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RA3601
ROBOT DYNAMICS AND CONTROL
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UNIT I
ROBOT FORCE MODELS

Generalized co-ordinates — Generalized Forces — Equation of Motions — Static Forces in
Manipulators - Jacobian matrix - Jacobians in The Force Domain - Cartesian Transformation

of Velocities and Static Forces - Acceleration of A Rigid Body - Mass Distribution — Nonrigid Body
Effects - Newton's Equation - Euler's Equation — Langrage Equation

Question

PART A
Define generalized co-ordinates.
Explain generalized forces.
What do you understand from equations of motions?
Define Jacobian matrix.
Summarize Newton’s equation.
What is meant by static forces in manipulators?
Define Langrage equation.
Outline the concept of static forces.
Explain Cartesian transformation of velocities.

Infer the importance of Euler’s equation.

Analyze the static forces in manipulators.

Explain generalized coordinates and generalized forces. Derive the equations of
motion of a robotic manipulator using generalized coordinates.
Identify the Jacobians in the force domain.

Explain about the mass distribution with neat sketch.

Identify the Cartesian transformation of velocities and static forces in manipulators
with suitable mathematical expressions.

Analyze the acceleration of a rigid body and mass distribution. Discuss the effect
of non-rigid body dynamics in robotic manipulators.
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UNIT 11
ROBOT DYNAMICS

General Expressions for Kinetic and Potential Energy - Kinetic Energy for an n-Link Robot —
Potential Energy for an n-Link Robot - Equations of Motion - Lagrangian Multiplier - Langrage’s
Equation - Hamilton Equation - Hamilton vector Field- Euler - Langrage Equation — State Vector and
Equation Formulation

Question

PART A
What is kinetic energy?
What is potential energy?
Explain about the equations of motion.
Define Langragian multiplier.
Explain Langrage equation.
Explain Hamilton equation.
Define Euler-Langrage equation.
Illustrate Hamilton vector field.
Outline state vector in dynamic system analysis.

What is meant by state-space formulation of equations of motion?

PART B
Solve the general expressions for kinetic and potential energy.

Explain about the kinetic energy for an n-link robot and potential energy for an
n-link robot.

Examine the various equations of motion.
Select the expression for Euler-Langrage equation.

Explain the method of Lagrange multipliers. Derive equations of motion for a
constrained mechanical system.

Analyze the state-space (state vector) form of the equations of motion of a robotic
manipulator.
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UNIT I
ROBOT CONTROL SYSTEM

The manipulator control problem, Linear second-order model of manipulator. Functions of controller
and power amplifier. Joint actuators- stepper motor, servo motor. Control Schemes: PID control
scheme — Position and force control schemes. Robotic sensors and its classification, Internal sensors
— Position, velocity, acceleration and force information, External Sensors — Contact sensors-Limit
switches, piezoelectric, pressure pads, Non-contact sensors — Range sensors, Vision sensor- robotic
vision system, Description of components of vision system.

Question (6{0) BT

PART A
List the functions of controller.
Outline the functions of power amplifier.
Compare stepper motor and servo motor.
Define internal sensors and its types.
Define external sensors and its types.
Explain about the robotic vision system.
Explain about the contact sensor and its types.
Explain about the non-contact sensors and its types.
What are robotic sensors? State their importance.

List any two internal sensors used in robots.

PART B
Ilustrate the internal sensor types with neat sketch.
Classify the contact sensor and explain any one type with neat sketch.
Identify the non-contact sensor and explain any one type with neat sketch.

Explain the working principle, construction, advantages and Disadvantages of
stepper motor and servo motor with neat sketch.

Analyze the manipulator control problem. Develop the linear second-order
dynamic model of a robotic manipulator.

Select different robotic control schemes. Describe PID control, position control,
and force control schemes with block diagrams.
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UNIT IV
CONTROL OF MANIPULATORS

Linear Time Varying and Linearization — Input and Output Stability - Background: The Frobenius
Theorem - Single-Input Systems. Introduction to nonlinear system — time varying systems — multi-
input, multi-output control systems - the control problem for manipulators — practical considerations
- current industrial-robot control systems - Lyapunov stability analysis — Cartesian — based control
systems - adaptive control - Limit Cycle - Describing Function

Question

PART A
What is multi-input control system?
What is multi-output control system?
Explain Frobenius theorem.
Infer limit cycle.
What is meant by adaptive control?
Explain Lyapunov stability analysis.
Explain e Single-Input Systems.
Outline robot control systems.
What is a limit cycle in nonlinear systems?

What is the describing function method? State its application.

PART B
Explain about the background Frobenius theorem.

Develop with a neat sketch about the Lyapunov stability analysis and adaptive
control.

Enumerate about the multi-input and multi-output control system.
Classify about the Linear Time Varying and Linearization.

Develop advanced robot control strategies. Discuss Cartesian-based control
systems, adaptive control, limit cycles, and the describing function method with
suitable examples.

Explain the Frobenius theorem. Discuss its application to single-input robotic
systems.
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UNIT V
FORCE CONTROL

Constrained Dynamics - Static Force/Torque Relationships - Constraint Surfaces - Natural and
Artificial Constraints - Network Models and Impedance - Impedance Operators - Classification of
Impedance Operators - Force Control Strategies - Impedance Control - Hybrid Impedance Control.

Question

PART A
What is meant by constrained dynamics?
Compare natural and artificial constraints.
Explain constraint surface.
What is hybrid impedance control?
Explain Impedence.
Explain Network models.
Explain about the force control strategies.
Outline the characteristics of Impedance Operators.
Illustrate about the force control strategy in robotic systems.

What is the classification of impedance operators?

PART B
Construct the network models and impedance.
Examine hybrid impedance control.
Explain about the static force/torque relationship.
Analyze about the force control strategies and impedance control.

Identify the impedance operators in robotic manipulators and also discuss the
classification and mathematical formulation of impedance operators.

Explain hybrid impedance control. Describe how position and force control are
combined, with examples of industrial robot applications.
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ADVANCED MANUFACTURING SYSTEMS
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UNIT I
INTRODUCTION TO LEAN MANUFACTURING

Objectives of lean manufacturing-key principles and implications of lean manufacturing -
traditional Vs lean manufacturing- flow-continuous improvement/Kaizen —worker
involvement- 5S principles elements of JIT - uniform production rate - Kanban system - Lean
implementation, Reconciling lean with other systems - lean six sigma- lean and ERP - lean
with 1SO 9001:2000.

