: Sourcing and sinking connection of 1/0 devices with discrete 1/O module.
I. Practical Significance

Sourcing and sinking are methods of connecting digital input and output devices with a PLC. In a
PLC system, the input and output field devices connect with the processor via the I/0O modules. A
sinking input device is a device that provides a path to ground (0V) when it activated. Its “sinks”
current from the PLC input module.

Il. Industry/Employer Expected Outcome

The aim of this course is to attain the following industry/employer expected outcome through various
teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcome

CO2 - Interface the given I/O device with PLC module.

IV. Laboratory Learning Outcome

LLO 4.1 Test sinking and sourcing concept indiscrete 1/0 module.

V. Relevant Affective domain related Outcomes

e Follow safety practices.

e Practice good housekeeping.

e Maintain tools and equipment
VI. Relevant Theoretical Background

» Sinking type Input Module Connection:
In the Sinking type input device connection of PLC, the current flow into the PLC from input
device or Power supply unit. The current flows from the positive terminal of the power supply
— input device — PLC input terminal — negative of power supply.

» Sourcing type Input Module Connection:
In the Sourcing Mode input device connection of PLC, the current flows out of the PLC to input
device or Power supply unit. The current flows from PLC input terminal — input device —
negative terminal of the power supply

» Sinking Output Device:
The current flows from the device into the PLC output. PLC receives current from the device to
operate it. Current flow: +V of power supply — Output device — PLC output terminal — 0V
(ground)

» Sourcing Output Device:
The current flows from the PLC output to the device. PLC supplies current to operate the device.

Current flow: PLC output terminal — Output device — 0V (ground) of power supply
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VIl.  Circuit diagram / block diagram / flowchart

A. Suggestive Block Diagram

Input

Sinking Mode

Sourcing Mode
Output

Positive
Common

In Sinking Mode Negative Common
for PLC

Current

Flows into the PLC
or PLC Sinks

the Current

for PLC

Current
flows out
from the
PLC or PLC
sources

Sourcing Mode
Input

Positive
Common

Current Flows

Current flows out
from the PLC or PLC sources
the current

into the PLC or

PLC Sinks the
urrent

Negative
Common

Qinkine Mada Ontnnt

Fig. 4.1: Sinking and Sourcing connection of field devices

B. Actual Block Diagram (If required attach separate page)
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VIIl. Required Resources/apparatus/equipment with specifications
Table 4.1
Sr. Name of Resource Suggested Broad Specification Quantity
No.

CPU: 1214C DC/DC/DC (6ES7 214-1AG31-OXBO)
Digital input: 12 nos. with toggle switches for
applying 24V dc inputs.

Programmable logic Digital Outputs: 12 Nos with 24V operated Lamp.

1 controller Analog Inputs: 02 1
Analog Outputs: 02

External Power Supply: 24 V DC.

Memory: 16 K data memory +351K Code Memory
+96K upload Memory.

2 Push to ON Switch Operating Voltage: 24 V, Current Rating: 15-50 mA 1
3 Lamp/Indicator (RYB) Operating Voltage: 24 V, Current Rating: 15-50 mA 1
4 Connecting Wires Connecting Wires for Connection of Push Buttons
g and Lamp with PLC
IX. Precautions to be followed
1. Do not short-circuit the input or output terminals.
Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without relay/contactor.
3. Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their designated
terminals.
X. Suggested Procedure

1. Switch OFF the PLC Trainer Kit when wiring the input/ output devices (Push Button/Lamp) with
PLC.

2. For a Sinking type Input Module Connection, The Negative terminal from the power supply is
connected to the common input terminal of the PLC, and all the input devices (here push-button

switches) are connected to the positive terminal of the power supply.

3. For sinking type Output Module Connection, Negative terminal from the power source is

connected to the common output terminal of the PLC and all Lamps other terminal are connected

to the positive terminal of the power source.

4. For Sourcing type Input Module Connection positive terminal from the power supply is

connected to the common input terminal of the PLC. And all the input devices (here push-button

switches) are connected to the negative terminal of the power supply.

5. For Sourcing type Output Module Connection positive terminal from the power source is

connected to the common output terminal of the PLC and all the loads are connected to the

negative terminal of the power source.
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XI. Resources used during performance
Table 4.2

Sr.

NO Name of Resource Specifications Quantity

XII.  Actual Procedure (If required attach separate page)
1.

XI1l. Observation Table
Table 4.3

irc; Device Connection with Power supply and PLC

Terminal-1 of Push Button Connected

Sinking types Input device
1 Push Button L0 TP

Sourcing types Input device

Sinking types Output device

2 Lamp

Sourcing types Output device

X1V. Results

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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XV. Interpretation of results

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Give significance of sinking or sourcing input connection in industrial automation.
2. Connect a lamp with output module in sinking mode and mention flow of direction of signal.
3. List different types of input/ Output modules used in PLCs.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading
Table 4.4

Sr.
No.

Link / Portal / VLab

Description

1 | https://ied-nitk.vlabs.ac.in/exp/exp-interface-to-plc-nitk/theory.html

Virtual Lab link

2 | https://www.realpars.com/blog/sinking-output?utm_source=chatgpt.com

Video demonstration
on Sinking and
sourcing concept

3 | https://cdn.automationdirect.com/static/specs/sinksource.pdf

Pdf document on
Sinking and sourcing
concept

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Identification and Selection of Tools/Devices 10%
2 | Selection of proper devices and cables in Cisco Packet Tracer 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Successful simulation of mesh topology 10%
2 | Proper connectivity verification using ping command 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%

Total ( 25 Marks) 100 %

Marks Obtained Dated Sign of Teacher

Process Related Product Related

(15) (10) Total (25)
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Practical No.5: Test functionality of various logic gates using ladder diagram

Practical Significance
Industrial automation often requires specific sequence of operations, which achieve by implementing

the logic in PLC program. Logic gates are used to process signals from sensors/inputs to decide
output actions. This Practical will enable the students to use basics logic gates for the efficient
hardware implementation using PLC.

Industry/Employer Expected Outcome

The aim of this course is to attain the following industry/employer expected outcome through various

teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcome

CO3 - Develop ladder logic program for various logic gates and Boolean equations.

IV. Laboratory Learning Outcome

LLO 5.1 Test functionality of logic gates using ladder diagram.

V. Relevant Affective domain related Outcomes

e Follow safety practices.
e Practice good housekeeping.

e Maintain tools and equipment

VI. Relevant Theoretical Background

A Programmable Logic Controller (PLC) functions on the principles of digital logic, There are only
two possible states: 1 (ON) and 0 (OFF). Within the PLC, logical decisions are performed using logic
gates; PLC accepts one or more input signals and generates a single output determined by a defined
logical relationship among the inputs. Logic gates such as AND, OR, NOT, NAND, NOR, and XOR
can be easily implemented using Ladder Logic programming in a PLC.

Each gate is created using input contacts (representing logic inputs) and output coils (representing
logic outputs). By arranging contacts in series or parallel, the PLC executes logical operations similar
to electronic gates. For example, series contacts perform AND logic, while parallel contacts perform
OR logic. The PLC scans inputs, processes the programmed logic, and controls the output

accordingly.
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Logic Diagram Truth Table Ladder Diagram
A— . — A B C
i o 1 0 — H )=

1 0 0
AND ) ’ 1 AND
Gate EquivalentCircuit
A C
A B o
A - o 0 o0 — =
g 0 1 1 B
1 0 1 I
OR 1 1 1
OR
Gate EquivalentCircut
. 5 & A B C
A 5 0 0 0 rd >
0 1 1 A B
o 1 0 1 -
1 1 0
Exclusive-OR Exclusive-OR
Gate EquivalentCircuit
A C
A B C
A= 0 0 1 =
C
B8 — 0 1 1 B
1 0 1
1 1 0
NAND NAND
Gate EquivalentCircuit
A 8 (B) (]Z A B C
c — O
5 0 1 0
1 0 0
NOR 1 1 ° NOR
Gate Equivalent Circuit

Table No: 5.1 Logical Diagrams, Truth Table and Ladder Diagram for Various Logical Gates
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VIl.  Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram

PLCRNNE~ S7-1200
-y

<

Fig. 5.1: Automation Trainer Kit for analysing operation of logic gates
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Fig. 5.2 AND Logic
o
r 3
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"Input B"

Fig. 5.3 OR Logic
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% 10.0

% 10.1

" Tuput A" “Taput B" o
V | | r
| 11 L/
% 10.0 % 10.1
" Input A" "Input B"
Fig. 5.4 EX-OR Logic
% 10.0
“Input A" L
V r
!
% 10.1
"Input B"
Fig. 5.5 NAND Logic
% 10.0 % T0.
" Tnput A" “Enput B Qs
1A V r 3
VI | (J

Fig. 5.6 NOR Logic

B. Actual Block Diagram (If required attach separate page)
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VIIl. Required Resources/apparatus/equipment with specifications
Table 5.2
Sr. Name of Resource Suggested Broad Specification Quantity
No.

CPU: 1214C DC/DC/DC (6ES7 214-1AG31-OXBO)
Digital input: 12 nos. with toggle switches for
applying 24V dc inputs.

Programmable logic Digital Outputs: 12 Nos with 24V operated Lamp.

1 controller Analog Inputs: 02 1
Analog Outputs: 02

External Power Supply: 24 V DC.

Memory: 16 K data memory +351K Code Memory
+96K upload Memory.

Computer or laptop with pre-installed PLC

2 Computer /Laptop software 1
3 Push to ON Switch Operating Voltage: 24 V, Current Rating: 15-50 mA 1
(ON/OFF)
4 Lamp/Indicator (RYB) Operating Voltage: 24 V, Current Rating: 15-50 mA 1
(ON/OFF)
Connecting Wires for Connection of Push Buttons
5 Connecting Wires and Lamp with PLC

IX. Precautions to be followed

1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without
relay/contactor

3. Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their

designated terminals.

X. Suggested Procedure

Open TIA Portal PLC software and create a new project.

Add a new PLC device and select the correct CPU model.

Configure the PLC hardware and assign IP address.

Open the Main Program Block (OB1) and select Ladder Diagram (LAD).

Insert input contacts (NO, NC) and output coils to create logic gates.

Assign input and output addresses (e.g., %10.0, %10.1, %Q0.0).

Create tag names for each address (e.g., %10.0 Tag- “Input-A”, %10.1 Tag-“Input-B”, %Q0.0
Tag- “Output-C”).

8. Compile the program to check for any errors.

N o a b~ w e

9. Connect the PLC to the computer using Ethernet or USB cable.
10. Download the program to the PLC memory.
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11.
12.
13.

14.
15.
16.

XI. Resources used during performance

Switch the PLC to RUN mode.

Go online to monitor the ladder program.

Connect the push buttons available on the trainer kit to the respective input lines of the PLC

using connecting wires (10.0 and 10.1) and Output Lines to indicator (RED).

Apply different input combinations as per the truth table by pressing the push buttons.
Observe the output indicator (lamp or LED) for each input condition.

Record the input and output status in an observation table matching the truth table.

