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Abstract

Noise, Vibration, and Harshness (NVH) have emerged as crucial parameters
in defining the comfort, performance, and perceived quality of modern
vehicles. With the rise in consumer expectations and electric vehicle
integration, NVH control has become more significant than ever before. This
paper explores the sources and classifications of NVH, various technologies
and materials used for its reduction, testing methods, and case studies from
the automotive industry. A detailed look at active and passive NVH solutions
is provided, along with the impact of vehicle electrification. The study
concludes that a multidisciplinary approach, combining mechanical design,
acoustic engineering, and digital modeling, is essential for achieving superior
NVH performance in next-generation vehicles.
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INTRODUCTION
Noise, Vibration, and Harshness (NVH) refers to the undesirable sound and mechanical
feedback that a vehicle produces during operation. In an era where consumer satisfaction is

closely tied to comfort and driving experience, NVH performance plays a pivotal role in
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automotive design and development. OEMs and Tier-1 suppliers are investing in simulation,
testing, and material innovation to achieve optimal NVH levels without compromising on

safety, fuel economy, or sustainability.

SOURCES AND CLASSIFICATION OF NVH

NVH sources can be broadly classified into:

1. Airborne Noise: Originating from engine combustion, wind flow, HVAC systems.

2. Structure-borne Noise: Transmitted through vehicle chassis and suspension.

3. Operational Vibration: Resulting from engine torque pulses, road irregularities, and tire

imbalances.

IMPACT OF NVH ON VEHICLE PERFORMANCE
Poor NVH characteristics can result in:

e Reduced driver comfort

e Increased fatigue and distraction

e Lower perception of build quality

e Warranty claims and customer dissatisfaction

In contrast, effective NVH control enhances ride quality, brand loyalty, and market

competitiveness.

PASSIVE NVH CONTROL TECHNIQUES

Use of Acoustic Absorbers

Materials like polyurethane foams, glass wool, and recycled fiber mats are used in door
panels, engine bays, and undercarriage areas to absorb noise.

Structural Damping

Damping materials, such as asphalt sheets or viscoelastic polymers, are applied to metal
surfaces to reduce vibrations and panel resonances.

Vibration Isolation

Engine and transmission mounts made of elastomeric compounds minimize the transmission

of engine vibrations to the passenger cabin.
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ACTIVE NVH CONTROL STRATEGIES

Active Noise Cancellation (ANC)

ANC uses microphones and in-cabin speakers to generate anti-phase sound waves that cancel
unwanted noise. This technique is particularly effective in controlling low-frequency engine
or road noise.

Active Engine Mounts

These mounts adjust their stiffness or damping dynamically using sensors and actuators to
minimize vibration.

Electronic Suspension Systems

Modern vehicles use adaptive damping or air suspension to reduce harshness when traveling

on uneven surfaces.

NVH IN ELECTRIC AND HYBRID VEHICLES

Electric and hybrid vehicles eliminate engine-related noise, but this highlights other sounds
such as tire-road interaction, motor whine, and HVAC operation.

Challenges Include:

e No engine masking for other noises

e New high-frequency motor tonalities

e Noise from regenerative braking systems

Solutions:

e Use of laminated glass and dense acoustic insulation

e Tuned motor mounts and gearbox housings

o Digital sound synthesis to enhance driver feedback

NVH TESTING AND SIMULATION

NVH performance is evaluated through both physical and digital methods.
Physical Testing

e Chassis Dynamometer: Simulates real-road scenarios in a lab

e Anechoic Chambers: Measure isolated vehicle or component sound

e Modal Analysis: Identify and visualize vibration modes in structure
Digital Simulation

¢ Finite Element Analysis (FEA)

e Boundary Element Method (BEM)

19 | Page 17-22 © MANTECH PUBLICATIONS 2019. All Rights Reserved



Journal of Automotive Engineering & Technology

MANIECH _
Publications Volume 4, Issue 1, January-April, 2019

e Multi-body Dynamics (MBD)

CASE STUDY: TESLA MODEL 3 NVH INNOVATION
Tesla Model 3 employs:

e Dual-pane acoustic glass
e Isolated electric drive units

e Subframe-mounted motors with tuned bushings

These design innovations significantly reduce cabin noise, improving customer satisfaction in

a silent EV environment.

EMERGING MATERIALS FOR NVH

Table 1: Advanced materials used for NVH reduction in various automotive zones

Material Type Application Area Benefit
] Door panels, Lightweight and cost-
Polyurethane foam Absorptive ) )
headliners effective
) . Excellent structural
Butyl rubber sheets Damping Floor and firewall _
damping
Composite barrier ) Engine bay, Blocks heat and sound
Insulative o )
mats transmission simultaneously
Acoustic glass _ || Side and windshield || Reduces high-frequency
) Reflective/Absorptive ) _
laminates windows noise

ADVANCEMENTS IN SIMULATION TOOLS

Digital twin technology and Al-driven NVH prediction software enable:
e Real-time parameter optimization

e Design validation before prototyping

e Early detection of critical resonance zones

Such tools significantly cut development time and enhance design confidence.
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NVH VS PERFORMANCE: THE BALANCING ACT

A critical challenge in NVH control is managing trade-offs. Adding insulation or dampers
may increase vehicle weight, which impacts fuel economy and handling. Manufacturers must
strike a balance between comfort and efficiency.

Best Practices:

e Integrate NVH strategies early in the design phase

e Combine structural and acoustic solutions

e Use modular and lightweight components

CONCLUSION

NVH is not merely an acoustic concern but a comprehensive discipline involving mechanical
design, acoustics, electronics, and software. As automotive technology evolves toward
electrification, autonomy, and lightweight design, the importance of intelligent NVH control
continues to grow. With advancements in materials, active control systems, and predictive
simulation, the future of vehicle comfort and customer satisfaction looks promising.
Manufacturers that prioritize NVH in the early stages of product development are better
positioned to offer superior user experiences and maintain a competitive edge in the evolving

mobility landscape.
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