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HEV technology introduction/adoption

• Customer acceptance of such technologies 
can be adversely affected by:
– Dynamics
– Driveability
– Refinement

HEVs present a number of new challenges 
associated with refinement (my focus being 

their sound quality)



New specific HEV sound quality issues

• Reduced masking from the ICE
– Downsized ICE

• New HEV specific sources
– E.g. electric motor/generators 

• Information from sound
– Affect on comfort, driving style…

• Exterior sound of HEVs
– Pedestrian safety; customer perception of brand quality



• Key requirements 

1. To be able to assess the sound from vehicle models of both current and 
future vehicle designs.

2. To be able to assess those sounds in real-time, with the option of both fixed 
and free drive scenarios, and within an appropriate context.

Selecting an approach –
New challenges

Approach which satisfied both requirements is 
interactive NVH simulation



Listening room based assessments

• Interactive NVH simulation
– Offers the benefits of both previous methods and has none of the

drawbacks
– Provides an ideal environment for further learning about new HEV specific 

sound quality issues

– Listening room based assessments
+ Quick and accurate assessments of both current and future vehicle designs
- Lack of realistic interactive context

Selecting an approach –
Interactive NVH simulation

• Previous approaches to jury evaluation 
(capturing subjective opinions of customers)

– On-road assessments
+ Realistic real world context
- Poor back-to-back comparison
- Lack of experimental control (e.g. repeatability)
- Inability to assess future vehicle designs

On-road assessments



Chosen application

• B&K PULSE Interactive NVH simulator
– Full vehicle and desktop versions

Interactive NVH vehicle simulator NVH simulator hierarchical model



• Conventional S&V recording process for HEVs
– HEV have more complex vehicle operation than conventional ICE equivalents
– Simple test runs (e.g. speed sweeps) unsuitable

Therefore, new steps needed to be taken

HEV model for interactive NVH
simulation



New key steps – Identification of key
factors which affect the sound of HEVs

Key factors which affect HEV sound