Table 5.3

Sr.
No.

Name of Resource

Specifications

Quantity

XII.  Actual Procedure (If required attach separate page)

1.
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XIIl. Observation Table
Table 5.4

NOR-Output-

Input-A | Input-B | AND-Output-C | OR-Output-C | XOR-Output-C | NAND-Output-C C

0/OFF 0/OFF

0/OFF 1/ON

1/ON 0/OFF

1/ON 1/ON

X1V. Results

----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Draw the symbol and truth table for NOT gate.
2. Prepare a ladder logic for Y= (A+B) CD.
3. Draw and verify ladder logic program for three inputs NAND Gate.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 5.4
Sr. No. Link / Portal / VLab Description
: - Ladder logic
7si=
1 https://youtu.be/qal48NCUVkA?si=az3zmpY RnEff4cQF description
XIX. Assessment Scheme
Performance Indicators Weightage

Process Related : 15 Marks 60%

1 | Identification and selection of tools/devices 10%

2 | Selection of proper devices and cables in Cisco Packet Tracer 20%

3 | Following procedure and maintaining lab discipline 20%

4 | Working in teams 10%
Product Related: 10 Marks 40%

1 | Successful simulation of star topology 10%

2 | Proper connectivity verification using ping command 05%

3 | Conclusion 05%

4 | Answer to sample questions 15%

5 | Submitting the journal in time 05%

Total (25 Marks) 100 %
Marks Obtained Dated Sign of Teacher
Process Related Product Related
Total (2
(15) (10) otal (25)

Maharashtra State Board of Technical Education, Mumbai

34



https://youtu.be/qaI48NCUvkA?si=az3zmpYRnEff4cQF

Automation and PLC (316334)

VI.

Practical No.6: Develop ladder program for 4:1 Multiplexer

Practical Significance
A ladder program for a 4:1 multiplexer is practically significant because it allows a PLC to select

one of several inputs to control an output efficiently, without manual rewiring or complex logic
minimization. This makes industrial automation systems more flexible and easier to maintain,
enhancing the speed and reliability of process control and signal routing tasks. The practical
significance of developing a ladder program for a 4:1 multiplexer is that it lets a PLC select one of
four inputs to route to a single output efficiently, making process control and signal selection easier
and more flexible in automation systems without complex wiring or logic simplification. This

improves reliability and simplifies troubleshooting in industrial setups.

Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

Course Level Learning Outcome
CO3 - Develop ladder logic program for various logic gates and Boolean equations.

Laboratory Learning Outcome
LLO 6.1 Design 4:1 multiplexer using ladder diagram.

Relevant Affective domain related Outcomes

e Demonstrate working as a leader or a team member.
e Follow ethical practices.

e Encourages discipline through precise wiring, programming, as well as thorough
documentation of automation systems."

e Develops a sense of responsibility.

Relevant Theoretical Background

e There are m-data inputs, one output and n select lines, with 2™ = n.

e To select n inputs, we need m select lines such that 2™ = n. Depending on the output. The
selection of one of the n inputs is done by the select pins.

e It does not need K-map and simplification so one step is eliminated to create ladder logic
diagram.

¢ Realize the multiplexer using logic gates.

e Truth Table can be written as given below.
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Table 6.1: Truth table of 4:1 Multiplexer

Data Input - Select input lines - Ou(t?put
DO 0 0 DO
D1 0 1 D1
D2 1 0 D2
D3 1 1 D3

Fig. 6.1: 4:1 Multiplexer design using logic gates

VI1. Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram

[:1/0 1111 1112 0:210
000 F+E—2F—JF P

1 50 00 Q

[110 111 113

JE—-d F—FE

1 50 01

|:1fp l‘i1f1 L‘|1i#

J L J{ J C

$1 50 D2

1110 R [1/5

1L 1L 1L

- L - L -

51 50 D3
001 CEND Y]

Fig. 6.2: Ladder logic for 4:1 Multiplexer
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B. Actual Diagram (If required attach separate page)

VI11. Required Resources/apparatus/equipment with specifications
Table 6.2

Iig Name of Resource Suggested Broad Specification Quantity

CPU: SIEMENS S7-1214C
DC/DC/DC (6ES7 214-1AG31-

OXBO)

Digital input: 12 nos. with toggle

switches for applying 24V dc inputs.

Programmable logic controller  [Digital Outputs: 12 Nos with 24V 1

operated Lamp.

Analog Inputs: 02

Analog Outputs: 02

External Power Supply: 24 V DC.
Memory: 16 K data memory +351K
Code Memory +96K upload Memory.
PC preloaded with required PLC
software (T1A Software for Siemens 1
PLC) and I/0 communication facility.

2 Computer/Laptop

3 Input output devices Switches, Push button, LED etc. 1

IX. Precautions to be followed
1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without
relay/contactor.

3. Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their
designated terminals.

4. Use correct grounding and wiring practices.

5. Do not connect or disconnect devices when PLC is powered ON.

6. Verify addressing and signal polarity before operation.
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X. Suggested Procedure

1.

© g k~ w D

XI. Resources used during performance

Identify the 1/O devices (digital or analog).

Connect input devices to the PLC input terminals (common and signal).

Connect output devices to the PLC output terminals.
Configure 1/0 addresses in the PLC software (e.g., 10.0, Q0.0).
Develop and download the ladder logic or control program.

Test the operation to verify correct response between input actions and output responses.

Table 6.3

Sr.
No.

Name of Resource

Suggested Broad Specification

Quantity

Programmable logic controller

CPU:

Digital input:

Digital Outputs:
Analog Inputs:

Analog Outputs:
External Power Supply:
Memory:

Computer/Laptop

Computer/Laptop Configuration:

Programming software used:

Input output devices used

XII. Actual Procedure (If required attach separate page)

1.

Maharashtra State Board of Technical Education, Mumbai

38




Automation and PLC (316334)

XI11. Observation Table

Table 6.4

Data
Input

Address
used for
data
inputs

Status of
data input
switch
(ON/OFF)

Status of selector switch S1, S2 (ON/OFF)

Status of output
(ON/OFF)

Address of S1:

Address of SO:

Address of Q:

DO

DO

D1

D1

D2

D2

D3

D3

XI1V. Results

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
questions so as to ensure the achievement of identified CO.

1) Develop ladder diagram for EX-OR gate.

2) Develop ladder diagram for automatic ON/OFF control of appliances connected in
room like bulb, Fan, AC etc. With neat field diagram, wiring diagram, 1/O list, address
list and execution description.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 6.5

Sr.
No.

Link / Portal / VLab

Description

Frank D. Petruzella Programmable Logic Controllers, 5th
1 | Edition McGraw-Hill Education, 2016. ISBN: 978-
0073373843

Refence Book

2 | https:/lyoutu.be/gTrm4GvfrpA?si=85uUpNIMMOrm4NyR

Mux Ladder design

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Identification and selection of tools/devices 10%
2 | Selection of proper devices and cables in Cisco Packet Tracer 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Successful simulation of tree topology 10%
2 | Proper connectivity verification using ping command 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %

Marks Obtained Dated Sign of Teacher
Proces(si ;elated ProdU((:IOI?elated Total (25)
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Practical No.7: Test the functionality of latching using basic relay type instructions in ladder
diagram.

I. Practical Significance
Latching using basic relay-type instructions in a ladder diagram is that it demonstrates how to create
a self-maintaining circuit in a PLC program. This allows an output, such as a motor or actuator, to
remain energized even after the initiating input (like a pushbutton) is released. It helps understand
how to implement start/stop control mechanisms where the output remains "latched"” on until a stop
command is given, improving automation reliability and operational efficiency. Testing latching in
ladder logic also helps students and technicians grasp key PLC programming concepts such as
memory of output states, OR logic pathways, and circuit safety with stop signals. This practical
knowledge is essential for designing real-world industrial control systems that need sustained
outputs without continuous operator intervention, simplifying maintenance and enhancing process

control.

Il. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

I11. Course Level Learning Outcome
CO3 - Develop ladder logic program for various logic gates and Boolean equations.

IV. Laboratory Learning Outcome
LLO 7.1 Test relay type instructions (NO, NC, output coil etc) using ladder diagram.

V. Relevant Affective domain related Outcomes
1. Demonstrate working as a leader or a team member.
2. Follow ethical practices.
3. "Encourages discipline with accuracy in wiring, programming plus thorough documentation of
automation systems.
4. Develops a sense of responsibility plus safety consciousness while handling PLC hardware
alongside field devices.
5. Promotes confidence alongside a professional attitude while dealing with real-time industrial
automation tasks.
V1. Relevant Theoretical Background
e In many PLCs, Latching and Unlatching instructions are not available to latch and unlatch
outputs directly.

e Toachieve this, Seal in contact must be used to obtain similar level of Latching.
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e This technique of latching is called Latching by Seal in contact.

e This seal in contact must be used in parallel with the main input Start Push Button and address
of this parallel contact must be same as Output of which we want to latch.

e By performing this simple technique, we can obtain Latching of output that of similar to
Latch/Set/Keep and Unlatch/Reset/Bit instructions of Allen Bradley/Siemens/Omron PLCs
respectively.

e List of Input and outputs:

a) Start Push Button (Input) with address 1:1/0 or 1 0.0
b) Stop Push Button (Input) with address 1:1/1 or 1 0.1
c) Output with address Q:2/0 or Q 0.0

VII.  Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram

;110 ;141 020
000 == 3£ .

Start PB Stop PB Output

020

J E

1 C

Cutput

Fig. 7.1: ladder logic for latching and unlatching

Io.no Io.1l Qoo

| /1

—
Ly

Fig. 7.2: ladder logic for latching and unlatching

» Program Description

1. Fig.7.1 shows latching of output for Allen Bradley PLCs and fig.7.2 shows similar operation
for Siemens PLCs. Similarly, in Omron, same contacts may be used to obtain this operation
with the only difference of Input-Output addresses.

2. There are two types of Scanning Order: Horizontal and Vertical. Allen Bradley, Siemens,
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Omron and such PLCs come with Horizontal Scanning order and PLCs such as AEG Modicon

come with Vertical Scanning order.

3. As we now know from the theory of PLC Programming using Ladder Diagram that in most of
the PLC manufacturers provide Horizontal Scanning order, input and output image tables are
updated accordingly.

4. So here when Start PB is pressed, due to the sequence of Ladder Logic in this program, it
immediately latches the output with its own bit stored in Output Image Table due to Horizontal
Scanning order.

5. Stop PB, which is XIO/Normally Closed contact, simply breaks the current path causing the
Output to go false from its latched condition.

6. Similarly, it works in Siemens and Omron PLCs as well.

B. Actual Block Diagram (If required attach separate page)

VIII. Required Resources/apparatus/equipment with specifications
Table 7.1
ﬁg Name of Resource Suggested Broad Specification Quantity
CPU: SIEMENS S7-1214C
DC/DC/DC (6ES7 214-1AG31-
OXBO)
Digital input: 12 nos. with toggle
switches for applying 24V dc inputs.
1 Programmable logic controller  |Digital Outputs: 12 Nos with 24V 1

operated Lamp.

