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Downsizing Powertrains / (a1 =
NVH Implications and Solutions for Vehicle Integration SIEMENS

SENVHEIRZ IR A RNES

Downsizing trends and NVH impact
FEEBENVHEIR
Traditional Approach for NVH studies
NVHIARBMES T
New Integrated approach
ATHIERRTTIE
Examples/z=f5l:
Low Frequency Booming Noise/{fg5fiBoominglE=
Clunk
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Addressing the challenges/ifma. k%

Continued focus on fuel economy & emissions

POHES AR KRR S
gﬂk‘ ; Fuf -

electric

Multitude of options to be evaluated

SMECES =S

HI'S‘II.I' Product Configuration

. G sSwW ¢ Mamals ¢ Platfarm ‘ -
e =

Restricted © Siemens AG 2016
Page 3 20.09.2016

SIEMENS

NVH & dnvmg pleasure |mpacted by fuel economy
45

New materials — new engineering challenges

AR BT
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Technical impact of the fuel economy race/ZiiEARITWA B % IS

Introduction of new technologies for transmissions/ Fi#ZARRE 7"
Stop & start, Hybridization, Robotized Automated Manual Transmissions (AMT), Dual Clutch Transmissions
(DCT), Continuous Variable Transmission (CVT), Increase of gear ratios up to 10 in AT, CPVA (Centrifugal
Pendulum Vibration Absorber)

BERA, REm1N. BaIEGEAMT, WESEEDCT. CVT, ATIELLREAUEIN ( ATHHEESIXLON ) . B

IFETURIERRCPVA
Dampers technologies on pendulum, DMF, Variable stroke pumps, ...
Bl HEREA, WHRE . TER...

Control strategies to reduce LU opening, CVT clamping pressure, increase energy recovery, ...

E=HIREE | BEsslIEEIFE , CVTERES | EINsEERIK

Growing stresses in the driveline/AEEIZR R RIS N
Weight reduction, reduced size of components/32&1{t, , ZHE/NEHML

Downsizing/down-speeding engines / B2t/ KEEERE AR

Attributes balancing requirement/Z & &3 EE=R
Defining the best compromise between fuel economy, performance, drivability and vibration/acoustics is requested

to improve brand value

S BMRE MRAER TSR | WARESTE | RERVMRE | BIREIIIRAN/AESF MR , MR tmhEMME
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Reducing CO, at the price of NVH and driving comfort?
T REN VHFN 25 B EFE TR BEAEHERY ?
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Analysis requirements for vehicle integration performance SIEMENS

B ERRL ERE D TRV R

Requirements vs. Frequency

Ride & Handling/#%&

[ Handling/#&{% [ Secondary Ride ]

Vehicle Level/ZEiHE% Primary Ride | |_=&F Ik
— 4% IIFitE NVH ]
([ Driveability/f2i%tf |
Human Input/Z 3R &N Stﬁring input/’.ﬁ%fu‘:‘jﬁ)&
Powertrain / Throttle fore aft shﬁffle < idle oy 2nd order > g&ar rattle & Whin>e
(ENFSI] > blocks <
Road / Suspension < highway >
J bz
BEI8ELR < heelunbalance
o s Map-based response Dynamic torque calculation

:Excnit';%n mOdeltlr:'de“ty Lumped parameters Increasing component parameterization
ARERIR R ETHMRIMRL, £rhS 8% MEMIETE, BERSRRESY
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CO, reduction effect on NVH/BEEHEAXINVHAISZ M

Compromised

Reduced

Reduce stiffness/NVH i<olation (1)
vehicle weight pack BRI E Tofque
. il
BERE HJF?NYHM Increase
Turbo Engine
tEERHL
HHAEIENN
CO2 NVH cause & effects from CO2 Increase Interior F>)
Reduction reduction Noise & vibration @
B R 3k BB EMNVHE RS SR 1@ AR B A HRED —C'
o
[
—
>
(1) Improve (2,3) Increase (4) Increased
Engine Driveline Combustion
Efficiency Efficiency Related Noise
TR RES (ENRBBRE NIRHEXBERS
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(2) Lower number of cylinder Engine/<SELE0
(Ex. 3Cyl, 2Cyl)