Q.No Question BTL Marks

PART A

Define Lean Manufacturing. State any two objectives of lean
manufacturing.

Summarize the key principles of lean manufacturing.

Differentiate  between traditional ~manufacturing and lean
manufacturing.

What is Kaizen? Mention its role in continuous improvement.
What is continuous flow in lean manufacturing?

Define Kanban system

Outline the role of the Kanban system in lean manufacturing.
Define Just-In-Time (JIT) in the context of lean manufacturing
Define six sigma.

What is meant by uniform production rate?

PART B

Explain in detail the objectives, key principles, and implications of
lean manufacturing.

Compare and contrast traditional manufacturing with lean
manufacturing.

Explain the flow and continuous improvement (Kaizen) and
discuss how they are applied in lean manufacturing.

Discuss in detail the worker involvement and 5°S principles. How
is it applied in lean manufacturing?

Explain the elements of Just-In-Time (JIT), uniform production
rate and Kanban system.

Discuss the construction of lean implementation and the
reconciliation of lean with other systems.
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UNIT I
AGILE MANUFACTURING

Agile Manufacturing Vs Mass Manufacturing - Agile practice for product development -
Manufacturing agile practices - Implementing new technology - A checklist, technology
applications that enhance agility - agile technology make or buy decisions. - Costing for Agile
Manufacturing practices.

Q.No Question

PART A
Define agile manufacturing.
Outline the features of mass manufacturing.

Mention two differences between agile manufacturing and mass
manufacturing.

What is meant by agile product development?
Summarize the agile practices used in product development.
Define manufacturing agility.

What is meant by implementing new technology in agile
manufacturing?

What is a technology implementation checklist in agile systems?

What is meant by “make or buy” decision in agile technology
adoption?

Define costing in agile manufacturing practices.

PART B

Compare and contrast agile manufacturing and mass
manufacturing in detail.

Explain the selection of agile practices for product development. AP 16

Identify and explain in detail the manufacturing agile practices used AP 16
to enhance responsiveness and flexibility.

Develop a new technology in agile manufacturing, accompanied by AP 16
a suitable checklist. Explain its implementation.

Discuss technology applications that enhance agility and agile AP 16
technology make-or-buy decisions.

Explain the costing approaches used in agile manufacturing UN 16
practices.
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UNIT I
SUSTAINABLE MANUFACTURING

Concepts of competitive strategy and manufacturing strategies and development of a strategic
improvement programme - Manufacturing strategy in business success strategy formation
and formulation - Structured strategy formulation - Sustainable manufacturing system design

options - Approaches to strategy formulation - Realization of new strategies/system designs.

Q.No Question CO BTL Marks

PART A
Define competitive strategy.
What is meant by manufacturing strategy?
Outline the objectives of a manufacturing strategy.
What is a strategic improvement programme in manufacturing?

Summarize the different ways in which manufacturing strategy
supports business success.

Define strategy formulation in a manufacturing context.
Outline the approaches of strategy formulation.

What is meant by structured strategy formulation?
Define sustainable manufacturing system.

What is meant by realization of new manufacturing strategies?

PART B

Explain the concepts of competitive strategy and manufacturing AP

strategy. Describe the development of a strategic improvement

programme.

Analyze the role of manufacturing strategy in business success. AN 16
Explain strategy formation and strategy formulation.

Develop a structured approach and explain its implementation for AP 16
manufacturing strategy formulation.

Categorize the sustainable manufacturing system design options
and explain different approaches to strategy formulation.

Examine the realization of new manufacturing strategies and
system designs. AN 16
Analyze the interrelationship between competitive strategy,

manufacturing strategy and sustainable system design in achieving AN 16
long-term organizational success.

AN 16
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UNIT IV
INTELLIGENT MANUFACTURING

Introduction to intelligent manufacturing- fundamentals of artificial intelligence-Al in
manufacturing processes- introduction to fuzzy logic-applications of fuzzy logic in
manufacturing- integrating Al and fuzzy logic in production planning-real time decision
making-case studies and practical application-emerging trends and future directions.

Q.No Question BTL Marks

PART A
Define intelligent manufacturing.
Summarize the objectives of intelligent manufacturing systems.
What is artificial intelligence (Al)?
Outline the fundamentals of artificial intelligence.
List any two applications of Al in manufacturing processes.
Define fuzzy logic.
What is meant by membership function in fuzzy logic?

Outline the applications of fuzzy logic in manufacturing.

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

What is real-time decision making in intelligent manufacturing
systems?

Summarize the emerging trends in intelligent manufacturing.

PART B

Explain intelligent manufacturing and discuss the fundamentals of
artificial intelligence.

Identify the role of artificial intelligence in manufacturing
processes.

Explain the principles of fuzzy logic and its applications in
manufacturing.

Discover the integration of artificial intelligence and fuzzy logic in
production planning and real-time decision making.

Analyze real-time decision making in intelligent manufacturing
with suitable examples.

Select and discuss in detail the emerging trends and future
directions in intelligent manufacturing.
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UNIT V
SMART MANUFACTURING

Introduction to various Smart Manufacturing Techniques-Supply chain management-Block

chain of inventory management-Plant digitization-Predictive maintenance-Supply chain

visibility- Warehouse-Cost reduction-Waste management-Automated systems-Applications.

Q.No Question CO BTL Marks

PART A

Define smart manufacturing.
Summarize the techniques of smart manufacturing.

What is supply chain management (SCM)?
What is meant by blockchain in inventory management?

Define plant digitization.

What is predictive maintenance?

What is supply chain visibility?
What is meant by smart warehouse?

Summarize the methods of cost reduction in smart manufacturing.

Outline the applications of automated systems in manufacturing.

PART B

Select the various smart manufacturing techniques and their
suitable applications.

Inspect the supply chain management in smart manufacturing and
explain the role of blockchain in inventory management.

Develop a plant digitization and predictive maintenance model and
explain its implementation in a smart manufacturing system
Discuss supply chain visibility and smart warehouse management
and discover their implementation in modern manufacturing
systems.

Analyze cost reduction and waste management strategies using
smart manufacturing technologies.

