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Lecture Roadmap & Learning Outcomes
Five Design Thinking stages structure our 1-hour journey

01

Empathize

Global & India 
manufacturing 

challenge

02

Define

ME's role across 
manufacturing

03

Ideate

Core processes & 
technologies

04

Prototype

Advanced & smart 
manufacturing

05

Test

Case studies, 
sustainability & 

careers

 Outcome: Connect ME fundamentals to real manufacturing systems, processes, and careers
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EMPATHIZE — Why Manufacturing 
Matters
Manufacturing is the backbone of industrial civilisation

16%

of global GDP from
manufacturing (World Bank)

340 Million+

manufacturing jobs
worldwide

₹28 Lakh Cr

India's manufacturing
GDP (2023–24)

• Everything physical is manufactured — phones, bridges, medical devices, aircraft engines, satellites

• Make in India: Raise manufacturing from 17% to 25% of GDP by 2025 — requires 100M+ skilled workers

• Global supply chain realignment post-COVID: India positioned as 'China+1' manufacturing hub

• Defence self-reliance (Atmanirbhar Bharat): 68% defence procurement from domestic manufacturers

• ME graduates are the designers, process engineers, and quality managers who make it all happen
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India's Manufacturing Landscape
Key sectors and the Make in India vision

Auto & Auto Components

13% of mfg GDP; 2nd largest 2-wheeler market globally

Defence & Aerospace

₹1 lakh cr target; DRDO, HAL, BEL, private players

Pharmaceuticals

3rd largest globally by volume; ₹4.7 lakh cr market

Electronics & Semicon

India Semiconductor Mission: ₹76,000 cr investment

Steel & Metals

2nd largest steel producer; 126 MT capacity (2023)

Textiles & Apparel

5th largest globally; high ME content in machinery

PLI Scheme: ₹1.97 lakh crore incentives across 14 sectors — fastest industrial expansion in India's history
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DEFINE — What Is Manufacturing?
The science and art of transforming materials into useful products

Raw
Material

Design &
Engineering

Process &
Fabrication

Assembly &
Quality

Finished
Product

ME contributes at EVERY stage — materials selection, process design, tooling, quality, logistics

• Manufacturing = applying physical, chemical, and mechanical processes to change the form/properties of materials

• Three key inputs: Material (what we shape), Energy (power for machines), Information (design, tolerances, specs)

• Discrete manufacturing: individual parts (cars, phones) vs Process manufacturing: bulk output (steel, cement, 
chemicals)

• Value addition: A ₹50 steel rod becomes a ₹500 precision shaft through machining — 10× value creation by ME

• ME subjects that apply: Materials Science, Manufacturing Processes, Metrology, Machine Design, Thermodynamics
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The Mechanical Engineer's Role in 
Manufacturing
Every stage of production relies on core ME expertise

Product Design

Creating CAD models, tolerance specifications using GD&T 
— defining exactly what is made.

Process Engineering

Selecting and optimising manufacturing processes: 
machine, parameters, and operation sequence.

Tooling & Fixtures

Designing cutting tools, jigs, moulds, and fixtures that hold 
work-pieces with precision.

Quality & Metrology

Designing inspection systems, SPC, CMM measurement, 
and zero-defect strategies.

Automation & Robotics

Programming CNC machines, robots, and automated 
assembly lines for efficiency.

Lean & Sustainability

Eliminating waste (Lean/Six Sigma), reducing energy use, 
designing for circular economy.
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IDEATE — Classification of Manufacturing 
Processes
Five fundamental ways we shape, join, and transform materials

CASTING &

FORMING

• Sand casting

• Die casting

• Forging

• Rolling

• Extrusion

• Deep drawing

MACHINING &

CUTTING

• Turning (Lathe)

• Milling

• Drilling

• Grinding

• EDM

• Laser cutting

JOINING

• MIG/TIG Welding

• Brazing

• Soldering

• Adhesive bonding

• Riveting

• Fastening

ADDITIVE

(3D Print)

• FDM

• SLA / SLS

• DMLS / SLM

• Binder jetting

• DED

• Bioprinting

SURFACE &

FINISHING

• Electroplating

• Anodising

• PVD coating

• Heat treatment

• Shot peening

• Painting

No single process is 'best' — the right choice depends on material, geometry, volume, tolerance, and cost
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Casting & Metal Forming — Shaping Bulk 
Material
India is the world's 2nd largest casting producer — 12 million tonnes/year

• Sand Casting: Molten metal poured into sand moulds — low cost, 
complex shapes, used for engine blocks and pump housings

