Mechanical Engineering
in the Automotive Sector

A Design Thinking Approach

First Year Mechanical Engineering | 60-Minute Lecture



Lecture Roadmap — Design Thinking Framework

EMPATHIZE DEFINE IDEATE PROTOTYPE

Automotive Overview ME Sub-disciplines Design & Manufacturing R&D, EV, Smart Tech Testing, Quality
Global & India Context Automobile Systems Materials & Dynamics Sustainability Career Paths

&% Visual Suggestion: Design Thinking cycle diagram

ME & Automotive Sector | First Year Mechanical Engineering 2



EMPATHIZE — Global Automotive Industry at a Glance

A AT e a s, o

90M+ S3T+ ]\Y!

Vehicles produced Industry market Jobs worldwide
globally per year cap (USD) (direct + indirect)

India's rank in
global production

Key Context:

J Automotive sector is one of the largest consumers of mechanical engineering talent globally

. Top producing nations: China (~30M), USA (~10M), India (~5M), Japan, Germany

o India's FAME Il policy and PLI scheme are fueling massive growth in EV production

J Every modern vehicle contains 30,000+ components — most designed by mechanical engineers

J Sector contributes ~7.1% to India's GDP and employs 37 million people (SIAM, 2023)

ME & Automotive Sector | First Year Mechanical Engineering



EMPATHIZE — Mechanical Engineering: The Mother of All Engineering

Definition Core Domains of ME

"Mechanical Engineering applies principles of physics,

. . . . Thermodynamics & Heat Transfer
mathematics, and materials science to design, analyse,

manufacture, and maintain mechanical systems."

“. Solid Mechanics & Structures

s Manufacturing Processes

= Visual Suggestion: Venn diagram showing ME iIrséctiﬂylﬁ'ﬁhiﬂﬁ/ﬁ@ﬁiﬁﬂ&mmﬁi&ience

. Fluid Mechanics i
esign, manufacturing, materials, and controls

o ME is called the 'mother branch' — it forms the foundation fortrospace, civil, chemical, and automotive engineering

o Automotive engineering is a specialisation within ME combinin

o In India, NITs, lITs, and VTU produce ~200,000 ME graduates annually — many enter the automotive sector

J Problem-solving at every scale: from microscopic bearing failures to full vehicle crash simulation
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DEFINE — Anatomy of an Automobile: Key Systems

- Internal Combustion / Electric Motor

—> Transmission & Gearbox

— Drive Shaft & Differential

— Monocoque / Ladder Frame

- Suspension System

- Steering Geometry (Ackermann)

— Disc / Drum Brakes

- ABS & EBD

- Regenerative Braking (EV)

Body & Aerodynamics Electrical Systems Thermal Systems

- Sheet Metal & Composites

- Drag Coefficient (Cd) Design

- Crash Zones & Safety Cells

- ECU & Sensor Networks

—> CAN Bus Architecture

- Battery Management (EV)

- Cooling & HVAC

—> Exhaust & Emission Control

- Heat Exchangers

) Visual Suggestion: Exploded diagram of a passenger car showing all major subsystems
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DEFINE — ME Sub-disciplines in the Automotive Context

S TSGR

ME Sub-discipline

Automotive Application

Thermodynamics

Fluid Mechanics

Solid Mechanics

Manufacturing Engg.

Machine Design

Control Systems

Engine combustion, efficiency analysis

Fuel systems, aerodynamic drag

Crash analysis, fatigue life prediction

Precision machining, welding processes

Gearbox, bearings, drivetrain

ABS, traction control, cruise control

Diesel engine thermal mapping — TATA Xenon

CFD analysis of Maruti Swift's underbody

Door intrusion beam in Hyundai i20

Robotic welding at Toyota Kirloskar plant

6-speed AMT in Maruti Alto 800

Electronic Stability Program (ESP)
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IDEATE — Vehicle Design Process: From Concept to Prototype