Identify the automated systems in smart manufacturing and discuss
their industrial applications.
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COMPUTER INTEGRATED MANUFACTURING
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UNIT I

INTRODUCTION

Introduction to CAD, CAM, CAD/CAM and CIM - Evolution of CIM - CIM wheel and cycle -

Production concepts and mathematical models - Simple problems in production models - CIM

hardware and software - Major elements of CIM system - Three step process for implementation
of CIM - Computers in CIM - Computer networks for manufacturing - The future automated

factory - Management of CIM - safety aspects

of CIM- advances in CIM

PART-A

o

Question

Define CAD

Define CAM.

Define CIM.

What are the three steps in CIM implementation?

What are the safety aspects of CIM?

What is the role of computer networks in manufacturing?

What is the concept of the CIM wheel?

What are the different types of production?

© O N g~ IWINIP

List any four major elements of CIM system.

List any four hardware components of CIM system.

NINIDNININININIDNIDNDDND

PART-B

Question

Explain the different components of the CIM cycle with a

neat sketch.

Discuss the types of production with advantage and disadvantage.

How do hardware and software components integrate in C

IM?

Discuss the concept of future automated factory with examples.

Describe the role of computer networks in manufacturing.

Explain the three step process for implementation of CIM.
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UNIT Il

AUTOMATED MANUFACTURING SYSTEMS

Automated production line - system configurations, work part transfer mechanisms -Fundamentals
of Automated assembly system - System configuration, Part delivery at workstations - Design for
automated assembly - Overview of material handling equipments - Consideration in material
handling system design - The 10 principles of Material handling. Conveyor systems - Types of
conveyors - Operations and features. Automated Guided Vehicle system - Types &applications -
Vehicle guidance technology - Vehicle management and safety. Storage system performance - storage
location strategies - Conventional storage methods and equipments - Automated storage/Retrieval
system and Carousel storage system Deadlocks in Automated manufacturing systems - Petrinet
models - Applications in Deadlock avoidance - smart manufacturing - Industry 4.0 - Digital
manufacturing — Virtual manufacturing

PART-A

S.

o

Question (6{0)

Define AGV.

What is design for automated assembly?

What is meant by automated production line?

List four types of material handling equipment used in manufacturing.

What are the types of vehicle guidance technology?

What is the role of computer networks in manufacturing?

What is smart manufacturing ?

Define Industry 4.0.

© | N s W NP =

What is digital manufacturing?

N INIDNINININIDNIDNDNIDND

=
o

What is Virtual manufacturing?

PART-B

Question

Discuss the various types of Automated guided vehicles and their
application

Discuss about the Automated storage and retrieval system (AS/RS) with a
neat sketch

Explain the different types of conveyor systems and their applications.

Explain about the types vehicle guidance technology with examples

Explain about the digital and virtual manufacturing with examples.

Discuss about the automated production line and 10 principles of material
handling
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UNIT I

GROUP TECHNOLOGY AND FMS

Part families - Visual - Parts classification and coding - Production flow analysis — Grouping of parts
and Machines by rank order clustering method - Benefits of GT - Case studies. FMS - Components -
workstations - FMS layout configurations - Computer control systems — FMS planning and
implementation issues - Architecture of FMS - flow chart showing various operations in FMS -
Machine cell design - Composite part concept, Holier method, Key machine concept - Quantitative
analysis of FMS - Bottleneck model - Simple and complicated problems - Extended Bottleneck model
- sizing the FMS - FMS applications Benefits.

PART-A

Question

Define Group technology.

What are part families in GT?

Define FMS.

What is production flow analysis in GT?

List different methods of parts classification and coding

List any four benefits of Group Technology (GT).

List the major components of an FMS.

Explain about the sizing the FMS.

List the applications of FMS

NININININININIDNIDNDN

List the benefits of FMS.

PART-B

Question

Explain about the production flow analysis in GT.

Explain the rank order clustering method for grouping parts and machines

Explain the different methods used to classify and code parts in group
technology

Discuss the FMS layout configuration with neat sketch.

Explain holier method with an example.

Explain about the components and workstations of FMS.
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UNIT IV

PROCESS PLANNING

Process planning — Activities in process planning, Informations required. From design to process
planning — classification of manufacturing processes — Selection of primary manufacturing
processes — Sequencing of operations according to Anteriorities — various examples — forming of
Matrix of Anteriorities — case study. Typical process sheet — case studies in Manual process
planning. Computer Aided Process Planning — Process planning module and data base — Variant
process planning — Two stages in VPP — Generative process planning — Flow chart showing various
activities in generative PP — Semi generative process planning- Comparison of CAPP and Manual
PP.

PART-A

Question

Define process planning.

List the key activities involved in process planning

What are the types of manufacturing process?

What are the primary manufacturing processes?

What is the significance of forming a matrix of anteriorities?

What is a typical process sheet?

Define Manual process planning

Define Computer-Aided Process Planning (CAPP).
Define Variant process planning (VPP).

NININNINDNININDINIDNDIDNIDN

Define Generative process planning (GPP).

PART-B

Question

Explain about the Generative process planning approach with a flowchart

Explain the two stages of Variant process planning.

Discuss about the classification of manufacturing process

Discuss about the manual process planning with examples.

Explain about the sequencing of operations according to anteriorities.

Explain the process planning activity and design to process planning.

UNITED INSTITUTE OF TECHNOLOGY




UNIT V

PROCESS CONTROL AND DATA ANALYSIS

Introduction to process model formulation - linear feedback control systems - Optimal control -
Adaptive control -Sequence control and PLC& SCADA. Computer process control - Computer
process interface - Interface hardware - Computer process monitoring - Direct digital control
and Supervisory computer control - Overview of Automatic identification methods - Bar code
technology -Automatic data capture technologies.- Quality management (SPC) and automated
inspection

PART- A
Question

Define process model formulation

(@)

What is linear feedback control system?

Define optimal control.

Define adaptive control.

What are the main functions of a PLC?

Explain the role of SCADA in industrial automation.

Explain the three functions in adaptive control

Define Sequence control.
Define Bar code technology.

© X NSO INE >
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Define Automatic data capture technology.

PART-B
Question

Explain about the Process model formulation with a flow chart.
Explain about the PLS and SCADA with block diagram.
Discuss about the Automatic identification methods

Discuss about the Bar code Technology with examples.