Analog Inputs: 02

Analog Outputs: 02

External Power Supply: 24 V DC.
Memory: 16 K data memory +351K
Code Memory +96K upload Memory.
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PC preloaded with required PLC
software (T1A Software for Siemens 1

2 C ter/Lapt
ompuisr-aptop PLC) and 1/0 communication facility.

Toggle Switch

Push button (Push to ON)

Push button (Push to OFF)

3 Input output devices Sensor (Object detector)

Relay (Electromechanical SPST,
SPDT etc.)

N I

Neon Bulb

IX. Precautions to be followed
1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without
relay/contactor.

3. Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their
designated terminals.

4. Use correct grounding and wiring practices.

5. Do not connect or disconnect devices when PLC is powered ON.

6. Verify addressing and signal polarity before operation.

X. Suggested Procedure
. Identify the 1/O devices (digital or analog).

1
2. Connect input devices to the PLC input terminals (common and signal).
3. Connect output devices to the PLC output terminals.

4. Configure 1/0 addresses in the PLC software (e.g., 10.0, Q0.0).

5. Develop and download the ladder logic or control program.

6

. Test the operation to verify correct response between input actions and output responses.

XI. Resources used during performance

Table 7.2

Sr.

No Name of Resource Specifications Quantity
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XI1. Actual Procedure (If required attach separate page)
1.

XI1I1l. Observation Table

Table 7.3

Steps Sequence of Operation Effect on output

Start Push button is initially
pressed and keep pressed

1

2 Start push button is released
Again, start push button is
pressed.

Stop push button is pressed
and keep pressed

5 | Stop push button is released

Again, stop push button is
pressed.

XI1V. Results

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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XVI. Conclusions and Recommendations

-----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Describe relay-based instructions in ladder diagram programming.
2. Draw ladder diagram for following Boolean equation

Yl=A+B+CD.E Y2=F® G Y3=Y1+Y2 Y4=Y1*Y2

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 7.4

Sr. No.

Link / Portal / VLab

Description

Frank D. Petruzella Programmable Logic Controllers, 5th Edition

L | McGraw-Hill Education, 2016. ISBN: 978-0073373843 Reference Book
PLC Latching and
Unlatching Circuit -
2 https://youtu.be/VfVTweiyGxw?si=PA3xs4Dh0B6xqEbd Function and Ladder
Logic
XIX. Assessment Scheme
Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Proper connection of computers and network devices 10%
2 | Correct IP addressing and configuration on all systems 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 Successful resource (file/folder/printer) sharing between 10%
computers
2 | Verification of connectivity using ping command 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated Sign of Teacher
Proces(si ;elated ProdU((:IOI?elated Total (25)
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Practical No.8: Develop a ladder program for sequential ON-OFF control of lamps/motors.

I. Practical Significance

A ladder program for sequential ON-OFF control of lamps or motors is practically significant
because it automates the process of starting and stopping devices in a predetermined order,
improving efficiency and safety. This type of control is widely used in industrial automation to
ensure that motors or lamps operate in a specific sequence without manual intervention. It enables
real-time monitoring and easy troubleshooting due to its clear and visual rung-based design, making
it simple to modify and adapt for varying operational needs. Overall, such programs reduce human
error, optimize process control, and enhance system reliability in applications like conveyor systems,

lighting controls, and automated machinery.

I. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through various

teaching learning experiences: "Maintain Automation systems."

I11. Course Level Learning Outcome
CO 3. Develop ladder logic program for various logic gates and Boolean equations.

IV. Laboratory Learning Outcome
LLO 8.1 Test ladder program for sequential ONOFF control of lamps/ motors.

V. Relevant Affective domain related Outcomes

Demonstrate working as a leader or a team member.
e Follow ethical practices.

e "Encourages discipline with accuracy in wiring, programming plus thorough documentation of
automation systems.

e Develops a sense of responsibility plus safety consciousness while handling PLC hardware
alongside field devices.

e Promotes confidence alongside a professional attitude while dealing with real-time industrial
automation tasks.

V1. Relevant Theoretical Background

¢ In this case, we have to operate motors sequentially. There are total 3 motors to be controlled in
a sequence.

e So that each motor will start sequentially, say Motor 1 will START then after some delay then
motor 2 will start and after some delay motor 3 will start.

e So that whole operation will take 10 seconds to start all motors in a sequence.

e By providing this delay we can avoid the problem of taking large current by motors during initial
stat up.
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e All motors will be operating in the sequence and 5 seconds time delay is to be provided between
operations of each motor.
»  List of Inputs & Output

> Inputs List
e Start PB: 10.0
e Stop PB: 10.1
» Outputs List
e Cycleon: Q0.0
e Motor 1: Q0.1
e Motor 2: Q0.2
e Motor 3: Q0.3

Motor 1
Motor 2 START STOP
Motor 3

Fig. 8.1 System design for three motor sequence control

VII. Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram
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Network 1 : Cycle ON & Motor 1 ON

%101 %10.0 %Q0.0
'STOP PB" "START PB' ‘Cycle On"
| /1 | |
V | { )
%Q0.0 %Q0.1
‘Cycle On" "Motor 1"
| | [ |
1 I \ ]
Network 2 : Motor 2 ON
%DB4
IIT.-III
%Q0.0 %Q0.1 TON %Q0.2
"Cycle On" “Motor 1" Time “Motor 2"
| | | | N Q ( }
T#5s — PT ET
Network 3 : Motor 3 ON
% DB5
IIT2II
%Q0.0 %Q0.2 TON %Q0.3
"Cycle On" “Motor 2" Time “Motor 3"
| | | | N Q ( }
T#5s — PT ET

Fig. 8.2: Ladder logic for motor sequence control
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» Program Description
Network 1:

e In Network 1, we wrote logic for cycle ON condition. Here cycle ON (QO0.0) lamp will indicate
cycle status. Cycle can be started by pressing START PB (10.0) push button and can be stopped
by pressing STOP PB (10.1) push button.

e When cycle will be ON, at same time Motor 1(Q0.1) will be started. And at the same time,
timer instruction will be executed.

Network 2:

e In Network 2, the NO contact of Motor 1 starts Timer T1 and when Timer for Motor 2 (Q0.1)
will reach the set value 5 seconds. Then NO contact of the T1 will START the Motor 2 (Q0.1).
Network 3:

e In Network 3. we have taken logic for motor 3. Here we have given NO contact of motor 2
for starting the timer of motor 3. When T2 will reach the set value 5s, the NO contact of the
T2 will START the Motor 3(Q0.0).

e When STOP PB (10.1) will be pressed then NC contact will be activated which makes Cycle
(Q0.0) OFF. And also motor 2 and 3 will stop working.

B. Actual Block Diagram (If required attach separate page)
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VI11. Required Resources/apparatus/equipment with specifications

Table 8.1

Sr.
No.

Name of Resource Suggested Broad Specification Quantity

CPU: SIEMENS S7-1214C
DC/DC/DC (6ES7 214-1AG31-
OXBO)

Digital input: 12 nos. with toggle
switches for applying 24V dc inputs.
Programmable logic controller  |Digital Outputs: 12 Nos with 24V 1
operated Lamp.

Analog Inputs: 02

Analog Outputs: 02

External Power Supply: 24 V DC.
Memory: 16 K data memory +351K
Code Memory +96K upload Memory.

PC preloaded with required PLC
Computer/Laptop software (T1A Software for Siemens 1
PLC) and 1/0 communication facility.

Push button (Push to ON) 1

[

Input output devices Push button (Push to OFF)

LED 3

IX. Precautions to be followed

1.
2.

4.
S.
6.

Do not short-circuit the input or output terminals.

Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without
relay/contactor.

Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their
designated terminals.

Use correct grounding and wiring practices.

Do not connect or disconnect devices when PLC is powered ON.

Verify addressing and signal polarity before operation.

X. Suggested Procedure

1. Identify the 1/0 devices (digital or analog).

2. Connect input devices to the PLC input terminals (common and signal).
3. Connect output devices to the PLC output terminals.

4.
5
6

Configure 1/0O addresses in the PLC software (e.g., 10.0, Q0.0).

. Develop and download the ladder logic or control program.

. Test the operation to verify correct response between input actions and output responses.

Maharashtra State Board of Technical Education, Mumbai 53




Automation and PLC (316334)

XI. Resources used during performance

Table 8.2

Sr.
No.

Name of Resource

Specifications

Quantity

XI1. Actual Procedure (If required attach separate page)

1.

XI11. Observation Table

Table 8.3
Steps Sequence of Operation Effect on output

1 Start PB is Pressed
5 After 5 seconds of motor 1 is

ON
3 After 5 seconds of motor 2 is

ON
4 Stop PB is Pressed
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XI1V. Results

----------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1) Develop a ladder program for sequential ON-OFF control of lamps/motors using Allen
Bradley PLC.
2) Select appropriate instruction to process signal coming from RTD.

3) Design ladder diagram for automatic door opening and closing system.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 8.4
lfl(r). Link / Portal / VLab Description

Sequencing in Ladder

1 | https://lyoutu.be/wcd X064 wmM?si=MrlUZpRDfIVI6p40 | Logic: Step by Step - PLC
Programming
Allen Bradley PLC

2 | https:/lyoutu.be/5Ih5-RCEZY U?si=sp9kt7EmrxEQ7jp4 Sequence Programming
Tutorial.

XIX. Assessment Scheme

Performance Indicators Weightage

Process Related : 15 Marks 60%

Correct assignment of IP addresses and routing setup before

0,
VPN configuration 10%

) Verification of VPN tunnel establishment using simulation 0%
tools or commands °

3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%

1 Successful creation of secure VPN tunnel between remote 10%
networks

) Correct simulation result showing encrypted packet flow 05%
between routers

3 | Conclusion 05%

4 | Answer to sample questions 15%

5 | Submitting the journal in time 05%

Total (25 Marks) 100 %
Marks Obtained Dated Sign of Teacher
Process Related | Product Related

(15) (10) Total (25)
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Practical No0.9: Develop a ladder program to process analog signal

I. Practical Significance
In industrial processes, many parameters like temperature, pressure, and level are analog in nature

and vary continuously. An RTD sensor senses temperature and converts it into an equivalent electrical

signal of 4-20 mA. The PLC’s analog input module receives this signal and converts it into a digital

value using an analog-to-digital converter. Using scaling instructions such as NORM_X and

SCALE_X, this digital value is converted into actual temperature units in degrees Celsius.

Il. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through various

teaching learning experiences: "Maintain Automation systems."

I11. Course Level Learning Outcome

CO3 - Develop ladder logic program for various logic gates and Boolean equations.

IV. Laboratory Learning Outcome

LLO 9.1 Test ladder program to monitor the temperature of a given liquid using RTD/Thermocouple

and PLC (use Analog scaling instruction).

V. Relevant Affective domain related Outcomes
e Develop interest and confidence in handling PLC-based automation systems.

e Exhibit logical thinking and problem-solving attitude while developing ladder programs.