=

(4) Increased
Engine Vibration

18 hn & sh AR

<,j (3) Expand L-UP condition Engine Speed
HEEBESIRTILE TR AT AR
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Downsizing Powertrains / 138 pkiEE%
NVH Implications and Solutions for Vehicle Integration SIEMENS

SENVHEIRZ IR A RNES

Downsizing trends and NVH impact

R EEERNVHER

Traditional Approach for NVH studies

NVHIFRANESR G E

New Integrated approach

ATHIERRTTIE

Examples/z=f5l:
Low Frequency Booming Noise/{fg5fiBoominglE=
Clunk
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SIEMENS
Traditional technologies for NVH studies/INVHIRRBWESR 5 iE

Method/Fi% | Insight /4T Limitation/PRl Picture/BH

Transfer Path

Separate root cause of

Time consuming, single

Analysis vibration / noise configuration
EBIRIEDT X o fRanERHRE FERT , B—IRIENS
Operational Visualization of forced Vehicle level only, no
Deflection Shapes response, ability to select rotational dynamics
TSR key components SR | IBheRES

S|RIBIMA AT AL , ETTHHRY

IRAIEEETRE
Full 3D Detailed optimization BB ERENNERAR
23U possible

FRRIATREMIL T =
1D Driveline Detailed rotational Full vehicle dynamics not
1EERNR dynamics easy to include

AL HZE NFREEENFER
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Traditional driveline NVH evaluation approach

Limitation

Classical approach - Assumptions

&5 %>R

Modification prediction - Limitation in low frequency booming range

SE ST > {K5Abooming; BB AR

Clutch stiffness
especially with DMF

BEaRNE(EEE R

B tiEa

Influence of the
preload/FiE 1 #2006

Non-linear mount

stiffness/IEL R ENIE

Influence of the
preload/FiEX

A
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Modify rotational

Change shaft

mode

stiffness/4MHNI E & ZS TEFEIR S E

-

Body

Change
suspension

Modify suspension
mode

stiffness/SE[N

EEr

SHEESER

\

4
/

SIEMENS

mm

Modified
input

MAEH

Coupling with
rotational mode

5 et iRESHAE
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Downsizing Powertrains / 138 pkiEE%
NVH Implications and Solutions for Vehicle Integration SIEMENS

SENVHEIRZ IR A RNES

Downsizing trends and NVH impact

R EEERNVHER

Traditional Approach for NVH studies

NVHIARBMES T

New Integrated approach

FhAYERRKTT i

Examples/z=f5l:
Low Frequency Booming Noise/{fg5fiBoominglE=
Clunk
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X SIEMENS
New integrated approach/FiliEERL S &

From two different worlds... T walent endi bining 1D simulation. 3D simulai 4 test il
... 10 polyvalent engineers comnpinin simuilation, simuliation and testing capaplitues
_RETRAE... POIYY J J J cap

IRINHEEEE—H ZHHEAESUHEES

oo = 1

= Lo ‘%’_ |

e I

B4R e - .

“A model can solve the question.
My model is correct,

your test data is wrong.” J\

_\/ “Let’s combine the available
.

technologies to provide the
best answer for the customer”

“Test is the answer.
My measurement is correct,
your model is wrong.”

Restricted © Siemens AG 2016
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Context / Expectations from customer — Booming SIEMENS

REZRHIHAEE/SS---Booming

General trend: increasing pressure on fuel economy/#2%8 : YAHESTIERIED

Downsized engines//&oIf 1/ NE4Y,

Advanced torque lock-up strategies (for the case of automatic transmissions)
EFE AL RES (FIXIATIESS )

Cylinder deactivation /[A&LA

dB

Consequences/458

Use of the engine at lower RPMs/{E{[EEE1R N A AI N

Higher torque irregularities due to lower cylinder number/ &zt EIET
- Higher booming noise and vibration/tZjilboomingixalE=

Questions/[a)gx
How are competitors dealing with booming noise?/FR¥IFE2IMMEERboomingIEFEH
What is the efficiency of the driveline rotational damper?

N R GHIIE LR fERR TR T A ?

How are torsional vibration transferred to the cabin?

ARSI RANTEEEZRACHY ?