Explain about Linear feedback control, optimal control and adaptive control

Discuss the working of Automatic data capture technology.
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CMR356
MICRO ELECTRO MECHANICAL SYSTEMS
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UNIT I
INTRODUCTION

Intrinsic Characteristics of MEMS — Energy Domains and Transducers- Sensors and Actuators —
Introduction to Micro fabrication - Silicon based MEMS processes — New Materials — Review of Electrical
and Mechanical concepts in MEMS — Semiconductor devices —Polymers in MEMS- Polyamide - SU-8 -
Liquid Crystal Polymer (LCP) — PDMS — PMMA — Parylene — Fluorocarbon.

Q.No

Question

PART A

State any two intrinsic characteristics of MEMS.

List the major energy domains employed in MEMS devices.

Give the functional role of transducers in MEMS.

Distinguish between MEMS sensors and MEMS actuators.

Indicate the importance of microfabrication in MEMS technology.

Name any two silicon-based MEMS processes.

Specify the relevance of semiconductor devices in MEMS systems.

Identify two polymers commonly used in MEMS fabrication.

Mention one significant property of SU-8 photoresist.

State one MEMS application of PDMS.

PART B

Explain the intrinsic characteristics of MEMS and their impact on
miniaturized systems.
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Describe the classification of energy domains in MEMS with
suitable device examples.

Illustrate the sequence of silicon-based MEMS fabrication steps used
in device realization.

Apply electrical and mechanical concepts to explain the functioning
of MEMS sensors and actuators.

Analyze the selection criteria for polymer materials used in MEMS
fabrication.

Compare silicon-based and polymer-based MEMS materials with
respect to performance and applications.
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UNIT 11
SENSORS

Characteristics of sensors - Electrostatic sensors — Parallel plate capacitors — Piezoresistive sensors —
Piezoresistive sensor materials - Stress and strain analysis — Flexural beam bending - Torsional
deflection— Applications to Inertia, Pressure, Tactile and Flow sensors — Piezoelectric sensors and
actuators — piezoelectric effects — piezoelectric materials

Q.No Question (6{0) BTL Marks

PART A

List the static characteristics of sensors.

State the principle of electrostatic sensing.

Indicate the function of a parallel plate capacitor in MEMS
Sensors.

Mention the working concept of piezoresistive sensors.

Name any two piezoresistive materials.

Define stress and strain in MEMS structures.

Identify the significance of flexural beam bending.

State the purpose of torsional deflection analysis.

List two applications of piezoelectric sensors.

Mention one piezoelectric material used in MEMS.

PART B

Discuss the characteristics of MEMS sensors relevant to precision
measurements.

Explain the operating principle of piezoresistive sensors with structural
representation.

Demonstrate stress and strain analysis for MEMS sensing
structures.
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Show how flexural and torsional deflections are utilized in MEMS
sensor applications.

Analyze the performance of MEMS sensors used for pressure and
inertial applications.

Evaluate piezoelectric sensors and actuators based on material
properties and efficiency.
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UNIT 111
ACTUATORS

Applications — Interdigitated Finger capacitor — Comb drive devices — Micro Grippers — Micro Motors
- Thermal Sensing and Actuation — Thermal expansion — Thermal couples — Thermal resistors —
Thermal Bimorph - Applications —Magnetic Actuators — Micromagnetic components — Case studies
of MEMS in magnetic actuators -Actuation using Shape Memory Alloys

Q.No

Question

PART A

List the major MEMS actuator applications.

State the operating principle of interdigitated finger capacitors.

Identify the role of comb drive actuators.

Mention two applications of micro grippers.

State the cause of thermal expansion in MEMS structures.

Identify the function of thermal couples.

Mention the purpose of thermal bimorph structures.

List two magnetic actuation techniques.

Indicate the role of micromagnetic components.

State one property of shape memory alloys used in MEMS.

PART B

Explain the working mechanism of electrostatic actuators used in
MEMS.

Describe thermal sensing and actuation techniques employed in
MEMS devices.
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Illustrate the operation of comb drive actuators with suitable
applications.

Apply magnetic actuation principles to MEMS-based actuator
systems.

Analyze the performance limitations of thermal actuators in
MEMS.

Assess the suitability of shape memory alloys for MEMS
actuation applications.
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UNIT IV
MICROMACHINING

Silicon Anisotropic Etching — Anisotropic Wet Etching — Dry Etching of Silicon — Plasma Etching—
Deep Reaction lon Etching (DRIE) — Isotropic Wet Etching — Gas Phase Etchants — Case studies -
Basic surface micro machining processes — Structural and Sacrificial Materials — Acceleration of
sacrificial Etch — Striction and Antirestriction methods — LIGA Process - Assembly of 3D MEMS —
Foundry process

Q.No Question Marks

PART A

State the principle of silicon anisotropic etching.

List the advantages of wet etching processes.

Identify two dry etching techniques used in MEMS.

Mention the role of plasma in silicon etching.

State the significance of DRIE in MEMS fabrication.

Identify two gas-phase etchants.

Mention the purpose of sacrificial layers.

State the cause of stiction in MEMS devices.

List any two anti-stiction methods.

Indicate the importance of the LIGA process.

PART B

Elucidate the fundamental mechanisms involved in anisotropic and
isotropic silicon etching processes used in MEMS fabrication.
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Summarize the sequence of steps involved in surface
micromachining, emphasizing the role of structural and sacrificial
materials.

Demonstrate the Deep Reactive lon Etching (DRIE) process by
outlining its application in forming high—aspect-ratio MEMS
structures.

Show how sacrificial layer removal techniques are implemented to
release suspended MEMS structures without damage.

Investigate the causes of stiction in micromachined structures and
analyze the effectiveness of various anti-stiction strategies.

Examine the LIGA fabrication process and analyze its suitability for
realizing complex three-dimensional MEMS components.
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UNIT V
APPLICATIONS OF MEMS INERTIAL SENSORS

Application to Acceleration, Inertia, Acoustic, Tactile, Pressure, Flow and Tactile sensors- Optical
MEMS —Lenses and Mirrors -Actuators for Active Optical MEMS.— RF MEMS and Microfluidics.

Question

PART A

List applications of MEMS accelerometers.

State the role of MEMS sensors in inertial systems.

Identify the function of acoustic MEMS sensors.

Mention two tactile sensing applications.

State the working domain of MEMS pressure sensors.

Identify components of optical MEMS.

Mention the role of MEMS mirrors.

List applications of RF MEMS devices.

State one function of MEMS-based microfluidic systems.

Identify an actuator used in optical MEMS.

PART B

Interpret the operating principles of MEMS inertial sensors used
for acceleration and vibration measurement.
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Explain the functional architecture of optical MEMS systems,
including lenses, mirrors, and associated actuators.