V1. Relevant Theoretical Background

The RTD (Resistance Temperature Detector) produces a current signal (4-20 mA) proportional to
temperature. This current is converted into a proportional voltage signal (0-5 V or 0-10 V), which
is applied to the Analog-to-Digital Converter (ADC) of the PLC. The ADC then converts this
voltage into a digital value within a numerical range — 0 to 13824 for a 0-5 V signal and 0 to 27648
for a 0-10 V signal.

Table 9.1
Temperature RTD Output Converted Voltage of RTD ADC Digital VValue (0-

(°C) (mA) (0-5V Range) 13824 Range)
0°C 4 mA ov 0

25°C 8 mA 1.25V 3456

50°C 12 mA 25V 6912

75°C 16 mA 3.75V 10368

100°C 20 mA 5V 13824
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VI1. Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram

%100 % ]10.1 % Q0.0
Start Stop Enable
| | 4
— —N ()
%Q0.1 NORM_X
Enable Int to Real
: } EN ENO
() — VN
%IW64:P )
Analog_Input FARUE OUT
13824 MAX

SCALE_X
Real to Real

%MDO0
[ Output_Temperature

0.0
%MDO0

Output_
Temperature

100.0 s—

EN ENO

o] \[IN

o] VALUE

ouT
MAX

—

%MD12
Real
Temperature

Fig. 9.1: Ladder diagram for analog signal processing

. Actual Block Diagram (If required attach separate page)

VI11. Required Resources/apparatus/equipment with specifications

Digital Outputs: 12 Nos with 24V operated Lamp.
Analog Inputs: 02
Analog Outputs: 02

Table 9.2
Eg Name of Resource Suggested Broad Specification Quantity
CPU: 1214C DC/DC/DC (6ES7 214-1AG31-OXBO)
~ |Digital input: 12 nos. with toggle switches for applying 24V
Programmable logic |y inputs.
1 controller Trainer 1
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External Power Supply: 24 V DC.
Memory: 16 K data memory +351K Code Memory +96K
upload Memory.

2 Computer /Laptop | Computer or laptop with pre-installed PLC software 1

3 RTD PT-100 Input VVoltage 24v, Current 4 mA to 20 mA 1

IX. Precautions to be followed
1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors) directly to the PLC without relay/contactor.
3. Connect input devices (switches, sensors) and output devices (lamps, motor) only to their

designated terminals.

X. Suggested Procedure
Open TIA Portal and create a new project named RTD_Temperature_Measurement.

Add your PLC (e.g., S7-1200 CPU 1212C) under Devices & Networks.
Configure the analog input channel for RTD (PT100) or 4-20 mA current input.
Set the input range to 0-5 V or 0—10 V depending on the signal conditioner.

Note the analog address (e.g., IW64) from connecting the RTD to PLC.

Create a new OB1 program block for the main logic.

Insert the NORM _ X instruction to normalize the analog value.

Set NORM_X parameters: MIN =0, MAX = 13824 (for 5 V) or 27648 (for 10 V).

© o N o a0 bk~ w0 DdRE

Insert the SCALE_X instruction to convert normalized value into temperature.
10. Set SCALE_X parameters: MIN =0 0C , MAX =100 0C
11. Monitor observe real-time temperature in °C.

XI. Resources used during performance
Table 9.3

Sr.

No Name of Resource Specifications Quantity
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XI1. Actual Procedure (If required attach separate page)
1.

5.

XI11. Observation Table
Table 9.4

Sr. Output value Output Value
No. Analog Voltage from RTD (NORM_X) (Scale_X)

1

2

3

XI1V. Results

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Explain the scaling instruction used in ladder program of PLC
2. Write any four specifications of RTD PT-100.
3. List the different types of analog sensors use in PLC to read different analog signal.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading
Table 9.5
Sr. No. Link / Portal / VLab Description

1| https:/fyoutu.be/ZS3W7uBdQok?si=0iH-VIOIgksrTjht | - -C Analog Inputs and Signals

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Correct connection and device configuration 10%
2 | Setting up bridge and repeater as per network design 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Network successfully extended using bridge and repeater 10%
2 | Checking connectivity across network segments 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained Dated Sign of Teacher
Proces(si ;elated ProduE;OI?elated Total (25)
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VI.

Practical No.10: Develop ladder program to control the direction (Clockwise and
Anticlockwise) of stepper motor.

Practical Significance
Developing a ladder program to control the direction (clockwise and anticlockwise) of a stepper

motor lies in its critical role in precise motion control in automated industrial systems. Stepper
motors, controlled via ladder logic in PLCs, enable accurate positioning and speed regulation by
energizing motor phases in a sequence that determines direction of rotation. This control is essential
in applications like CNC machines, robotic arms, conveyor systems, and automated packaging
where precise bidirectional movement is required. Using ladder logic to manage motor direction
simplifies programming, allows easy integration with other control system inputs (such as sensors
and switches), and enhances system flexibility by enabling quick changes to the motion sequence
without hardware rewiring. Overall, this improves automation efficiency, reduces mechanical wear

by controlled starts/stops and reversals, and increases operational safety in industrial environments.

Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

Course Level Learning Outcomes
e CO 3. Develop ladder logic program for various logic gates and Boolean equations.

e CO 4. Develop ladder logic program for given application.

. Laboratory Learning Outcome

e LLO 10.1 Control the direction of stepper motor using ladder diagram.

Relevant Affective domain related Outcomes

e Students show awareness and attentiveness to the importance of precise motor control in
automation processes.

e Students actively engage in hands-on learning, demonstrating willingness to participate in PLC
programming and motor control exercises.

e Students internalize values related to meticulous programming and automation best practices,
exhibiting consistent responsible behavior in designing and troubleshooting control systems.

Relevant Theoretical Background

A stepper motor rotates the shaft in fixed, discrete steps rather than continuously turning like

traditional motors. It consists of a stator with multiple electromagnets and a rotor that is either a

permanent magnet or made of soft iron with teeth.

» Step by step rotation:

e When electrical pulses are sequentially sent to the stator windings each energized phase
generates a magnetic field that attracts the rotor teeth.
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The rotor aligns with the energized stator phase, then shifts step-by-step as the pulses advance.

Controlling direction:

The direction (clockwise or anticlockwise) is controlled by the order in which the coils are
energized.

For clockwise rotation the activating pulses follow one sequence of stator coils.

For anti- clockwise rotation this pulse sequence is reversed.

Each pulse moves the rotor by a precise angle (the "step angle™). The speed of rotation depends
on the pulse frequency the faster the pulses, the faster the rotation.

Stepper motors can be driven by various excitation modes such as wave drive, full-step, half-
step, or micro-stepping, which affect smoothness, torque, and precision.

Here is a typical truth table for operating a stepper motor in clockwise (CW) and anticlockwise
(ACW) directions. The table shows the coil energizing sequence for the phases (A, B, C, D) for

a common 4-phase stepper motor.

+Vce

4-Phase Stator

< m O Ia)
83C8C3C3
O (@]
(P
o>
= K/ P
Electrical
R
Multi-Toothed Control i
Magnetic Rotor 4
v

Fig.10.1 Stepper motor structures

VII.  Circuit diagram / block diagram / flowchart
A. Suggestive Block Diagram
Table 10.1 Clockwise sequence of stepper motor
Step | Coil | Coil | Coil | Caoil Direction sequence
A B C D

1 1 0 0 0 Start
2 1 1 0 0 CW: step 2 forward
3 0 1 0 0 CW: step 3 forward
4 0 1 1 0 CW: step 4 forward
5 0 0 1 0 CW: step 5 forward
6 0 0 1 1 CW: step 6 forward
7 0 0 0 1 CW: step 7 forward
8 1 0 0 1 CW: step 8 forward
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Table 10.2 Anti-clockwise sequence of stepper motor

Step | Coil A | Coil | Coil | Coil D Direction sequence
B C

1 1 0 0 0 Start
2 1 0 0 1 ACW: step 2 reverse
3 0 0 0 1 ACW: step 3 reverse
4 0 0 1 1 ACW: step 4 reverse
5 0 0 1 0 ACW: step 5 reverse
6 0 1 1 0 ACW: step 6 reverse
7 0 1 0 0 ACW: step 7 reverse
8 1 1 0 0 ACW: step 8 reverse

The binary values 1 and 0 indicate energized and de-energized coils, respectively. This basic sequence

can be programmed into a PLC ladder logic to drive the stepper motor for the desired direction control.

B. Actual Block Diagram (If required attach separate page)

VIII. Required Resources/apparatus/equipment with specifications
Table 10.3

Sr. Name of Resource Suggested Broad Specification Quantity
No.

CPU: SIEMENS S7-1214C
DC/DC/DC (6ES7 214-1AG31-
OXBO)

Digital input: 12 nos. with toggle
switches for applying 24V dc inputs.
Programmable logic controller  [Digital Outputs: 12 Nos with 24V
operated Lamp. 1
Analog Inputs: 02

Analog Outputs: 02

External Power Supply: 24 V DC.
Memory: 16 K data memory +351K
Code Memory +96K upload Memory.

PC preloaded with required PLC
2 Computer/Laptop software (T1A Software for Siemens
PLC) and I/0 communication facility.

Push button (Push to make) 1

3 Input output devices

Push button (Push to break) 1
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Relay (Electromechanical) 1

Stepper motor (Step angle- 1.8 1
degree, 12VDC, 4 phase, current
rating 400mA)

IX. Precautions to be followed

1.
2.

Do not short-circuit the input or output terminals.

Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without
relay/contactor.

Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their
designated terminals.

Use correct grounding and wiring practices.

Do not connect or disconnect devices when PLC is powered ON.

Verify addressing and signal polarity before operation.

X. Suggested Procedure

o o~ w D F

XI.

Identify the 1/O devices (digital or analog).

Connect input devices to the PLC input terminals (common and signal).
Connect output devices to the PLC output terminals.

Configure 1/0 addresses in the PLC software (e.g., 10.0, Q0.0).
Develop and download the ladder logic or control program.

Test the operation to verify correct response between input actions and output responses.

Resources used during performance

Table 10.4

Sr.
No.

Name of Resource Specifications Quantity

XII.

Actual Procedure (If required attach separate page)
1.
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XII1. Observation Table (If required attach separate page)

Table 10.5

Motor coil Remark
Sr. S | . ) status
No. tep angle irection

A |B|C D

2
3
4
5
6

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.
1) Describe Sequencing operation with example.

2) Design ladder diagram for automatic door opening and closing system.
[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 10.6

Sr.

No Link / Portal / VLab Description

1 Frank D. Petruzella Programmable Logic Controllers, 5th Edition

McGraw-Hill Education, 2016. ISBN: 978-0073373843 Reference Book

Stepper Motor
Forward and Reverse

: 2si=
2 | https://youtu.be/w_XAQXtVgKY?si=9POmASEHEQUIXfYk Control Using PLC

& HMI
XIX. Assessment Scheme
Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Execution of Commands 10%
2 | Correct identification of PC, network cables, and connectivity 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Troubleshooting and Analysis 10%
2 | Verification of Results 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated Sign of Teacher
Process Related (15) | Product Related (10) Total (25)
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V.