• Die Casting: High-pressure injection into metal dies — fast, precise; 
aluminium alloys for auto components (pistons, gearboxes)

• Forging: Compressive force shapes hot/cold metal — produces 
strongest parts; crankshafts, connecting rods, landing gear

• Rolling: Metal passed through rollers to form sheets, bars, rails — steel 
plants use hot and cold rolling mills

• Extrusion: Material forced through a die to form cross-sectional profiles 
— aluminium window frames, copper tubes

• Deep Drawing: Sheet metal pulled into cup shapes — car body panels, 
beverage cans, pressure vessels

Sand Casting — Process Steps

1 Pattern making (wood/plastic model)

2 Moulding (pack sand around pattern)

3 Melting metal in furnace

4 Pouring molten metal into mould

5 Solidification & cooling

6 Shake-out, fettling & inspection
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Machining — Precision Subtractive 
Manufacturing
The most widely used family of manufacturing processes in engineering

Turning (Lathe)

Rotating workpiece; single-point tool removes material. 
Produces cylinders, cones, threads. The most common process 
globally.

Milling

Rotating multi-tooth cutter; table moves workpiece. Produces 
flat surfaces, slots, pockets, and complex 3D contours.

Grinding

Abrasive wheel removes tiny chips. Achieves Ra 0.1–0.4 μm 
surface finish and IT4–IT6 tolerances. Always a finishing 
operation.

EDM (Spark Eros)

Electrical sparks erode material — no mechanical force. 
Machines hardened steels and exotic alloys impossible to cut 
conventionally.

• Cutting tool materials: HSS → Carbide → CBN → Diamond — progressively harder, faster, more precise and costly

• CNC Machining: Computer-controlled axes replace manual operation — G-code programs drive machines to ±1 μm accuracy

• Tolerance: IT6 on a 50mm shaft = ±8 μm — 10× thinner than a human hair — standard for engine mating surfaces
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Welding & Joining — Connecting the 
World
Every bridge, ship, pipeline, and pressure vessel is held together by welds

• MIG Welding (GMAW): Wire electrode, shielding gas — most common 
industrial process; car body shells, steel structures

• TIG Welding (GTAW): Tungsten electrode, filler rod — highest quality 
welds; aerospace, food industry, thin precision metals

• Submerged Arc Welding: Flux-covered arc; high deposition rate — thick 
steel pressure vessels and shipbuilding

• Friction Stir Welding (FSW): Solid-state process; no melting — 
aerospace aluminium (aircraft fuselage panels, EV battery trays)

• Laser Beam Welding: Focused laser; minimal distortion — battery 
packs, medical devices, precision assemblies

• Adhesive Bonding: Structural epoxies; bonds dissimilar materials — 
CFRP to metal in aircraft and EV chassis structures

Industry Applications

 Automotive

Spot welds (3000+ per car), laser tailor-welded blanks

 Aerospace

FSW fuselage panels; TIG for engine components

 Oil & Gas

Pipeline girth welds (SAW); pressure vessel fabrication

 Shipbuilding

Large-scale MIG/MAG on hull sections and decks

 Construction

Structural steel frames; rebar welding for bridges

 Power

Boiler tubes, turbine casings, nuclear pressure vessels
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Additive Manufacturing — Layer by 
Layer Revolution
3D printing is not the future — it is transforming manufacturing right now

• AM builds components layer by layer from a digital 3D model — no 
moulds, no tooling needed, direct from CAD to part

• FDM (Fused Deposition Modelling): Plastic filament melted and 
deposited — rapid prototyping, tooling jigs, medical models

• SLM/DMLS (Selective Laser Melting): Metal powder fused by laser — 
aerospace turbine blades, surgical implants, injection dies

• Topology Optimisation + AM: Design internal lattice structures 
impossible with subtractive methods — 40–60% weight savings

• GE Aviation LEAP engine fuel nozzle: 25% lighter, 5× more durable — 
20 welded parts replaced by 1 printed component

• ISRO and HAL use SLM to print titanium brackets for satellite 
structures and aircraft component repair

$35B+

Global AM market (2024)

60–70%

Lead time reduction vs. traditional tooling

HAL/ISRO

Use metal AM for aerospace components in India

• Limitation: Slower than mass production for identical parts; post-processing often needed for metal AM surface finish
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Engineering Materials — What We 
Manufacture With
Material selection is the first and most critical design decision in manufacturing

Metals & Alloys

Examples: Steel, aluminium, titanium, copper, nickel superalloys

Most machinable, weldable, heat-treatable. Foundation of all 
structural manufacturing.