Ilustrate the utilization of MEMS pressure and flow sensors in
real-time industrial and biomedical applications.

Apply RF MEMS concepts to design considerations for switching
and signal control applications.

Assess the performance characteristics of MEMS inertial sensors
when deployed in automotive and aerospace environments.

Critically analyze the integration of MEMS devices in microfluidic
systems, considering reliability and scalability aspects.

--END--
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PROCESS PLANNING AND COST ESTIMATION
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UNIT —1: INTRODUCTION TO PROCESS PLANNING

Introduction- methods of process planning-Drawing Interpretation-Material evaluation — steps in
process selection - Production equipment and tooling selection

Q.No Question

PART A

Define Process planning and outline CAPP.

List any two objectives of Process Planning.

\What is meant by drawing Interpretation?

Name any two methods of process planning and compare both.

What is a route sheet?

Explain the importance of process planning in manufacturing.

Differentiate between manual process planning and computer-
aided process planning.

Explain how engineering drawings help in process planning.

Describe the role of material properties in process planning

Explain why tooling selection is important in manufacturing
processes and outline the factors affecting tool selection.

PART B

Illustrate how process planning is applied for the manufacture of]
a simple mechanical component using an engineering drawing
and explain the activities of process planning in detail.

Analyze the various methods of process planning and compare
their suitability for different types of production.

Evaluate the effectiveness of drawing interpretation in ensuring
accurate and economical process planning.

Demonstrate the steps involved in process selection for a given
component considering material and production volume.

Analyze the factors affecting material evaluation and their|
influence on process and equipment selection and outline the
criteria to evaluate the materials for specific manufacturing
process

Evaluate the criteria for selecting production equipment and
tooling for efficient and economical manufacturing.
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UNIT - 11: PROCESS PLANNING ACTIVITIES

Process parameters calculation for various production processes-Selection jigs and fixture selection of
quality assurance methods - Set of documents for process planning-Economics of process planning- case
studies

Question

PART A

Define process parameters.

What is meant by a jig and fixture and compare its difference?

What are the factors considered in the selection of jig and fixture
for the manufacturing process?

List any two quality assurance methods used in manufacturing
and outline its uses.

What is meant by process planning documents?

Explain the purpose of process parameter calculation in
production processes and find the spindle speed required to turn
a 75 mm diameter shoulder on a low-carbon steel component|
using a high-speed steel tool (Surface cutting speed = 28m/min).
What is the percentage increase in cutting speed if a carbide tool
(Surface cutting speed = 180

m/min) is used instead?

Define Break Even Point.

Explain the importance of quality assurance in process planning
and define the term Quality and TQM.

Describe the role of process planning documents in
manufacturing control.

Explain the significance of economics of process planning.

PART B

Illustrate the calculation of process parameters for a suitable
production process, explain the selection of appropriate jigs and
fixtures, and describe the principles of jig and fixture design.

Analyze the factors influencing the selection of jigs, fixtures,
and quality assurance methods for different production
processes and outline the basic elements of Jigs and Fixtures.

Evaluate the impact of accurate process parameter calculation on
productivity and product quality and construct the various types
of charts, diagrams and other documents used in process
planning.
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Demonstrate the preparation of a complete set of process
planning documents for a given manufacturing case and explain
the activities of process planning.

Identify and analyze the economic aspects of process planning
with reference to cost reduction and efficiency improvement.

Evaluate a suitable industrial case study to justify the role of]
effective process planning in manufacturing success.
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UNIT - 111: INTRODUCTION TO COST ESTIMATION

Importance of costing and estimation —methods of costing-elements of cost estimation —Types of
estimates — Estimating procedure- Estimation labor cost, material cost- allocation of overhead charges-
Calculation of depreciation cost

Q.No Question CO | BTL | Marks

PART A

Define cost estimation

\What is meant by costing?

List any two methods of costing.

What are the elements of cost?

Define depreciation and what are the main causes for
depreciation?

Explain the importance of cost estimation in manufacturing
industries and outline the various types of estimates.

Differentiate between costing, cost accounting and cost
estimation.

Explain the significance of labour cost estimation and over head
cost

Describe the role of overhead allocation in cost estimation.

Explain why depreciation cost is included in total cost
estimation?

PART B

Illustrate the application of different methods of costing for a
manufacturing product and discuss the various method of costing
in detail.

Analyze the various elements of cost estimation and their
influence on product pricing.

Evaluate the suitability of different types of estimates for small-
scale and large-scale production.

Demonstrate the step-by step procedure for estimating labour|
and material costs for a given component.
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/Analyze the cost structure of an industrialized milling machine
using the expenditure data provided in the table.

SI.No Essentials In Rupees
Material Expended 48,000
Indirect factory wages 8,000
Direct’s fees 3000
Advertising 8,500
Net profit 12,000
Depreciation on sales department car 850
Printing and Stationery 350
Depreciation on plant 4,500
Direct wages 60,000
Factory rent 6250
Telephone and postal charges 300
Gas and electricity 450
Office salaries 2,000
Office rent 700
Show room rent 1,300
Salesman’s commission 1,900
Sales department car expenses 1,200
Break down the costs to determine (a) Prime Cost, (b) Factory

Cost, (c) Total Cost of Production, (d) Cost of Sales, and (e)
Selling Price.

O NP WIN|F-

Evaluate the cost structure and profitability of a sewing maching
manufacturer using the data provided. Prepare a detailed cost
statement and compute the Prime Cost, Works / Factory Cost,
Cost of Production, Total Cost, and Profit. Critically assess how
each cost component influences the overall profit

DESCTIPTION

AMOUNT

Value of stock of material as on 1-04-2003

< 26,000

Material purchased

< 2,74,000

Wages to labour

< 1,20,000

Depreciation of plant and machinery

< 8,000

Depreciation of office equipment

< 2,000

Rent, taxes and insurance of factory

< 16,000

General administrative expenses

< 3,400

Water, power and telephone bills of factory

% 9,600

Water, lighting and telephone bills of office

< 2.500

Material transportation in factory

< 2,000

Insurance and rent of office building

< 2,000

Direct expenses

% 5,000

Commission and pay of salesman

% 10,500

Repair and maintenance of plant

< 1,000

Works Manager salary

Z 30,000

Salary of office staff

% 60 000

Value of stock of material as on 31-03-2020

% 36 000

Sales of product

% 6,36 000
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UNIT - 1V: PRODUCTION COST ESTIMATION

Estimation of Different Types of Jobs - Estimation of Forging Shop, Estimation of Welding Shop,
Estimation of Foundry Shop

Q.No Question CO | BTL | Marks

PART A

Define production cost estimation.