What is the root cause of the high torsional vibration?
SHERREZTA ?
Is there any coupling of structural modes to rotational dynamics?

SBEEEESSIRENNFREE ?
What is the real added value of a CPVA or a DME?

BOEDEESRSWNRE SRRV R A ?
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LMS Engineering answer — Booming

LMSf#ERFBZF-Booming

Performance of_
driveline @ fREIRHE

RE—FEfE
damper | =

Full vehicle

test Bzt

: : —iZHh
diagnosis

o model g_ffﬁ

diagnosis

Page 19 20.09.2016

SIEMENS

Evaluate the performance of the damper
< (CPvA, DMF..)

AT BEE 2R A9 TERE (CPVA, DMF)

‘/ Identify the problem and pinpoint the main
contributors

RIS MR )RR £ KR

Objectivize the decision making process for next
‘/ driveline design

EEIRIGITHIRELTE

‘/ Provide information about components not
available from supplier

REHNETRRH#OTERIEER

Siemens PLM Software



Characterization of lock-up damper / $iiLtPEE 324514
Lock up and damping performance analysis SIEMENS

HLEFNFRFERR1EEED

Run down |

What is the effective range of Lock up map 3—-2T‘ 4-3l5-4 Te—-s5t7-6 — Engine — Gearbox
the lock-up damper? 7
NP =] S g Lock Up point
B LLRE B R ATE R ? i n
£
'- -
_ Torque o .
Engine converter Transmission il S
=] Time (Throughput)
| Slpeed [kph] | | | |
34{”]- T ! T ! T ! T ! T ! T ! T 10‘1]

Yo

How efficient is the lock-up
damper?

Efficient torsional damping

WLEPEE=RHYRIER ?

T I T T I 0
10 % 100

Damping map 300

Restricted © Siemens AG 2016
Page 20 20.09.2016 Siemens PLM Software



Full vehicle diagnosis using test based load.” &F it o B Fi2 b

Identification in time and frequency domain, ODS, EMA

By is AN b f9 B AR IRAN, ODS, EMA

Operational
measurements
TERRMAA
Full vehicle o
FRF
BN

Trimmed body
FRF

RImZES IR

Page 21 20.09.2016

Transfer path
analysis

GEmEDHT

SIEMENS

Test based diagnosis

mis?
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Reverse engineering/ ¥ M Iz
Obtaining model parameters not available to the customer

RINFRTARBNSH

Benchmark vehicle
=> No parameters

AT ER
> TS#

Suspension/body
characterization

IR 1

Restricted © Siemens AG 2016
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Torsional damper static
and dynamic
characterization

AR FE SR SNSRI

Driveshaft
characterization

BB/ 4 4

Powertrain mounts
stiffness

R BENIE

SIEMENS

Full vehicle model creation
=>» Full component visibility

BEREIE

Siemens PLM Software



Calculation of acoustic target response based on
combustion pressure excitation SIEMENS

& TFWRIREAD R E B iR Rnt 5

Combustion

b 1 :."' . ‘0O
rrrrrrr . - © ath g T Export 1o LMS Test Lab tool [export_tool_1] MOdeI Ioads ‘
H, e : (5 open vansbie .| [0 sove vaiable i | (] cleor vorioble ez |
- o s s o i
I, — ; . ¢ HIdL S < £

wuua Channel Hame
z nrm_zc\-e_nzfz; frant wiheels forcmiabsaiut Frame]

4 ﬁour_mh?ﬂ‘_in rear wheels force (Absalute Frame)

Target response calculated
based on model loads +
NEES GRS

HF &R G FnuLtsmnmay
BirmaiE

Combustion pressure Interface forces calculated
maps as model input from full vehicle model

KRR IEZRIE/REIEAN BEEATERES

Restricted © Siemens AG 2016
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Context / Expectations from customer — Multi-attribute balancing SIEMENS

RKEEFPNER/

2 ZEIEFiE

General trend: higher competitor pressure on vehicle market/§&# : BIIHZIBSS

« Different attributes in different departments: design decisions can impact other teams, cross department

communication not always easy
AEERIANES AR : Rith R mEMFAGITIE , FIENRZN R B R EEEN
* Need to save vehicle development cost

