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NOISE, VIBRATION & HARSHNESS (NVH) IN AUTOMOBILES

Abstract: Noise, Vibration, and Harshness (NVH) are critical parameters in vehicle engineering that
impact driving comfort, safety, and performance. This paper explores the major sources of NVH,
focusing on road irregularities, wheels, and powertrain components, including the internal combustion
engine (ICE) and transmission. Various mitigation strategies are also discussed to improve vehicle
NVH characteristics. Understanding NVH is essential for both manufacturers and consumers, as it
influences vehicle durability, passenger experience, and market competitiveness.
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Introduction: NVH refers to the study and control of noise and vibration in vehicles to enhance
ride quality and occupant comfort. Noise originates from various sources, including mechanical
components, road interactions, and aerodynamic effects. Vibration is induced by the motion and
operation of vehicle parts, while harshness represents the overall discomfort experienced by
passengers due to these factors. Addressing NVH is crucial for improving vehicle durability and user
satisfaction [1].

NVH is an interdisciplinary field that combines mechanical engineering, acoustics, and material
science. Manufacturers conduct extensive testing and simulations to evaluate vehicle noise and
vibration levels, ensuring compliance with regulatory standards and customer expectations.

NVH Sources and Contributions
Road Irregularities & Wheels

Road surface imperfections such as potholes, cracks, and uneven terrain significantly influence vehicle
NVH. The interaction between tires and road surfaces generates vibrations that propagate through the
suspension system, affecting cabin noise levels. Wheels also contribute to NVH through imbalances,
tire tread patterns, and inflation levels, all of which alter the dynamic behavior of the vehicle.
Additionally, road-induced vibrations can impact steering stability and braking efficiency, further
emphasizing the need for NVH control. [2]

Powertrain-Induced NVH
Internal Combustion Engine (ICE)

The ICE is a significant source of noise and vibration due to its reciprocating components, combustion
events, and rotational imbalances. Key factors contributing to NVH include:
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Piston reciprocation and combustion pressure fluctuations.

Engine mounts and their ability to absorb vibrations.

Exhaust and intake noise due to air and gas flow dynamics.
Temperature-induced material expansion causing micro-vibrations.
Lubrication inefficiencies leading to friction-induced noise.

Transmission

The transmission system contributes to NVH through gear meshing, torque fluctuations, and drivetrain
resonance. Specific factors include:

Gear whine caused by meshing interactions and gear tooth defects.
Torsional vibrations from torque transmission inefficiencies.
Clutch and differential-related noise during gear shifts.

Variations in lubricant viscosity affecting transmission efficiency.

NVH Mitigation Strategies
To minimize NVH effects, automotive engineers employ several techniques:

Material Selection: Use of sound-damping materials in the vehicle structure, including
composites and multilayer insulation.

Active and Passive Damping: Implementation of tuned mass dampers, noise barriers, and
structural reinforcements.

Advanced Mounting Systems: Optimization of engine and transmission mounts using
elastomeric and hydraulic materials.

Aerodynamic Enhancements: Reducing turbulence-induced noise through streamlined
vehicle body design and underbody panels.

Tire and Suspension Optimization: Use of adaptive suspension systems, noise-reducing tire
designs, and active suspension damping technologies.

Electronic Noise Cancellation: Implementation of digital signal processing (DSP) techniques
to counteract unwanted frequencies inside the cabin.

Future Trends in NVH Reduction

With advancements in electric vehicles (EVs), traditional ICE-related NVH issues are evolving. While
EVs eliminate engine vibrations, they introduce new challenges, such as high-frequency inverter noise,
tire-induced resonance, and battery cooling system sounds. Manufacturers are focusing on next-
generation materials and artificial intelligence (Al)-based NVH prediction models to further refine
vehicle acoustics.

Conclusion: NVH is a vital aspect of vehicle design that directly influences driver comfort and
vehicle performance. Addressing NVH challenges requires an integrated approach combining material
science, structural design, and active damping solutions. Future advancements in electric powertrains,
Al-driven acoustic analysis, and active noise cancellation technologies will further improve NVH
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characteristics in next-generation vehicles. A well-optimized NVH profile not only enhances
passenger comfort but also contributes to vehicle longevity and overall driving experience.
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