
Introduction To Engine Valvetrains

Introduction to engine valvetrains is a fundamental aspect of internal
combustion engine design that significantly influences engine performance,
efficiency, and emissions. The valvetrain is the system that controls the
operation of the engine's intake and exhaust valves. These components are
crucial in regulating the flow of air and fuel into the combustion chamber
and the expulsion of exhaust gases. This article will delve into the
intricacies of valvetrains, exploring their components, types, functioning,
and impact on engine performance.



What is a Valvetrain?

The valvetrain is a series of mechanical components in an internal combustion
engine that manages the opening and closing of the engine’s valves. It
encompasses several key parts, including camshafts, pushrods, rocker arms,
and the valves themselves. The primary function of the valvetrain is to
ensure that the valves open and close at the appropriate times during the
engine's cycle to optimize airflow and maximize engine efficiency.

Components of the Valvetrain

The valvetrain consists of various components that work together
harmoniously. Each of these components plays a crucial role in the overall
functionality of the engine:

1. Valves: These are the gates that control the intake of air/fuel and the
expulsion of exhaust gases. Types of valves include:
- Intake valves: Allow air and fuel mixture into the combustion chamber.
- Exhaust valves: Release combustion gases out of the engine.

2. Camshaft: This rotating shaft has lobes that push against the followers or
rocker arms, opening and closing the valves in sync with the engine cycle.

3. Rocker Arms: These are levers that transfer the motion from the camshaft
to the valves. They can be either roller or non-roller types.

4. Pushrods: In overhead valve (OHV) engines, pushrods connect the rocker
arms to the camshaft, transferring the motion needed to open the valves.

5. Valve Springs: These springs ensure that the valves close tightly after
being opened, maintaining pressure in the combustion chamber.

6. Timing Chain/Belt: This component synchronizes the rotation of the
crankshaft and camshaft, ensuring the valves open and close at the correct
intervals relative to the movement of the pistons.

Types of Valvetrains

There are several types of valvetrains, each with its own design and
operational characteristics. The main types include:

1. Overhead Valve (OHV)

In OHV engines, the camshaft is located in the engine block, and the valves



are operated by pushrods and rocker arms. This design is common in many
American V8 engines.

- Advantages:
- Simpler design leads to fewer components.
- Typically more compact and lighter.

- Disadvantages:
- Limited ability to control valve timing for performance tuning.
- May not achieve high RPMs as efficiently as other designs.

2. Overhead Camshaft (OHC)

In OHC designs, the camshaft is located above the valves, eliminating the
need for pushrods. This configuration is further divided into two categories:

- Single Overhead Cam (SOHC): One camshaft operates both intake and exhaust
valves.
- Double Overhead Cam (DOHC): Two camshafts are used, one for intake and one
for exhaust, allowing for greater control over valve timing and lift.

- Advantages:
- Improved airflow and performance due to more precise valve timing.
- Better suited for higher RPM applications.

- Disadvantages:
- More complex and potentially heavier due to additional components.

3. Variable Valve Timing (VVT)

VVT systems are designed to optimize the timing of valve opening and closing
based on engine speed and load. This technology allows the engine to perform
efficiently across a range of operating conditions.

- Advantages:
- Enhances fuel efficiency and reduces emissions.
- Improves performance by optimizing airflow.

- Disadvantages:
- Increased complexity and potential for failure.
- Higher cost of manufacturing and maintenance.

Functioning of the Valvetrain

The valvetrain operates in sync with the engine's cycle, which consists of



four strokes: intake, compression, power, and exhaust. Understanding this
cycle is essential to grasp how the valvetrain functions.

1. Intake Stroke

During the intake stroke, the intake valve opens as the piston moves down the
cylinder. This allows the air-fuel mixture to enter the combustion chamber.

2. Compression Stroke

As the piston moves back up, the intake valve closes, sealing the combustion
chamber. The mixture is compressed, raising its temperature and pressure,
preparing it for ignition.

3. Power Stroke

The spark plug ignites the compressed mixture, causing an explosion that
forces the piston down. During this stroke, the exhaust valve remains closed.

4. Exhaust Stroke

As the piston moves back up again, the exhaust valve opens, allowing the
combustion gases to escape. The cycle then repeats as the piston returns to
the bottom of the stroke.

Impact of Valvetrain Design on Engine
Performance

The design of the valvetrain has a significant impact on various aspects of
engine performance:

1. Power and Torque

Valvetrain design influences how effectively the engine can breathe. Improved
airflow through optimized valve timing can enhance power and torque across
the RPM range.



2. Fuel Efficiency

Advanced valvetrain technologies, such as VVT, can lead to better fuel
efficiency by optimizing combustion based on engine load and speed.

3. Emissions

Efficient valvetrain operation can help reduce harmful emissions. By ensuring
complete combustion and minimizing unburned fuel, engines can meet stringent
environmental standards.

4. Engine Longevity

A well-designed valvetrain can contribute to the overall durability of the
engine. Components that operate smoothly and efficiently reduce wear and
tear, extending the engine's life.

Conclusion

In summary, engine valvetrains are a critical element of internal combustion
engines, directly influencing performance, efficiency, and emissions.
Understanding the components, types, and functioning of valvetrains provides
deeper insight into how engines operate and how advancements in technology
can lead to improved performance and sustainability. As automotive technology
continues to evolve, the development of valvetrain systems will undoubtedly
play a pivotal role in shaping the future of engine design and performance.
Whether in high-performance sports cars or everyday vehicles, the valvetrain
remains a vital component of modern automotive engineering.

Frequently Asked Questions

What is an engine valvetrain and why is it
important?
An engine valvetrain is the system of components that controls the operation
of the engine's intake and exhaust valves. It is crucial for engine
performance as it affects airflow into and out of the combustion chamber,
influencing engine efficiency, power output, and emissions.



What are the main components of a valvetrain?
The main components of a valvetrain include camshafts, valves, lifters (or
tappets), pushrods, rocker arms, and springs. Each component plays a specific
role in controlling valve movement and timing.

What is the difference between overhead cam (OHC)
and pushrod valvetrains?
Overhead cam (OHC) valvetrains have the camshaft located above the cylinder
head, directly operating the valves, which allows for more precise timing and
higher RPM capabilities. Pushrod valvetrains use a camshaft located in the
engine block, with pushrods to transfer motion to the rocker arms and valves,
typically found in older or larger engines.

How does variable valve timing (VVT) enhance engine
performance?
Variable valve timing (VVT) adjusts the timing of the valve openings and
closings based on engine speed and load, optimizing performance across a
range of operating conditions. This results in improved power, fuel
efficiency, and reduced emissions.

What role do valve springs play in the valvetrain?
Valve springs are responsible for closing the valves after they have been
opened by the camshaft. They ensure that the valves return to their seated
position quickly and maintain proper tension to prevent valve float at high
RPMs.

What are the potential consequences of valvetrain
failure?
Valvetrain failure can lead to severe engine damage, including bent valves,
damaged pistons, or a complete engine lock-up. Symptoms may include unusual
noises, loss of power, or rough idling, necessitating immediate inspection
and repair.
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