FEFHEERITARIRA

Consequences/Z558

* Front loading multi-attribute study to early development phase
BIHAFRMNER | I TZBMRVAR

» Balance between fuel economy, performance and vehicle comfort required
FEREY - PURESE. HeefiEFEN

* Need accurate models that can handle different attributes

HBENEIRER IR RRIEE

Question/[aJ§R
How to balance the comfort/fuel economy request?/4{aEEeFiE T/ PR ESEK ?
How to frontload multi-attribute balancing? /A0{a2RIH{TZ Bt ?
How to properly define a unified modelling environment?/ {{AJIEFEE N F—HIERIEINE ?
How to provide objective evidence that performance is not compromised?
WA R IR AR REASZ = ?
Where should we direct our investment strategy for Fuel Economy/NVH?

XIS HEE TNV HER B RIS BA NI X CE R EHREE ?

Page 24 20.09.2016
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Performance economy
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LMS Engineering answer — Multi-attribute balancing

LMSERRP R —ZEIEIE

Full vehicle
unified testing

CampaigN gy
HE7 N

Multi level
modeling

strategy |  Eegms
. HE

o (e | Multi-attribute
Ll O FF optimization

loop @ ERiEfE
- g
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SIEMENS

J Evaluate the vehicle performance for each
attribute

P RIERI RO RE 1TV

/ Get the right detail level for the attribute to be
studied /&35 #r BB IMEIRE EE AR E B4R

Balance the model complexity with the end user

need/RIFERLERPFRFERIER ) 8 HRIEE

J Understand the coupling effect between the
attributes

AL RIEENAES

‘/ Define the best design strategy for attribute co-
optimization

PR iERS M E BT AR

Siemens PLM Software



Multi-attribute evaluation (unified testing) SIEMENS
ZRAEVEASINR (FRIRFESE — R0 524 TR0

Multi-physic measurement | Data processing for model Multi-attribute evaluation

| : : N T L A Metric evaluation for ‘ :
= Heavy instrumentation . multiple characteristics — cross coupling between

(>200 channels) - Vehicle diagnosis 5 o : the attributes
Sensitivity analysis R
=241 * B UL o %
SYEEIR MERICERTRESN | eprmstemaime
> KBHIEHEE iteeilE S > ZEiES

Restricted © Siemens AG 2016
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Automatic optimization processes to gain insight in design SIEMENS

i B SRS AR IR A T

Objectives response space

Customization Best visualized solution

Selection of sensitive Multi objective for multi attribute

parameters from Design optimization —> GUI fit for every user
Of Experiment level

o .
RIS 755 = A = P WE BT EOR

RIEAEIAEPFE X AGUI

balancing

Restricted © Siemens AG 2016
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Balance between accuracy and complexity SIEMENS

FRTARE T 8 SRR R T

(\E}---.__:__ A R ch
Vehicle s — 1' ";"’ Erzkes
Engine s by = V»D river oo 0]

] o
i )

M GB
& Ambient air
O
’\‘ Fust Exhaust L
Exhaust
Fuel MFR [grsl E i S

F - _’_‘ Fuel Cmsumﬂhon [d
7777777777 EJ ? N e‘(\\G\Q

i 7 A \
Fuel MFI.R [kgﬁsl_*%iwm .‘féi“' Me &\,e\’/

o o Tvmer
Ooe © ~ -
(=X=X) \? Veh\‘r_‘;;esmed e
m{m A .G] Q
o= .
MANUAL GEARBOX “ N -
_ _______________ (o {:};
[lydtydin Brahesi

Engine =peed

Calculation time Accuracy of the model

it ERIE RERE
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Downsizing Powertrains / (a1 =
NVH Implications and Solutions for Vehicle Integration SIEMENS

SENVHEIRZ IR A RNES

Downsizing trends and NVH impact

R EEERNVHER

Traditional Approach for NVH studies

NVHIARBMES T

New Integrated approach

ATHIERRTTIE

Examples/7fl:
Low Frequency Booming Noise/{$fiBoominglgErmE
Clunk
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Aisin AW
Relying on LMS Engineering to strengthen its position as technology partner SIEMENS
KFELMS TR E R ARSI E K fFRIE AL