A AT e a s, o

Market Research Concept Design Simulation Prototype Testing &
& Benchmarking (Sketches/CAD) & Analysis (FEA/CFD) Building Validation

o A typical new vehicle program takes 3-5 years from concept to production (e.g., Tata Nexon development)

o CAD tools: CATIA (Dassault), SolidWorks, Siemens NX — used extensively in Maruti Suzuki & Mahindra design centres
o FEA (Finite Element Analysis) simulates thousands of virtual crash tests before physical testing

o CFD (Computational Fluid Dynamics) optimises aerodynamics — a key tool at Hyundai Global Design centres

o V-model of development ensures every design requirement is tested and validated before launch

o India's Pune and Chennai are global automotive design hubs — housing R&D centres for Ford, GM, JLR, Bosch
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IDEATE — Engine & Powertrain: Heart of the Automobile

Key Thermodynamic Concepts:

Otto Cycle (Petrol) & Diesel Cycle — foundation of engine analysis

@ Visual: Thermal Efficiency (n) =1 — (T _cold / T_hot) — always less than 100%

Engine cross-section

or 4-stroke cycle diagram
(Intake - Compression
- Power = Exhaust)

Indicated vs Brake Horsepower (IHP, BHP) — measuring engine output

Volumetric efficiency — how well the cylinder breathes air-fuel mixture

Torque curve vs Power curve — critical for gear ratio selection

Real-World Example: Maruti Suzuki's K-Series 1.2L engine — designed for high volumetric efficiency to achieve 22 km/L fuel economy in city
conditions.

ME & Automotive Sector | First Year Mechanical Engineering 8



IDEATE — Materials Engineering: Lighter, Stronger, Safer

DB G, O

Strength Weight Saved Cost-Effectiveness
95%

90%

85%
80%

70% 72%
| I

75%

40%

18%

e Whaightewduction is critical: eveigh-30%eeeduction in vehicle w@?ﬁﬁ&%proves fuel econom\Cistyob-+F886 ngggft;s
o Advanced High-Strength Steel (AHSS) is used in crash structures — absorbs energy while maintaining cabin integrity

o Aluminium body panels in premium cars (Jaguar XE, Audi A8) reduce weight by up to 40% vs steel

o Carbon fibre reinforced polymers (CFRP) used in Formula 1, Lamborghini — extremely high strength-to-weight ratio

o India-specific challenge: materials must withstand 45°C+ heat, monsoon humidity, and poor road conditions
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IDEATE — Manufacturing Processes: Building a Million Cars a Yealg # ‘

WIS ST

I* Casting & Forging #. Sheet Metal Forming ¥ CNC Machining

Engine blocks, crankshafts, connecting rods,
wheel hubs

Stamping, deep drawing for body panels
(bonnet, doors)

Precision components: cylinder bores,
camshafts, gearbox shafts

Lo

" Welding & Joining @ Painting & Coating Jg Final Assembly

Robotic MIG/spot welding for body-in-white
assembly

Electro-deposition primer, base coat, clear
coat — 4-stage process

Trim & final line: 300+ sub-assemblies in 12
to 18 hours

1 Visual Suggestion: Automotive assembly line photo (Maruti Suzuki Manesar or Toyota Kirloskar plant)
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IDEATE — Vehicle Dynamics & Structural Integrity

Vehicle Dynamics Structural Analysis (FEA)

‘ Ride comfort vs handling (spring-damper trade-off) ’ Static stress analysis — suspension loading

. Understeer / Oversteer — cornering stability . Fatigue analysis — 200,000 km component life

‘ Centre of gravity height affects roll tendency ‘ Crash simulation — NCAP 64 km/h full-frontal
. Tyre contact patch: friction & slip angle . NVH (Noise, Vibration, Harshness) analysis
‘ Weight transfer during braking / acceleration ‘ Torsional stiffness of body shell (key metric)

Example: Tata Nexon scored 5-star GNCAP safety rating — achieved through rigorous FEA-based crash structure design before a single physical
prototype was built.
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PROTOTYPE — R&D Centres & Testing Facilities in India

Mahindra Research Valley, Chennai Maruti Suzuki R&D, Rohtak

Vehicle dynamics, EV testing, advanced powertrains Proving ground: 50 km track, crash lab, NVH chamber

