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UNIT I - FUNDAMENTALS AND CONCEPTS IN METROLOGY

Standards of Measurement — Analog and Digital Measuring Instruments - Comparators —
Limits, Fits and Tolerances — Gauge Design —Surface Roughness — Form Errors and
Measurements.

Question

PART A

—

What is Range of measurement?

What is measurement and why it’s necessary?

Compare system error and correction Error.

What 1s Calibration?

Compare between precision and accuracy.

What is measurement?

What are the components used in the measuring process?

What are the different types of standards?
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Define Standards of Measurements.
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Distinguish between Analog and Digital Measuring
Instrument's.

Define Sampling Length.

What is Comparator?

Distinguish between Fit and Tolerance.

Compare Clearance, Interference and Transition Fit.

N D N NN

Define Limits.

PART B

Define standards. Discuss different type of standards in
detail?

Explain the block diagram of generalized measurement
system and describe its different stages with suitable
examples.

Apply the concepts of precision and accuracy to a real-life
measurement example with a neat sketch, and explain how
they differ in practice.

Identify the different types of error in measurement and their
causes and control methods in detail.
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Define surface roughness. With neat sketch, show sampling
length and related parameters

Explain Read type Mechanical comparator with neat sketch.

Summarize the principle, operation, advantage and
disadvantage of Electronic Comparator with neat sketch.

With neat sketch, explain Solex type pneumatic comparators.

UNIT II - INSPECTION AND GENERAL MEASUREMENTS

Linear Measuring Instruments — Evolution — Types — Classification — Limit Gauges —
Gauge Design — Terminology — Procedure — Concepts of Interchange Ability and Selective
Assembly — Angular Measuring Instruments — Types — Bevel Protractor Clinometers Angle
Gauges, Spirit Levels Sine Bar — Angle Alignment Telescope — Autocollimator
Applications - Inspection of Gears And Threads — Tool Makers’ Microscope — Universal
Measuring Machine.

Question

PART A

—

List any four angular measuring instruments.

Define Bevel protractor.

Define Cubit.

What is the purpose of calibration?

Define Interchangeability.

Define Least count.

Define Gauge Block

What is the application of spirit level?
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Define linear encoder. What is its function?
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List few angular measuring instruments.
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Define Clinometers.
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What is the working principal of sine bar?
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List any two factors used in gauge design
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What do you mean by wringing of slip gauges?
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What is the use of Tool Maker Microscope?

PART B
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Classify various Linear measuring Instruments and explain
briefly.

Explain the working principle of Sine Bar with neat sketch.

Explain the working principle of autocollimator and briefly
outline its application

Explain about Angle alignment telescope with neat sketch

Construct the working principal of (a) Angle dekkor (b)
Clinometer with neat sketch.

Define slip gauges. Briefly outline the classification,
accessories and manufacturing method.

Construct the working principal of Vernier Bevel Protractor
in detail with neat sketch.

Define Limit gauges. Outline the purpose of using the Limit
gauges and brief the types of classification of Limit gauges.

UNIT III - OPTO ELECTRONICS IN ENGINEERING INSPECTION

Uses of Optoelectronics in Tool Wear Measurements — Micro hole Measurement and Surface
Roughness — Applications in In-Process Measurement and On-Line Inspection.

Q.No Question CO | BTL | Marks

PART A

f—

Define Optoelectronics.

What methods are used to measure the surface finish?

Explain the term Micro-hole measurements.

What is interferometer?

Which equipment is used to measure the micro-holes?

What are the types of tool wear?

List any two application of Inline process measurement.

List any two application of Online Inspection.
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Define Photonics.
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Define Laser Diode.
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Define Quantum Dots.
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Define Flank wear.
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What do you understand by the term Crater wear?

_
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What is BUE?
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What is Micro-LEDs?
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PART B

Build the process of on-line Inspection with a suitable
application.

Explain the use of Optoelectronics in Tool Wear
measurement.

Explain Tomlinson Surface Meter with neat sketch.

Explain the use of Optoelectronics in Surface Roughness
measurement.

Discuss about Micro hole measurement in detail.

Discuss about Light Emitting devices in detail.

With suitable examples, develop the industrial applications of
optoelectronics in CNC machines for tool wear detection

Discuss the types of optoelectronic sensors used in
manufacturing

UNIT IV - LASER METROLOGY

Precision instrument based on Laser - Use of Lasers - Principle —Interferometers, Interference
microscope -Optical flats - Laser Interferometer - Application in Linear and Angular
measurements - Testing of machine tools using Laser Interferometer. Use of Laser
Interferometer in Machine Tool Inspection — Uses of Laser in On-Line Inspection — Laser
Micrometer — Laser Alignment Telescope.

Q.No Question CO | BTL | Marks

PART A

—

Why lasers are used in Metrology?

What is the principle of laser?

Name the different types of interferometer.

What is interferometer?

What is wavelength?

What do you mean by alignment test on machine tool?

List the various geometric check made on machine tool.

What is Optical flat?
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Name the common source of light used for laser
Interferometer.
What is Laser Micrometer?
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Mention two advantages of using lasers for alignment
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purposes.

Name any two machine tool parameters that can be tested
using a laser interferometer.
What is the role of interference in precision measurements?

Mention any two features of a laser alignment telescope.

Why are lasers suitable for precision metrology applications?

PART B

Explain the working principal of AC laser Interferometer and
how the straightness is measured.

Sketch and explain the Michelson Interferometer.

Explain in detail the uses of laser interferometer in Machine
Tool Inspection.

Explain in detail the working principle of laser micrometer
with neat sketch.

Experiment with the Testing of Machine tool using Laser
Interferometer with neat sketch.

Explain in detail the working principle of laser alignment
telescope with neat sketch.

Explain the working principle of lasers and describe their
main property.

Construct the working principal of optical flats with a neat
sketch. How are they used to measure flatness of surfaces
using interference?

UNIT V - COMPUTER AIDED INSPECTION AND ADVANCES IN METROLOGY

Co-ordinate Measuring Machines - Constructional features - Types - Applications of CMM —
CNC CMM applications - Measurement arms, Laser tracker - Fundamentals of Computer
Aided Inspection - Introduction to Nano metrology.

Q.No Question CO | BTL | Marks

PART A

What is CMM?

Mention any four types of CMM.

List the uses of various types of probes used in CMMs

Compare the difference between CNC CMM and manual
CMM?
Define Nanometrology. RE

UNITED INSTITUTE OF TECHNOLOGY _




What do you understand by the term Computer aided
Inspection?

List the four basic types of machine vision system?

What is laser tracking?

What are the benefits of using CMM?

Mention the application of CMM.

Explain about measurement arm in CMM.

Mention some of the software’s used in CMM.

What industries commonly use CNC CMMs?

Mention two benefits of computer-aided inspection.

N | | | | | | U] W
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Give two examples of applications of Nano metrology.

PART B

Explain the need, types and constructional features of
coordinate measuring machine.

Explain the term computer aided inspection with suitable
applications.

With a neat sketch explain the various types of CMM based
on its construction.

Interpret about Nano metrology in detail.

List out the various applications of CMM in modern
manufacturing industries. How does it improve quality
inspection?

Examine the principal of operation of laser tracker? List the
components, and use in precision large-scale measurements.
Apply the principles of AFM, STM, and Electron
Microscopes to analyze how they can be used in nano-scale
material characterization.

