
G LO S S A RY

Professional Certificate in Hybrid Propulsion Engineering

Hybrid Propulsion Systems Overview

Hybrid Propulsion Systems Overview

Hybrid propulsion systems combine two or more power sources to drive a vehicle, resulting in improved
efficiency, reduced emissions, and increased performance. These systems typically consist of an internal
combustion engine (ICE) and an electric motor that work together to propel the vehicle. The Professional
Certificate in Hybrid Propulsion Engineering covers various aspects of hybrid propulsion systems to equip
engineers with the knowledge and skills needed to design, develop, and optimize these systems.

Hybrid Propulsion System Components

1. Internal Combustion Engine (ICE): The ICE in a hybrid propulsion system is responsible for generating
power by burning fuel. It can be fueled by gasoline, diesel, or alternative fuels such as biofuels or natural
gas.

2. Electric Motor: The electric motor in a hybrid propulsion system provides additional power and can
operate independently or in conjunction with the ICE. It is powered by a battery that can be charged
through regenerative braking or by plugging into an external power source.

3. Battery: The battery stores electrical energy to power the electric motor and provide energy for hybrid
operation. It is a key component of the hybrid system and plays a crucial role in improving fuel efficiency
and reducing emissions.

4. Power Electronics: Power electronics manage the flow of electrical energy between the battery, electric
motor, and other components of the hybrid system. They control the power distribution and ensure efficient
operation of the system.

5. Transmission: The transmission in a hybrid propulsion system transfers power from the engine and
electric motor to the wheels. It can be a conventional gearbox, a continuously variable transmission (CVT),
or a dual-clutch transmission (DCT) depending on the system design.

6. Control System: The control system coordinates the operation of the ICE, electric motor, battery, and
other components of the hybrid system. It optimizes power delivery, manages energy storage, and ensures
smooth transitions between power sources.

Types of Hybrid Propulsion Systems

1. Series Hybrid: In a series hybrid system, the ICE serves solely as a generator to charge the battery, while
the electric motor drives the wheels. This configuration allows for more flexibility in power management and
can be optimized for efficiency.

2. Parallel Hybrid: In a parallel hybrid system, both the ICE and electric motor are mechanically connected to
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the wheels and can work together to propel the vehicle. This configuration offers a balance between
efficiency and performance.

3. Series-Parallel Hybrid: A series-parallel hybrid system combines elements of both series and parallel
configurations, allowing for greater flexibility in power distribution and optimization. This hybrid type is
commonly used in modern hybrid vehicles.

4. Plug-In Hybrid Electric Vehicle (PHEV): A PHEV is a hybrid vehicle that can be charged from an external
power source in addition to generating electricity through regenerative braking. This allows for longer
electric-only driving range and reduced dependence on the ICE.

Benefits of Hybrid Propulsion Systems

1. Improved Fuel Efficiency: Hybrid propulsion systems can significantly increase fuel efficiency by
leveraging the electric motor for low-speed driving and regenerative braking to recapture energy that
would otherwise be lost.

2. Reduced Emissions: By using the electric motor for propulsion, hybrid vehicles produce fewer emissions
compared to conventional vehicles. This helps reduce greenhouse gas emissions and air pollution,
contributing to a cleaner environment.

3. Enhanced Performance: The combination of an ICE and an electric motor in a hybrid system can provide
additional power and torque, resulting in improved acceleration and overall performance. This can enhance
the driving experience for consumers.

4. Energy Independence: Hybrid propulsion systems reduce the reliance on fossil fuels and can be powered
by a combination of electricity and alternative fuels. This promotes energy independence and reduces the
impact of fluctuating fuel prices.

Challenges of Hybrid Propulsion Systems

1. Cost: Hybrid vehicles tend to be more expensive upfront due to the complexity of the hybrid system
components, such as the battery and electric motor. However, advancements in technology are helping to
reduce costs over time.

2. Weight: The addition of the electric motor, battery, and other components can increase the weight of the
vehicle, impacting handling and overall performance. Engineers must balance the need for efficiency with
the need to minimize weight.

3. Infrastructure: The adoption of hybrid vehicles may require investment in charging infrastructure to
support plug-in hybrid models. Without adequate infrastructure, consumers may face challenges in
charging their vehicles conveniently.

4. Maintenance: Hybrid propulsion systems have additional components that may require specialized
maintenance and service compared to conventional vehicles. Ensuring proper maintenance and training for
technicians is essential to maximize system longevity.
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Applications of Hybrid Propulsion Systems

1. Automotive: Hybrid propulsion systems are commonly used in passenger vehicles, commercial trucks,
buses, and other modes of transportation to improve fuel efficiency, reduce emissions, and enhance
performance.

2. Marine: Hybrid propulsion systems are also utilized in marine applications such as yachts, ferries, and
ships to reduce fuel consumption and emissions while maintaining power and efficiency for marine
operations.

3. Aerospace: Hybrid propulsion systems are being explored for use in aircraft to improve fuel efficiency and
reduce emissions during takeoff and landing, where electric propulsion can provide additional thrust and
reduce noise.

4. Rail: Hybrid propulsion systems can be integrated into rail vehicles to reduce emissions and improve
energy efficiency, particularly in urban areas where electrified rail lines are not available or feasible.

Conclusion

Hybrid propulsion systems offer a versatile and efficient solution for powering vehicles across various
industries. By combining the benefits of internal combustion engines and electric motors, hybrid systems
can achieve significant improvements in fuel efficiency, emissions reduction, and overall performance.
Engineers trained in hybrid propulsion engineering are equipped to design, develop, and optimize these
systems to meet the evolving needs of the transportation industry. With ongoing advancements in
technology and increasing demand for sustainable transportation solutions, hybrid propulsion systems are
poised to play a key role in shaping the future of mobility.
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