Tata Motors ERC, Pune Bosch India Engineering, Bengaluru

Engine lab, body engineering, digital twin facility Fuel systems, ABS, ADAS algorithms — global mandate
Toyota Kirloskar Technical, Bengaluru ARAI, Pune (Govt. Certified)

Localization engineering, Kaizen, hybrid systems National homologation authority — emission, safety testing

1 Visual Suggestion: India map with R&D centre locations pinned (Chennai, Pune, Bengaluru, Rohtak)
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Pack design, thermal management, cell
arrangement (Series-Parallel)

Chassis Adaptation

Low CG design (battery floor), stiff crash
structure without engine crumple zone

PROTOTYPE — Electric Vehicles: The Mechanical Engineer's New Frontier

Electric Motor

PMSM / BLDC motors — torque-speed
characteristics, regenerative braking

Thermal Management

Battery cooling (liquid/air), cabin heat pump,
motor cooling

WSS ST

Power Electronics

Inverter, DC-DC converter, on-board charger
design

Control Systems

BMS, VCU, torque vectoring, energy recovery
strategy

India EV Examples: Tata Nexon EV (300 km range), Ola S1 Pro (scooter), Bajaj Chetak — all rely heavily on ME for thermal and structural design.
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PROTOTYPE — Smart, Connected & Autonomous Vehicles

SAE Automation Levels

LO — No Automation

L1 — Driver Assistance (ABS/ACC)

L2 — Partial (Tesla Autopilot)

L3 — Conditional (Mercedes Drive Pilot)

L4 — High Automation (Waymo)

L5 — Full Autonomy (Future)
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ME Roles in Smart Vehicles:

. LiDAR/Radar housing: vibration-resistant precision enclosures
. Sensor fusion: integrating mechanical & electronic sensor data
. Actuation systems: steer-by-wire, brake-by-wire mechanics
. Structural mounting of camera/LiDAR rigs for NVH isolation

. Thermal management of compute units (NVIDIA Drive, Mobileye)

India: Ola Electric building ADAS module in-house; Bosch India leads
radar sensor production




PROTOTYPE — Sustainability in Automotive Engineering

- Bharat Stage 6 (BS6) — equivalent to
Euro 6

- Hydrogen fuel cell vehicles (Hyundai
Nexo, Toyota Mirai)

- CNG & LPG engines for India (Bajaj,
TATA)

- Hybrid powertrains — reduce CO; by
25-40%

- Closed-loop aluminium recycling in
plants

— Zero liquid discharge (ZLD) in paint shops

- Lightweighting = less material + less
energy

- End-of-Life Vehicle (ELV) recycling
directives

Clean Energy Circular Manufacturing Smart Energy in Plants

- Toyota Bidadi: 100% renewable energy
plant

- Industry 4.0 energy monitoring per
machine

—> Predictive maintenance = fewer
breakdowns

- CO, offset: Maruti plants plant 1
tree/car made

India's NDC Target: 45% reduction in emission intensity of GDP by 2030 — automotive sector must lead.
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TEST — Quality Assurance, Testing & Homologation

Safety Testing

e GNCAP / Bharat NCAP crash tests (frontal, side, pole) e Pedestrian protection & child safety evaluations

¢ Rollover simulation and roof crush testing ¢ Airbag deployment validation across temperature ranges

Performance Testing
¢ Engine dynamometer: full power, torque, BSFC maps e Durability testing: 1.5 million km equivalent cycles
* Noise, Vibration, Harshness (NVH) acoustic evaluation e Aerodynamic drag measurement (coast-down test)

Emission & Regulatory

® BS6 / Euro 6 emission compliance (PEMS testing) e ARAI type approval for sale in India

e CAFE (Corporate Average Fuel Economy) standards e RDE (Real Driving Emission) on public roads

" Visual Suggestion: Photo of crash test dummy or ARAI testing facility
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TEST — Career Pathways for ME Graduates in Automotive

Design Engineer

Powertrain / NVH Engineer

ARAI, BIS, Quality at OEMs

McKinsey, Booz, Deloitte — Automotive Practice

X6-12 LPA X7-14 LPA
CATIA/CAD at Tata Motors, Mahindra Engine/transmission at Maruti, Cummins India
Manufacturing / Process Engg. EV Battery Engineer

X6-10 LPA X9-18 LPA
Plant roles — Toyota, Ford, Hyundai India Ola Electric, Tata Motors EV, Ather Energy
Simulation Analyst (CAE) R&D / Motorsport Engg.