Make use of 3D CAD models to plan a computer-aided
inspection process, and organize the steps of CAD-based
inspection workflow in sequence.

Note:
CO: Course Outcomes
Blooms Taxonomy Abbreviations:

RE — Remembrance, UN — Understanding, AP — Apply, AN — Analyze, EV — Evaluate, CR — Create.
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UNIT -1
INTRODUCTION

Types of industrial robots - Load handling capacity - general considerations in Robotic
material handling-material transfer - machine loading and unloading - CNC machine tool

loading - Robot centered cell.

Q.NO QUESTION CO BTL MARKS
PART-A
1.What is an industrial robot? 1 RE 2
2.Name any four types of industrial robots. 1 RE 2
3.Define load handling capacity in robots. 1 RE 2
4.What is meant by a robot's degree of freedom? 1 RE 2
5.What are the advantages of robotic material handling? 1 UN 2
6.Define material transfer in robotics. 1 RE 2
7.What is a SCARA robot used for? 1 RE 2
8.Write two differences between Cartesian and Articulated robots. 1 UN 2
9.List any two general considerations in robotic material handling. 1 RE 2
10.What is machine loading in robotics? 1 RE 2
11.Name any two applications of robots in CNC machine loading. 1 RE 2
12.What is a robot-centered cell? 1 RE 2
13.Mention any two components of an industrial robot. 1 RE 2
14.What is meant by CNC machine tool loading? 1 RE 2
15.State any two limitations of industrial robots in material handling. 1 UN 2
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PART-B

1.Classify the different types of industrial robots with neat sketches. 1 AP 16
2.What are all the factors affecting the load handling capacity of 1 AN 16
industrial robots.

3.List the general considerations to be made in robotic material 1 AN 16
handling.

4.State the process of material transfer using robots with suitable 1 AP 16
examples.

5.Write a detailed note on machine loading and unloading using 1 AP 16

industrial robots.
6.State the role of industrial robots in CNC machine tool loading with 1 AP 16

a suitable layout.

7.What is a robot-centered cell? Discuss its layout, types, and 1 AN 16
advantages.
8.With a neat diagram, explain how a robot can be used for loading 1 AP 16

and unloading in a robot-centered cell.

UNIT - 11
SELECTION OF ROBOTS AND OTHER APPLICATIONS

Factors influencing the choice of a robot - robot performance testing - economics of
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robotisation - Impact of robot on industry and society. Application of Robots in continuous
arc welding - Spot welding - Spray painting -assembly operation - cleaning - robot for

underwater applications.

Q.NO QUESTION CO BTL MARKS
PART-A
1.List any two factors influencing robot selection. 2 RE 2
2.What is meant by robot performance testing? 2 RE 2
3.Define cycle time in robot performance. 2 RE 2
4 Mention two economic benefits of using robots in industries. 2 UN 2
5.What is robotisation? 2 RE 2
6.Write any two impacts of robots on employment. 2 UN 2
7.What is continuous arc welding? 2 RE 2
8.Mention two differences between arc welding and spot welding. 2 UN 2
9.State two reasons why robots are preferred in spray painting. 2 UN 2
10.Define the term "repeatability" in robot performance. 2 RE 2
11. Uses of spot welding? 2 UN 2
12.Give two advantages of using robots for assembly operations. 2 UN 2
13.What are the challenges in underwater robot applications? 2 UN 2
14.What type of robot is used for cleaning tasks? 2 RE 2
15.Mention any two industries where robots are used for underwater 2 RE 2
tasks.
PART-B

1. What are all the various factors that influence the selection of a 2 AP 16
robot for a particular application.

2. Describe the methods of robot performance testing and explain the 2 AP 16

importance of each parameter.
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3. Discuss the economic considerations involved in robotisation in 2 AN 16

industries.

4. Analyze the impact of robots on industrial productivity and human 2 AN 16
employment.

5. Write the application of robots in continuous arc welding with 2 AP 16

advantages and safety concerns.

6. Describe the working and advantages of robots used in spot 2 AP 16
welding operations.

7. State the use of robots in spray painting and the factors to be 2 AP 16
considered for high-quality finish.

8. Write notes on any three of the following robotic applications: 2 AP 16
a) Assembly operation

b) Cleaning

c) Underwater exploration and repair using robots

UNIT - 111
MATERIAL HANDLING

concepts of material handling - principles and considerations in material handling systems
design - conventional material handling systems - industrial trucks - monorails - rail
guided vehicles - conveyor systems -cranes and hoists - advanced material handling
systems - automated guided vehicle systems - automated storage and retrieval
systems(ASRS) - bar code technology - radio frequency identification technology -

Introduction to Automation Plant design software.

Q.NO QUESTION CO BTL MARKS

PART-A
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1. What is material handling? 3 RE 2
2. State any two principles of material handling. 3 RE 2
3. What are the objectives of a material handling system? 3 UN 2
4. Define industrial trucks with one example. 3 RE 2
5. What is a monorail system? 3 RE 2
6. Write one application of rail-guided vehicles. 3 RE 2
7. Define conveyor systems. 3 RE 2
8. Mention two types of cranes used in industries. 3 RE 2
9. What are hoists used for? 3 RE 2
10. What does ASRS stand for? 3 RE 2
11. Mention any two advantages of ASRS 3 UN 2
12. What is bar code technology? 3 RE 2
13. Application and Type of bar code technology? 3 UN 2
14. What is RFID used for in material handling? 3 UN 2
15. Name one plant design software used for automation layout. 3 RE 2
PART-B
1. Simplify the basic concepts, functions, and objectives of material 3 AN 16
handling systems.
2. Discuss in detail the principles and considerations for designing a 3 AN 16
material handling system.
3. Describe conventional material handling systems with examples of 3 AN 16
trucks, conveyors, and cranes.
4. Write detailed notes on the working and advantages of industrial 3 AP 16
trucks and rail-guided vehicles.
5. Describe the different types of conveyor systems and their 3 AP 16
industrial applications.
6. What are automated guided vehicle (AGV) systems? Explain their 3 AP 16

components, working, and benefits.

UNITED INSTITUTE OF TECHNOLOGY [



7. Describe the structure and operation of Automated Storage and 3 AP 16
Retrieval Systems (ASRS).
8. Describe the use of bar code and RFID technology in material 3 AP 16

handling systems with advantages.

UNIT -1V
MATERIAL HANDLING

concepts of material handling - principles and considerations in material handling systems
design - conventional material handling systems - industrial trucks - monorails - rail
guided vehicles - conveyor systems -cranes and hoists - advanced material handling
systems - automated guided vehicle systems - automated storage and retrieval
systems(ASRS) - bar code technology - radio frequency identification technology -

Introduction to Automation Plant design software.

Q.NO QUESTION CO BTL MARKS
PART-A
1. Define robotic welding. 4 RE 2
2. List any two advantages of robotic welding. 4 RE 2
3. What is a welding robot system? 4 UN 2
4. Name two types of robotic welding techniques. 4 RE 2
5. What is a flex pendant? 4 RE 2
6. Mention any two features of programmable control in welding 4 UN 2

robots.
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7. What is lead-through programming? 4 UN 2

8. Compare spot welding and arc welding. 4 UN 2

9. What do you mean by welding simulation? 4 UN 2

10. List the operating modes of a robotic welding system. 4 RE 2

11. What is meant by jogging in robot operation? 4 UN 2

12. Mention the types of jogging. 4 RE 2

13. What is profile welding in robotic systems? 4 UN 2

14. State any two limitations of robotic welding. 4 RE 2

15. Why is welding sequence important? 4 UN 2
PART-B

1. List the components and working of a robotic welding system with 4 AN 16

a neat block diagram.

