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SYLLABUS FOR RECRUITMENT OF ASSISTANT ENGINEER

1.1

1.2

1.3

14
1.5

2.1

2.2

2.3

24

2.5

2.6

(MECHANICAL)

Basics:

General Principles of Design, Drawing, Importance of Safety.
Standards and Quality practices in production, construction,
maintenance and services.

Basics of Energy and Environment: Conservation, environmental
pollution and degradation, Climate Change, Environmental impact
assessment.

Basics of Project Management.
Strength of Materials.

Engineering Mechanics

Transformation of scalars and vectors under Rotation
transformation; Forces in Nature; Newton's laws and its
completeness in describing particle motion; Form invariance of
Newton's Second Law; Solving Newton's equations of motion in
polar coordinates; Problems including constraints and friction;
Extension to cylindrical and spherical coordinates.

Potential energy function; F = - Grad V, equipotential surfaces and
meaning of gradient; Conservative and non-conservative forces,
curl of a force field; Central forces; Conservation of Angular
Momentum; Energy equation and energy diagrams; Elliptical,
parabolic and hyperbolic orbits; Kepler problem; Application:
Satellite manoeuvres;

Non-inertial frames of reference; Rotating coordinate system: Five-
term acceleration formula.

Centripetal and Coriolis accelerations; Applications: Weather
systems, Foucault pendulum;

Harmonic oscillator; Damped harmonic motion — over-damped,
critically damped and lightly-damped oscillators; Forced
oscillations and resonance.

Definition and motion of a rigid body in the plane; Rotation in the
plane; Kinematics in a coordinate system rotating and translating
in the plane; Angular momentum about a point of a rigid body in
planar motion; Euler's laws of motion, their independence from
Newton's laws, and their necessity in describing rigid body motion;
Examples.
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2.7

33

3.2

33

34

35

3.6

4.1

Introduction to three-dimensional rigid body motion — only need
to highlight the distinction from two-dimensional motion in terms
of (a) Angular velocity vector, and its rate of change and (b)
Moment of inertia tensor; Three-dimensional motion of a rigid
body wherein all points move in a coplanar manner: e.g. Rod
executing conical motion with center of mass fixed — only need to
show that this motion looks two-dimensional but is three-
dimensional, and two-dimensional formulation fails.

Applied Thermodynamics

Introduction to solid, liquid and gaseous fuels-Stoichiometry,
exhaust gas analysis- First law analysis of combustion reactions-
Heat calculations using enthalpy tables- Adiabatic flame
temperature-Chemical equilibrium and equilibrium composition
calculations using free energy.

Vapor power cycles Rankine cycle with superheat, reheat and
regeneration, exergy analysis. Super-critical and ultra-super-critical
Rankine cycle- Gas power cycles, Air standard Otto, Diesel and Dual
cycles -Air standard Brayton cycle, effect of reheat, regeneration and
intercooling- Combined gas and vapor power cycles- Vapor
compression refrigeration cycles, refrigerants and their properties.

Properties of dry and wet air, use of pschyrometric chart, processes
involving heating/cooling and humidification/dehumidification,
dew point.

Basicsof compressible flow. Stagnation properties, Isentropic flow
of a perfect gas through a nozzle, choked flow, subsonic and
supersonic flows- normal shocks- use of ideal gas tables for
isentropic flow and normal shock flow- Flow of steam and
refrigerant through nozzle, supersaturation-compressible flow in
diffusers, efficiency of nozzle and diffuser.

Reciprocating compressors, staging of reciprocating compressors,
optimal stage pressure ratio, effect of intercooling, minimum work
for multistage reciprocating compressors.

Analysis of steam turbines, velocity and pressure compounding of
steam turbines

Heat Transfer & Thermal Machines

Introduction

Three modes of heat transfer; Examples of equipment (like air
conditioner and air cooler) involving heat transfer; Derivation of
heat balance equation.
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4.2

43

44

4.5

46

4.7

5.1

5.2

Conduction Heat Transfer

Steady 1D solution for conduction heat transfer in Cartesian,
cylindrical and spherical geometry; Concept of conduction and film
resistances; Critical insulation thickness; Lumped system
approximation and Biot number; Heat transfer through pin fins; 2D
conduction solutions for steady and unsteady heat transfer.

Convection Heat Transfer

Basic equations; Boundary layers; Forced convection; External and
internal flows; Natural convective heat transfer; Dimensionless
parameters for forced and free convection heat transfer;
Correlations for forced and free convection; Approximate solutions
to laminar boundary layer equations for internal and external flow;
Estimating heat transfer rates in laminar and turbulent flow
situations using appropriate correlations for free and forced
convection.

Radiation Heat Transfer

Interaction of radiation with materials; Definitions of radiative
properties; Stefan Boltzmann’s law; Black and grey body radiation;
Calculation of radiation heat transfer between surfaces using
radiative properties; View factors and the radiosity method;
Examples for two-body enclosures; Radiation shield.

Heat Exchanger Design

Function, classification and configuration of heat exchangers;
Evaluation of mean temperature difference; ‘Heat exchanger
effectiveness; Analysis, design and selection of heat exchangers.

Boiling and Condensation heat transfer

Pool boiling; Flow boiling; Film and drop wise condensation
Introduction to mass transfer

Analogy between heat and mass transfer; Mass diffusion; Fick's
Law; Steady and transient mass diffusion; Simultaneous heat and
mass transfer.