\What is meant by job estimation?

List any two cost elements involved in forging ship estimation
and recall various losses in the forging process.

What is a welding shop, and what costs should be considered
when estimating the electrical welding cost of a product?

Name any two cost components in foundry shop estimation.

Explain the need for estimating different types of jobs in
production.

Describe the significance of forging shop estimation and list the
various types of operations performed in forging.

Explain the importance of welding shop estimation in
fabrication industries.

Explain the role of foundry shop estimation in casting production
and define shrinkage allowance.

Describe how accurate job estimation affects production
planning and control.

PART B

A manufacturing unit is producing 230 mild steel shafts of the
dimensions shown in the given figure.
The density of mild steel is 7.87 g/cm3, and the cost of material
is %120 per kg.
Using the given dimensions and material properties:
1. Calculate the weight of material required to
manufacture 230 shafts.
2. Estimate the total material cost for producing these
shafts.(Assume no material loss during machining.)

UNITED INSTITUTE OF TECHNOLOGY &}




i

(—17—1(—32—-—)(—15-)'(-——24—*— 32 —>
All dimensions are in mm

/A machine component of the dimensions shown in the given
figure is to be manufactured from a material having a density of
8.2 g/cm3. The cost of the material is X30 per kg. The finished
component includes six bolt holes, and an additional 20%6
material wastage is expected during manufacturing.
Analyze the component by:
1. Determining the net volume of the finished
component after accounting for the six bolt holes.
2. Estimating the gross volume of raw material
required, considering 20% wastage.
Calculating the total weight of material needed.
Evaluating the total material cost for manufacturing
the component.

18¢
=

140 4

All dimensions are in mm
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A batch of 200 bolts is to be manufactured by the upsetting
process using a rod of 25 mm diameter. During production, if]
is estimated that 3.5% of the total rod length is lost as scrap.
Evaluate the material requirement by:

1. Assessing and determining the original length of
material required for each bolt before upsetting, based
on volume constancy.
Judging the total length of rod needed to produce 200
acceptable bolts after accounting for scrap loss.
Justifying your calculations by commenting on how
scrap percentage affects material utilization efficiency in
upsetting operations.

- rrm—

Two mild steel plates of size 300 mm x 150 mm x 8 mm are to

be welded together to obtain a plate of approximate size 300 mm

x 300 mm using the rightward gas welding technique, with no

edge preparation cost.

The following data are given:

Cost of oxygen = Rs.15 per m3

Cost of acetylene = Rs.60 per m3

Cost of filler metal = Rs.50 per kg

Weight of filler metal = 11.28 g per cm3

Diameter of filler rod =4 mm

Filler rod consumption = 3.4 m per metre of weld

Rate of welding = 2.1 m/hour

Oxygen consumption = 7.1 m3/hour

9. Acetylene consumption = 7.1 m%/hour

Analyze the welding operation by:

1. Determining the length of weld required for the given
plates.

2. Estimating the quantity and weight of filler metal
consumed.

3. Calculating the consumption and cost of oxygen and
acetylene based on welding time.
Evaluating the total material cost involved in welding the
two plates.

O No gk wDdRE
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A forged steel shaft of the dimensions shown in the given figure
(all dimensions are in cm) is to be manufactured.
The density of steel is 8.1 g/cm?.
Using the given dimensions:

1. Calculate the volume of the forged shaft, and

2. Estimate the weight of the shaft.
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Evaluate the effectiveness of shop-wise cost estimation methods
in improving manufacturing efficiency.

UNIT V- MACHINING TIME CALCULATION

Estimation of Machining Time - Importance of Machine Time Calculation- Calculation of Machining
Time for Different Lathe Operations, Drilling and Boring - Machining Time Calculation for Milling,
Shaping and Planning -Machining Time Calculation for Grinding.

Q.No Question CO | BTL | Marks

PART A

Define machining time and recall the formula to calculate the
machining time for shaping, slotting and planning operation.

What is meant by cutting speed?

Define feed rate and depth of cut.

\What is a boring operation?

\What is grinding, and recall the formula used to calculate the
machining time for a grinding operation?

Explain the importance of machining time calculation in
production planning.

Differentiate between drilling and boring operations.
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Explain the factors affecting lathe machining time.

Describe the significance of machining time calculation in
milling operations.

Explain why machining time calculation is critical in grinding
operations, and differentiate between milling, shaping, and
planning.

PART B

A flange, as shown in the given figure, requires four holes of 8
mm diameter and one central hole of 40 mm diameter. The
central hole is produced by first drilling a 20 mm diameter hole
and then enlarging it to 40 mm diameter.
The following machining parameters are given:

a. Cutting speed = 10 m/min

b. Feed for 8 mm drill =0.1 mm/rev

c. Feed for 20 mm drill = 0.2 mm/rev

d. Feed for 40 mm drill = 0.4 mm/rev
Using standard drilling formulas, calculate the total machining
time required to complete all the drilling operations.
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A stepped shaft, as shown in the given figure, is to be
machined from an initial stock diameter of 30 mm.
» Sequence A: Rough turning of the entire length followed
by finish turning of individual steps.
» Sequence B: Step-wise turning to final dimensions
directly without separate roughing and finishing passes.

R

' B
u ) Drill ¢ 10 m
\\\l“g Tl

;"' . 1 1]

100 mm

Analyze the machining operation by:
1. Determining the machining time required for each
sequence using suitable cutting parameters.
2. Comparing the total machining times of Sequence A
and Sequence B.
3. ldentifying the more time-efficient machining
sequence and explaining the reason for the difference.
Evaluate the methods used for estimating machining time
for various lathe operations by:
1. Examining the relevance and limitations of time-
estimation formulas used for each operation,
2. Comparing the assumptions involved in estimating
machining time for at least three lathe operations, and
3. Justifying which estimation method provides more
reliable results for production planning.
Support your answer with neat sketches wherever
appropriate.
A work piece is to be machined on a shaper. Using standard
procedures, summarize the steps for estimating the
machining time required for a shaping operation, including:
1. Determining the length of stroke and number of
strokes,
2. Calculating the cutting speed and feed, and
3. Estimating the total machining time.
Support your answer with simple sketches where necessary.
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A hollow bar (as shown in the figure) is to be faced on a lathe.
The cutting parameters are:
> Cutting speed: 35 m/min
> Feed: 0.25 mm/rev
Analyze the facing operation by:
1. Determining the length of cut and number of passes
required,
2. Calculating the machining time for each pass, and
3. Estimating the total machining time for the
complete facing operation.
Additionally, discuss how variations in feed or cutting
speed would affect the total machining time.