VI.

Practical No.11: Develop ladder program for traffic light control system using virtual lab
simulator

Practical Significance

Developing a ladder program for a traffic light control system using a virtual lab simulator offers
significant practical benefits. It provides students with hands-on experience in designing and
implementing real-world traffic light sequences in a safe and controlled virtual environment without
the need for physical hardware. This approach enhances understanding of time-based control and
logical sequencing using PLC timers and counters, essential concepts in industrial automation.
Virtual simulation allows easy testing, debugging, and modification of the program, promoting
active learning and experimentation without the risk of damaging equipment. Moreover, it is cost-
effective, making traffic control system training accessible to more learners and institutions. By
mimicking real urban traffic scenarios, students gain relevant skills that prepare them for
automation roles in transportation and smart city systems, bridging theoretical knowledge with

practical application effectively

Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

Course Level Learning Outcome
CO3 - Develop ladder logic program for various logic gates and Boolean equations.
CO4 - Develop ladder logic program for given application.

Laboratory Learning Outcome
LLO 11.1 Test ladder program for automatic traffic control using virtual lab

Relevant Affective domain related Outcomes

1. Demonstrate working as a leader or a team member.

2. Encourages discipline and accuracy in wiring, programming, and documentation of automation
systems.

3. Develops a sense of responsibility and safety consciousness while handling PLC hardware and
field devices.

4. Promotes confidence and professional attitude in dealing with real-time industrial automation
tasks.

Relevant Theoretical Background
e A Programmable Logic Controller (PLC) is an industrial digital computer designed to control and

automate electromechanical processes such as machinery operation, assembly lines, and robotic
systems. It operates based on input and output (1/0) interfacing, where input devices like sensors,
switches, and push buttons send signals to the PLC, which processes them according to the
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programmed logic, and output devices such as motors, lamps, and relays execute the desired
actions.

e The PLC continuously scans inputs, executes the control program (usually written in ladder
logic), and updates outputs accordingly. Interfacing 1/0 devices enables the PLC to interact with
the external environment, making automation possible.

e Inavirtual lab environment, these 1/O operations are simulated using software tools that replicate
the behavior of real sensors and actuators. This allows learners to understand signal flow, logic
processing, and control system operation safely and efficiently while reinforcing theoretical

concepts of digital logic, control systems, and industrial automation.

NORTH

&
[ J&} =
g o 4w o 8y
T " o= )
=
=
=

SOUTH

Fig. 11.1 Traffic light system

VII.  Circuit diagram / block diagram / flowchart/Ladder diagram
A. Suggestive Block Diagram
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B. Actual Block Diagram (If required attach separate page)

VIIl. Required Resources/apparatus/equipment with specifications
Table 11.1
ﬁlrc; Name of Resource Suggested Broad Specification Quantity
. Minimum Intel i3 or equivalent processor,
4 GB RAM (8 GB recommended), Windows
10 or above / Linux OS. 1

Computer/Laptop

Internet connection to access virtual lab

simulator.

IX. Precautions to be followed

> w N

Ensure the virtual PLC simulator and 1/0 modules are correctly configured before starting.

Follow the logical connections between inputs and outputs as per the circuit diagram.

Verify ladder logic or control program before running the simulation.

Monitor input/output status continuously to detect errors early.

Save your work regularly to prevent loss due to crashes.

Use step-by-step simulation modes to test the program gradually.
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X. Suggested Procedure

1

2.

W

5. Read related theory concepts carefully and appear for pretest.

XI.

XII.

. Open virtual lab software.

Resources used during performance

Select PLC Lab.
Open list of experiments tab.

Click on hardware and software of PLC.

Follow given procedure to perform simulation.

Take printout final simulation and stick in given space.

Table 11.2

Sr.
No.

Name of Resource

Specifications

Quantity

Actual Procedure (If required attach separate page)

1.
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XIIl. Observation Table

Table 11.3
Sr.No. Traffic Light Status Time duration for which specific light is ON
1 Red1- ON Green 2- ON
2 Red1- ON Yellow 2- ON
3 Green1l- ON Red 2- ON
4 Yellow 1- ON Red 2- ON

X1V. Result

-----------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.
1. Describe different parts of ladder diagram programming.

2. Specify practical function of timer instruction in PLC automation.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 11.3

Sr.
No.

Link / Portal / VLab

Description

1 | https://youtu.be/LsyGmTwJTI8?si=UyMXqG8abZaHxxSx

PLC Traffic Light
Example Program -
Red, Yellow, Green
Lights

2 | https://youtu.be/taW1xJVESgM?si=bCs3hrVOOTSmFeOH

Automatic traffic
light controller -
Virtual PLC lab

experiment.
XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Execution of Commands 10%
’ Correct _use of syntax to display, add, or delete routes and interpret 20%

the routing table
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 Route traced successfully with hop-wise statistics and minimal 10%

packet loss
2 | Verification of Results 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %

Marks Obtained

Dated Sign of Teacher

Product Related

Process Related (15) (10)

Total (25)
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Practical No.12: Develop ladder program to sort metallic and non-metallic objects

I. Practical Significance
A PLC (Programmable Logic Controller) is used to automate the sorting process. A metal sensor

(proximity sensor) detects whether the object is metallic or non-metallic. When a metallic object is
detected, the PLC activates a pneumatic cylinder or diverter to push it into the metallic bin. If the
object is non-metallic, it passes straight to another bin. The PLC continuously reads sensor inputs
and controls outputs like conveyor motors and actuators according to the logic programmed in the

ladder diagram.

Il. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcomes
CO3 - Develop ladder logic program for various logic gates and Boolean equations.

CO4 - Develop ladder logic program for given application.

IV. Laboratory Learning Outcome
LLO 12.1 Test ladder program to identify metallic and non-metallic objects

V. Relevant Affective domain related Outcomes
e Develop interest and confidence in handling PLC-based automation systems.

e Exhibit logical thinking and problem-solving attitude while developing ladder programs

V1. Relevant Theoretical Background
Inductive Proximity Sensor is used to detect metallic objects moving on the Conveyor Motor. When

the sensor detects a metallic object, it sends a signal to the PLC. The PLC then activates a Motor-
operated Diverter to push the metallic object into a separate bin. Non-metallic objects continue to
move straight on the conveyor.

An Inductive Proximity Sensor is designed to detect only metallic materials because it works on the
principle of eddy current generation in metals.

o Ferrous metals (like iron and steel) are detected easily and at a longer sensing distance.

« Non-ferrous metals (like aluminum, copper, and brass) can also be detected but at a shorter
sensing distance.

Non-metallic materials such as plastic, wood, paper, or glass cannot be detected by inductive sensors

because they do not produce eddy currents.
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VII.  Circuit diagram / block diagram / flowchart /Ladder diagram
A. Suggestive Block Diagram

%o 10.0 % 10.1 2% Q0.0

Start Stop Motor_ Conveyor
—— —N (>
~

%6 10.1 % Q0.2 %0 Q0.1

Metal_ Reset _ Metal _ Metal_ Pusher__

Detector pygher Motor Motor

_Sensor

| —N (>

° %DB1
e Q0.1 Timer 3S % Q0.2
Metal  Pusher Reset _ Metal _
Motor :2[11: Pusher_ Motor
| | re
11 ™ 2 C )~
Time#3S PT i

Fig.12.1 PLC Ladder Diagram
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Fig.12.2 System for object sorting
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B. Actual Block Diagram/Ladder Diagram (If required attach separate page)

VIII. Required Resources/apparatus/equipment with specifications
Table 12.1
Iig. Name of Resource Suggested Broad Specification Quantity
CPU: 1214C DC/DC/DC (6ES7 214-1AG31-OXBO)
Digital input: 12 nos. with toggle switches for applying 24V
dc inputs.
Programmable logic |{Pigital Outputs: 12 Nos with 24V operated Lamp.

1 controller Trainer  [Analog Inputs: 02 1
Analog Outputs: 02
External Power Supply: 24V DC.
Memory: 16 K data memory +351K Code Memory +96K
upload Memory.

2 Computer /Laptop | Computer or laptop with pre-installed PLC software 1

) .. |Sensing Distance: 5-15 mm (typical for metal)
3 '”duc“g’e Proximity s \h01y Voltage: 10-30 V DC 1
ensor Output: PNP
DC Motor DC Motor (Geared) , Voltage: 12-24 V DC , Power: 30—
4 Pusher Motor Control |50 W ,Speed: 50-100 RPM. !
Conveyor Drive
5 System \/oltage: 12-24 VV DC 1
Interface to PLC

IX. Precautions to be followed
Do not short-circuit the input or output terminals.

1.
2.
3.

Do not connect high-power loads (motors) directly to the PLC without relay/contactor.

Connect input devices (switches, sensors) and output devices (lamps, motor) only to their

designated terminals.
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X. Suggested Procedure
1. Open TIA Portal software.

Create a new project.

Assign input and output addresses.

Draw the ladder diagram as per logic.
Compile the program and check for errors.
Download the program into the PLC.

Put the PLC in RUN mode.

Press the START button to start the conveyor motor.

© 0o N o g bk~ w DN

10. After 3 seconds, the pusher motor will stop automatically.
11. Press the STOP button to stop the conveyor motor.

12. Observe and record the result

XI. Resources used during performance

Bring a metal object near the sensor to start the pusher motor.

Table 12.2

Ifl(r). Name of Resource Specifications Quantity
XII.  Actual Procedure (If required attach separate page)

1.

2.

3.

4.

5.
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XIIl. Observation Table

Table 12.3
l?l(r)-. Input/ Output Select Condition
1 Start Button=ON /OFF ............ Conveyor Motor = On/OFF
2 IStop Button = ON JOFF ............. Conveyor Motor = On/OFF
3 Inductive Proximity Sensor = On- for Metal_Pusher_Motor = ON/Off
Metal, Off- for Non-Metal
4 |Metal_Pusher Motor_Reset in e e Sec

X1V. Results

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Explain the function of TON timer used in metal sorting Ladder program
2. Practical specifications of an inductive proximity sensor.
3. Different types of proximity sensors based on material detection.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 12.4
Sr. No. Link / Portal / VLab Description
Sorting System | Metal
. -_ & Non-Metal
1 https://youtu.be/u2bZSoe-2y1?si=w7283rK-A9Lorqv6 )
Detection
PLC Based Product
2 | https:/fyoutu be/-SVn6IxjBE0?si=AZ7I-DjMMuwDQams | Soring Machine
System
XIX. Assessment Scheme
Performance Indicators Weightage
Process Related : 15 Marks 60%
1 Proper selection and use of tools (UTP cable, RJ-45 109
connector, crimping tool, cable tester) °
Correct wire arrangement as per T568B colour code
2 20%
standard
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Accuracy of wiring sequence 10%
2 | Correct wiring sequence verified using cable tester 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %

Marks Obtained

Dated Sign of
Teacher

Process Related
(15)

Product Related

(10) Total (25)
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Practical No0.13: Develop Sequential Function Chart (SFC) to sort metallic and non-metallic

objects.