Fluid Mechanics & Hydraulic Machines

Properties of Fluid: Definition of fluid; Newton's law of viscosity;
Units and dimensions; Physical properties of fluids; Control
volume: Continuity equation and momentum equation;
Incompressible flow; Bernoulli‘'s equation and its applications.

Dimensional Analysis: Dimensionally homogeneous equations;
Buckingham Pi Theorem; Calculation of dimensionless parameters.
Similitude and complete similarity; Model scales; Basic boundary
layer theory and analysis.
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53 Fluid Kinematics: Different approaches; Reynolds transport
theorem: Flow visualization; Types of flow; Strain rate, stream line,
streak line, path lines and stream tubes; Continuity equation in
Cartesian coordinates in 3D forms; Velocity and acceleration of
fluid particles; Velocity potential function and stream function.

54 Momentum Equation: Momentum equation; Nervier Stoke
equation; Development of Euler's equation; Bernoulli's equation
and application; Steady and unsteady flow through orifice; Orifice
placed in pipe; Venturimeter; Flow over triangular and rectangular
notches; Pitot tube.

5.5 Laminar and Turbulent Flow: Viscous/Laminar flow - Plane
Poiseuille flow and Coutte flow; Laminar flow through circular
pipes; Loss of head and power absorbed in viscous flow; Turbulent
flow — Reynolds experiment; Frictional losses in pipe flow; Shear
stress in turbulent flow; Major and minor losses (Darcy's and
Chezy's equation); Flow through siphon pipes; Branching pipes
and equivalent pipe.

5.6 Rotodynamic Machines: Euler's equation; Theory of Rotodynamic
machines; Various efficiencies; Velocity components at entry and
exit of the rotor; Velocity triangles; Centrifugal pumps — working
principle, work done by the impeller and performance curves;
Cavitation in pumps; Reciprocating pump — working principle.

5.7 Hydraulic Turbines: Classification of water turbines; Heads and
efficiencies; Velocity triangles; Axial, radial and mixed flow turbines;
Pelton wheel, Francis turbine and Kaplan turbines — working and
design principles.

6 Mechanics of Deformable Solids
6.1 Concept of Stress and Strain
Deformation of bars: Hooke's law, stress, strain, and elongation;
Tensile, compressive and shear stresses in 2D solids; Elastic
constants and their relations; Volumetric, linear and shear strains;
Principal stresses and strain; Principal planes; Mohr's circle.

6.2 Mechanics of Beams

Transverse loading on beams, point and distributed loads; Shear
force and bend moment diagrams; Types of beams supports —
simply supported, over-hanging, cantilevers, fixed and guided
beams; Static determinacy and indeterminacy; Theory of bending
of beams, pure bending stress distribution and neutral plane,
second moment of area; Different cross-sections of beams; Shear
stress distribution.

4/17




6.3

6.4

6.5

6.6

6.7

7.1

7.2

7.3

7.4

Deflection of Beams

Deflection of a beam using the double integration method;
Computation of slopes and deflection in beams; Myosotis method
for computing deflections and slopes.

Column Buckling

Critical loads using Euler's theory; Different boundary conditions;
Eccentric columns.

Torsion and Twist

Torsion stresses and deformation of circular and hollow shafts;
Polar moment of area, stepped shafts; Deflection of shafts fixed at
both ends; Stresses and deflection of helical springs.

Energy Theorem
Principle of virtual work; Minimum potential energy theorem;
Castigliano’s theorems; Maxwell reciprocity theorem.

Pressure Vessels

Axial and hoop stresses in cylinders subjected to internal pressure;
Deformation of thin and thick cylinders; Deformation in spherical
shells subjected to internal pressure; Combined thermo-
mechanical stress; Examples and case studies (boilers).

Kinematics and Dynamics of Machines

Mechanisms

Definition and types of joints; Lower and higher pairs;
Classification of mechanisms based on function and constraints;
Common mechanisms such as slider crank and 4-bar mechanisms
and their inversions; Quick return mechanism, Straight line
generators, rocker ~mechanisms, universal joints, steering
mechanisms, etc.

Basic Kinematic Concepts and Definitions

Degree of freedom and Griibler's formula; Grashof's rule and
rotatability limits; Mechanical advantage; Transmission angle; Limit
positions.

Geometric Design of Mechanisms

Graphical synthesis of dyads and crank-rocker for two- and three-
position synthesis for path and motion generation.

Kinematic Analysis of Simple Mechanisms

Displacement, velocity, and acceleration analysis; Velocity analysis
using instantaneous centers; Position, velocity and acceleration
analysis using loop closure equations; Coincident points; Coriolis
component of acceleration.
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15

7.6

o g

8.1

8.2

Static & Dynamic Force analysis of Simple Mechanisms

Two & three force members; Force & moment equilibrium; Inertial
forces; Equations of motion for force-bar and slider-crank
mechanisms.

Cams and Followers

Classification and terminology; Displacement, velocity, acceleration
and jerk diagrams; Uniform velocity, parabolic, simple harmonic
and cycloidal motions; Derivatives of follower motions; Circular
and tangent cams; Pressure angle and undercutting; Graphical and
analytical disc cam profile synthesis for roller and flat face
followers.

