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Abstract

The process of building a car in the automotive industry involves several critical stages, including
planning, designing, and production, each essential to ensuring product quality and market success. This
paper explores the comprehensive approach adopted in car manufacturing, beginning with market analysis
and forecasting to understand consumer needs and trends. The design phase leverages advanced software
tools to develop components and assembly processes. Production integrates lean manufacturing, Just-in-
Time (JIT) methodologies, and automation, focusing on chassis assembly, engine integration, body
construction, painting, and final assembly. Different vehicle types, including Internal Combustion Engine
(ICE) vehicles, Hybrid Electric Vehicles (HEVs), and Battery Electric Vehicles (BEVs), are discussed,
emphasizing their unique production requirements. The paper further details quality control measures to
ensure product reliability and compliance with industry standards.

Keywords: Automotive Manufacturing, Car Design, Chassis Assembly, Toyota Production System
(TPS), Lean Manufacturing, Just-in-Time (JIT) Production, Internal Combustion Engine (ICE), Hybrid
Electric Vehicle (HEV), Battery Electric Vehicle (BEV), Vehicle Assembly Process, Automation in
Manufacturing, Quality Control in Automotive Industry.

1. INTRODUCTION

Before a car is manufactured, several steps are undertaken. The process begins with meticulous planning,
which includes conducting a market survey or market study. Following this, the car's design and production
phases are initiated.

The automotive manufacturing industry is one of the largest businesses in the contemporary era,
necessitating thorough market studies to mitigate business risks. These studies are conducted based on
market trends, historical customer feedback, competitor products, and other relevant factors. This
comprehensive analysis provides a foundational understanding for planning any product, in this case, a car.
Typically, the development of a car model from inception to assembly takes approximately 4-5 years. This
timeline requires significant forecasting of market needs and trends for the future. To gauge public reaction
and gather feedback, companies often create concept cars that showcase futuristic designs and features
intended for future production models.
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Fig 1. Modern Body Assembly Line| Source [1]

Once the objectives are defined, various parameters for execution are considered in the planning process.
These parameters include the supply chain, car specifications, feature lists, price range, and segment
identification. Planning also encompasses the design factors.

The designing process then commences, undertaken by various engineers. This will be discussed in more
detail later. Various tools and software are employed to design each part, using different materials according
to their applications.

Additionally, this process includes designing the assembly process for the car, which is known as the
production phase. See Fig.1 above for an example of an automated assembly line.

2.PRODUCTION

A. Components

The production process consists of an assembly line involving thousands of parts. These parts, or
components, are supplied by Original Equipment Manufacturers (OEMS) or other suppliers. Typically, they
are transported to the plant using trucks or rail systems, depending on the type of car body. Once at the
plant, these components are stored in the inventory.

B. Chassis

1. Internal Combustion Engine (ICE)

Automobiles are typically constructed from the ground up and inside out. Historically, the chassis served
as the foundational base upon which all components were attached during assembly. The chassis includes
the frame, wheels, suspension, powertrain, and engine. In contemporary manufacturing, the roll cage or
body frame is used as the base for attaching components. The engine is assembled on a separate part of
the chassis and later attached to the main frame during the assembly process. This type of chassis is known
as a monocoque chassis. The frame is then moved along the conveyor or assembly line. Additionally, as
illustrated in the figure below (Fig 2.), modern manufacturing processes use robots to fabricate (through
bolting, welding, etc.) the frame, a task that was previously performed manually by workers.

IJFMR2406XXXX Volume 6, Issue 6, November-December 2024 2



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Fig 2. Chassis of an ICE Vehicle| Source [2]

2. Hybrid Electric Vehicle (HEV)

Hybrid Electric Vehicle operates on a combination of rechargeable batteries and internal combustion
engine. There are two type of hybrid vehicles — Plugin Hybrid Electric VVehicle (PHEV) & Hybrid Electric
Vehicle (HEV). The chassis of a HEV is capable of accommodating both an internal combustion engine
and electric powertrain. Below is an image of hybrid vehicle module and Battery Pack (Fig 3)
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Fig 3. Cell Module & Pack| Source [21]

3. Battery Electric Vehicle (BEV)

Battery Electric Vehicle are gaining popularity in last few years. BEV runs entirely on rechargeable
batteries and produces zero emissions. The chassis of a BEV is designed to accommodate and support the
electric drivetrain, battery packs and other components. The battery pack is the main part and is placed on
the bottom of the chassis. Below image shows an example of a Battery Electric VVehicle’s Chassis (see
Fig. 4).