X7-15 LPA X8-20 LPA
FEA/CFD at ANSYS, Altair, L&T Tech Bosch, MRF Tyres, Force India F1
Quality & Homologation Automotive Consultant / MBA

X5-10 LPA X15-40 LPA

Global: Mechanical Engineers in automotive earn S60K—-5120K (US), €50K—€100K (EU) | India growth trajectory is steep with EV boom
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India's Automotive Revolution: From Assembler to Innovator

Hindustan Motors & Premier launch India's first cars

Maruti Suzuki 800 — democratising personal mobility

Liberalisation: Honda, Toyota, Hyundai enter India

Tata Nano — X1 lakh car — world's cheapest

BS6 leapfrog — India skips BS5 emission norms

Tata Nexon: 1st Indian car to score 5-star GNCAP

India tops global 2W production; EV sales hit 1.5M

Target: 30% EV penetration in new vehicle sales

India's journey: from assembling foreign designs to designing original vehicles for global markets — YOUR generation will write the next chapter.
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Industry 4.0 — Digital Transformation in Automotive Manufacturigg

™ Digital Twin & Collaborative Robots (Cobots)

Virtual replica of physical asset — enables
predictive maintenance, simulation before
production. Used at BMW and Tata Motors'
smart plants.

Work alongside humans in assembly — force-
limited, safe, reprogrammable. Replacing
repetitive precision tasks in Indian plants.

-~

ia! Additive Manufacturing (3D Printing)

Rapid prototyping of complex parts —
Mahindra uses metal 3D printing for bracket
prototypes saving 6-week lead times.

& loT & Predictive Maintenance

Sensors on CNC machines and press lines
detect micro-vibrations indicating impending

failure — reduces unplanned downtime by 30—
50%.

% Al-Driven Quality Control #= Augmented Reality Assembly

Machine vision cameras inspect welds and
paint finish at 100% — replacing sampling-
based QC in Toyota's Bidadi plant.

AR glasses guide technicians through complex
wiring harness assemblies — BMW and Audi
use HoloLens in pilot programs.

" Visual Suggestion: Industry 4.0 ecosystem diagram showing loT-Cloud-Digital Twin-Robot integration
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N_

Key Takeaways — What You Must Remember -

AL i, GO

‘ Mechanical Engineering is CENTRAL to every stage of an automobile's life — from first sketch to scrapyard.

2 The automotive sector is India's biggest employer of ME graduates — 37 million jobs and growing.

3 EV revolution doesn't shrink ME opportunities — it reshapes and expands them (battery, thermal, structure).
4 Design Thinking is how real engineers work — empathise with users, define problems, iterate solutions.
5 Your first-year courses (Thermodynamics, Mechanics, Manufacturing) have direct automotive applications.

‘ India is transitioning from automotive assembler to global innovator — YOUR generation will drive this.
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MIND MAP — Role of Mechanical Engineering in Automotive Sector

Thermodynamics ‘ CAD (CATIA/NX)

Otto/Diesel Cycle Powertrain Design &

‘ : - : ‘ FEA / CFD
‘ & Engine S Simulation

BHP & Torque

Crash Analysis

EV Motors ‘ 5-yr Dev Cycle
| AHSS / CFRP
| Lightweighting Materials & ME & . Testing &
Structure Automoiive Quality
Fatigue Life

Corrosion Resist

Casting/Forging

| BS6 / Euro6

Sustainability

Battery Pack

Stamping/CNC i *
‘ Manufacturing & EV

Robotic Welding | Hydrogen FC

Lean Mfg.

DT: EMPATHIZE DT: DEFINE DT: IDEATE DT: PROTOTYPE DT: TEST

Zero-emission Mfg




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