Gears

Involute and cycloidal profiles; gear parameters; Fundamental law
of gearing and conjugate action; Spur gear contact ratio and
interference: Helical, bevel, worm, rack & pinion gears; Epicyclic
and regular gear train kinematics; Force analysis of spur, helical,
bevel and worm gearing. Computer-aided simulation of simple
mechanisms.

Engineering Materials and Applications

Engineering Materials and Classification

Metals, plastics, ceramics and composites; Relevant properties
(physical, mechanical, thermal, electrical, chemical), cost; Range of
applications; Material designation and standards; Ashby diagrams;
Selection criteria and process

Mechanical Properties and Testing

Tensile, compression, torsion, fatigue, fracture and wear tests;
Young's modulus; Relations between true and engineering stress-
strain curves; Generalized Hooke's law; Yielding and yield strength;
ductility, resilience, toughness and elastic recovery; Hardness
measurement their relation to strength; SN curve, endurance and
fatigue limits; Introduction to non-destructive testing (NDT).

Metal and Alloys: Iron and steel; Stainless steel and tool steels;
Copper & its alloys — brass, bronze & cupro-nickel; Aluminium &
Al-Cu-Mg alloys; Nickel based superalloys & Titanium alloys; Phase
diagrams and interpretation of microstructure; Iron Iron-carbide
phase diagram and cooling (TTT) diagrams.

Heat Treatment: Heat treatment of Steel, Annealing, tempering,
normalizing, spheroidising, austempering, martempering, case
hardening, carburizing, nitriding, cyaniding, carbo-nitriding, flame
and induction hardening, vacuum and plasma hardening

I'.'-‘

6/17



9.1

9.2

93

9.4

Polymers, Ceramics and Composites: Polymers — Classification and
applications; Polymerization techniques; Ceramics — Oxide
ceramics, ceramic insulators, bio-ceramics and Glasses;
Composites — Reinforcement, matrix, metal matrix composites,
ceramic composites, polymer composites; Other advanced
materials — biomaterials, optical materials, high temperature
materials, energy materials, and nanomaterials.

Electrical and Magnetic Materials: Conducting and resisting
materials — types, properties and applications; Semiconducting
materials — properties and applications; Magnetic materials — Soft
and hard magnetic materials and applications; Superconductors
and dielectric materials — properties and applications; Smart
materials; Sensors and actuators; Piezoelectric, magnetostrictive
and electrostrictive materials.

Machine Element & System Design

Introduction

Anatomy of machines; Functional dissection of motorcycle,
washing machine, sewing machine, etc. into machine elements
including gears, rack and pinions, cams, chains, belts, pulleys,
flywheels, bearings, shafts, keys, brakes, etc; Design considerations
— Limits, fits and standardization; Friction and lubrication.

Free-body Diagrams
Force analysis of machine elements and machine systems;
Application to power screws and couplings, clutches, and brakes.

Failure Theories

Static failure theories including normal stress theory, shear stress
theory, distortion energy theory; von Mises stress; Factor of safety;
Stress concentration factors; Fatigue failure theories: mean and
alternating stresses, yield, ultimate, and endurance strength;
Goodman, Gerber, and Soderberg lines.

Design of Machine Elements

Springs — Helical compression, tension, torsional and leaf springs;
Fasteners — threaded fasteners, bolted joints, preloaded bolts,
rivets and welded joints; Shafts — shafts under static and fatigue
loadings; Keys; Sliding and rolling contact bearings; Transmission
elements — transmission ratio and efficiency of spur, helical, bevel
and worm gears; belt and chain drives; Flywheels.
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10

9.5

9.6

10.1

10.2

103

104

10.5

10.6

Vibrations of Machine Elements

Single degree-of-freedom systems; Natural frequency and critical
damping; Forced vibration; Resonance; Balancing of reciprocating
and rotating masses; Torsional vibration and critical speeds of
shafts.

Mechanical Systems

Case studies on automobile suspensions, automatic transmissions,
material conveyor systems, construction machinery, etc.

Mechatronics, Robotics and Control

Introduction: Electro-mechanical systems; Typical applications;
Examples — automobiles, home appliances, medical instruments,
etc.

Sensors: Transduction principles; Sensitivity, accuracy, range,
resolution, noise sources; Sensors for common engineering
measurements — proximity, force, velocity, temperature, etc.; Signal
processing and conditioning; Selection of sensors.

Actuators: Pneumatic and hydraulic actuators; Electric motors
including DC, AC, BLDC, servo and stepper motors; Solenoids and
relays; Active materials — piezoelectric and shape memory alloys.

Machine Controls: Microprocessors and their architecture; Memory
and peripheral interfacing; Programming; Microcontrollers;
Programmable Logic Controllers; PLC principle and operation;
Analog and digital input/output modules; Memory module;
Timers, internal relays, counters and data handling; Industrial
automation systems; Basic PLC programming; Industry Kkits
(Arduino, Raspberry Pi, etc.).

Robotics: Robot configurations: serial and parallel; Denavit-
Hartenberg parameters; Manipulators kinematics; Rotation matrix,
Homogenous transformation matrix; Direct and inverse Kinematics
for robot position and orientation; Workspace estimation and path
planning; Robot vision; Motion tracking; Robot programming and
control; Industrial robots - Pick and place robots, sorting,
assembly, welding, inspection, etc.