2. Discuss the types of robotic welding techniques and their industrial 4 AP 16

applications.

3. Describe the function of a flex pendant in robotic welding with 4 AP 16

labeled diagrams.

4. Write detail about lead-through programming and its advantages in 4 AP 16

robotic applications.

5. Describe the different operating modes and jogging techniques 4 AP 16

used in robotic welding systems.

6. Write a detailed note on welding simulation. How is it useful in 4 AN 16

real-time robotic welding?

7.Analyze the concept of welding sequences. How do they affect the 4 AN 16

quality and strength of welds?

8. What is profile welding? Explain the procedure, challenges, and 4 AN 16

advantages with a diagram.
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UNIT -V
APPLICATIONS OF ROBOTS IN WELDING AND ALLIED PROCESSES

Application of robot in manufacturing: Exploration of practical application of robots in
welding: Robots for car body’s welding, robots for box fabrication, robots for

microelectronic welding and soldering — Applications in nuclear, aerospace and ship

building, case studies for simple and complex applications

Q.NO QUESTION CO BTL MARKS
PART-A

1.What is robotic welding? 5 RE 2
2.Mention two benefits of using robots in welding processes. 5 UN 2
3.List any two industries where robotic welding is applied. 5 RE 2
4.What type of welding is commonly used for car body 5 RE 2
manufacturing?

5.Define microelectronic welding. 5 RE 2
6.State two reasons why robots are used in the nuclear industry. 5 UN 2
7.What is soldering in microelectronics? 5 RE 2
8.Name any two allied processes in robotic welding. 5 RE 2
9.Mention two applications of robots in shipbuilding. 5 UN 2
10.What kind of robot is used in box fabrication? 5 RE 2
11.Why is robotic welding preferred in acrospace applications? 5 UN 2
12.Give two examples of welding techniques used in robotic 5 RE 2
applications.

13.What is the role of robots in precision welding? 5 UN 2
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14.What is the role of robots in precision welding? 5 UN 2

15.List two challenges in applying robots to complex welding tasks. 5 UN 2
PART-B
1. Describe the role of robots in car body welding. Discuss the 5 AP 16

process and advantages with real-world examples.

2. Describe the application of robots in box fabrication. Include steps 5 AP 16
involved and benefits to manufacturing industries.

3. Discuss the use of robotic welding and soldering in 5 AP 16
microelectronics. Highlight the precision and miniaturization

involved.

4.What are the application of robotic welding in the nuclear industry. 5 AP 16
Discuss safety and remote operation.

5.Write a detailed note on the application of robots in acrospace 5 AN 16
welding. Mention the types of welding and quality standards

required.

6.Describe how robots are used in shipbuilding industries. Explain 5 AP 16
with examples of panel and hull welding.

7.Compare simple and complex applications of robotic welding. 5 AN 16
Provide case studies for each type.

8.List the advantages and limitations of using robots in welding and 5 AN 16

allied processes across various industries.

END
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AU3791
ELECTRIC AND HYBRID VEHICLES

UNIT I DESIGN CONSIDERATIONS FOR ELECTRIC VEHICLES

Need for Electric vehicle- Comparative study of diesel, petrol, hybrid and electric
Vehicles. Advantages and Limitations of hybrid and electric Vehicles. - Design
requirement for electric vehicles- Range, maximum velocity, acceleration, power requirement,
mass of the vehicle. Various Resistance- Transmission efficiency- Electric vehicle chassis and
Body Design, Electric Vehicle Recharging and Refuelling Systems.

PART- A
S.No Question M CO | BT
1. | Define an electric vehicle. 2 | CO1 | UN
2. | What is the primary need for electric vehicles in today’s context? 2 | COl | UN
3. | Mention two key differences between electric and hybrid vehicles. 2 | Col RE
4. | List any two advantages of electric vehicles. 2 | COl | RE
5. | List any two limitations of electric vehicles. 2 | COl UN
6. | What is meant by vehicle range in electric vehicles? 2 | Col RE
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7. | Define acceleration with respect to electric vehicles. 2 | COl | UN
What is meant by maximum velocity in electric vehicles? 2 | COl RE
9 | Define power requirement of an electric vehicle. 2 | COl RE
10 | What are the types of resistance acting on a moving vehicle? 2 | COl RE
11 | What is aerodynamic drag? 2 COl | UN
12 | What is meant by rolling resistance? 2 | COL | UN
13 | Mention the importance of transmission efficiency in EVs. 2 | CO1 | UN
14 | State two considerations in designing the chassis of an electric vehicle 2 | COl | RE
15 | What are the basic types of recharging systems used for EVs? 2 | COl | RE
PART-B
S.No Question M CO | BT
1 | Explain the need for electric vehicles in modern transportation. Include
. ) 16 | CO1 UN
environmental and economic aspects.
2 | Compare petrol, diesel, hybrid, and electric vehicles based on performance, 16
. . COl1 AN
fuel cost, efficiency, and emissions.
Discuss in detail the advantages and limitations of hybrid and electric vehicles.| 16 | CO1 UN
4 | Explain the design requirements for electric vehicles considering range, 16
. . COl UN
maximum speed, acceleration, and mass.
5 | Derive and discuss the total power requirement of an electric vehicle 16
cy . . . COl UN
considering all major resistances.
6 | List and explain various types of resistances acting on electric vehicles. How | 16
. COl AP
do they impact performance?
7 | Describe the electric vehicle chassis and body design features with reference to| 10
. e COol UN
weight optimization and safety.
8 | Explain different types of electric vehicle recharging and refueling systems. 16 CO1 UN

Compare slow and fast charging methods.

UNITED INSTITUTE OF TECHNOLOGY B0




UNIT II - ENERGY SOURCES

Battery Parameters - Different types of batteries — Lead Acid- Nickel Metal Hydride - Lithium
ion- Sodium based- Metal Air. Battery Modelling - Equivalent circuits, Battery charging- Quick
Charging devices. Fuel Cell- Fuel cell Characteristics- Fuel cell types-Half reactions of
fuel cell. Ultra capacitors. Battery Management System.

