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Abstract: The automotive industry is undergoing a rapid transformation driven by advancements in automation,
electrification, and digitalization. Among these developments, braking systems play a pivotal role in ensuring future
needs and requirements of automated and autonomous driving as well as electrification; and this in newly conceived
vehicles designed with modified architecture. This functional extension requires a profound understanding of the system
to combine uncompromising safety and sustainability in brake system. The integration of intelligent braking solutions has
redefined mobility dynamics, influencing vehicle architecture while presenting significant implications for the casting
industry. This paper examines four critical aspects of modern braking systems, like “Smart Braking Technologies –

enhancing accident prevention through AI”, “Efficiency Enhancements – Improving energy utilization and reducing
brake wear”, “Sustainability Considerations – minimizing environmental impact through regenerative solutions and
lightweight designs”, and “Digitalization and System Integration – optimizing braking responses through real-time
data processing”.
These advancements not only improve road safety but also contribute to the evolution of manufacturing processes,

requiring the casting industry to adapt to emerging demands for lightweight, high-performance components.
Safety, comfort and driving dynamics are key elements in the development of new mobility solutions. Intelligent

braking systems are revolutionizing vehicle safety and efficiency.
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1 Introduction
The expansion of global mobility has led to a surge in
vehicle registrations across multiple categories, including
passenger automobiles, motorcycles, e-bikes, and
e-scooters. This growth has subsequently increased
traffic density, elevating the risk of road accidents.
Current data reveals that a road accident occurs every six
seconds, contributing to 1.3 million fatalities and 50
million serious injuries annually.
To address these concerns, the automotive industry has

set an ambitious goal: achieving zero road fatalities
through technological innovation. Braking systems serve
as the foundation of vehicle safety protocols, and
continuous advancements revolutionizing accident
prevention methodologies.

1.1 Intelligent Braking Technologies
Among the various safety mechanisms embedded in
contemporary vehicles, braking systems represent the

most fundamental element in accident prevention. The
introduction of intelligent braking technologies has
revolutionized conventional safety standards, leading to
sophisticated mechanisms such as:
 Lane departure warning systems to detect unintended

lane drifts
 Drowsiness detection alerts to improve driver

awareness
 Emergency braking assistance for collision avoidance

in hazardous scenarios
These systems operate within a Sense, Plan, Act

framework, wherein real-time hazard detection enables
vehicles to:
 Identify risks dynamically through sensor networks
 Formulate appropriate responses using AI-driven

logic
 Execute preventive measures instantaneously to

mitigate accidents
As the industry advances toward autonomous mobility,



第 17 届亚洲铸造会议
THE 17THASIAN FOUNDRYCONGRESS 5 智慧工厂

Part 5: Smart Factory

- 821 -

braking technology is expected to evolve further, with
artificial intelligence (AI) enabling predictive algorithms
that optimize braking efficiency based on environmental
factors and real-time traffic conditions.

2 Efficiency and Sustainability in Braking Systems
Modern braking architectures are designed to align with
sustainability objectives, reducing reliance on friction-based
braking, minimizing wear-and-tear, and improving
energy efficiency.

2.1 Regenerative Braking for Battery Electric Vehicles
(BEVs)
In Battery-Electric-Vehicles (BEVs), braking systems
have undergone substantial modifications to minimize
energy loss and optimize vehicle efficiency. A key
technology in this regard is regenerative braking, wherein
kinetic energy is recaptured instead of dissipated,
enhancing energy efficiency while prolonging brake
component lifespan.
The introduction of so called “Green Caliper” (Fig.1)

is designed specifically for BEV applications, offering:
 Optimized braking force through lightweight

structural adaptations
 Lower residual braking torque, reducing energy loss
 Durable, compact brake pads, minimizing material

degradation
 Enhanced thermal stress regulation via larger cast

iron brake discs

Fig. 1 The new lightweight Green Caliper

2.2 Lightweight Drum Brake Technology
A complementary approach to improving braking
sustainability involves the integration of lightweight
drum brakes, particularly in electric vehicles (Fig. 2).
Unlike traditional disc brake systems, drum brakes are
encased within a protective housing, safeguarding
components from corrosion due to exposure to moisture
and road salts. Furthermore, drum brakes offer:

