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Subjective Evaluation of CAE
Simulation Data in the NVH
Simulator, an overview of the State-
of-the-Art



On the Road to Zero Prototypes: Vibro-Acoustic Simulations

Energy based
methods

Deterministic or mesh-based

methods
Finite-element modeling for low frequency Statistical Energy Analysis for high frequency
structure-borne and boundary element modeling for alrborne noise.

exterior noise propagation

Which one of these curves “sound”
better?

. Are they worth the cost/weight
addition?
How to convince program managers?
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* Simulation with reference or unit loads or additional simulation required (e.g. CFD for
wind noise, Electro-magnetic for motor noise, gear simulation for whine noise,
multibody for structure-borne road noise, etc)
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Auralization in Driving Simulator for NVH

 Driving simulators provide calibrated
audio and vibration feedback and
replace physical prototypes in
subjective evaluations.

Source: www.vi-grade.com

* They also bring cost reduction and
efficiency when making design
decisions.

‘ How to auralize CAE simulation results?
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Road Noise Synthesis

Tire Test Stand Vehicle Transfer Functions Virtual Prototype

Source: www.hbk.com

L

Airborne

Source: www.vigrade.com

QliQZJ--- F1,F2,...

* The process is repeated for several speeds and the simulator environment
Interpolates between results to generate the road noise at any given speed.
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Structure-Borne Transfer Functions: Finite-Element Simulations

Acoustic cavity Trim & Damping patches

Suspensions & Tires

- State-of-the-art solver providing fast accurate results allowing engineers to
understand the noise generation mechanism to optimize the vehicle design.
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Airborne Transfer Functions: Statistical Energy Analysis

Complement Finite-Element Analysis for high
frequency simulation

Reference simulation method for airborne noise
sensitivity.

Vehicle decomposed into subsystems, panels and e
acoustic cavities, that exchange, dissipate and store [ T |
energy. - \-' W
Treatments add absorption, damping and insertion

loss.

SEA solves the power balance equation to estimate the e

average energy in each subsystem. The calculations

are performed in frequency bands (third-octave bands) | —
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Road Noise Auralization: 40 to 80kph

&5 ol [mea 57 oo oK

#' ASSIGN DATA CAR ASSEMBLER TEST SETUP $%
Dashboard I O Dpisplay 00 00 1 088
«
l! [, 78.66 ~
. 20 30 40 50 60 70 80 90 dB/20u &
®L: Total @®L: Single @Total Frozen @Single Frozen =0
i S =0
£ [ ol i
4 =
R -8
40 A o
Vo /:. ) g v
4y, 380 3
g
°
o
-
o
m
10 40 Hz 800 3.15k
& ®L: Total
=] O
~ S
g
| @
= N =3
= Mixer List | oD Preset v | Add = | | Compare O @ S
i . ~
¥ I Syn Start | 0.00 [s] End | 8.00 [s] ' Column| Rpm v | Min| 100000 Max |40( — e
-
@ 40kph_to_80kph.mvr ﬁ s
¥ / j & Evaluation E
M g
b : &
£} ,
& 2 -
E w
Eo’[ S
o — 8
0 1 2 3 5 6 7 8
= 0 12 16 17.83
2 n S | H Airborne 8/8 Display

8 s
v T 20720 DM Show Log | Finished loading Audio data! @ @ @ @ @ @ @ Q

:

AN KEYSIGHT

UNRESTRICTED



Wind Noise Simulation

CFD Simulation AVA Post-processing Vibro-Acoustic Model
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Front Interior Noise Prediction: SEA Contributions & Test Total

----- Test Total
——SEATotal

Front Screen
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Rear Qtr Glass
Rear Screen

Validation of Combining Compressible
CFD Results with Statistical Energy
Analysis for Vehicle Interior Noise

Simulation | Ao
Holly Daniels (Bentley), Joseph Venor & P
. . Wheel Arches
Simon Martin, Chad Musser (ESI Group) — oo ow e we
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Wind Noise Auralization at 100kph
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EV Powertrain Noise Simulation Process: Airborne Noise

] Noise Radiation
Forces: order domain - , ,_
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Powertrain Noise Auralization
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Encapsulation as a Frequency Dependent Filter

Air PEM

* The drive unit is excited with EM or generic
VS, Drive Unit forces at the stator attachments.

 Afilter is created using the ratio of the sound

Radiated Power power with encapsulation over the one
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With vs. Without Encapsulation

ASSIGN DATA CAR ASSEMBLER TEST SETUP

Dashboard &) 1 O Display 0 00

5 «
| .
H & 20 30 40 50 60
[} @ L Total @Single Frozen !
H - @ L: No Sound Object selected @L: Filter + Global
] - @Total Frozen
5 © | o0
£ 2|8
e "8
Jio
" ~R
D
w |2
8
= I
Tle wa LLHN
0 80 160 Hz 240 320 400
Mixer C ®L: Total
b

:
= Mixerlist % £ ¢ 0 [ = Filter List x 2z 1 O 88
N Syn Start | 0.00 1~ EH Global Filter Add
@EV Run_Up.mvr nE Base Engine - SB 00 dB I add
%‘ & Base Engine - AB 00 dB J  add EElreiw
(e}l Imported FIR: Encapsulation_vs_Bare.unv Edit = | Del

Play/Pause (Alt+P)

Show Log | Finished loading Audio data!

AN KEYSIGHT

UNRESTRICTED



All in All: Powertrain, Road and Wind

| = NVH Simulator ~ B E & v 2

#  ASSIGN DATA CAR ASSEMBLER TEST SETUP
‘ Dashboard &) I [0 Display 00
20 30 40 50 60
®L: Total @Single Frozen g
@®L: No Sound Object selected @L: Filter + Global
VIFGRADE S

g1
c S18
w | e

NVH SIMULATOR

24 -16 Filter Gain [dB] 16

““ UN f'y r
2 ‘
) [T Wit
o u'\lir\l N M | H‘“ M fhv‘lwﬁi‘\ﬁkl‘ lrr Y
3l o i
0 80 160 Hz 240 320 400
Mixer = oL Total
car g:
= MixerList X 2 Preset v Add Compare m ] 8
Y| | pL Syn Start | 0.00 [s] End  20.00 [s] = Column| Rpm v| Min 0.00 Max | 113 =
@EV_Run_Up.mvr E ?_:
‘%‘ q Evaluation N
- 0 4 8 s 12 16 20
i S||H Base Engine - SB 0712 Display g
1 s | | H [ES Front_Left Mnt X Display Modify Show Log | Finished loading Audio data!

AN KEYSIGHT

UNRESTRICTED



Conclusions

* We have presented the process we developed to simulate and auralize EV interior noise.

» With this process allowing realistic NVH evaluations early during vehicle development,
OEMs are better positioned to identify the risks of NVH issue and when necessary, define
and evaluate countermeasures.

« All of this is CAE-led, paving the roads towards “Zero Prototypes” vehicle development
programs.
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