PART- A

S.No Question M| CO BT
1. | Define battery capacity. 2 | CO2 | RE
2. | What is meant by Depth of Discharge (DoD)? 2 | CO2 | RE
3. | Name any four types of batteries used in electric vehicles. 2 | CO2 | RE
4. | What are the key features of a lithium-ion battery? 2 | CO2 | UN
5. | Mention one advantage and one disadvantage of lead-acid batteries. 2 | CO2 | UN
6. | What is the function of a Battery Management System (BMS)? 2 | CO2 | UN
7. | What is an equivalent circuit of a battery? 2 | CO2 | UN
8. | What is the purpose of quick charging in EVs? 2 | CO2 | UN
9 Define State of Charge (SoC). 2 | CO2 | RE
10 | Mention any two applications of ultracapacitors. 2 | CO2 | RE
11 | Whatis a fuel cell? 2 | CO2 | RE
12 | Write the general half-cell reactions in a hydrogen fuel cell. 2 | CO2 | RE
13 | Name any two types of fuel cells. 2 | CO2 | RE
14 | What is the main difference between a battery and a fuel cell? 2 | CO2 | UN
15 | State any two characteristics of fuel cells. 2 | CO2 | UN
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PART-B

S.No Question M| CO BT
1 | Explain and compare different types of batteries used in electric vehicles: Lead- 16 |cor | AN
acid, NiMH, Lithium-ion, Sodium-based, and Metal-air batteries.
2 | Discuss in detail the equivalent circuit models of a battery and their significancq 16 cor | UN
in EV design.
3 | Describe the working, advantages, and limitations of lithium-ion batteries in 16 cor | UN
electric vehicles.
4 | Explain battery charging methods and discuss the concept an technologies 16 cor | UN
behind quick charging.
5 | What is a Battery Management System (BMS)? Explain its architecture, 16
: i CO2 | UN
functions, and importance.
6 | Describe the working principle of a hydrogen fuel cell and write the half-cell | 16
. CO2 | AP
reactions involved.
7 | Compare different types of fuel cells based on working temperature, efficiency,| 16
N CO2 | AN
and application.
8 | Explain ultracapacitors and their role in electric vehicles. How do they compare| 16 co2 | AN

to batteries in performance?

UNIT III - MOTORS AND DRIVES

Types of Motors- DC motors- AC motors, PMSM motors, BLDC motors, Switched
reluctance motors working principle, construction and characteristics.

PART- A
S.No Question M| CO BT
1. | What are the types of motors used in electric vehicles? 2 | CO3 | RE
2. | State one key difference between AC and DC motors. CO3 | UN
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3. | Define torque constant in electric motors. 2 | CO3 | RE
4. | What is the main feature of a Brushless DC (BLDC) motor? 2 | CO3 | UN
5. | What does PMSM stand for? 2 | CO3 RE
6. | Mention any two advantages of PMSM motors. 2 | CO3 | UN
7. | What is the function of a commutator in a DC motor? 2 | CO3 | UN
8. What is a switched reluctance motor (SRM)? 2 | CO3 RE
9 Define back EMF in motors. 2 | CO3 RE
10 | What are the applications of BLDC motors in EVs? 2 | CO3 | UN
11 | List any two characteristics of DC series motor. 2 | CO3 | RE
12 | What is the role of an inverter in motor drives? 2 | CO3 | UN
13 | Mention any two differences between BLDC and PMSM motors. 2 | CO3 | RE
14 | Define synchronous speed in AC motors. 2 | CO3 | RE
15 | State the working principle of a PMSM motor in one line. 2 | CO3 | UN
PART-B
S.No Question M| CO BT
1 | Explain the construction, working principle, and characteristics of a DC motor.
. . 16| CO3 | UN
How is it used in EVs?
2 | Compare the features, working, and performance of DC and AC motors in co3 | AN
electric vehicles. 16
3 | Describe the construction, operation, and characteristics of a BLDC motor. CcO3 UN
Also mention its advantages in EVs. 16
4 | Explain the structure and working principle of a Permanent Magnet co3 | UN
Synchronous Motor (PMSM). 16
5 | Write a detailed note on switched reluctance motors (SRM), explaining their co3 | UN
construction and operation. 16
6 | Compare BLDC and PMSM motors with respect to construction, control, and CO3 AN
performance. 16
7 | List and explain the types of electric motors used in electric vehicles. Compare co3 | AN
them with suitable examples. 16
8 | Discuss motor selection criteria for electric vehicles. How do torque-speed co3 | AN
characteristics affect motor choice? 16
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UNIT IV - POWER CONVERTERS AND CONTROLLERS

Solid state Switching elements and characteristics — BJT, MOSFET, IGBT, SCR and
TRIAC - Power Converters — rectifiers, inverters and converters - Motor Drives - DC,

AC motor,

operations —operating modes

PMSM motors, BLDC motors, Switched reluctance motors — four quadrant

PART- A

S.No Question M| CO BT
1. | What is a BJT and where is it used? 2 | CO4 | RE
2. | Define the switching characteristic of a MOSFET. 2 | CO4 | RE
3. | Mention two applications of IGBT in EVs. 2 | CO4 | RE
4. What is the function of an SCR? 2 | CO4 | UN
5. | Differentiate between SCR and TRIAC. 2 | CO4 | UN
6. | What is a power converter? 2 | CO4 | RE
7. | What is the role of an inverter in electric vehicle drive systems? 2 | CO4 | UN
8. Define rectifier and give its application. 2 | CO4 | RE
9 What is the purpose of a DC-DC converter in electric vehicles? 2 | CO4 | UN
10 | What is meant by four-quadrant operation of a motor drive? 2 | CO4 | UN
11 | Define regeneration in motor drives. 2 | CO4 | RE
12 | Name any two motor control strategies used in EVs. 2 | CO4 | RE
13 | What are the operating modes in a motor drive? 2 | CO4 | UN
14 | Write one key feature of a switched reluctance motor drive. 2 | CO4 | UN
15 | What is the need for controllers in electric vehicle powertrains? 2 | CO4 | UN
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PART-B

S.No Question M| CO BT

1 | Explain the construction, working, and characteristics of BJT, MOSFET, and 16 | coal UN
IGBT. Compare them for EV applications.

2 | Describe the working principle and applications of SCR and TRIAC. Where are | 16 cos | UN
they used in power electronics?

3 | Discuss various power converters (rectifiers, inverters, DC-DC converters) used | 16 cos | UN
in electric vehicles with neat block diagrams.

4 | Explain the operation of motor drives for DC and AC motors with suitable 16 cos | UN
control strategies.

5 | Explain PMSM and BLDC motor drive circuits with emphasis on control 16 cos | UN
techniques.

6 | Describe the working of a switched reluctance motor (SRM) drive with power | 16 cos | UN
converter integration.

7 | What is four-quadrant operation? Explain with respect to electric vehicle motor | 16 cos | AN
control (motoring and braking in both directions).

8 | Discuss the different operating modes of an electric vehicle motor and how 16 cos | AN

power electronics

UNIT V - HYBRID AND ELECTRIC VEHICLES

Main components and working principles of a hybrid and electric vehicles, Different
configurations of hybrid and electric vehicles. Power Split devices for Hybrid Vehicles -
Operation modes - Control Strategies for Hybrid Vehicle - Economy of hybrid Vehicles - Case
study on specification of electric and hybrid vehicles.
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PART- A

S.No Question M| CO BT
1. | Define a hybrid electric vehicle. 2 | CO5 | RE
2. | What is the difference between a series and parallel hybrid vehicle? 2 | Cco5 | UN
3. | List two main components of an electric vehicle. 2 | CO5 | RE
4. What is a power split device in hybrid vehicles? 2 | co5 | UN
5. | Mention any two types of hybrid configurations. 2 | CO5 | RE
6. | What is the role of a control unit in a hybrid vehicle? 2 | cos5 | UN
7. | Define regenerative braking. 2 | CO5 | RE
8. | What are the common sources of energy in hybrid vehicles? 2 | CO5 | RE
9 Mention any two advantages of hybrid vehicles over conventional vehicles. 2 | Cco5 | UN
10 | Define operation mode in the context of hybrid vehicles. 2 | Cco5 | UN
11 | What is plug-in hybrid vehicle (PHEV)? 2 | CO5 | RE
12 | State any one economy benefit of a hybrid vehicle. 2 | Cco5 | UN
13 | Name any one electric vehicle currently available in India. 2 | CO5 | RE
14 | What is meant by range anxiety? 2 | Cco5 | UN
15 | List any two key parameters to consider in selecting a hybrid vehicle 2 | CO5 | UN

