Analysis of the challenges of sound package definition for electric vehicles
using SEA analysis
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SEA analysis of electric vehicles sound packages
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SEA analysis of electric vehicles sound packages
Different methods available
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SEA analysis of electric vehicles sound packages
Contribution of real life excitation to the response

* Several sources are contributing to the response at passengers head
» Motor
» Rolling noise
» Windnoise

e All sources have an airborne and structure-borne contribution

* Broad band contribution, higher frequencies are also important
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SEA analysis of electric vehicles sound packages
Number of modes

Modes in band

e For a typical car, number of modes till 8kHz D s e
> BOdy in Whlte Structu re ™ 100 OOO 100000 Interior volume
» Interior volume ~ 250 000 //

10

e FEM cannot handle this amount of modes
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SEA analysis of electric vehicles sound packages
Uncertainty in measurement
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« What is SEA? theoretical background
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SEA analysis of electric vehicles sound packages
What is SEA? Theoretical background

SEA: Statistical Energy Analysis

 Method to analyse the energy flow within a vibro-acoustics system

* No small element level discretization, BUT a Subsystem level discretization
> Door panel, windshield...

FEM model, SEA model,
millions of elements Several hundreds of subsystems
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SEA analysis of electric vehicles sound packages
What is SEA? Theoretical background

* SEA equation
» Based on conservation of energy equations
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* SEA parameters
» 1; Damping loss factor
> 1;7Coupling loss factor between subsystems i and |
» n; Modal density of subsystem i
> II;;, ; Power injected to subsystem i
> E; Energy of subsystem i (unknown)
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SEA analysis of electric vehicles sound packages

What is SEA? Theoretical background

* Generalisation for a complex system
» Car
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SEA analysis of electric vehicles sound packages
Model creation process

Gather Build model Populate Define Define
geometry geometry database  flanking paths sources

oclel gitilelife

CAD/FEA Beams, Shells, Physical Passthroughs, Engine, tire/road,
cavities, SIF ...  properties, sound Leaks... wind noise, ...

package, DLF,...
| |

Figure 1: SEA model building process
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SEA analysis of electric vehicles sound packages
High fregency with SEA, Airborne load case investigation
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SEA analysis of electric vehicles sound packages
Role of the SEA model during the design process

» Verify product requirements * Verify product performance
> Define specifications VIRTUAL PROTOTYPING > Consider production impact
« Aprove concepts Targets < — V alidation * Aprove designs

* Trouble shooting

i @vaone”

SEA driven process

DESIGN
— CAD & ANALYSES

PROTOTYPES
& SIMULATIONS

SEA and FEM driven process

DESIGN FREEZE
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SEA analysis of electric vehicles sound packages
Agenda

* Real case application
» Overview of the demonstrator model
» Target cascading application

» Design change analysis
« Examples...
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SEA analysis of electric vehicles sound packages
ESI‘'s EV SEA model demonstrator

Structure

» Built from an actual FEM model of a real car

» Integration of EV specific underbody architecture
EV components

» Fitted battery (weight=500kg)

» Electric motors

Sound package
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> Interior _ . Vehicle structure model Exterior cavities
» Carpet, Dash insulator, Absorbers, Headliner...
» Exterior

* Wheelarch absorbers, Engine cover...

» Biot parameters and TMM are used to model
multilayer porous material construction

Cavities External/Internal
» State of the art partitioning

\ @

o

EV specific underbody Battery and electric motors

e J architecture
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SEA analysis of electric vehicles sound packages

ESIl's EV SEA model demonstrator, Load cases

« Standardized load cases
» Airborne
» ENR (direct or reciprocal), TPNR
» Structure-borne
* NTF Front Strut, Rear Strut...
» Real life excitation
» Example of Driving Condition
« Constant speed TPNR Front | ENR Front, Direct

* Full Load

» Load description from measurements
» Airborne and Structure-borne excitation

NTF Front Strut Real life excitation
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SEA analysis of electric vehicles sound packages
ESI‘s EV SEA model demonstrator, Sanity checks

* Pure Airborne load, TPNR Front * Pure Structure-borne load, NTF Front Strut

TPNR Front NTF - Front Strut
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SEA analysis of electric vehicles sound packages
Target Cascading

Iterate different configuration to meet
Cost/Performance/Mass objectives

Competition benchmark

* Reach performances of
competitor

* Specific load case

Identify weak paths
Cascade down to subsystems
* Contribution analysis
* Improvements needed at...