Control Theory and Systems: Basic control concepts; Feedback; Open
and closed loop control; Concept of block diagrams; P, Pl and PID
controllers; Tuning the gain of controllers; System models, transfer
functions, system response, frequency response; Root Locus method
and Bode plots.
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1

10.7

1.4

112

11.3

114

116

Computational Tools: Demonstration and projects using simulation
software (e.g., Matlab, Scilab, ROBODK) for control systems and
robotics.

Manufacturing Processes

Manufacturing Processes and Classification: Additive, subtractive and
shaping processes; Relative advantages and limitations; Inter-
dependency of geometry, material and process; Effect on product
quality and cost; Part design for manufacturability; Process selection
criteria.

Material Shaping Processes: Metal casting (sand, die and
investment casting), Bulk forming (forging, rolling, extrusion,
drawing) and sheet forming (shearing, deep drawing, bending);
Thermoplastic and thermoset plastic processes (ex. injection and
blow molding); Powder metallurgy; Metal injection molding; Glass
and composite processes (layup).

Material Removal Processes: Turning, Drilling, Milling, Grinding
and other finishing processes; Single and multi -point cutting
tools; Cutting tool materials; Cutting fluids; Material removal rates,
surface finish, accuracy, integrity and machinability

Other (unconventional) Manufacturing Processes: Abrasive Jet
Machining, Water Jet Machining; Ultrasonic Machining; Electrical
Discharge Machining, Wire EDM; Electro-Chemical Machining;
Laser Beam Machining, Plasma Arc Machining and Electron Beam
Machining; Micro and nano manufacturing.

Additive Manufacturing Processes: Extrusion; vat polymerization,
powder bed fusion; material jetting, binder jetting; direct energy
deposition and lamination processes.

Joining and Fastening Processes: Arc welding, gas welding,
shielded metal arc welding; GMAW (MIG) and GTAW (TIG); Brazing
and soldering; Solid state joining; Adhesive bonding.

Manufacturing Process Modeling (for any one process, including
simulation and industrial case study): Casting — metal flow,
solidification and cooling; application to design of gating and
feeding systems for quality and yield optimization; OR Forming -
Plastic deformation and vyield criteria; load estimation; OR
Machining — Orthogonal cutting, various force components; Chip
formation, Tool wear and tool life.

et
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12

12.1

12.2

123

124

12.5

126

12.7

Measurements and Metrology

Measurement Purpose and Parameters: Parameters — geometry
(straightness, flatness, roundness, etc.), displacement, force, speed,
torque, flow, level, pressure, temperature, acceleration, etc;
Definitions: Accuracy, precision, range, resolution, uncertainly and
error sources; Regression analysis.

Measurement Principles: Structure and examples of measurement
systems; Calibration principles; Linear and angular measurements;
Comparators; Gauge design; Interferometry.

Limits, Fit and Tolerances: Definitions; Tolerance zone and grades,
Hole and shaft system, Geometric tolerances, Tylor's principle of
gauging, Design of tolerances for various applications; Tolerance
analysis in manufacturing and assembly; Role of metrology in
Design of Manufacturing.

Mechanical Measurements and  Equipment: Dimensional
metrology — Vernier, micrometers, LVDT; Form metrology - form
tester, surface profiler, CMM, 3D scanning; Surface metrology —
optical microscopes, Laser scanning microscopes, electron
microscopy (SEM/TEM), x-ray microscopy, Raman spectroscopy;
Tool wear, workpiece quality and process metrology.

Thermal and Flow Measurement: Measurement of temperature,
thermal conductivity and diffusivity;, Flow obstruction methods;
Magnetic flow meters.

Electrical Measurements and Instruments: Signal generators and
analysis; Wave analyzer; Spectrum analyzer; Frequency counters —
measurement errors, extending the frequency range; Transducers —
types, strain gages, displacement transducers; Digital data
acquisition system - interfacing transducers to electronics control
and measuring system; Instrumentation amplifier; Isolation
amplifier; Computer-controlled test systems.

Design of Experiments and Statistical Analysis: DOE techniques;
Taguchi orthogonal arrays; Data acquisition, signal processing and
conditioning; Error of a system of ideal elements; Error probability
density function of a system of non-ideal elements; Error reduction
techniques; Quality control and assurance in industry.
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13

14

13.1

13.2

133

134

13.5

136

137

14.1

142

3"‘"

Computer Aided Design & Analysis

Introduction: Role of computers in design process; Computer
aided design, analysis and manufacturing; Computer integrated
manufacturing; Popular CAD software used in industry; Input and
output devices.

Transformations: Matrix representation of points, lines and planes;
2D transformation for translation, scaling, rotation and reflection;
Homogeneous representation &  concatenation; 3D
transformations.

Curves and Surfaces: Representation of curves; Hermite curves,
Bezier curves, B-spline curves, Rational curves; Surface modelling —
parametric representation, planar surface, surface of revolution,
Coons and bicubic patches, Bezier and B-spline surfaces.

Solid Modelling: Solid modelling techniques — sweep (linear and
curved), Boolean (constructive solid geometry) and other
techniques; Solid model representation (Boundary and
Constructive Solid Geometry); Medical modelling (pixels, scans and
voxels); Exchange standards (IGES, DXF, STEP, STL etc.).

Engineering Analysis: Introduction to finite element method;
Principle of potential energy; FE analysis of 1D element problems
(spring, bar, truss elements); Development of element stiffness
equation and their assembly; Plain strain and plain stress
problems; Domain discretization, pre-processing and post-
processing; Verification and validation; Popular CAE software used
in industry

Introduction to CFD and HT: Basic theoretical framework,
Boundary conditions, Application Examples: thermal and fluid
machines.