PART-B
S.No Question M CcO BT
1 | Explain the main components and working principle of a hybrid electric 16 | CO5
vehicle with a neat block diagram. UN
2 | Describe the different configurations of electric and hybrid vehicles: series, 16 | CO5 UN
parallel, and series-parallel.
Explain the function and types of power split devices used in hybrid vehicles. | 16 | COS5 UN
4 | Discuss the' different opere}tioq modes of hybrid vehicles (engine only, motor | 16 | CO5 AN
only, combined, regenerative, idle).
5 Des'cr@be the various control strategies adopted for hybrid electric vehiclesto | 16 | CO5 AN
optimize performance and fuel economy.
6 | Analyze the economic and environmental benefits of hybrid electric vehicles | 16 | CO5 UN
compared to conventional vehicles.
7 | Write a detailed case study comparing specifications and performance of one | 16 | COS5 UN
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hybrid and one fully electric vehicle (e.g., Toyota Prius vs. Tata Nexon EV).

Compare and contrast battery electric vehicles (BEVs), hybrid electric vehicleg 16 | CO5
(HEVs), and plug-in hybrid electric vehicles (PHEVs).
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UNIT I
INTRODUCTION TO MICROCONTROLLER

Fundamentals Functions of ALU - Microprocessor - Microcontrollers — CISC and RISC — Types
Microcontroller - 8051 Family - Architecture - Features and Specifications - Memory

Organization - Instruction Sets — Addressing Modes.

Question

PART A

Define ALU and list two of its functions.

Differentiate between microprocessor and microcontroller.

What is meant by CISC? Give one example.

What is meant by RISC? Give one example.

Name any two types of microcontrollers.

What is the clock frequency typically used in 80517?

Mention any two features of the 8051 microcontrollers.

How much on-chip RAM is available in the standard 80517?

1.
2.
3.
4.
5.
6.
7.
8.
9.

List the 1/0 ports available in 8051.

[EEN
©

What is program memory in 80517?

[EEN
=

What is the size of SFR address space in 80517

[EEN
g

Write two examples of arithmetic instructions in 8051.

[EEN
w

What is immediate addressing mode? Give an example.

What is bit-addressable RAM in 80517

[ERN
B

R R R R R R R R R R R Rl R R R
N[ NN NN NN NN NN NN NN

=
b

Name any two branch instructions in 8051.

PART B

Explain the architecture of 8051 microcontroller with a neat block
diagram.

Compare CISC and RISC architectures with examples and neat
diagrams.

Explain the features and specifications of the 8051 family in detail.
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Explain memory organization of the 8051 with suitable diagrams.

Write short notes on types of microcontrollers with examples.

Explain the instruction set of 8051 in detail with examples.

Describe different addressing modes of 8051 with suitable
examples.

Explain the fundamentals and functions of ALU and its role in
microcontrollers.

UNIT I
PROGRAMMING AND COMMUNICATION

Fundamentals of Assembly Language Programming — Instruction to Assembler — Compiler
and IDE - C Programming for 8051 Microcontroller — Basic Arithmetic and Logical
Programming - Timer and Counter - Interrupts — Interfacing and Programming of Serial
Communication, 12C, SPI and CAN of 8051 Microcontroller — Bluetooth and WI-FI

interfacing of 8051 Microcontroller.

Question

PART A

Define assembly language programming. RE

State any two advantages of assembly language over high-

UN
level language.

What is the role of an assembler in microcontroller
programming?

N

UN

Differentiate between assembler and compiler. AN

Give the function of ORG and DB directives in assembly. AP

Mention any two features of Keil uVision IDE. RE

Write the C statement to send 0x55 to Port 2 in 8051. AP

List any two arithmetic instructions in 8051 assembly. RE

Define timer and counter in 8051. RE

List the names of the two timers in 8051. RE

State any two sources of interrupts in 8051. RE

NN ININININIDNINDN
N NN INININIDNIDNN

Mention the purpose of the SCON register in 8051. UN
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List the two lines used in 12C protocol.

Name the four main lines/signals in SPI communication.

Mention one application each for Bluetooth and Wi-Fi
interfacing with 8051.

PART B

Explain the fundamentals of assembly language
programming for the 8051 with examples.

Explain the assembler directives and their functions in 8051
programming.

Explain the working of compiler and IDE in the context of
8051 microcontroller programming.

Write and explain C programs for basic arithmetic and logical
operations in 8051.

Explain the modes, registers, and operation of timers and
counters in 8051 with examples.

Explain the interrupt system of 8051 in detail with vector
addresses and enabling methods.

Compare I2C, SPI, and CAN protocols, and explain how each
can be interfaced with 8051.

Explain Bluetooth and Wi-Fi module interfacing with 8051
microcontroller and their applications.

UNIT 111
PERIPHERAL INTERFACING

I/O Programming — Interfacing of Memory, Key Board and Displays — Alphanumeric and
Graphic, RTC, interfacing of ADC and DAC, Sensors - Relays - Solenoid Valve and Heater —
Stepper Motors, DC Motors - PWM Programming — Closed Loop Control Programming of

Servomotor — Traffic Light

Q.No Question

PART A

What is meant by /O programming in microcontrollers? UN

Differentiate between memory-mapped 1/O and port-

mapped I/0. AN

Mention any two types of memories that can be interfaced

with 8051. RE

List any two types of display devices used with 8051. RE
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Define RTC (Real-Time Clock) and state one application.

Name the signals used for interfacing an ADC with 8051.

Mention any two differences between ADC and DAC.

Give two examples of sensors used in embedded systems.

What is the function of a relay in control applications?

Define solenoid valve and give one use.

List two applications of a stepper motor.

What is the role of PWM in motor control?

Define closed-loop control with an example.

NN INININININININN

State one application of a servomotor in embedded systems.

Mention any two essential lights in a traffic light controller
system.

N

PART B

Explain the concept of I/O programming in 8051 with suitable
examples.

Describe the interfacing of memory (RAM/ROM) with 8051
microcontrollers.

Explain the interfacing of keyboard and both alphanumeric &
graphic displays with 8051.

Discuss the interfacing of RTC, ADC, and DAC with 8051 in
detail.

Explain the working and interfacing of sensors, relays,
solenoid valves, and heaters with 8051.

Describe the interfacing and control of stepper motors, DC
motors, and PWM programming in 8051.

Explain closed-loop control programming of a servomotor
with block diagram and example code.

Analyse the functioning a traffic light controller system using
8051 microcontrollers with timing diagram.

UNIT IV
ARM PROCESSOR

Introduction ARM 7 Processor - Internal Architecture — Modes of Operations — Register Set —
Instruction Sets — ARM Thumb - Thumb State Registers — Pipelining — basic programming of
ARM 7 - Applications.
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Question

PART A

[E=Y

What does ARM stand for in ARM processor?

Mention any two features of ARM7 processor.

Name the two main instruction sets supported by ARM7.

What is the function of the Program Counter (PC) in ARM7?

List the different operating modes of ARM7.

State the number of general-purpose registers in ARM7.

Differentiate between ARM state and Thumb state.

What is the size of Thumb instructions in ARM7?

Define pipelining in ARM architecture.

Ol o N U kW IN

State one advantage of Thumb mode in ARM7.

