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3W H Y T R A D I T I O N A L A P P R O A C H E S A R E N O L O N G E R S U F F I C I E N T
T H E  C H A L L E N G E

Exceptional performance is crucial to maintain 
industry leadership in highly competitive market

Development cycles shrink to match today's fast-
paced market demands

Testing and validation budgets decrease as 
investments shift towards emerging technologies.

Multi-attribute Optimization 
is expected from early stages

Handling

ComfortNVH



4S T R E A M L I N E D D E V E L O P M E N T P R O C E S S
T H E  C H A L L E N G E

CTS

DESIGN

SSTS

Component Validation

System Validation

Vehicle Validation

PHYSICAL VALIDATION

VTS

TARGET CASCADING

DNA
VIRTUAL 

VALIDATION
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1. RT Multibody

2. Hyperdock

3. NVH Simulator

4. Upgraded CCUR

Enhanced 
development 

process

T H E M E T H O D O L O G Y E V O L U T I O N

T H E K E Y S T A K E H O L D E R S
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Complex Multibody model + NVH model

> 400+ DOF
0-150+ Hz

Handling
Ride/NVH

T H E M E T H O D O L O G Y E V O L U T I O N

V E H I C L E M O D E L S &  H W

Before Now

Parametric Vehicle Dynamics model

14 DOF
0-15 Hz

DiM250 + lightweight cockpit + shakers package

Handling
Ride/NVH

450 kg
0-150 Hz

Handling
Ride/NVH

DiM250 platform + “static” cockpit 

800 kg
0-35 Hz

Handling
Ride/NVH
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Not yet RT 
capable

Body MNF model 150+ Hz
Handling, ride 

and NVH

 Correlation in all 
relevant directions

Complex MBS model RT-Capable MBS model

 Realistic 
secondary ride feel

Complex FEA model

T H E M E T H O D O L O G Y E V O L U T I O N

I D I A D A ’ S M O D E L L I N G A P P R O A C H
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Body FRFs model 150+ Hz
Handling, ride 

and NVH

 Correlation in all 
relevant directions

Complex MBS model RT-Capable MBS model

 RT capable  Realistic 
secondary ride feel

Combined model

Complex FEA model

T H E M E T H O D O L O G Y E V O L U T I O N

I D I A D A ’ S M O D E L L I N G A P P R O A C H



10

Body model
Up to 200Hz

Body FRFs
≈

Body FRFs Model

MODAL ANALYSIS ON COMPLEX MODEL OF COMPLETE TRIMMED BODY FRFs GENERATION

Top Mounts

Body/subframe

Body/Links

Inputs
Forces at suspension attachment 

points

Steering X, Y, Z

Seat rail X, Y, Z

Heel point (floor) X, Z

Outputs
Accelerations at driver’s contact 

points
Test, FEA or MNF model

Complete trimmed body = …… … … … …

…
…
…
…

{Y}
n outputs

[H]
n x m

{X}
m inputs

T H E M E T H O D O L O G Y E V O L U T I O N

I D I A D A ’ S M O D E L L I N G A P P R O A C H

KEY GUIDELINES

1) Test vs FEA vs MNF

2) Proper FRFs AMPLITUDES but 

missing PHASE

3) Sequential correlation: Ensure 

accurate inputs
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Forces at chassis/body 
interface

Accelerations at 
driver’s contact points
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Vehicle motion 
statesRT-Capable MBS Model

Body FRFs model 

DiM250

Hyperdock

Sound model 
(from test data or hybrid)

Cockpit   
Sound 
system

T H E M E T H O D O L O G Y E V O L U T I O N

I N T E G R A T I O N I N I D I A D A ’ S D R I V I N G S I M U L A T O R
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H M E T C  C A S E  S T U D Y
B A C K G R O U N D

HMETC & IDIADA collaborations during last years
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H M E T C  C A S E  S T U D Y
P R O J E C T C O N T E X T

OBJECTIVES RESOURCES

1) Apply new IDIADA METHODOLOGY for comfort 

and NVH

2) Understand the vibrational and sound 

capabilities of new HW

3) Validate subjective implications of different 

MODELLING LEVELS

4) Demonstrate shakers influence in comfort and 

NVH chassis component subjective tuning

• B-SUV test vehicle from Hyundai Motor Europe
• FE and ADAMS full vehicle models
• Set of production tires, to generate physical tire 

models
• VD, NVH and DS teams fully integrated in the 

project

MAIN OPEN QUESTIONS

1) Trimmed Body representation: MNF vs BIW FRFs?

2) Accuracy gap & driving experience: Replays vs actual 

online driving?