Design Optimization: Purpose and application of optimum design,
Primary and subsidiary design equations, Limit Equations, Normal,
redundant and incompatible specifications problems; Computer-
aided design optimization.

Manufacturing Automation

Introduction: Definition: Reasons for automating; Strategies; Types of
automation; Numerical control (NC, CNC, DNC); Introduction to CNC
programming and computer-aided process planning.

Machine and Process Automation: CNC machines, Automated flow
lines (types, selection); Work part transport and transfer
mechanisms; Feedback systems and control; Modular and
reconfigurable machines, adaptive machine controls.
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15

143

14.4

14.5

146

14.7

148

15.1

Automated Assembly Systems: Historical developments; Choice of
assembly methods; Design for automated assembly; Transfer
systems; Vibratory and non-vibratory feeders; Feed tracks, part
orienting and placing mechanisms.

Factory Automation: Lean manufacturing, Automation scalability
(fixed, programmable, flexible and reconfigurable); Design and
analysis of automated flow lines; Average production time,
production rate, line efficiency; Analysis of transfer lines without
storage; Partial and full automation.

Automation Tools and Techniques: Mechanical, electro-
mechanical, pneumatic and hydraulic systems; Sensors integration;
Process monitoring, data analysis and control using actuators;
Robots (pick, place, assembly, welding, painting, etc); Automatic
Guided Vehicles; Automated inspection and measurement (CMM
and 3D Scanning); Machine vision, Al and machine learning;
Human-machine interfaces; Examples and case studies.

Advanced Automation Trends: Digital, inclusive, smart and
distributed manufacturing; Industry 4.0; Digital transformations in
shop-floors (CIM to Smart factory; Intelligent machines to Smart
Machines; Factory automation to Distributed automation; Human
sense to system sensed).

Examples and Case Studies: Pick and place robots, testing and
sorting based systems, etc;

Orientation of parts: in-bowl and out-of-bowl toolings;
Manufacturing equipment embedded with digital data and driven
by adoptive controls; Manufacturing automation with autonomous
decisions taken by computers based on the realistic
process/machines (production conditions) data acquired from the
resources.

Production & Operations Management

Introduction: Scope of production management. Production
system and resources (machines, tooling, etc); Types of
production (batch, flow and unit), Roles of line supervisors and
production managers.
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15.2

153

154

15.5

16.1
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Project Management: Project life cycle: concept phase (RFQ
Quotations, Proposals), Project initiations, DPR preparation
(project value, business case development and feasibility study);
Project planning (obtaining resources, acquiring financing and
procuring required materials); Project team, producing quality
outputs, handling risk, acceptance criteria; Project execution
(allocation of resources, scheduling, building deliverables); Project
Monitoring and control: Project networks, progress review
(physical and financial), CPM and PERT, critical path, re-scheduling;
Project closure: acceptance of project deliverable; Analytics:
Performance, capability aggregation, cost benefit analysis,
variability ~ analysis,  Output-outcome  analysis,  project
documentation, best practices, and depository.

Production Planning and Control: Production planning, Process
planning, Resource planning, demand-utility mapping (production
capability index, forecasting models, aggregate production
planning,  materials  requirement  planning);  Inventory
Management: Economic order Quantity, discount models,
stochastic inventory models, practical inventory control models,
JIT; Supply chain and management.

Factory Management: Factory layout: line balancing, material flow
and handling, Lean and green manufacturing, Human resource
management, Training need analysis, Advantage and opportunities
for Digitalization, Advanced factory systems: TQM; Important acts,
regularities and safety norms, Reliability assessment of processes,
Block chain, Energy management, Efficiency & throughput, Overall
equipment effectiveness. Process capability, lean manufacturing.

Operation Management: Linear programming, objective function
and constraints, graphical method, Simplex and duplex algorithms,
transportation assignment; Simple queuing theory models;
Traveling Salesman problem; Network models: shortest route,
minimal spanning tree, maximum flow model.

Product Innovation & Entrepreneurship

Entrepreneurship: Role of entrepreneurship in economic
development;  Entrepreneurial ~ mindset, ~ motivation and
competencies; Market pull and technology push factors; New
product development lifecycle; Technology readiness levels;
Product-market fit validation; Commercialization pathways;
Business vision & leadership; Team composition 8 management.

n -"‘ﬂt
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16.2

16.3

164

17.1

17.2

3

174

LA

Product Innovation: Opportunity scanning, market survey, need
identification and problem definition; Creative design thinking for
concept generation; Detailed design & prototyping; Functionality
& manufacturability; Bill of materials & components supply chain;
Manufacturing & assembly plan; Product testing & quality
assurance; Intellectual property rights management.

Marketing & Finance: Market segmentation & market sizing;
Customer persona & value proposition; Marketing (Go-to-market)
strategy; Distribution channels and sales network; Funding
requirement (based on stage); Source of funding for startup
ventures; Financial projections and accounting; Startup to scale up
financing.

Venture Creation: Sustainable business options & pathways;
Business model & business canvas; Startup team & business
partners; Startup ecosystem and stakeholders; Technology
business incubators & parks; Proposal pitching & agreements;
Startup company incorporation; Social impact & responsibility.