=
©

B~ R I S I T O T T > T R > I~ R I~
N ININININININIDN N IDNDN

Mention any two categories of ARM instruction set.

=
=

Write the syntax of a simple ARM data processing
instruction.

Give an example of an ARM application in the automotive
industry.

Name any two applications of ARM7 in embedded systems.

D
N

What is the main advantage of ARM7’s RISC architecture?

PART B

Explain the ARM7 processor and its main features.
UN 16

Draw and explain the internal architecture of ARM7 in detail. UN 16

Describe the modes of operation of ARM7 and their uses. AP 16

Explain the register set of ARM7 with suitable diagrams. AP 16

Describe the ARM instruction set and Thumb instruction set
with examples.

Explain Thumb state registers and the transition between
ARM and Thumb states.

AP 16

AP 16
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Discuss pipelining in ARM7 architecture and its advantages.

Write and explain basic ARM7 assembly programs and list
major applications of ARM7 processors.

UNIT V
SINGLE BOARD COMPUTERS AND PROGRAMMING

System on Chip - Broadcom BCM2711 SoC — SBC architecture - Models and Languages —
Embedded Design — Real Time Embedded Operating Systems - Real Time Programming

Languages -— Python for Embedded Systems- GPIO Programming — Interfacing

Question

What does SoC stand for?

Mention any two advantages of a System-on-Chip.

Name the processor core used in Broadcom BCM2711 SoC.

List two key features of the BCM2711 used in Raspberry Pi 4.

Define SBC (Single Board Computer).

Give two examples of SBC models.

What is meant by embedded system design?

Define RTOS.

(2 N O 2 O I O I B O I I O B B O 2 B R 0 |
NN ININININIDNDN

Ol o N o B & W NP

Mention any two characteristics of a real-time operating
system.

(9]
N

Name any two real-time programming languages.

State one advantage of using Python for embedded systems.

What is GPIO in embedded systems?

Mention any two functions of GPIO pins.

Give one example each for input and output device
interfaced via GPIO.

Name any two common protocols used for GPIO-based
interfacing.

UNITED INSTITUTE OF TECHNOLOGY




PART B

Explain the concept of System-on-Chip (SoC) with examples.

Describe the architecture and features of the Broadcom
BCM2711 SoC.

Draw and explain the SBC architecture with suitable
examples of models.
Explain embedded system design flow in detail.

Describe the features and applications of Real-Time
Embedded Operating Systems (RTOS).

Compare different real-time programming languages used in
embedded systems.

Explain Python programming for embedded systems with
GPIO programming examples.

Discuss GPIO-based interfacing in embedded systems with
examples of sensors and actuators.

Note:
CO: Course Outcomes
Blooms Taxonomy Abbreviations:

RE — Remembrance, UN — Understanding, AP — Apply, AN — Analyze, EV — Evaluate, CR — Create.

UNITED INSTITUTE OF TECHNOLOGY




CMR334
AUTOMOTIVE MECHATRONICS




UNITI
INTRODUCTION

Evolution of electronics in automobiles — emission laws — introduction to Euro I, Euro II,

Euro III, Euro 1V, Euro V standards — Equivalent Bharat Standards. Charging systems:

Working and design of charging circuit diagram — Alternators — Requirements of starting

system — Starter motors and starter circuits

Q.No Question

PART A

Define the term "evolution of electronics in automobiles"
and briefly explain its significance.

How has the evolution of electronics impacted vehicle
emissions?

Compare and contrast Euro IV and Euro V emission
standards.

What measures are taken to comply with emission laws in
modern automobiles?

What are emission laws, and why are they important in the
automotive industry?

Sketch and label a basic charging circuit diagram.

List the role of alternators in a vehicle's charging system.

Write the functions of starter motors in the starting system.

What safety considerations are important when designing
charging systems in vehicles?

How does an alternator differ from a traditional generator in
a charging system?

List the role of voltage regulators in automotive charging
systems.

Write the functions of solenoids in starter circuits.

What are the requirements of a starting system in an
automobile?

Explain why a reliable starting system is essential for
vehicle operation.

What advancements have been made in starter motor
technology to improve vehicle efficiency and performance?

PART B

Discuss in detail the historical development in the evolution
of electronics in automobiles and their impacts on vehicle
technology.




Given the evolution of emission standards from Euro I to
Euro V, along with their equivalent Bharat Standards,
analyze how these standards would influence the design and
development of an automotive engine in India. Suggest
specific modifications that manufacturers would need to
adopt to comply with each successive stage

With a neat diagram, explain the integration of electronic
systems in modern vehicles to control emissions effectively.

Using your knowledge of the working principles of
automobile charging systems, analyze the performance of a
vehicle where the battery frequently discharges. Suggest
possible causes within the charging system and propose
corrective measures with the help of a suitable diagram

Describe the operation of alternators in automotive charging
systems, highlighting their advantages over traditional
generators.

Explain the essential requirements of a starting system in an
automobile. Discuss how modern vehicle designs address
these requirements to ensure smooth engine startup under
various operating conditions.

A car shows difficulty in starting during cold weather
conditions. Apply your knowledge of the construction,

operating principles, and performance characteristics of
starter motors to diagnose the possible issues and suggest
suitable remedies

Given different categories of vehicles such as motorcycles,
passenger cars, and heavy-duty trucks, apply your
knowledge of starter motor types to select the most
appropriate one for each case. Justify your selection with
neat sketches and explain how the chosen starter motor
meets the performance requirements of the vehicle




UNIT I
IGNITION AND INJECTION SYSTEMS

Ignition systems: Ignition fundamentals - Electronic ignition systems - Programmed

Ignition —Distribution less ignition - Direct ignition — Spark Plugs. Electronic fuel Control:

Basics of combustion — Engine fuelling and exhaust emissions — Electronic control of

carburetion — Petrol fuel injection — Diesel fuel injection.

Q.No Question

PART A

Define ignition fundamentals in the context of internal
combustion engines.

Differentiate between conventional ignition systems and
electronic ignition systems.

What are the advantages of programmed ignition over
traditional ignition timing methods?

Write the concept of distribution-less ignition systems.

List the role of spark plugs in the ignition process.

What factors affect the choice of spark plug heat range?

How does spark plug design influence engine performance?

Write the basics of combustion in an internal combustion
engine.

What is the purpose of engine fueling, and how is it
achieved in traditional carbureted engines?

Discuss the relationship between engine fueling and exhaust
emissions.

How does electronic control improve carburetion compared
to mechanical systems?

Compare the advantages and disadvantages of petrol fuel
injection versus carburetion.

What are the main components of a diesel fuel injection
system, and what are their functions?

How does electronic control improve the performance and
efficiency of fuel injection systems?

Write the impact of electronic fuel control on engine
performance

PART B

Given a case where a vehicle shows frequent misfiring at
high speeds, apply your knowledge of Electronic Ignition
systems to identify possible faults in the system. Suggest
appropriate corrective actions with reasoning




A vehicle with a programmed ignition system exhibits
knocking and reduced acceleration at higher speeds. With
the help of a neat sketch, apply your knowledge of the
working operation of the programmed ignition system to
diagnose the possible faults and suggest corrective measures

Explain the construction and working operation of a
distributorless ignition system.