Front Traction Motor Battery System Bi-directional
Charging Plug

IcCu Rear Traction Motor

Fig 4. Hyundai’s Battery Electric Vehicle Chassis| Source [22]
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C. Body Shop

The main body of the vehicle is constructed in the body shop. The front hood, rear boot, doors, and side
panels are either stamped through dies or supplied by external vendors, then attached to the frame through
bolting and welding. To achieve precision and consistent accuracy, jigs and fixtures are employed during
this process. The body assembly follows a separate line from the chassis assembly. Most of the welding on
various panels is performed by robots, although manual labor is required for bolting the parts together.
Once the frame assembly is complete, it is transferred to an overhead conveyor for the subsequent process,
typically painting. The painting process involves multiple steps: inspection, cleaning, electrostatically
applied undercoating, dipping, drying, topcoat spraying, and baking (see Fig 5)

Fig 5. Body & Paint Process | Source [3]

D. Paint Shop

The body must undergo a thorough inspection process, known as the body-in-white operation, before
painting. The vehicle shell is transported through a brightly lit room, typically with white walls, where it is
meticulously wiped down by visual inspectors using cloths soaked in highlighting oil. Under bright lights,
inspectors identify any defects in the sheet metal body panels. Dings, dents, and other imperfections are
repaired and corrected on the line by skilled repair personnel. After the shell has been fully inspected and
repaired, it passes through a cleaning area where it is immersed and cleansed of all residual oil, dirt, and
contaminants.

As the shell exits the cleaning area, it passes through a drying booth before undergoing an undercoat dip.
This process involves an electrostatically charged bath of undercoat paint, or Ecoat, which coats every nook
and cranny of the body shell, both inside and out, with primer. This coating serves as a substrate surface
for the topcoat of finish paint to adhere to.

Following the undercoat paint bath, the shell is dried in a booth before proceeding to the final paint
operation. In modern manufacturing, vehicle bodies are spray-painted by robots that are pre-programmed
to apply precise amounts of paint to specific areas for the optimal duration. Research departments have
extensively studied robotic painting to ensure a high-quality finished product. Today's robotic painters have
significantly advanced from the days of Ford's first Model Ts, which were manually painted with brushes.
After the shell is fully covered with a base coat of finished paint and a clear topcoat, it is cured in baking
ovens at temperatures exceeding 275 degrees Fahrenheit (135 degrees Celsius). Once the paint process is
complete, the shell is sent to the main assembly line, also referred to as the trim chassis fitment in some
companies

E. Trip Chassis Fitment

This process includes three major segments: Interior Assembly, Mating, and Quality Testing

1. Interior Assembly

The painted shell moves through the interior assembly area where workers install all instrumentation and
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wiring systems, dash panels, interior lights, seats, door and trim panels, headliners, radios, speakers, all
glass, the steering column and wheel, body weather-strips, vinyl tops, brake and gas pedals, carpeting, and
front and rear bumper fascia. This process may involve multiple sub-assemblies for different parts such as
doors, console panels, and seats. Robots assist workers by picking up seats and trim panels and transporting
them to the vehicle, enhancing the ease and efficiency of the assembly process.

2. Mate

At this stage, the chassis assembly conveyor and the body shell conveyor converge. In modern
manufacturing, the chassis is divided into two parts: the body chassis and the engine chassis. This is also
known as a monocoque chassis, as illustrated in the figure below (Fig 6.).As the chassis moves along the
body conveyor, the shell is robotically lifted from its conveyor fixtures and placed onto the car frame. In
the case of a monocoque chassis, only the engine is lifted and mounted onto the chassis suspended on the
conveyor. Assembly workers, some positioned at ground level and others in work pits beneath the
conveyor, carry out the mounting process. Once the mating is complete, the car moves down the line for
the installation of final trim components, the battery, tires, anti-freeze, and gasoline. At this point, the car
is ready to be started.

Fig 6. Monocoque Chassis |Source[4]

3. Quality Testing

After assembly, the car is driven off the line, where its engine is audited, its lights and horn are checked,
tire balancing and dynamic alignment are performed, and its charging system is examined. If any issues are
identified at this stage, the car is sent to a central repair area, typically located near the end of the line. A
skilled crew of troubleshooters analyzes and repairs all problems. The car also undergoes a water test to
ensure the proper fit of door panels, glass, and weather-stripping. After passing the final audit, the vehicle
is subjected to dynamic testing and is driven on a test track to identify any further issues. It is then sent to
a staging lot, where it awaits shipment to its destination.

CONCLUSION

The process of building a car in today’s automotive industry is a complex and multifaceted endeavor that
incorporates advanced design principles, lean manufacturing techniques, and automation to enhance
efficiency, quality, and production capacity. While traditional manufacturing practices like chassis
construction and engine assembly remain integral, the growing demand for hybrid and electric vehicles has
introduced new challenges. These challenges include integrating complex battery systems, managing
supply chains for critical components, and ensuring compliance with evolving environmental regulations.
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Despite significant advancements, the industry faces several ongoing challenges, such as adapting
production lines for greater flexibility to accommodate different vehicle types, managing costs while
implementing automation, and addressing the environmental impact of manufacturing processes. The
transition towards sustainable mobility will necessitate further innovations in production, including the
increased use of renewable materials, energy-efficient processes, and the implementation of Industry 4.0
technologies like the Internet of Things (1oT), artificial intelligence (Al), and robotics.

Future efforts in automotive manufacturing should focus on optimizing production lines for greater
efficiency, reducing waste through advanced recycling processes, and adopting new materials that enhance
vehicle performance while reducing emissions. Moreover, closer collaboration between automotive
companies, technology developers, and regulatory bodies will be essential to drive the next wave of
innovation in sustainable car manufacturing.
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