Refrigeration and Air Conditioning

Introduction: Basic Definitions of Refrigeration and Air-Conditioning;
History of Refrigeration; Natural and Artificial Refrigeration Methods;
Techniques to produce low temperatures; Applications of
Refrigeration; Refrigerants- Classification, Nomenclature, Desirable
Properties, Selection.

Air Refrigeration: Air Refrigeration Cycles - reversed Carnot cycle;
Bell-Coleman cycle analysis; various methods of Aircraft
Refrigeration: Analysis, Merits and demerits.

Vapor Compression Refrigeration System: Ideal VCR cycle
(Working, Analysis and Limitations); Standard VCRS (Working and
Analysis); Methods to improve performance of VCR; Multi-Stage
VCRS; Cascade Refrigeration.

Components of Refrigeration Systems: Compressors: Positive
Displacement (Reciprocating and Rotary); Dynamic (Centrifugal
and Axial) Compressors; Condensers and Evaporators (Both
Natural and Forced Convection type); Expansion Devices and other
components of the system.

Vapor Absorption Systems: Working and Analysis; Absorbent -
Refrigerant combinations; Water-Ammonia Systems; Water-
Lithium Bromide System; Modified Version of Aqua-Ammonia
System with Rectifier and Analyzer Assembly.

ot
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17.6

VT

17.8

18.1

18.2

18.3

184

18.5

18.6

Other Refrigeration systems: Brief Discussion on (i) Steam-Jet
refrigeration  system; (i) Vortex tube refrigeration; (iii)
Thermoelectric  refrigeration  system; and (iv) Magnetic
refrigeration.

Psychrometry: Classification of Air-Conditioning Systems; ASHRAE
Nomenclature; Applications of Air-Conditioning; Psychrometry -
Air-water vapor mixtures; Psychrometric Properties; Psychrometric
or Air-Conditioning processes; Psychrometric Chart.

Air-Conditioning Systems: Classification of Air-Conditioning
Systems; Psychrometry of Air-Conditioning Systems; Thermal
Comfort (Definition and Psychrometric Properties for Thermal
Comfort); Mathematical Analysis of Air-Conditioning Systems;
Cooling and Heating Load Estimation; a brief discussion on
Ventilation.

Power Plant Engineering

Introduction: Power plants — types and classification based on
energy sources.

Coal based Thermal Power Plants: Basic Rankine cycle and its
modifications: Layout of modern coal power plant; Super critical
boilers, FBC boilers; Turbines, condensers, steam and heating rates;
Subsystems of thermal power plants; Fuel and ash handling;
Draught system; Feed water treatment; Binary cycles and
cogeneration systems.

Gas Turbine and Combined Cycle Power Plants: Brayton cycle
analysis and optimization; Components of gas turbine power
plants; Combined cycle power plants; Integrated Gasifier based
Combined Cycle (IGCC) systems.

Nuclear Power Plants: Basics of nuclear energy conversion; Layout
and subsystems of nuclear power plants; Boiling Water Reactor
(BWR); Pressurized Water Reactor (PWR); CANDU Reactor;
Pressurized Heavy Water Reactor (PHWR); Fast Breeder Reactors
(FBR): Gas cooled and liquid metal cooled reactors; Safety
measures for nuclear power plants.

Hydroelectric Power Plants: Classification; Typical layout and
components.

Renewable Power Systems: Principles of wind, tidal, solar photo-
voltaic, solar thermal, geothermal, biogas and fuel cell power
systems.
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19.1

19.2

19.3

194

19.5
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Energy Economics and Environment: Economic and environmental
issues: Power tariffs; Load distribution parameters; Load curve;
Capital and operating cost of different power plants; Pollution
control technologies including waste disposal options for coal and
nuclear plants.

Additive Manufacturing

Introduction to Additive Manufacturing (AM): Evolution of AM/3D
printing; Comparison with subtractive and forming processes;
Advantages of AM; Classification of AM processes; Key steps in
AM.

Liquid State-based AM Processes: Stereo lithography — Process
and working principle; Photopolymers; Photo polymerization,
layering technology, Laser and Laser scanning; Micro-
stereolithography; Equipment and specifications; Applications,
advantages, disadvantages, examples; Solid ground curing:
Process, Working principle; Equipment and specifications;
Applications, advantages, disadvantages, examples.

Solid State-based AM Processes: Fused Deposition Modeling —
Process, working principle and materials; Equipment and
specifications; Laminated object manufacturing - Process and
working principle; Equipment and specifications; Applications,
advantages, disadvantages, examples; Other solid-state processes
- Ultrasonic  consolidation,  Gluing, Thermal  bonding;
Demonstration of equipment.

Powder Based AM Processes: Powder Bed Fusion Processes -
Working principle and materials; Powder fusion mechanism and
powder handling; Various LBF processes (principle, materials,
applications and examples) — Selective laser Sintering, Electron
Beam Melting, Laser Engineered Net Shaping, Binder Jetting and
Direct Metal Deposition; Comparison between LBF processes;
Materials-process-structure-property relationships; relative
advantages and limitations.

Applications of AM: Product development lifecycle applications -
Rapid prototyping, concept models, visualization aids, replacement
parts, tooling, jigs and fixtures, moulds and casting; Application
sectors — aerospace, automobile, medical, jewelry, sports,
electronics, food, architecture, construction and others.
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Automobile Engineering

Introduction: History of automobiles; Classification of automobiles;
Power plant classification; Engine terminology; Types of cycles;
Working principle of an IC engine; Advanced classification of
engines and multi cylinder engines; Engine balance and firing
order.