Polymers (Plastics)

Examples: Nylon, PEEK, HDPE, polycarbonate, elastomers

Injection moulding, extrusion; ideal for light, complex, non-
structural components.

Ceramics

Examples: Alumina, zirconia, SiC, cubic boron nitride

Extreme hardness and heat resistance; cutting tool inserts, engine 
wear surfaces.

Composites (CFRP)

Examples: Carbon fibre, GFRP, MMC, PMC laminates

Highest strength-to-weight ratio; aircraft fuselages, sports 
equipment, EV chassis.

Smart Materials

Examples: Shape memory alloys (Nitinol), piezoelectrics

Actuators within structures; active vibration control, MEMS sensors 
and devices.

Biomaterials

Examples: Ti-6Al-4V implants, UHMWPE, hydroxyapatite

Biocompatibility + mechanical properties; joint replacements, bone 
screws, stents.
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Quality Control & Metrology — Measuring 
Perfection
"If you cannot measure it, you cannot improve it." — Lord Kelvin

• Metrology: The science of measurement — foundation of 
interchangeable manufacturing since the Industrial Revolution

• Dimensional tolerances: IT grades (IT6–IT9 for precision parts); 
surface roughness Ra 0.4–3.2 μm for mating surfaces

• CMM (Coordinate Measuring Machine): Touch probe scans 
geometry in 3D; accuracy to ±1 μm; compares against CAD model

• SPC (Statistical Process Control): Control charts (X̄-R charts) monitor 
process drift before defects occur

• NDT Methods: Ultrasonic, X-ray, dye penetrant, magnetic particle — 
detect internal flaws without destroying the part

• Six Sigma (6σ): Fewer than 3.4 defects per million opportunities; 
used by GE, Honeywell, TCS, Bosch globally

Quality Cost Principle

₹1

Design stage

₹10

Manufacturing

₹100

Final inspection

₹1,000

After delivery

₹1 Cr+

Customer recall
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PROTOTYPE — CNC, Automation & 
Industrial Robotics
The fourth industrial revolution is reshaping every factory floor

• CNC (Computer Numerical Control): G-code programs drive machine 
axes to ±1 μm — standard across all global manufacturers

• 5-axis CNC Machining: Simultaneous X, Y, Z + 2 rotary axes — complete 
complex aerospace parts in one setup

• Industrial Robot: 6-DOF arm; repetitive tasks with ±0.02 mm 
repeatability — welding, painting, pick-and-place

• Collaborative Robot (Cobot): Works alongside humans without safety 
cages — SMEs, assembly, inspection tasks

• AGV/AMR: Autonomous mobile robots transport parts between 
workstations — auto plants, Amazon warehouses

• India robot density: 4 per 10,000 workers (vs global avg 141, South 
Korea 932) — enormous automation opportunity

Automation Hierarchy

ERP / MES: Business & 
Production Planning

SCADA / HMI: Supervisory Control & 
Monitoring

PLC / DCS: Control Logic Layer

CNC / Robots: Machine & Robot Control

Sensors / Motors: Field Devices & Actuators
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Industry 4.0 — The Smart Manufacturing 
Revolution
Physical + digital systems are converging on the factory floor

IoT & Cyber-Physical

Sensors on every machine → real-time production data → 
digital twin simulation

AI & Machine Learning

Predictive maintenance, visual quality inspection, process 
optimisation via ML algorithms

Digital Twin

Virtual replica of physical factory runs in sync — test changes 
before implementing on real line

Advanced Robotics

AI-guided robots adapt to variation — no longer fixed-
programme; collaborative and learning

Additive + Hybrid CNC

In-line 3D printing combined with machining — multi-process 
CNC centres

Cloud & Big Data

Factory data streams to cloud analytics — supply chain 
visibility and carbon tracking

India's Smart Mfg Hubs: Pune (auto) · Bengaluru (aerospace) · Coimbatore (pumps/textiles) · Faridabad (general engineering)
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Lean Manufacturing — Eliminating Waste, Maximising 
Value
Toyota Production System: The most influential manufacturing philosophy ever developed

The 7 Wastes (TIMWOOD)