 Reduced particulate emissions, mitigating air
pollution

 Aerodynamic efficiency through enclosed structures
 Long-term reliability due to decreased component

degradation
Recent advancements have refined drum brake

architecture, incorporating dual- material compositions:
 Friction rings fabricated from conventional gray
cast iron, ensuring optimal tribological properties
Housing structures composed of lightweight
aluminum, significantly reducing overall brake
system mass
The benefits of these structural adaptations include

increased energy efficiency, enhanced range for electric
vehicles, and greater compliance with stringent
environmental regulations.

Fig. 2: Drum Brake as innovation

3 Impact on the Casting Industry
The casting industry serves as a cornerstone in vehicle
manufacturing, contributing to the production of
high-performance automotive components. As the
industry transitions toward electrified mobility, with Zero
Defect strategy, necessitating greater precision in casting
methodologies.

3.1 Materials for Brake Systems
The demand for traditional cast iron components is more
and more replaced by alternative materials, including:
 Aluminum alloys, offering lightweight properties and

corrosion resistance
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 Composite materials, improving durability and
thermal stability

These advancements align with industry efforts to
reduce

vehicle mass, thereby optimizing fuel efficiency and
extending electric vehicle range.

3.2 Challenges in Foundry Processes
The adoption of advanced braking technology demands
modifications in casting techniques, emphasizing:
 Higher precision in manufacturing -

Zero-Defect-Culture
 Optimized foundry processes – reducing material

waste and cost
 Enhanced material consistency for defect-free

production
Additionally, as sustainable production practices gain

traction, manufacturers must integrate low-emission
techniques to comply with environmental regulations.

3.3 Asia’s Growing Influence in Automotive Casting
Geographically, Asia has emerged as a dominant hub in
foundry production, driven by:
 Expanding aluminum casting infrastructure
 Accelerated adoption of electric mobility

technologies
 Streamlined global supply chain efficiencies
While European and North American production

remains steady, Asia continues to lead innovation in
next-generation vehicle components, reinforcing its
central position in automotive manufacturing.

4 Conclusions
The transformation of braking systems reflects broader
shifts in automotive safety, sustainability, and
digitalization. Technological advancements are driving
enhancements in energy efficiency, accident prevention,
and material integration, while reshaping industry
standards. Future braking systems will be shaped by
several pivotal technologies, each contributing to

improved safety, performance, and environmental impact,
like:
 Brake-by-Wire Technology (Electronic Control) will

eliminate traditional hydraulic systems and replacing
them with electronic actuators for precise braking.
This will result in faster and more efficient braking
compared to conventional systems

 Regenerative Braking, maximizing energy recovery
in electric and hybrid vehicles.

 AI-Driven Predictive Braking, using machine
learning for real-time hazard anticipation

 Advanced Sensor technology is providing precise
environmental mapping for automated braking and
Vehicle to vehicle (V2V) communication enables cars
to share braking data to optimize traffic flow

 Over the-Air (OTA) Updates allows manufacturer to
enhance braking performance remotely. Updates
refine braking algorithms without hardware
modifications

 Sustainable Brake Materials (low dust brake pads)
will support to reduces particulate emissions, meeting
environmental regulations

 Reduced Wear is minimizing reliance on
friction-based braking, extending component lifespan
As the industry evolves, manufacturers, suppliers, and

casting specialists must adapt to next- generation
technologies while balancing cost pressures and
regulatory challenges.
The continuous transformation of braking technology

represents a landmark opportunity for engineering
breakthroughs, paving the way for safer, smarter, and
environmentally responsible global mobility solutions.
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