Fuel System, Ignition System and Electrical system: Spark Ignition
engines — fuel tank, fuel filter, fuel pump, air filter, carburetor, direct
injection of petrol engines; Compression Ignition engines — fuel
injection (air and solid), pressure charging, super charging and turbo
charging; /gnition systems — components, battery ignition, magneto
ignition, electronic ignition and ignition timing; Main electrical circuits
-~ generating & starting circuit, lighting, indicating devices.

Lubricating System and Cooling System: Functions & properties of
lubricants, methods of lubrication; Oil filters, oil pumps, oil coolers;
Characteristics of an effective cooling system; types of cooling
systems; Radiator, thermostat, air cooling & water cooling.

Chassis &Transmission: Parts of automobile body; Automobile frames
— functions, constructions, sub frames, materials and defects;
Transmission — axles, clutches, propeller shafts, differential, gear
boxes, automatic transmission, electronic transmission control,
functions and types of front and rear axles, types and functions of
clutches, Hotchkiss drive torque tube drive, traction control.

Steering, Braking and Suspension: Steering mechanism, steering gear
box types, wheel geometry; Brakes — principle, functions, types,
construction, operation and parking brake; Suspension - types of
spring shock absorbers, objectives and types of suspension system,
rear axle suspension, electronic control and proactive suspension
system.

Automotive Air Conditioning: Ventilation, heating, air condition,
refrigerant, compressor and evaporator.

Recent Trends: E-vehicles; Satellite-based navigation; Automated
steering; Environment effect and mitigation.
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Reference prepage:

Syllabus for filling up the eight post of Assistant Engineer (Mechanical) has been

prepared as detailed below as submitted for kind perusal:

SYLLABUS FOR MECHANICAL ENGINEERING

Basics:

1.1 General Principles of Design, Drawing, Importance of Safety.

12 Standards and Quality practices in production, construction,
maintenance and services.

1.3 Basics of Energy and Environment: Conservation, environmental
pollution and degradation, Climate Change, Environmental impact
assessment.

1.4 Basics of Project Management.

1.5 Strength of Materials.

Basic Engineering Mechanics

Introduction to Engineering Mechanics, Basic concepts, System of Forces,
Coplanar Concurrent Forces, Components in Space — Resultant- Moment of
Forces and its Application; Couples and Resultant of Force System,
Equilibrium of System of Forces, Free body diagrams, Equations of
Equilibrium of Coplanar Systems and Spatial Systems; Friction covering,
Types of friction, Limiting friction, Laws of Friction, Static and Dynamic
Friction: Motion of Bodies, wedge friction, screw jack & differential screw
jack; Centroid and Centre of Gravity covering, Centroid of simple figures
from first principle, centroid of composite sections; Centre of Gravity and its
implications; Area moment of inertia- Definition, Moment of inertia of

plaiie sections from first principles, Theorems of moment of inertia,
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Moment of inertia of standard sections and composite sections; Mass
moment inertia of circular plate, Cylinder, Cone, Sphere, Hook; Module
4:Introduction to Dynamics covering, Basic terms, general principles in
dynamics; Types of motion, Instantaneous centre of rotation in plane
motion and simple problems; D"Alembert"s principle and its applications in
plane motion and connected bodies; Work energy principle and its
application in plane motion of connected bodies; Kinetics of rigid body
rotation; Mechanical Vibrations covering, Basic terminology, free and forced
vibrations, resonance and its effects; Degree of freedom; Derivation for
frequency and amplitude of free vibrations without damping and single
degree of freedom system, simple problems, types of pendulum, use of

simple, compound and torsion pendulums;

Engineering Materials

Basic Crystallography- Crystal structure — BCC, FCC and HCP structure - unt
cell —crystallographic planes and directions, miller indices. Crystal
imperfections, point, line, planar andvolume defects — Grain size, ASTM
grain size number. Frank Reed source of dislocation Elastic &plastic modes
of deformation, slip & twinning, strain hardening, seasons cracking,
Bauschinger“seffect, yield point phenomenon, cold/hot working, recovery,
re-crystallization, and grain growth,strengthening of metals.

Constitution of Alloys and Phase Diagrams- Constitution of alloys - Solid
solutions -substitutional and interstitial. Phase diagrams, Isomorphous,
eutectic, peritectic, eutectoid andperitectoid reactions. Iron — Iron carbide
equilibrium diagram. Classification of steel and cast-lronmicrostructure,
properties and application.

Heat Treatment- Definition — Full annealing, stress relief, recrystallisation

e*™ _antfspheroidizing — normalising, hardening and tempering of steel.

““Isothermal transformation diagrams—cooling curves superimposed on |.T.
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diagram CCR Hardenability, Jominy end quench test —Aus tempering,
martempering. Case hardening, carburising, nitriding,  cyaniding,
carbonitriding —Flame and Induction hardening.

Ferrous and Non-Ferrous Metals- Effect of alloying additions on steel (Mn,
Si, Cr, Mo,V Ti & W) - stainless and tool steels — HSLA. Gray, White
malleable, spheroidal -Graphite — alloycast-iron. Copper and Copper alloys
— Brass, Bronze and Cupronickel. Aluminium and Al-Cu —precipitation
strengthening treatment — Bearing alloys.