Reducing booming, judder and gear noise

- ‘.lj 0 Torque i ; o
;Al\':] e Flow é .L-up ON %‘#ﬁ —— ;1:'::'... B
SV, ey R ™ EEemm Gt
n:é- : Time [s] Time [s] ko I i I . | l
Engine S Torque Converter Vehicle ™
Energy flow lock-up booming Full-vehicle simulation
e Gained 50 percent time reduction when
troubleshooting a new NVH issue » Deploy a full vehicle model based approach for the prediction and elimination of clutch judder
§ . BITEE 1] fik RITNFDERRE S AHiE 7
FERRASTHINVHITEERHE T 5096 ARSI TINL SR SR, AT b - _
s » Employ full vehicle modeling approach combining test, 3D and 1D simulation methodologies
tSi:rgﬂ}nﬂcantly reduced overall development ERLERIEAEBESH L, 3DF—4EEilA &
SZRIETEAKNFTFLZIIE “Many NVH techniques we learned from LMS Engineering services are now part of
Recognized as technology partner of our standard development process, such as transfer path analysis.”

automotive OEMs, resulting in competitive £ MLMS TR IRSZFEMWNVHEARME EER BN EFRFH— AT, HlanfEiEE

advantage B
ERAEHFEBRNBEARESEKE, RERRKE Hiroki Tsuji, Group Manager, Core Component Engineering Department
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Aisin AW

Process lock-up booming investigation

BEasEfiltbooming BT IRE

1) Testing/ M,
Measurement of input & validation data, data for
load identification/fllizl : & &g A &IGIE £ #E, Ak

r
(=]
[=]
o

pm
Amplitude
T T

200%

1 s 38

Internal transmission rpm

2) Test based diagnosis/ZETMUERAIZ KT
In-depth test investigation including transfer path
analysis (TPA) and operational deflection shapes
(ODS)REATNHIAR : BFETPARIODSIAR

TPA contribution ODS mode

Page 34 20.09.2016

3) 1D Driveline modeling/1D{EEh & iE S

1D model consists of engine model and

transmission model/1DIEEYEIE & T AR BLFNET R EE

— Transmmission model

*E—&J Enghe-r

Vehicle model—

» Powertrain block &
mounts/{EFRIZEHRLEE

» Subframe/&I|ZEZ2

« Chassis /[E#

* Front & rear suspension/
HIEEE

« Driveshafts & tires/{&z4H
&ECHE

LMS Imagine.Lab

4) 3D Vehicle modeling/3D

LMS Virtual.Lab

SIEMENS

5) Simulation, correlation and model based

diagnosis/{HE

Power train internals — 1D

,_|ﬂ e = o |J \i/?\\,

Vehicle body - test

Forced
response

Coupled
simulation

Vehicle active part - 3D

Linear analysis

 —

123456718 9101112131415161?1819

Optimize target vibration

\/f

Engine Speed

Vibration
Level
é
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Automobili Lamborghini
Creating a new driveline concept design using LMS Imagine.Lab Amesim SIEMENS

EFLMS Imagine.Lab AmesimBIEFHEUERI RBILSIZ 1T

Designing the Aventador LP700-4 torsional vibro-acoustic driveline

Powertrain and gearbox noise optimization Torsional behavior of the driveline
» Model easily complex dynamic systems using prepackaged components

» Designed the torsional vibration e ) e s _ o
characteristic of the Aventador LP700-4 BT RTEA H PR R A LIE R S 78 & AR AR EHTHE

driveline » Generate models in function of the phenomena the user intends to investigate

’-E'I'S(\:lAventad or LP700-4 {EE}J% E‘JH}E###'IE ‘Eﬁ(ﬂ@):' Xl E"Jfﬂaﬂﬁ% ﬁﬁiﬂﬂ%ﬁ‘éﬂ‘]*ﬁﬂ

#TIRMT
. Supported torsional vibro-acoustic . The true power of LMS Amesim is demonstrated by how easy it is to e_valuate
driveline optimization different driving conditions, software or hardware changes and even different

X FHETh RIS REN- BRI configurations”.
Ing. Claudio Manzali, R&D
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