15

# Trial VD SW Tyre Suspension Body On/Off 
Line

1
PARAMETRIC Models VI-CRT

MF 5.2
LUT Rigid ON

2 FTIRE

3

MBS Models ACAR

MF 5.2
MBS → Rigid → No freq. bush Rigid

ON
4

FTIRE5
MBS → Rigid → Freq. bush

“Simple” Flex Body

6 “NVH” Model (FRFs from MNF)

7
REPLAYS

ACAR FTIRE MBS → Fullflex → Freq. bush Full flexible MNF of trimmed body
OFF

8 - Real Real Real

H M E T C  C A S E  S T U D Y
T H E M O D E L I N G J O U R N E Y – V E H I C L E M O D E L S
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H M E T C  C A S E  S T U D Y
T H E M O D E L I N G J O U R N E Y – O F F L I N E C O M P A R I S O N

1. U-Shape – 20 km/h 2. BMR – 30 km/h
3. Conclusions

• MBD preferred
• Prediction requirements up 

to 150 Hz 
• New CCur platform enables 

for higher number of DOFs.
• Model simplifications are still 

needed

→ Need for as complex as 
possible flexible BIW!S

EA
T 

R
A
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Test

MBS

Parametric
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H M E T C  C A S E  S T U D Y
T H E M O D E L I N G J O U R N E Y – D I M I N T E G R A T I O N

HW Validation SW Integration

1) Vi-CRT + Shakers

2) ADAMS/CAR RT + Shakers

3) ADAMS/CAR RT + FRFs + Shakers

4) Test and ADAMS/CAR RT  Replays + Shakers

Platform ONLY [0 - 20 Hz]

Platform + Shakers [0 – 150 Hz]











Key for REPLAYs usage! Key for ONLINE DRIVING usage & more!
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H M E T C  C A S E  S T U D Y
T H E M O D E L I N G J O U R N E Y – D I M I N T E G R A T I O N

SW Integration – FRFs WORKFLOW

Platform 
Motion Cueing

Vehicle 
Motion states

0 – 20 Hz

WCs Forces
Shakers 

Motion Cueing

Top Mount

PWT

Steering

…
.

Subframe

Body [FRFs]

20 – 150 Hz

≈ 399 force channels

≈ 8 acceleration
channels

Including RT filtering effect

Including RT filtering effect
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H M E T C  C A S E  S T U D Y
T H E M O D E L I N G J O U R N E Y – D I M I N T E G R A T I O N

SW Integration – FRFs WORKFLOW – MNF vs BIW FRFs?

BMR – 30 km/h Conclusions

• 3 Gap sources: Model 
simplifications + Filtering + HW

• < 20 Hz: Main effect of RT Filtering 
- Platform 

• Transition: Response VALLEY → to 
be tuned!

• > 20 Hz: FRF increase content 
above 20 Hz - Shakers

→ CONFIRMS FRFs is a meaningful RT 
Method!

Simulation model only considered, RT Filtering effect included but no HW influence

OFFLINE - Full
ONLINE - 
Intermediate
ONLINE – 
Intermediate + FRF



20

H M E T C  C A S E  S T U D Y
T H E M O D E L I N G J O U R N E Y – D I M I N T E G R A T I O N

SW Integration – FRFs WORKFLOW – Replays vs actual online driving (I)

Conclusions

• 3 Gap sources: Model 
simplifications + Filtering
+ HW

• RT Filtering Order 1: 
Balance delay vs filtering 
accuracy

→ Motion Cueing filtering has a 
direct effect on vibration 

perceived!

1. RT FILTERING effect in motion 
cueing – Platform input
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2. RT FILTERING effect in motion 
cueing – Shakers input
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H M E T C  C A S E  S T U D Y
T H E M O D E L I N G J O U R N E Y – D I M I N T E G R A T I O N

SW Integration – FRFs WORKFLOW – Replays vs actual online driving (II)

BMR – 30 km/h - REPLAY VS ONLINE DRIVING comparison Conclusions

• 3 Gap sources: Model 
simplifications + Filtering + 
HW

• Replay vs online driving: 
• < 20 Hz: Replay is more 

realistic due to more complex 
model

• > 20 Hz: FRF increase content

→ Need balance between 
accuracy and virtual tuning 

flow/progress

Physical accelerometer signal on cockpit seat rail



22T H E M O D E L I N G J O U R N E Y – D I M I N T E G R A T I O N N V H
H M E T C  C A S E  S T U D Y

MBS model

Combined model Handling, ride, NHV

20 ~120 150

FEA model

16 kHz

KEY TAKEAWAYS

➢ NVH desktop simulator & models fully extrapolable to DiM250 + Hyperdock

➢ Experience the vehicle full frequency spectrum

➢ Source contribution analysis → contribution path by source

➢ Evaluate VD design/modification → Impact on NVH attribute at early stages

0.1 

NVH Model (Vibration + Audio)

RT+MBS model



23

CONTENTS

1. The Challenge 

2. The Methodology Evolution

3. POC: HMETC Case Study

4. The Path Forward



24

T H E P A T H F O R W A R D
C O N C L U S I O N S &  N E X T S T E P S

Upgraded facility is READY!1

New HW + Modelling Methodology allows reaching up to 150 Hz2

NVH virtual development is now possible to be heard and felt!3

POC with HMETC completed!4



T H A N K  Y O U  F O R  Y O U R  K I N D  A T T E N T I O N

Javier Gutiérrez
Manager
Virtual Vehicle Dynamics
& Driving Simulator
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