I. Practical Significance
Developing a Sequential Function Chart (SFC) to sort metallic and non-metallic objects involves

creating a step-by-step control sequence for an automated system by using a Programmable Logic

Controller (PLC). SFC represents a process as a series of steps, transitions, and actions, making it

ideal for applications requiring sequential control.

Il. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcomes

CO3 - Develop ladder logic program for various logic gates and Boolean equations.

CO4 - Develop ladder logic program for given application.

IV. Laboratory Learning Outcome
LLO 5.1 Test functionality of logic gates using ladder diagram.

V. Relevant Affective domain related Outcomes

Demonstrate working as a leader or a team member.
Follow ethical practices.

Encourages discipline and accuracy in SFC programming

1.

2.
3.
4

Develops a sense of responsibility and safety consciousness while handling PLC hardware and

field devices.

Promotes confidence and professional attitude in dealing with real-time industrial automation

tasks.

V1. Relevant Theoretical Background
Sequential Function Chart (SFC) is one of the five standard programming languages defined in

the IEC61131-3standard for Programmable Logic Controllers (PLCs). It is used to represent and

control sequential processes in an organized, visual, and easy-to-understand way.
» Flow of Sequential Function Chart (SFC)

1.

Start with the initial step.

2. When the transition condition is true, the control moves to the next step.
3.
4

The actions linked with the active step are executed.

The process continues sequentially or in parallel depending on the logic.
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» Basic Components of SFC
e Initial Step: The first step that activates when the program starts
e Step: Represents a specific state or stage in the process
e Transition: A condition that allows the program to move from one step to the next
e Action: The operation performed when a step is active
e Branching: Used for parallel or alternative paths

VII.  Circuit diagram / block diagram / flowchart /Ladder diagram
A. Suggestive Block Diagram

S1 I

Initial Step I

T1
Waiting for Start Button to be
Presse: d

|

Start Conveyor |

r2
Objected detected by Photoelectric
Sensor

S3 |

Detect Object Type

T r3 e —

If Inductive Proximity Sensor output True

r4

If Inductive Proximity Sensor
Output False

sS4 SS |

Activate Metal
Pusher Forward Non Metal Detected

—_— TS
If Timer Forward_Delay finishes

S2

Sé6

Activate Metal
Pusher_ Reverse

—t—  T6

If Timer_Retract_Delay finishes

Sé6
Reset and Ready for
Next Cycle

1

S2
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Fig. 13.1 SFC chart and system design
B. Actual Block Diagram (If required attach separate page)

VIIl. Required Resources/apparatus/equipment with specifications
Table 13.1
Eg Name of Resource Suggested Broad Specification Quantity

CPU: 1214C DC/DC/DC (6ES7 214-1AG31-OXBO)
Digital input: 12 nos. with toggle switches for
applying 24V dc inputs.

Programmable logic Digital Outputs: 12 Nos with 24V operated Lamp.

1 controller Analog Inputs: 02 1
Analog Outputs: 02

External Power Supply: 24 V DC.

Memory: 16 K data memory +351K Code Memory
+96K upload Memory.

Computer or laptop with pre-installed PLC

2 Computer /Laptop software 1

3 Push to ON Switch Operating Voltage: 24 V, Current Rating: 15-50 mA 1
(ON/OFF)

Photoelectric Sensor Sensing Distance: 50-150 mm 1
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Supply Voltage: 12-24 V DC
Output: PNP

5 | Inductive Proximity Sensor

Sensing Distance: 5-15 mm (typical for metal)
Supply Voltage: 10-30 V DC
Output: PNP

DC Motor
Pusher Motor Control

DC Motor (Geared)

\/oltage: 12-24V DC

Power: 30-50 W

Speed: 50-100 RPM

Direction controlled via H-Bridge or relay from
PLC output

Conveyor Drive System
Interface to PLC

\oltage: 12-24 V DC

IX. Precautions to be followed

1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without

relay/contactor.

3. Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their

designated terminals.

X. Suggested Procedure

1. Open TIA Portal and create a new project (MetalSorter_TimeSFC).
2. Add your PLC hardware (CPU 1212C) under Devices & Networks.

3.

Configure 1/0 addresses for sensors and actuators: 10.0 = Start Button, 10.2 = Object Detected,
10.3 = Metal Sensor, Q0.0 = Conveyor Motor, Q0.1 = Pusher _Forward, Q0.2 = Pusher Reverse.
Create PLC tags for all inputs, outputs, and timers (Timer_ Forward_ Delay,
Timer_Retract_Delay) with meaningful names.

Add a new SFC program block (Sort SFC) under Program Blocks.

Create Step S1 (Idle / Initialization) and set all outputs = OFF. Transition to S2 when Start Button
= TRUE.

Create Step S2 (Start Conveyor), set Conveyor Motor = TRUE. Transition to S3 when Object
Detected = TRUE.

Create Step S3 (Stop & Detect Object Type), set Conveyor Motor = FALSE. Transition to S4 if
Metal Sensor = TRUE, else to S5 if Metal Sensor = FALSE.

Create Step S4 (Metal Object — Push Forward), set Pusher Forward = TRUE, start

Timer_Forward_Delay. Transition to S6 when timer finishes.

10. Create Step S5 (Non-Metal Forward), Jump to S2 (Start Conveyor).
11. Create Step S6 (Pusher Retract), set Pusher Forward = FALSE, Pusher Reverse = TRUE, start
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Timer_Retract_Delay. Transition to S7 when timer finishes.
12. Create Step S7 (Reset & Ready for Next Object), set Pusher Reverse = FALSE, Conveyor Motor
= TRUE. Transition to S2 when Object Detected = TRUE.

13. Compile and Download the program in TIA Portal to check sequence correctness.

XI. Resources used during performance

Table 13.2
;;’ Name of Resource Specifications Quantity
XII.  Actual Procedure (If required attach separate page)
1.
2.
3.
4.
X111, Observation Table
Table 13.3
Step Step Input Conditions Output Actions Transition
Description (ON/OFF) (ON/OFF) Condition/Next Step
ldle/ StartButton = StartButton =
St Initialization All outputs ... Next Step =
Start ObjectDetected = Next
S2 StartButton = ConveyorMotor = _
Conveyor Step =
Metal Sensor =
Next Step =
Stop & Detect | qpiectpetected = _
S3 Object Type : ConveyorMotor = Metal Sensor =
Next Step =
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Metal Object Pusher_Forward = Timer_Forward_Delay
sS4 | —Push Metal Sensor = Timer_Forward_Dela | =
Forward y= Next Step =
Non-Metal ObjectDetected =
Metal Sensor = =
S5 Object ConveyorMotor Next Step =
Pusher Forward =
Timer_Forward_Delay = | Pusher Reverse = Timer_Retract_Delay =
Pusher Retract .
S6 done/Not Done Timer_Retract_Delay | Next Step =
Reset & Timer_Retract_Delay= | Pusher Reverse = ObjectDetected =
S7 | Ready for
. ne/Not Don n r Motor = N =
Next Object done/Not Done Conveyor Moto ext Step
XIV. Results
XV. Interpretation of results
XVI. Conclusions and Recommendations
XVII. Practical Related Questions:

Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1. Draw the SFC (Sequential Function Chart) for traffic Light Control system.
2. State any four advantages of using Sequential Function Chart (SFC) in PLC programming.
3. Compare between Ladder Logic and Sequential Function Chart (SFC).

[Space for Answers] (If required attach separate page)

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Maharashtra State Board of Technical Education, Mumbai

91




Automation and PLC (316334)

€0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 0000000000000000000000000000000000000000000000000CC0CCO00C00C0CC0C00C0C00C0CCCCCO0C0C00C0C0I0C0C0CC0C0000C0CC00CC0C0CC0C0C0CCCIOCIGITOIOIOTOTOIOIO0E

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 000000000000000000000000000000000000000000000000000CCO0O0C00C0CC0C0O0C0C00C0CCCC0C0C0C00C0C00CCO0CC00C00C0C0CC00C0C0CC0C0C0CCCIOCIGITCIOIOTOTOIOIONL

€000 000000000000000000000000000000000000000000000000000CCO0O0C00C0CC0C00C0C00C0CCCCC0CO0C0C00C0C00CC0CC0C000C0CC00C0C0CC0C0C0CCCIOCIGITCIOIOTOTOIOIONE

€000 00000000000000000000000000000000000000CCO0O0CC0C00C0CC0CCC0C00C0CC0C00C0C0C0CC00C0CO0C0C0C0C0C0I00C0CO0CC0C0C0C0CC00CCO0OCCCCICICIOCIOCIOOCIOIOIOITOIOIOTOITOIOIONE

€000 000000000000000000000000000000000000000000CC0CCCCC0CCO00000C0CC0C00C0C0C0CCC0C0CO0C0C0C0C0C0CI00C0CO0CC0CC0C00C0C0CC0OCCCCICICIOCIOCIOIOCIOCIOIOITOIOIOTOEOIOIONE

€000 00000000000000000000000000000000000000CCO0O0O0C0CC0C0CC0CCC00C00C0CC00CO00C0C00C0CC0IC0CO0C0CC0C0C000C0C0CC0C0C0C0C0C00C0CCCCICICIOCIOCIOCIOCIOCIOIOITOIOIOTOITOIOIONE

€0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Maharashtra State Board of Technical Education, Mumbai 92



Automation and PLC (316334)

XVIII. Suggested references for further reading

Table 13.4
ilz. Link / Portal / VLab Description
1 | http://kel.digimat.in/nptel/courses/video/108105088/lec29.pdf
solisplc.com/tutorials/an-introduction-to-the-graph-language-in-tia- SFC Details
2 | portal-sequential-function-chart
XIX. Assessment Scheme
Performance Indicators Weightage
Process Related : 15 Marks 60%
1 Proper selecti_on f_;md use of tools (UTP cable, RJ-45 10%
connector, crimping tool, cable tester)
) Correct wire arrangement at each end according to T568A 20%
and T568B standards
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Accuracy of wiring sequence 10%
2 | Correct wiring sequence verified using cable tester 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %

Dated Sign of

Marks Obtained
Teacher
Process Related Product Related
Total (2
(15) (10) otal (25)
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Practical No.14: Develop ladder program for automatic car parking system

I. Practical Significance
The automatic car parking system using PLC helps to solve the common problem of finding empty

parking spaces. In normal parking, drivers waste time searching for vacant spots and there is no
real-time information. This system uses sensors to detect if a car is present or not in each slot. The
PLC processes this data, turns on LEDs to show which slots are free, and updates a digital display
with the number of empty spots. It makes parking faster, automatic, and easy to manage, reducing

time, effort, and confusion.

Il. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcome
e CO3 - Develop ladder logic program for various logic gates and Boolean equations.

e (CO4 - Develop ladder logic program for given application.