222722 T
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A cylindrical bar of 65 mm diameter (as shown in the figure)
is to be turned on a lathe. The cutting parameters are:
> Cutting speed: 50 m/min
> Feed: 0.5 mm/rev
Evaluate the turning operation by:
1. Calculating the total machining time required for the
operation,
2. Assessing the effect of changing cutting speed or
feed on machining time and surface finish, and
3. Justifying the most efficient combination of cutting
speed and feed for minimizing time without
compromising the surface quality of the turned bar.
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IOT CONCEPTS AND APPLICATIONS
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UNIT I
INTRODUCTION TO INTERNET OF THINGS

Evolution of Internet of Things — Enabling Technologies — 10T Architectures: oneM2M, loT World Forum

(IoTWF) and Alternative 10T Models — Simplified 1oT Architecture and Core 10T Functional Stack — Fog, Edge
and Cloud in loT

Q.No Question

PART A

Define Internet of Things (1oT).

List any four enabling technologies for loT.

Explain the role of sensors in 10T?

Differentiate between loT and M2M.

What does one M2M stand for?

Give any two layers of 1oT World Forum Architecture.

What is a fog node in 10T?

State two benefits of edge computing in loT.

Mention any two characteristics of 10T devices.

List the evolutionary phases of loT.

PART B

Discuss loTWF standardized Architecture with a suitable diagram.

Describe enabling technologies for 10T in detail.

What is loT World Forum Architecture? Categorize its impact on 10T?

(i) Classify the salient features of an M2M architecture with neat diagrams.
(i1) What is fog computing? What are the advantages of using it with 10T?

With a neat diagram, explain Core 10T functional stack.

Explain process monitoring and registry snapshot techniques.
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UNIT Il
COMPONENTS IN INTERNET OF THINGS

Functional Blocks of an loT Ecosystem — Sensors, Actuators, and Smart Objects — Control Units -
Communication modules (Bluetooth, Zigbee, Wifi, GPS, GSM Modules)

Question

PART A

List any four functional blocks of an 10T ecosystem.

Define smart objects in loT.

What does GPS module do in 1oT?

Write the use of GSM module in loT.

Differentiate between Zigbee and Wi-Fi in loT.

List any two wireless communication modules used in loT.

Define control unit and its purpose in IoT.

Write any two applications of smart objects.

What is the importance of communication module in 10T?

Explain 10T ecosystem.

PART B

Apply the concept of 10T ecosystem to explain its functional blocks with a
neat diagram.

Apply the concept of 10T to describe the role of sensors and actuators in
real-time applications.

Explain in brief about the working of any four datalink layer loT
communication protocols.

With a neat block diagram, explain the functions of various units in an 1oT
ecosystem.

Categorize any four communication modules used in loT.

Classify the different types of control units in 0T systems with suitable real-
life examples.
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UNIT 1l
PROTOCOLS AND TECHNOLOGIES BEHIND IOT

10T Protocols - IPv6, 6LoOWPAN, MQTT, CoAP - RFID, Wireless Sensor Networks, BigData Analytics, Cloud
Computing, Embedded Systems

Q.No Question

PART A

Define RFID and mention one application in loT. What is live malware
analysis?

Explain how BLE differ from Bluetooth?

What is the issue of interoperability in 10T?

Write any two characteristics of IPv6.

What are the types of cloud computing?

What is CoAP used for in loT?

Explain MQTT and state its primary use.

Define Big Data Analytics in the context of loT.

What is the role of embedded systems in 10T devices?

What is a Wireless Sensor Network (WSN)?

PART B

Analyze the working of MQTT protocol and discuss its key features in loT
applications.

i) Explain the role of Big Data in loT.
(if) How is an Embedded System used in 10T? Explain with an example.

Explain the role of RFID and Wireless Sensor Networks in 10T applications.

Analyze the need for IPv6 in 10T and examine its advantages over IPv4

Analyze the 6LoWPAN protocol architecture and explain its components
with a neat diagram

Explain the CoAP protocol and compare its features with HTTP for loT
applications.
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UNIT IV
OPEN PLATFORMS AND PROGRAMMING

10T deployment for Raspberry Pi /Arduino platform-Architecture —Programming — Interfacing — Accessing

GPIO Pins — Sending and Receiving Signals Using GP1O Pins — Connecting to the Cloud.

Q.No Question

PART A

What are the interfaces in 10T devices?

What is the use of Raspberry Pi?

What is the applications of cloud computing in loT?

What is the purpose of GPIO pins?

Define 10T deployment architecture for Raspberry Pi.

Differentiate between Raspberry Pi and Arduino.

Mention any two programming languages used in Raspberry Pi for IoT.

Define cloud connectivity for 10T devices.

What is the purpose of MQTT in cloud communication for 10T?

What is Arduino and where is it used in l0T?

PART B

What are GPIO pins? With an example and diagram, explain how signal
transmission takes place with GP10O pins.

Construct the architecture of Arduino and explain its working.

Apply the suitability of Raspberry Pi architecture for 10T deployment along
with its salient features.

Explain how Raspberry Pi/Arduino devices are connected to the cloud and
mention any two cloud platforms used.

Demonstrate how sensors and actuators are interfaced with Raspberry Pi
and Arduino boards, and explain their application in 0T systems.

How do you access GPIO pins in Raspberry Pi? Build an example program
for GP10O access.
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UNIT V
IOT APPLICATIONS

Business models for the internet of things, Smart city, Smart mobility and transport, Industrial 10T, Smart

health, Environment monitoring and surveillance — Home Automation — Smart Agriculture

Q.No Question

PART A

Is Alexa an loT device?

List few most common 0T applications in real life.

Explain smart agriculture.

Define l1oT Business Model.

Define Industrial 10T (lloT).

What is environment monitoring in loT?

Define home automation.

Mention any two sensors used in smart farming.

List the benefits of smart irrigation systems.

State any two benefits of 1loT in manufacturing.