Fluid Mechanics:

Basic Concepts and Properties of Fluids, Manometry, Fluid Statics,
Buoyancy, Equations of Motion, Bernoulli's equation and applications,
Viscous flow of incompressible fluids, Laminar and Turbulent flows, Flow

through pipes and head losses in pipes.
Thermodynamics and Heat transfer:

Thermodynamic systems and processes; properties of pure substance;
Zeroth, First and Second Laws of Thermodynamics; Entropy, Irreversibility
and availability; analysis of thermodynamic cycles related to energy
conversion: Rankine, Otto, Diesel and Dual Cycles; ideal and real gases;
compressibility factor; Gas mixtures. Modes of heat transfer, Steady and
unsteady heat conduction, Thermal resistance, Fins, Free and forced
convection, Correlations for convective heat transfer, Radiative heat transfer
_ Radiation heat transfer co-efficient; boiling and condensation, Heat

exchanger performance analysis.
IC Engines, Refrigeration and Air conditioning:

SI and Cl Engines, Engine Systems and Components, Performance

characteristics and testing of IC Engines; Fuels; Emissions and Emission

coct® ‘N\(\nﬁahtrol. Vapour compression refrigeration, Refrigerants and Working
N
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cycles, Compressors, Condensers, Evaporators and Expansion devices, other
types of refrigeration systems like Vapour Absorption, Vapour jet, thermo
electric and Vortex tube refrigeration. Psychometric properties and
processes, Comfort chart, Comfort and industrial air conditioning, Load

calculations and Heat pumps.
Turbo Machinery:

Reciprocating and Rotary pumps, Pelton wheel, Kaplan and Francis
Turbines, velocity diagrams, Impulse and Reaction principles, Steam and
Gas Turbines, Theory of Jet Propulsion — Pulse jet and Ram Jet Engines,

Reciprocating and Rotary Compressors — Theory and Applications
Power Plant Engineering:

Rankine and Brayton cycles with regeneration and reheat, Fuels and their
properties, Flue gas analysis, Boilers, steam turbines and other power plant
components like condensers, air ejectors, electrostatic precipitators and

cooling towers — their theory and design, types and applications;
Renewable Sources of Energy:

Solar Radiation, Solar Thermal Energy collection - Flat Plate and focusing
collectors their materials and performance. Solar Thermal Energy Storage,
Applications — heating, cooling and Power Generation; Solar Photovoltaic
Conversion; Harnessing of Wind Energy, Bio-mass and Tidal Energy —

Methods and Applications, Working principles of Fuel Cells.
Engineering Mechanics:

Analysis of System of Forces, Friction, Centroid and Centre of Gravity,
Dynamics; Stresses and Strains-Compound Stresses and Strains, Bending

Moment and Shear Force Diagrams, Theory of Bending Stresses- Slope and

- s13N "fq_g.ﬂection—Torsion, Thin and thick Cylinders, Spheres.

ey T
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Engineering Materials:

Basic Crystallography, Alloys and Phase diagrams, Heat Treatment, Ferrous
and Non-Ferrous Metals, Non-metallic materials, Basics of Nano-materials,

Mechanical Properties and Testing, Corrosion prevention and control
Mechanisms and Machines:

Types of Kinematics Pair, Mobility, Inversions, Kinematic Analysis, Velocity
and Acceleration Analysis of Planar Mechanisms, CAMs with uniform
acceleration and retardation, cycloidal motion, oscillating followers;
Vibrations —Free and forced vibration of undamped and damped SDOF
systems, Transmissibility Ratio, Vibration Isolation, Critical Speed of Shafts.
Gears — Geometry of tooth profiles, Law of gearing, Involute profile,
Interference, Helical, Spiral and Worm Gears, Gear Trains- Simple,

compound and Epicyclic;

Dynamic Analysis — Slider — crank mechanisms, turning moment
computations, balancing of Revolving & Reciprocating masses, Gyroscopes

—Effect of Gyroscopic couple on automobiles, ships and aircrafts, Governors.
Design of Machine Elements:

Design for static and dynamic loading; failure theories; fatigue strength and
the S-N diagram; principles of the design of machine elements such as
riveted, welded and bolted joints. Shafts, Spur gears, rolling and sliding

contact bearings, Brakes and clutches, flywheels.
Manufacturing, Industrial and Maintenance Engineering:

Metal casting-Metal forming, Metal Joining, Machining and machine tool
operations, Limits, fits and tolerances, Metrology and inspection, computer
Integrated manufacturing, FMS, Production planning and Control, Inventory

control and operations research - CPM-PERT. Failure concepts and

“ament
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characteristics-Reliability, Failure analysis, Machine Vibration, Data
acquisition, Fault Detection, Vibration Monitoring, Field Balancing of Rotors,
Noise Monitoring, Wear and Debris Analysis, Signature Analysis, NDT

Techniques in Condition Monitoring.
Mechatronics and Robotics:

Microprocessors and Microcontrollers: Architecture, programming, 1/0,
Computer interfacing, Programmable logic controller. Sensors and
actuators, Piezoelectric accelerometer, Hall effect sensor, Optical Encoder,
Resolver, Induction, Pneumatic and Hydraulic actuators, stepper motor,
Control Systems- Mathematical modelling of Physical systems, control
signals, controllability and observability. Robotics, Robot Classification,
Robot Specification, notation; Direct and Inverse Kinematics; Homogeneous

Coordinates and Arm Equation of four Axis SCARA Robot.
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