A modern passenger car equipped with a Direct Ignition
System shows poor fuel efficiency and frequent engine
misfiring. Using neat sketches, apply your knowledge of the
working of Direct Ignition to analyze the possible causes of
these issues and suggest suitable corrective measures

Explain the construction and working of a Spark Plug with a
suitable diagram.

With a neat diagram, explain the working operation of the
electronic control of carburetion

Compare the construction and working principle of Petrol
Fuel Injection with that of a conventional carburetor system.
Analyze the advantages, limitations, and their impact on
engine performance, fuel efficiency, and emission control

Analyze the working principle of Diesel Fuel Injection
systems with the help of a neat sketch. Compare different
types of diesel injection systems (such as common rail, unit
injector, and distributor type) in terms of fuel efficiency,
emission control, and engine performance




UNIT 11

SENSOR AND ACTUATORS IN AUTOMOTIVES

Working principle and characteristics of Airflow rate, Engine crankshaft angular position,

Hall effect, Throttle angle, temperature, exhaust gas oxygen sensors — study of fuel injector,

exhaust gas recirculation actuators, stepper motor actuator, and vacuum operated actuator.

Q.No

Question

CO

BTL

Marks

PART A

Define airflow rate and state one factor that affects it.

List the importance of engine crankshaft angular position in
engine operation.

What is the difference between engine crankshaft angular
position and ignition timing?

What is the Hall effect and how is it utilized in automotive
systems?

What are the advantages of using Hall effect sensors in
automotive applications?

Write down the significance of throttle angle in controlling
engine performance.

How does throttle angle affect engine power output?

How does temperature affect engine performance and
efficiency?

What do you understand about the temperature sensor in an
engine management system?

Compare the function of wideband and narrowband oxygen
Sensors.

What is the purpose of a fuel injector in an engine?

What factors influence the opening and closing of a fuel
injector?

How does a stepper motor actuator function in an
automotive system?

Write the principle of operation of an exhaust gas
recirculation (EGR) actuator.

List the role of a vacuum-operated actuator in engine
control.

PART B

A vehicle shows symptoms of poor acceleration and
increased fuel consumption. With the help of a neat
diagram, apply your knowledge of the working principle of
the airflow rate sensor to diagnose the possible faults and
suggest suitable corrective actions




A vehicle exhibits irregular idling and frequent stalling.
Apply your knowledge of the construction and working
principle of the engine crankshaft angular position sensor to
identify possible faults in the system and propose suitable
remedies

Discuss in detail the working of Hall effect sensor with a
neat schematic diagram.

Explain the working principle and characteristics of the
Throttle angle sensor with a neat diagram.

With the help of a neat diagram, analyze the construction
and working principle of different types of fuel injectors
(mechanical, electronic, and common rail). Compare their
performance in terms of fuel atomization, combustion
efficiency, and emission control

Explain elaborately the construction and working principle
of Exhaust gas recirculation actuators.

Discuss in detail the construction and working principle of a
stepper motor actuator with a neat diagram.

With a neat schematic diagram, analyze the working
principle of a vacuum-operated actuator and compare its
performance with other types of actuators (such as hydraulic
and electric) in terms of response time, efficiency, cost, and
suitability for automotive applications




UNIT IV
ENGINE CONTROL SYSTEMS

Control modes for fuel control-engine control subsystems — ignition control methodologies

—different ECU’s used in the engine management — block diagram of the engine

management system. In vehicle networks: CAN standard, format of CAN standard —

diagnostics systems in modern automobiles.

Q.No Question

PART A

Define open-loop fuel control mode.

What is closed-loop fuel control mode? List its advantages
over open-loop mode

What do you understand about air-fuel ratio feedback
control in fuel injection systems?

What is a cycle?

Differentiate between stoichiometric and lean-burn fuel
control modes.

Write the significance of adaptive fuel control modes in
modern engine management systems.

Define ignition timing and its role in engine operation.

What are the differences between conventional distributor-
based ignition systems and modern distributor-less ignition
systems (DIS)?

What is an Engine Control Unit (ECU) and what are its
primary functions?

List role of a Transmission Control Module (TCM) in
engine management.

Write down the importance of Electronic Stability Control
(ESC) units in modern engine management systems.

Draw and label a basic block diagram of an engine
management system.

Define CAN and its significance in vehicle networking.

Define On-Board Diagnostics and its importance in modern
automobiles.

Write down the functionality of OBD-II scanners in
diagnosing vehicle issues.

PART B

Explain the concept of open-loop and closed-loop fuel
control systems in engine management. Compare and
contrast their operation and advantages/disadvantages.




With the help of neat diagrams, analyze the various ignition
control methodologies used in modern engine management
systems. Compare them in terms of combustion efficiency,
fuel economy, emission control, and suitability for different
types of engines

With a neat diagram, explain the different ECU’s used in
engine management system.

Draw and annotate a block diagram illustrating the
components and interconnections of a typical engine
management system.

A vehicle shows intermittent communication failure
between the Engine Control Unit (ECU) and the Anti-lock
Braking System (ABS). With the help of a neat diagram,
apply your knowledge of the Controller Area Network
(CAN) standard to diagnose the possible causes of this issue
and suggest corrective measures

Describe the structure and features of the CAN protocol,
including message format, arbitration, and error
detection/correction mechanisms.

Analyze the role of diagnostic systems in modern
automobiles by comparing different On-Board Diagnostics
(OBD) standards such as OBD-I and OBD-II. Evaluate their
effectiveness in fault detection, emission control, and real-
time monitoring of vehicle performance

A car displays the Check Engine Light and shows rough

idling. Apply your knowledge of Diagnostic Trouble Codes
(DTCs), scan tools, and diagnostic procedures to identify the
possible engine-related faults and suggest appropriate
troubleshooting steps




UNIT V
CHASSIS AND SAFETY SYSTEMS

Traction control system — Cruise control system — electronic control of automatic

transmission — antilock braking system — electronic suspension system — working of airbag

and role of MEMS in airbag systems — centralized door locking system — climate control of

cars.

Q.No Question

PART A

What is the principle behind traction control system (TCS)
and how it enhances vehicle stability.

Differentiate between active and passive traction control
systems.

List the key components involved in a cruise control system.

What are the advantages and disadvantages of cruise control
systems.

List the role of electronic control in automatic transmission
and its advantages.

How electronic control contributes to fuel efficiency in
automatic transmissions?

Outline the purpose of an antilock braking system (ABS) in
vehicles.

What is the concept of threshold braking in the context of
ABS?

Compare the electronic suspension system with traditional
mechanical suspension systems.

State the working principle of an airbag in a vehicle and its
importance for occupant safety.

What is the role of Microelectromechanical Systems
(MEMS) in airbag systems?

How does a centralized door locking system operate in
modern cars?

What do you understand about the integration of keyless
entry systems with centralized door locking?

Write down the benefits of having climate control in
vehicles and how it works.

List the role of sensors in climate control systems for cars.

PART B

Explain the underlying principles of TCS operation and its
significance in enhancing vehicle stability and traction
control.




With the help of a neat diagram, analyze the working of
Cruise Control systems in modern vehicles by comparing
conventional cruise control with adaptive cruise control.
Evaluate their impact on driver comfort, safety, and fuel
efficiency

Discuss in detail the overview of electronic control systems
used in automatic transmissions.