PART B

Explain about the business models for the Internet of Things (loT).

Explain home automation as an application of 10T with a neat diagrammatic
representation.

Illustrate a real-life example and explain how 10T can be used in healthcare.

Demonstrate the use of 10T in smart agriculture and explain how precision
farming techniques are applied in real-world scenarios.

Apply your understanding of 10T to explain solutions for smart mobility and
transport, illustrating with real-world examples

Explain Industrial 10T (l1loT) and demonstrate its architecture and
applications in real-world industrial scenarios.
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UNIT I - SAFETY TERMINOLOGIES
Hazard-Types of Hazard- Risk-Hierarchy of Hazards Control Measures-Lead indicators-
lag Indicators-Flammability- Toxicity Time-weighted Average (TWA) - Threshold
LimitValue (TLV) - Short Term Exposure Limit (STEL)- Immediately dangerous to life or
health (IDLH)- acute and chronic Effects- Routes of Chemical
Entry-Personnel Protective Equipment- Health and Safety Policy-Material Safety Data Sheet
MSDS

PART- A

<

Question

Define Hazard.

What is a Risk?

Define Toxicity.

What is Flammability?

Expand TLV and TWA.

Define IDLH.

Differentiate acute and chronic toxicity.
What is the significance of TLV-STEL?
Explain hierarchy of hazard control.
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Define exposure limit and give one example.
PART-B

Question
Explain the various types of industrial hazards with suitable examples.
Discuss TLV, TWA, STEL and IDLH values and their importance in toxicology.

Apply the hierarchy of hazard control to a chemical plant and propose suitable
control measures.

Explain the procedure for evaluating chemical exposure through routes of entry with
industrial examples.

Analyse the acute and chronic effects of chemical exposure and suggest preventive
strategies.

Analyse the format and importance of Safety Data Sheets (SDS) in industrial safety
management.
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UNIT Il - STANDARDS AND REGULATIONS
Indian Factories Act-1948- Health- Safety- Hazardous materials and Welfare- 1SO
45001:2018 occupational health and safety (OH&S) - Occupational Safety and Health Audit
1S14489:1998- Hazard Identification and Risk Analysis- code of practice IS
15656:2006

PART- A

<

Question

What is the Factories Act 1948?
Expand 1SO 45001

Define Occupational Health.
What is meant by Safety Audit?
Who is an Inspector of Factories?

Mention any two welfare provisions.
State the objectives of ISO 45001.
Explain the term “statutory compliance.”
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What is the purpose of health and medical examination in factories?
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Why are safety records important?

PART-B

Question

Explain the health, safety and welfare provisions of the Factories Act 1948.
Describe the objectives and requirements of 1SO 45001:2018.

Apply the provisions of the Factories Act to prepare a compliance checklist
for a medium-scale industry.

Prepare a detailed safety audit plan for a chemical processing plant.
Analyse the differences between OHSAS 18001, 1ISO 45001 and OSHA standards.

Analyse the duties and powers of the Inspector of Factories with real-time
examples.
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UNIT Il - SAFETY ACTIVITIES
Toolbox Talk- Role of safety Committee- Responsibilities of Safety Officers and Safety
Representatives- Safety Training and Safety Incentives- Mock Drills- On-site Emergency
Action Plan- Off-site Emergency Action Plan- Safety poster and Display- Human Error
Assessment

PART- A

<

Question

Define Safety Committee.

What is a Safety Officer?

Define Near Miss.

What is Toolbox Talk?

What is a Mock Drill?

Define Accident Investigation.

Why is safety training important?

What is the purpose of a PTW system?
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Explain the need for emergency preparedness.
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What is the objective of safety inspection?

PART-B

Question

Explain the duties and responsibilities of Safety Officers and Safety Committees.

Describe the elements of safety training and its role in accident prevention.

Prepare an On-site and Off-site Emergency Response Plan for a chemical storage
facility.

Apply the Permit-to-Work (PTW) system to confined space, hot work and electrical
operations.

Analyse the accident investigation process and identify root causes from a case study.

Analyse the importance and effectiveness of mock drills during emergency situations.
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UNIT IV - WORKPLACE HEALTH AND SAFETY
Noise hazard- Particulate matter- musculoskeletal disorder improper sitting poster and
lifting Ergonomics RULE & REBA- Unsafe act & Unsafe Condition- Electrical Hazards-
Crane Safety- Toxic gas Release

PART- A

<

Question

Define Ergonomics.

What is a Confined Space?

Define MSD (Musculoskeletal Disorder).
What are PPES?

Define Electrical Hazard.

What is LOTO?
List two ergonomic risk factors.

Explain repetitive strain injury.
What is confined space hazard?
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Explain the purpose of ventilation in workplaces.

PART-B

Question
Explain ergonomic principles and the ergonomic risk factors in workplaces.

Describe the causes, types and effects of Work-Related Musculoskeletal Disorders
(WRMSD).

Apply ergonomic modifications to improve manual material-handling activities in a
factory.

Prepare a complete confined space entry procedure including PPE and rescue plan.

Analyse electrical hazards and evaluate the effectiveness of the LOTO system.

Analyse crane and lifting operation hazards and recommend safety measures.

UNITED INSTITUTE OF TECHNOLOGY &5




UNIT V- HAZARD IDENTIFICATION TECHNIQUES
Job Safety Analysis-Preliminary Hazard Analysis-Failure mode and Effects Analysis-
Hazard and Operability- Fault Tree Analysis- Event Tree Analysis Qualitative and
Quantitative Risk Assessment- Checklist Analysis- Root cause analysis- What-If Analysis-
and Hazard Identification and Risk Assessment

PART- A

Question

Define HAZOP.

What is FMEA?

Define Fault Tree Analysis.
What is Event Tree Analysis?
Define Risk Matrix.

What is Preliminary Hazard Analysis (PHA)?
State the objective of risk assessment.

Explain the basic steps in FTA.
What is the purpose of HAZOP guide words?
Differentiate between ETA and FTA.
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PART-B

Question
Explain the methodology and objectives of HAZOP study.
Describe the steps in Fault Tree Analysis with an example.
Apply Event Tree Analysis (ETA) to a fire or explosion scenario.
Perform a complete FMEA study for an industrial machine (boiler/compressor/lathe).

Analyse qualitative and quantitative risk assessment techniques and compare their
applications.

Analyse a hazard scenario using Root Cause Analysis (RCA).
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