T Transport: Moving materials unnecessarily

I Inventory: Excess stock consuming cash & space

M Motion: Unnecessary worker movement

W Waiting: Idle time between operations

O Overproduction: Making more than needed

O Overprocessing: More quality than required

D Defects: Rework, scrap, customer returns

Key Lean Tools

5S Sort, Set, Shine, Standardise, Sustain — workplace 
organisation

Kanban Pull-based cards signal replenishment — eliminates 
overproduction

Kaizen Continuous improvement by all employees — 1% 
better every day

VSM Value Stream Map — visualise material flow, identify 
all waste

Poka-Yoke Error-proofing devices — make defects physically 
impossible

SMED Single Minute Exchange of Die — changeover below 10 
minutes
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TEST — Case Studies: India 
Manufacturing Excellence
Real engineering achievements from Indian industry

Maruti Suzuki — Manesar Plant

900,000 vehicles/year; highest auto productivity in India | 800+ robots on weld shop floor  •  Lean manufacturing: 52-second takt time; JIT 
supply from 300+ tier-1 suppliers within 50 km  •  ME systems: robotic press shops, engine assembly lines, CMM quality labs, paint shop 
automation

HAL — Tejas Light Combat Aircraft

India's indigenous supersonic fighter — 40 years of accumulated ME manufacturing knowledge  •  CFRP composites form 45% of airframe 
by weight; CNC-machined titanium frames to ±0.05 mm  •  100% NDT inspection of all structural components; AS9100 aerospace quality 
standard

Kirloskar Brothers — Pump Manufacturing

Established 1888; world's largest pump manufacturer by product range; exports to 100+ nations  •  Coimbatore facility: precision casting 
foundry, CNC machining centre, hydraulic test rigs  •  Designs to API, BS, ISO standards; pure precision ME applied to fluid engineering
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Global Manufacturing Benchmarks — 
World-Class ME
Learning from the best manufacturing organisations on Earth

BMW Leipzig Plant, Germany

CFRP EV body manufacturing; 270 robots; CFRP recycling loops — most technically advanced car plant on Earth

Toyota Motomachi, Japan

Birthplace of TPS/Lean; 98-second takt time; <60 PPM defect rate; Kaizen culture — global manufacturing benchmark

SpaceX Hawthorne, USA

Vertical integration: design→machining→welding→testing in-house; AM rocket parts; 10× faster than traditional aerospace

Samsung Pyeongtaek Fab, Korea

World's largest semiconductor fab; EUV lithography; Class-1 cleanroom; ±1 nm process tolerance
 Each of these plants employs thousands of ME graduates — many trained at universities like yours
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Sustainable & Green Manufacturing
Manufacturing accounts for ~30% of global energy use — ME must lead the change

Circular Economy

Design for disassembly, remanufacturing, and material 
recovery — extend product life beyond first use

Energy Efficiency

Motor drive optimisation, waste heat recovery, LED 
factory lighting — 20–30% energy savings typical

Design for Env (DfE)

Life Cycle Assessment (LCA) from raw material to end-of-
life; minimise carbon per product unit

Green Chemistry

Waterborne coatings replace solvent-based; dry 
machining eliminates cutting fluid waste and disposal

• India BEE PAT Scheme: Mandates energy reduction targets for 13 energy-intensive industrial sectors including steel and cement

• Green Steel: Tata Steel, JSPL investing in hydrogen-based DRI and electric arc furnaces to decarbonise steelmaking

• Extended Producer Responsibility (EPR): Manufacturers responsible for end-of-life product collection and recycling
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Career Pathways — ME in Manufacturing
From production floors to boardrooms — the manufacturing career ladder

Manufacturing / Process Engineer

 Maruti / Tata Motors / Bosch

 ₹5–14 LPA

Quality Engineer (Six Sigma)

 GE / Honeywell / TVS Group

 ₹6–16 LPA

CNC & Automation Engineer

 FANUC / Siemens / DMG Mori

 ₹7–18 LPA

R&D / New Product Development

 DRDO / HAL / L&T Technology

 ₹8–20 LPA

Supply Chain & Operations Mgr

 Amazon / Flipkart / Mahindra

 ₹8–22 LPA

Consulting / Industry 4.0

 McKinsey / Deloitte / PwC

 ₹14–35 LPA
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MIND MAP — Mechanical Engineering in the Manufacturing Sector

ME in

MANUF.
PROCESSES

Casting

Machining

Welding

3D PrintME SKILLS

Materials

Metrology

CAD/CAM
DFM

QUALITY

Six Sigma
SPC

NDT

CMM

AUTOMATION

CNC

Robotics

PLC

Ind. 4.0 CAREERS

Process Eng

Quality Eng

R&D
Consulting

INDIA &

GLOBAL

Make in India
Toyota TPS

HAL/DRDO

SpaceX
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