A vehicle experiences wheel lockup during sudden braking
on a wet road. With the help of a neat diagram, apply your
knowledge of the construction and working of the Antilock
Braking System (ABS) to diagnose the possible malfunction
and suggest corrective measures

A luxury car equipped with an electronic suspension system
shows excessive body roll during cornering. With the help
of a neat schematic diagram, apply your knowledge of the
working principle of electronic suspension systems to
identify possible faults and suggest suitable remedies
Analyze the construction and working of airbag systems in
vehicles, focusing on the role of MEMS sensors. Compare
traditional airbag deployment mechanisms with MEMS-
based systems in terms of response time, reliability, safety,
and cost-effectiveness

Explain elaborately the construction and working principle
of centralized door locking system in vehicles.

With a neat diagram, explain the working operation of
climate control of cars.

RE — Remember, UN — Understanding, AP — Apply, AN - Analyze
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Q.No

o
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1.
12.
13.
14.
15.

RA3501

ROBOT PATH PLANNING AND PROGRAMMING

UNIT I
TRAJECTORY PLANNING APPROACHES

Definitions — Task planning and Trajectory planning — Representation of end-effector: Cartesian
and joint space schemes. Workspace Analysis: work envelope of a multi DOF manipulator.

Applications: Point to point motion and continuous path motion.

Question CcO BT
PART A

Define task planning in robotics. COl RE
What is trajectory planning? CO1 RE
Differentiate between task and trajectory planning. CO1 UN
Define workspace of a robot. CO1 UN
What is the work envelope of a robot manipulator? COl1 RE
List types of motion in robot manipulators. COl1 UN
What is a Cartesian space representation? COl UN
What is joint space? COl1 RE
Mention any two applications of point-to-point motion. COl1 RE
Give examples of continuous path motion. CO1 RE
State any two advantages of joint space representation. CO1 UN
Write the limitations of Cartesian space. CO1 RE
Name any two trajectory planning approaches. CO1 RE
How is an end-effector position specified in joint space? COl1 RE
What are the goals of trajectory planning? COl1 RE
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PART B

Explain in detail the difference between task planning and trajectory
planning with suitable examples.

Construct the representation of the end-effector in Cartesian and joint space
schemes.

Explain the work envelope of a multi-DOF manipulator with neat diagrams.

Compare and contrast Cartesian and joint space techniques.

Identify the applications of point-to-point and continuous path motions in
industrial robots.

Construct the concept of workspace analysis and its significance in robot
planning.

With suitable examples, Compare task-level robot programming and
trajectory-level planning.

Explain how end-effector trajectories are planned in Cartesian space and
their advantages

COl

COl

COl
CO1
COl1

COl1

COl1

COl1
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Q.No

™
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A e A

11.
12.
13.
14.
15.

UNIT - 11
T RAJECTORY PLANNING OF MANIPULATOR

Joint space techniques — Motion profiles — Cubic polynomial, Linear Segmented Parabolic Blends

and cycloidal motion - Cartesian space technique — Straight line and circular trajectories.

Question CO BT
PART A

What is a motion profile? CO2 RE
Define cubic polynomial trajectory. CO2 UN
What is a parabolic blend? CO2 RE
Give the equation of a cycloidal motion. CO2 UN
Define straight-line trajectory. CO2 UN
Mention one advantage of linear segmented parabolic blend. CO2 RE
What are the boundary conditions in trajectory planning? CO2 RE
State applications of cycloidal motion in robotics. CO2 UN
List any two joint space techniques. CO2 UN
What is meant by Cartesian trajectory? CO2 RE
Mention the importance of velocity continuity in motion profiles. CO2 UN
State the significance of trajectory smoothness. CO2 UN
What are the disadvantages of cubic polynomial trajectory? CO2 RE
What is the role of jerk in motion planning? CO2 RE
Write the condition for minimum acceleration in trajectory design. CO2 RE
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PART B

Explain joint space trajectory planning in detail with examples.
Solve the cubic polynomial equations for trajectory planning.

Examine Linear Segmented Parabolic Blends with velocity and acceleration
profiles.
Solve and explain cycloidal motion for robot manipulators.

Compare different motion profiles used in joint trajectory planning.

Explain Cartesian space technique with straight-line and circular
trajectories.
Construct the trajectory generation for straight-line motion in task space.

Explain the procedure to plan circular trajectory in Cartesian space
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UNIT - 111

PATH PLANNING OF MOBILE ROBOT

Question

PART A
What is path planning?
Define configuration space.
What is a visibility graph?
Define Voronoi diagram.
What is an attractive potential field?
What is a repulsive potential field?
What is cell decomposition?
What is a probabilistic roadmap?
Write any one application of PRM.
What are random trees in path planning?
Define moving obstacle.
Write a note on quadtree.
What are the benefits of Voronoi-based planning?
What is configuration space obstacle?

Give an example of a robot path representation
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PART B
Explain representation of the robot's environment with suitable diagrams.
Identify configuration space and its use in robot path planning.
Construct the working of visibility graph for path generation.
Explain the concept of Voronoi diagram in robot navigation.
Construct potential field method with attractive and repulsive forces.
Examine cell decomposition method and its types with examples.
Identify the method of planning with moving obstacles.

Compare probabilistic roadmap and random tree methods in mobile robot
path planning.
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UNIT IV

PATH PLANNING ALGORITHMS

Planning - A* Algorithm - the DE algorithm - Path control. Graph search and discrete planning
algorithms. - Sensor-Based Motion Planning Algorithms — the “Bug” algorithms — the Tangent Bug

algorithm.
Question CO BT
PART A

What is A* algorithm? CO4 RE
What is the role of heuristic in A*? CO4 RE
Define D* algorithm. CO4 RE
What is the difference between A* and D*? CO4 RE
What is path control? CO4 RE
Define graph search. CO4 UN
Mention any one discrete planning method. CO4 UN
What is sensor-based planning? CO4 RE
Define bug algorithm. CO4 UN
What is tangent bug algorithm? CO4 RE
State the advantage of graph-based search. CO4 UN
List the limitations of bug algorithms. CO4 UN
What is a heuristic function? CO4 RE
What is online planning? CO4 RE
Write one application of D* algorithm CO4 RE
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PART B
Explain A* algorithm with an example and pseudocode.
Describe D* algorithm in detail and compare it with A*.

Identify path control strategies used in mobile robots.

Explain the difference between graph search and discrete planning.

Construct the sensor-based planning algorithms.
Develop the working of Bugl and Bug2 algorithms.
Explain the Tangent Bug algorithm with a suitable illustration.

Compare the efficiency of A*, D*, and sensor-based methods for
unknown environments
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UNIT -V
ROS PROGRAMMING

Question

PART A
What is lead-through programming?
Define teach pendant method.
Mention any two robot programming methods.
What is ROS?
Name any two ROS packages.
What are interlocking commands?
What is the use of safety features in robot programming?
Define industrial ROS.
Write one advantage of teach pendant.
Mention two examples of ROS applications.
What is the function of a ROS node?
What is the purpose of URDF in ROS?
Mention any one programming language used in ROS.
What is point-to-point operation?

What is continuous operation in robotics?

CO
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PART B

Explain various robot programming methods with advantages and
limitations.

Develop the syntax and structure of robot programming languages with
examples.

Compare lead-through and teach pendant methods in detail.

Explain the role of interlocking and safety commands in robot
programming.
Examine the architecture and components of ROS.

Identify the detailed note on programming using ROS with example nodes.

Explain the applications of ROS in industrial robotics.

Analyze a sample case study to implement point-to-point and continuous
operations using ROS

CO5
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