IV. Laboratory Learning Outcome
e LLO 14.1 Test ladder program for automatic car parking system.

V. Relevant Affective domain related Outcomes
1. Demonstrate working as a leader or a team member.
2. Follow ethical practices.
3. Develop interest and confidence in handling PLC-based automation systems.
4.

Exhibit logical thinking and problem-solving attitude while developing ladder programs

V1. Relevant Theoretical Background
In automatic car parking system counter is used to count the number of empty spots. Proximity

Sensors or IR Sensors are used to detect the presence of car. Value of counter is displayed on the
display which is mounted outside the parking plot.

This counter value is converted into decimal.
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Table 14.1 List of Inputs and Outputs

Address Type of Instruction Remark
1:1/0to 1:1/4 Input IR Sensor to detect the presence of cars
0:2/0 to O:2/4 Output LEDs to indicate presence of car spots
C5:.0 Count Up To increment when Car exits
C5:1 Count Down To decrement when Car enters
0:6 Output Display address
VII.  Circuit diagram / block diagram / flowchart /Ladder diagram

A. Suggestive Diagram

145 TD
oo 4 E Ceonnt Dronam D
Car Entry Couanter cCS:0
FPras=t 0 —DHT—
A omam 5
1145 T
001 4 E Croamt Up S o] | iy T
Car Exit Couanter C5:0
Freset 0 —{DH —
A conm =
T
ooz To BCDr
Souroe C50.ACC
?
Diast o8
7
1: 150 o240
003 £
Spot 00 IR Spot 00 LED
1:141 o2
004 -
Spot 01 IR Spot 01 LED
1:142 o232
oos =
Spot 02 IR Spot 02 LED
11483 o023
00s =
Spot 03 IR Spot 03 LED
1:1/4 o204
oo7 3-F
Spot 04 IR Spot 04 LED
oos  END T3 |

Fig. 14.1 Ladder program for car parking system
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VIII. B. Actual Diagram (If required attach separate page)

IX. Required Resources/apparatus/equipment with specifications

Table 14.2

Sr.

No. Name of Resource

Suggested Broad Specification

Quantity

Programmable logic
1 |controller Trainer

CPU: 1214C DC/DC/DC (6ES7 214-1AG31-OXBO)
Digital input: 12 nos. with toggle switches for applying 24V
dc inputs.

Digital Outputs: 12 Nos with 24V operated Lamp.

Analog Inputs: 02

Analog Outputs: 02

External Power Supply: 24 V DC.

Memory: 16 K data memory +351K Code Memory +96K
upload Memory.

2 |Computer /Laptop

Computer or laptop with pre-installed PLC software

IR Sensor /Inductive
Proximity Sensor

Sensing Distance: 5-15 mm (typical for metal)
Supply Voltage: 10-30 V DC
Output: PNP

X. Precautions to be followed

1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors) directly to the PLC without relay/contactor.

3. Connect input devices (switches, sensors) and output devices (lamps, motor) only to their

designated terminals.
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XI. Suggested Procedure
1. Open TIA Portal and create a new project named Auto CarParking_CTU_CTD.

Add PLC hardware (CPU 1212C DC/DC/DC) under Devices & Networks.

Open Main OBL1 and select Ladder Diagram (LAD) as the programming language.
Assign 1:1/0 to 1:1/4 = IR Sensors to detect the presence of cars (Inputs).

Assign 0:2/0 to 0:2/4 = LEDs to indicate parking spot availability (Outputs).
Assign 1:1/5 = Entry sensor for car entering.

Assign 1:1/6 = Exit sensor for car leaving.

Use C5:0 = Counter Up (CTU) to increment count when a car exits.

© 0o N o g bk~ w DN

Use C5:0 = Counter Down (CTD) to decrement count when a car enters.

-
o

Preset counter value (PV) =5, as total parking spots = 5.

-
-

. Accumulator (CV) value represents current available slots.

12. Connect accumulator output to O:6 (Display output) through BCD converter.
13. Use Normally Closed contacts for IR sensors so LEDs remain ON when spots are empty.
14. Compile the program, download to PLC, and test entry and exit operation for verification.
XILI. Resources used during performance
Table 14.3
r. e e :
l?lo Name of Resource Specifications Quantity
XII1.  Actual Procedure (If required attach separate page)
1.
2.
3.
4.
5.
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6.

X1V. Observation Table

Table 14.4
.| Parking
Entry| Exit Counter Lamp Status
Slot . Remark
Sr.| Senso| Senso Sensors Value | Display (Car
No. r r _ (C5:.0.AC| (0:6) .
(1:1/5)| (1:1/6) (I:2/0— Q) Entry/Exit),
' ' 1:1/4) 0:2/0 [0:2/1 | 0:2/2 |0:2/3 |0:2/4
All slots
1 0 0 [ 00000 5 5 ON ON ON ON ON empty
One Car
2 1 0 | 00001 4 4 ON ON ON ON OFF entered
Two cars
3 1 0 00011 3 3 entered
One Car
4 0 1 00010 4 4 Exit from
5 1 0 00110 3 3
6 0 0 00110 3 3
XV. Results
XVI. Interpretation of results
XVII. Conclusions and Recommendations

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

XVIII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
questions so as to ensure the achievement of identified CO.

1. Mention the instruction used to latch the entry and exit operations.
2. State the condition for activating the “Parking Full” indicator.
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[Space for Answers] (If required attach separate page)
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XIX.  Suggested references for further reading

Table 14.5
Sr. No. Link / Portal / VLab Description
Simple car parking PLC
1 https://youtu.be/yHIOTO6ae4g?si=xybZEy4alFfosmo04 Ia_dder diagram in the
Siemens TIA Portal

XX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Proper selection and use of PDU tool 10%
) Correct step-by-step observation of PDUs at each OSI 20%

layer

3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Correct creation of PDU with proper encapsulation 10%
2 | Proper identification of addressing (MAC, IP, ports) 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%

Total ( 25 Marks) 100 %

Marks Obtained Dated Sign of Teacher
Procesés1 5F\;elated Produz:;olielated Total (25)
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Practical No.15: Interface and test PLC with profibus and profinet network protocol.

I. Practical Significance
Interfacing and testing a PLC with PROFIBUS and PROFINET is practically significant because it

enables fast, reliable communication and control of industrial devices, ensuring efficient automation.
PROFIBUS offers deterministic, mature fieldbus communication ideal for real-time control, while
PROFINET provides high-speed, flexible Ethernet-based networking suitable for modern scalable
systems. Testing ensures seamless integration, reduces downtime, enhances diagnostics, and
supports safe, flexible, and efficient industrial operations. This leads to improved productivity, easier

maintenance, and future-proof automation.

Il. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through

various teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcome
e CO-5 Use the relevant communication protocol for specific automation system.

IV. Laboratory Learning Outcome
LLO 15.1 Test and compare profibus and profinet network protocol.

V. Relevant Affective domain related Outcomes
Demonstrate working as a leader or a team member.

Follow ethical practices.

Develop a positive mindset toward adopting advanced industrial communication technologies.
Value collaboration and teamwork during system integration and testing processes.

Cultivate a sense of responsibility for ensuring reliable and safe network operations.

Demonstrate motivation to stay updated and adapt to evolving automation protocols.

N o a ~ wnh e

Foster attentiveness and commitment to quality in configuring and troubleshooting networks.

VI. Relevant Theoretical Background
e PROFIBUS defines the technical features of a serial field bus system, by which distributed

digital automation devices, from field to cell level, can be networked together.
e |t is a multi-master system and so allows the combined operation on one bus of several

automation, engineering, and visualization systems with remote peripherals.
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Termination Termination

Switch ON '/ Switch OFF

h
s
=
@
>
w
>
w

_Use Only

the Input ¢aple 1 [ Cable

Output

Input

Fig. 15.1 Profibus connector

e Profinet is an industrial Ethernet-based system.

e Using Profinet we can connect facilities like PLC, HMI, Distributed 1/O, a different type of
transmitters, sensor, actuator, VFD, etc. all on one network.

e Profinet provides faster response time so the collection of the data becomes even greater.

e Industrial Profinet comes with shielding provides better performance in an electrically noisy
environment.

e To recognize Profinet devices it must be defined with IP address and device name.

e Each device in a network must be assigned with IP address to communicate.

e Profinet devices are recognized by valid IP addresses. IP address or internet protocol is used to

define addresses to recognize devices in the network.

VII.  Circuit diagram / block diagram / flowchart
A. Suggestive Flowchart
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10 Supervisor

L0000

P— 10 Controller

Network Components
a0000

—CHERH

10 Devices

Fig. 15.2 Profinet connectors

B. Actual Flowchart (If required attach separate page)

VIIl. Required Resources/apparatus/equipment with specifications
Table 15.1

Sr. Name of Resource Suggested Broad Specification Quantity

No.
CPU : 1214C DC/DC/DC (6ES7 214-1AG31-
OXBO)
Digital input: 12 nos. with toggle switches for

. applying 24V dc inputs.
Programmable logic Digital Outputs: 12 Nos with 24V operated Lamp.
1 controller 1

Analog Inputs: 02

Analog Outputs: 02

External Power Supply: 24 V DC.

Memory: 16 K data memory +351K Code Memory
+96K upload Memory.
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Computer or laptop with pre-installed PLC
2 Computer /Laptop software 1
3 Push to ON Switch Operating Voltage : 24 VV ,Current Rating : 15-50 1
(ON/OFF) mA

4 Profibus connectorsand  |RS485 connector and cable with adaptor 1

cables

. Network switch , network (LAN) cables, network

3) Profinet components connectors 1
5 Start push button Stop push [Push to ON switch and Push to Off switch 1

button
7 Output device Lamp, Buzzer etc 1

IX. Precautions to be followed
1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors, heaters, pumps) directly to the PLC without

relay/contactor.

3. Connect input devices (switches, sensors) and output devices (lamps, hooters) only to their

designated terminals.

X. Suggested Procedure

» Steps to configure a PROFIBUS network

1)

2)

3)

4)

5)

6)

First of all, we will make our Hardware configuration and connect the two PLCs through (DP
port)

Then we are going to set the DP address and parameters of the PLC by clicking on the
PROFIBUS port for (S7-412)

Then we have to set the parameters for the other PLC (S7-312)

You should be aware that the communication between the two PLCs via PROFIBUS
protocol stands on the Input / Output Memory of the devices, for this part you can customize

your data addressing for the communication.

If you want to change transferring speed you have to click on the PROFIBUS connection

between the two PLCs then you can change from here.