@vaone”

Recommendation
Evaluation of counter measures
* Delta dB plots
* Effect on different load cases
* Cost/Mass vs dB effect
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SEA analysis of electric vehicles sound packages

Target cascading application

Competition benchmark
* TPNR analysis

TPNR Rear
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The vehicle is weak at high frequency
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Identify weak paths

Cascade down to subsystems
e Contribution analysis

“ JUNC - Forced Vent

“ JUNC - Front Door Windows.
JUNC -

JUNC -

Rear Seat Pan
C Pillar

“JUNC - Rear Door Windows.
® JUNC - Windscreen Rear
B JUNC - Windshield
W JUNC -

W JUNC -

Headliner

Front Door Windows Seal
B JUNC - Kickup
® JUNC - Parcelshelf
mJUNC -

WJUNC -

Floor Front
W/Arch Inner

W JUNC - Floor Rear

* High contribution at high frequency from
* Air Vent
* C-Pillar

Recommendations

Evaluation of counter measures
* Absorber packet at quarter panel and
pillars
e 15mm Fiber

TPNR Rear

——Sedan

——Luxury Sedan

——Demonstrator

——Demonstrator with absorber packet
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SEA analysis of electric vehicles sound packages
Source contribution evaluation

* Real life source is a combination of multiple inputs
» Structure-borne or Airborne
» Rolling noise, engine
» Windnoise not considered

SPL at Driver's head space

Engine Airborne

Rolling Noise Airbone

= = =Engine Structure-Borne

= = =Rolling Noise Structure-Borne

dB

100 125 180 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000
Hz

CV/i

get it right® www.esi-group.com




SEA analysis of electric vehicles sound packages

Investigation of some counter measures

* Underfloor trims

» Battery, engine, trunk
« Battery sealing
« Heavy layers for

» Firewall

» Carpet
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Design change influence analysis
Battery Undercover and Underfloor

* Objective: evaluate the effect of absorptive properties used for
» Battery undercover, Engine and trunk underfloor, Wheelhouses absorbers

» Effect for different load cases o
Delta SPL at Driver's head space
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N
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——TPNR Front
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Design change influence analysis
Battery Undercover and Underfloor

* Energy flow changes using Battery undercover and underfloor

No absorptive material

# JUNC - Firewall lower

= JUNC - Front Door Windows
JUNC - Windshield

# JUNC - Windscreen Rear
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 JUNC - Kickup

= JUNC - Front Door Windows Seal
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™ JUNC - Sill Rear

' JUNC - Headliner

 JUNC - Hinge Pillar

8 JUNC - Fioor Rear

W JUNC - sill Front

= JUNC - B Pillar
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1 JUNC - Console

WIUNC-IPLH

m JUNC - Cold Air Barrier
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Reduction of the noise propagated through the air
vent. The energy is lost before entering the car!

@vaone

= JUNC - Firewall lower

W JUNC - Front Door Windows.
JUNC - Windshield

7 JUNC - Windscreen Rear
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Design change influence analysis
Battery Sealing
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* Objective: Evaluate effect of adding a seal in front and back of the battery

Delta SPL at Driver's head space

| =71

Front battery seal position

dB
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Real Life Input

100 125 160 200 250 315 400 500 630 800 1000 1250 16002000 250031504000 5000 6300 8000
Hz

Www.esi-group.com

get it right®

Copyright © ESI Group, 2019. All rights reserved.



Design change influence analysis
Heavy layer for carpet and dash insulator

* Objective: Evaluate effect of adding a 3kg/m? heavy layer

3kg/m? heavy layer Delta SPL at Driver's head space
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Design change influence analysis
Summary

» Effect of the different design changes for the real life excitation

Delta SPL at Driver's head space

dB
~

—— Battery and underfloor covers

Battery sealing

——Heavy layer
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SEA analysis of electric vehicles sound packages
Conclusions and perspectives

e SEA analysis gives the opportunity to:
Analyse the energy flow within the vehicle
Analyse the relative importance of the diverse sources
* Engine/rolling noise/windnoise
* Airborne/structure-borne
Evaluate effect of vibro-acoustics counter measures
Optimize the sound package of the vehicle in regards to
* Vibro-Acoustics performances
* Mass
* Costs

e SEA is realiable, easy and quick to provide answers and test new designs
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