Finally, you can download your program on the PLCs.
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0 ProfiBus_Between_Two_PLCs » Devices & networks
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Fig. 15.3 Step 1 of Profibus Configuration
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Fig. 15.4 Step 2 of Profibus Configuration
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Fig. 15.5 Step 3 of Profibus Configuration
Mabharashtra State Board of Technical Education, Mumbai 105




Automation and PLC (316334)

DP interface_1 [X2]

General

PROFIBUS address

Time synchronization

SYNCIFREEZE

Diagnostics addresses Assigned PLC_1.DPinterface_1 v

- |-slave communication

= |100..109
M 1110..119 Q110..119

add new area click on this symbol if you want
to change the transmission
direction (from master to slave)
or (from slave to master)

Fig. 15.6 Step 4 of Profibus Configuration

DP-Mastersystem [Mastersystem]

" System constants | T
| General

General
iew of
Overview of addresses : |PROFIBUS_1

i

» for your Application

| : [ 1.5 Mbps
l ofle: | 96 kbps
~ 19.2kbps
45.45 (31.25) kbps

93.75 kbps
Cable configuration 1875 kbps

500 kbis
oWing 3 ops

6 Mbps

12 Mbps

Fig. 15.7 Step 5 of Profibus Configuration

»  Steps to configure a PROFINET network
1) Open TIA PORTAL. Click on “project view”.
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Fig. 15.8 Step 1 of Profinet Configuration

2) The following window will pop up. Expand “online access”.
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Fig. 15.9 Step 2 of Profinet Configuration

3) Inonline access, you can find an option written “intel”, expand it. Double click on “update accessible

devices”. After a few seconds “accessible devices” will appear.
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Project tree |

Devices
5 QO

¥ [y Online access

» [H4 Accessible device [00-OE-8C-CAS...

» r_g PCinternal [Local] ]
» [ PLCSIM [PNIIE] 2]
» [0 use [s7USB] ]

» [} TeleService [Automatic protocol dete. il
» [ Card Reader/USB memory

Fig. 15.10 Step 3 of Profinet Configuration

4) Clicking on accessible devices will open up the following window. Here Expand “function”.

Click on IP address to assign an IP address. Click on “Assign IP address” to finish the procedure.

XI. Resources used during performance
Table 15.2
;2 Name of Resource Specifications Quantity
XII.  Actual Procedure (If required attach separate page)
1.
2.
3.
X111, Observation Table
Table 15.3
Sr. No. | Observations Remark
1 Type of connecting port used for
Profibus
9 Number of connecting terminals in

Profibus cable

3 Type of connecting port used for
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Profinet

Number of connecting terminals in
Profinet cable

PLC and I/0 modules are interfaced
with each other in Profibus using....
PLC and I/0 modules are interfaced
with each other in Profinet using....

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.

1) Select appropriate connectors and connecting cable to interface given PLC.
2) Compare Modbus RTU and Modbus TCP/IP.

3) Compare Profinet and Profibus protocol.

4) Draw and describe architecture of profinet.

[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 15.4
Sr. ] .
NG Link / Portal / VLab Description
1 http://kcl.digimat.in/nptel/courses/video/108105088/lec29.pdf

solisplc.com/tutorials/an-introduction-to-the-graph-language-in-tia-
2 | portal-sequential-function-chart.

Communication
protocol used in
PLC

Instrumentation.com

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Correct C program logic for Hamming Code 10%
2 | Successful compilation and execution in Turbo C 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Correct generation of encoded bits 10%
2 | Error detection verification 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated Sign of Teacher
Procesés1 5F\;elated Produz:;olielated Total (25)
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Practical No.16: Develop SCADA graphic screen and integrate with PLC to perform the
sequential ON-OFF control of Lamps/motors

I. Practical Significance
Integrating a SCADA graphic screen with a PLC for sequential ON-OFF control of lamps or motors

provides a powerful solution for industrial automation by enabling real-time monitoring, control,
and visualization of processes from a central interface, which enhances operational efficiency,
reduces downtime, supports predictive maintenance, and improves safety by minimizing manual

interventions and optimizing equipment performance through reliable, automated sequencing.

Il. Industry/Employer Expected Outcome
The aim of this course is to attain the following industry/employer expected outcome through various

teaching learning experiences: "Maintain Automation systems."

I11.Course Level Learning Outcome
e CO-5 Use the relevant communication protocol for specific automation system.

IV. Laboratory Learning Outcome
LLO 16.1 Develop SCADA graphic screen integrate it with PLC to perform the sequential ON-OFF
control of Lamps/motors

V. Relevant Affective domain related Outcomes
e Develop a positive attitude toward the adoption and use of automation technology.

o Cultivate responsibility and discipline in monitoring and controlling industrial processes.
e Enhance teamwork and communication skills through collaborative problem-solving.
e Build confidence in operating and troubleshooting advanced control systems

VI. Relevant Theoretical Background
e SCADA (Supervisory Control and Data Acquisition) consists of both software and hardware

elements working together to oversee and manage industrial operations.

e These systems are used to supervise and control extensive industrial activities such as power
generation, water treatment, and manufacturing.

e SCADA provides significant oversight, collects data, and performs analysis, enabling operators
to monitor device and process conditions, detect anomalies, and make informed decisions.

e Over time, SCADA systems have evolved to include enhanced features like remote access,
advanced data analytics, and integration with enterprise systems.

» SCADA Components

e Sensors and Actuators: Sensors are devices that collect real-time data from the physical
environment. They measure parameters such as temperature, pressure, level, and more.

Actuators, on the other hand, are devices responsible for initiating actions based on control
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commands. Sensors provide essential input data to SCADA for monitoring, while actuators
execute control actions to influence processes.

e SCADA Field Controllers: Remote Terminal Units (RTUs) and Programmable Logic Controllers
(PLCs) are field devices that collect data from sensors and control actuators in the industrial
process. They communicate with the SCADA system to transmit data and receive control
commands.

e SCADA Master Station (or SCADA Server): The SCADA Master Station is the central
component of the SCADA system, responsible for data acquisition, processing, and control. It
communicates with RTUs or PLCs to collect data, processes the data to generate meaningful
information, and sends control commands to the field devices.

e Human-Machine Interface (HMI): The HMI is the graphical interface that allows operators to
interact with the SCADA system. It displays real-time data, historical trends, and alarms,
enabling operators to monitor the status of the industrial process and make informed decisions.
HMIs can be standalone devices or software applications running on computer systems or mobile
devices.

e Communication Network: The communication network connects the SCADA Master Station
with the field devices (RTUs or PLCs) and the HMI. It can be based on various communication
technologies, such as wired or wireless networks, and use different

e communication protocols, such as Modbus, Profibus, or Ethernet/IP. Communication protocols
such as Modbus, DNP3, and OPC facilitate seamless data exchange.

e Historian (or Data Storage): The historian is a database that stores historical data collected by the
SCADA system. It allows operators and engineers to analyze trends, perform diagnostics, and
generate reports for decision-making and process optimization.

e Alarm and Event Management System: The alarm and event management system is responsible
for detecting and managing alarms and events in the SCADA system. It monitors the incoming
data for anomalies, generates alarms when predefined conditions are met, and logs events for

further analysis and troubleshooting.
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SCADA system architecture

Sensors

data l

PLCsor RTU

4

Network
connection

SCACDA/
HMI CPU

ModBus [BVFV—=p
TCP/IP

SCACDA/
HMI terminal

Fig. 16.1 SCADA Connection

VIl. Circuit diagram / block diagram / flowchart

A. Suggestive Block Diagram

PL; ™ 'NE™ $7-1200
4
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B. Actual Block Diagram (If required attach separate page)

VIII. Required Resources/apparatus/equipment with specifications
Table 16.1
ﬁg Name of Resource Suggested Broad Specification Quantity
CPU : 1214C DC/DC/DC (6ES7 214-1AG31-
OXBO)
Digital input: 12 nos. with toggle switches for
. applying 24V dc inputs.
1 Progrignnrprg?lleerloglc Digital Outputs: 12 Nos with 24V operated Lamp. 1
Analog Inputs: 02
Analog Outputs: 02
External Power Supply: 24 V DC.
Memory: 16 K data memory +351K Code Memory
+96K upload Memory.
Computer or laptop with pre-installed PLC
2 Computer /Laptop software 1
3 Push to ON Switch Operating Voltage : 24 V ,Current Rating : 15-50 1
(ON/OFF) mA
HMI Screen Human Machine Interface Screen with size 7 inch 1
5 Profinet components Network switch , network (LAN) cables, network 1
P connectors
5 Start push button Stop push [Push to ON switch and Push to Off switch 1
button
7 Output device Three Lamp or Motor. 3 each

IX. Precautions to be followed
1. Do not short-circuit the input or output terminals.

2. Do not connect high-power loads (motors) directly to the PLC without relay/contactor.

3. Connect input devices (switches, sensors) and output devices (lamps, motor) only to their

designated terminals.

X. Suggested Procedure
1. Define the Control Logic: Plan the sequential ON-OFF control sequence for lamps/motors and

write the ladder logic program for the PLC accordingly.

2. PLC Programming: Use PLC programming software to implement the control logic. Assign

input/output addresses to control the lamps or motors.
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3.

Configure Communication: Establish communication between the PLC and SCADA system
using appropriate industrial protocols (e.g., Modbus, Profibus, or OPC).

SCADA Graphic Development: Open SCADA software’s graphic design tool and create screens.
Add graphical elements representing lamps/motors and controls (e.g., push buttons, indicators).
Tag Configuration: Add and link SCADA tags to the PLC’s input/output addresses to monitor
and control the real-time status of lamps/motors.

Add Control Elements: Implement interactive buttons and switches on the graphic screen to
toggle lamps/motors sequentially as per PLC logic.

Testing & Simulation: Test the system in simulation mode to verify correct sequential control
operation of lamps/motors and adjust the SCADA graphics and logic if needed.

Deploy & Monitor: Deploy the integrated system on real hardware, monitor real-time operation
through the SCADA screen, and troubleshoot as required.

Add Alarms & Data Logging (Optional): Enhance SCADA screen with alarms for abnormal

conditions and log operational data for future analysis.

XI. Resources used during performance

XI1I.

Table 16.2

Sr. Name of

No. Resource Specifications Quantity

Actual Procedure (If required attach separate page)
1.
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XIIl. Observation Table

Table 16.3
Sr. No. Observation Remark
1 Industrial protocol used for communication
2 SCADA graphic software used
3 Control elements used specify with their address

X1V. Results

XVII. Practical Related Questions:
Note: Below given are few sample questions for reference. Teacher must design more such
guestions so as to ensure the achievement of identified CO.
1) Describe interfacing steps of SCADA with PLC.

2) List practical significance of Modbus RTU and Modbus TCP/IP.
[Space for Answers] (If required attach separate page)
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XVIII. Suggested references for further reading

Table 16.4
ilz Link / Portal / VLab Description
1 | Instrumentation.com Virtual Lab experiment link

XIX. Assessment Scheme

Performance Indicators Weightage
Process Related : 15 Marks 60%
1 | Successful installation of Packet Tracer 10%
2 | Identification of Packet Tracer Simulator components 20%
3 | Following procedure and maintaining lab discipline 20%
4 | Working in teams 10%
Product Related: 10 Marks 40%
1 | Create a simple network topology 10%
2 | Demonstrate device configuration and connections 05%
3 | Conclusion 05%
4 | Answer to sample questions 15%
5 | Submitting the journal in time 05%
Total (25 Marks) 100 %
Marks Obtained Dated Sign of Teacher
Proces(i;elated Produzolielated Total (25)
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