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Automotive industry is changing rapidly

M of vehicles sold per year % of new car sales
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Bloomberg New Energy Finance

Electric vehicles share
could range from 10-
50% of new vehicle sold
in 2030.
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New mass distribution

TESLA MODEL S WEIGHT - 4,600+ LB

W Battery 28,59
Wiiotor 23,23

W Frane 17,208

B Intericr 14,261
Witise 6608

N Exterior ¢.320
[Electrical 3.67¢

https://www.teslarati.com/tesla-model-s-weight/

= Different loading

= Different requirements in Body
Design

SIEMENS
lngenuity for life

Change in NVH priorities

ICE vehicle

B Powertrain noise

® Road noise

» Wind Noise

u Ancillary system noise

W Other noise and vibration
phenomenon

Source: Leading the Charge — The Future of Electric Vehicle Noise Control
Greg Goetchius, Sound & Vibration, April 2011

Electric Vehicle M Powertrain noise
1% 15% ® Road noise
Wind Noise

W Ancillary system noise

m Other noise and vibration
phenomenon

Shift from powertrain NVH to other
NVH contributions

Introducing Uncertainties & change

Siemens PLM Software



... car development teams need to change rapidly SIEMENS

’hg,ev\uf\ly«for&‘fa
Be more flexible Develop Faster

To test when needed

“Let’'s combine the available
technologies to provide the best
possible solution”

To test what you need

In who does the
measurements

Increasing link between Test & Simulation
v' Simulate in service of testing
v' Provide complete data set in service of simulation
v Process standardization and acquire data anywhere in world
v' COMBINE test & Simulation — More polyvalent engineers

While being confident in
what was measured
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Typical challenges in operational NVH data collection SIEMENS

External conditioning units
between sensors and
hardware:

- Conditioning
- Power sensors
- Requires external power

Alternative:
v" Direct connection &

power sensors from
hardware
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Sensor

sensor

Sensor

’l/\g,ev\uf\ly«foru'[e
External Data
=P Conditioning & ===  Acquisition
External power hardware
sensor sensor
}nditioning G Conditl'oning G)
G) unit ) unit
2 \ /
___ Conditioning
unit T Data G) sensor
® Acquisition
| Conil::ict)mng | hardware Sensor
sensor sensor
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Typical challenges in operational NVH data collection

Separate systems used
for different applications

Alternative
v" One system

v" Combining and
linking all
information by
measuring together
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NVH system 1

Torsional vibration
testing

Combustion
analysis

NVH system 2

Source localization

SIEMENS

’hgehuf\ly for Ufe

Use simulation
software

Performance
testing

Sound Quality
testing

Siemens PLM Software



Typical challenges in operational NVH data collection SIEMENS
’hgzb\uf\ly«foru'[e

Every CHAIN in the measurement Chain Counts

DATA ED
INSTRUMENTATION ME VALIDATION SSING REPORTING
Errors in Black box? Ime consuming/manual Manual report
instrumentation Overlooking errors processing creation
Limited visibility in
External boxes data? Inefficient/manual Import/export data Static reports
process for
Complicated Set up Overlooking errors validation Synchronizing datasets

Up 80% of the total measurement time lost in instrumentation, data validation, data clean-up & error
correction, or even worst-case redoing measurements

Restricted © Siemens AG 2019
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Challenges SIEMENS
’hgzb\uf\ly«foru'[e

High amount of external boxes between sensor & hardware
Separated systems / set-ups
Increasing Digitalization of sensors & signals

Up 80% of the total measurement time lost in instrumentation, data validation, data clean-up &
error correction, or even worst-case redoing measurements
Test more in less amount of time
Testing in service of simulation

Increase Increase

Flexibility Tl T Be more efficient

Restricted © Siemens AG 2019
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Direct connection of all sensors to one hardware SIEMENS
’hgehuifyfor&{e

sensor
sensor /
\Conditioning Conditioning G)
G) unit G) unit
sensor — Conditioning N /
o Dl @ sensor
® Acquisition
Cordifior
sensor — ©ondtenng - hardware sensor
sensor sensor
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Be Flexible — Combine data streams from different sensors SIEMENS
Connect wide range of signal types lngenuity for life

Measure Vibrations

v" Mono-axial
v’ Tri-axial:
* one cable connection
* Define one tri-axial
accelerometer as one sensor

Visualize vibrations
Detect instrumentation errors

v" Measure DC vibrations (MEMS) —
e.g. for assessment of driving
maneuvers

v" From small, to more complex
setups

v' Read TEDs

Restricted © Siemens AG 2019
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Be Flexible — Combine data streams from different sensors SIEMENS
Connect wide range of signal types lngenuity for life

Measure Sound Pressure

v' Single microphones
v" Or Binaural:
» Binaural Heads
« 3D Binaural Headset
v" On the spot replay of acoustics

v' Evaluate instantaneous Sound

Quality metrics :

v Including high channel counts: { & RS
* Wind tunnel

* Acoustic modal

Restricted © Siemens AG 2019
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Be Flexible — Combine data streams from different sensors SIEMENS

Connect wide range of signal types lngenuity for life
Shaft Torsion, Transmission Rotational speed
error, Torsional stiffness . . . . i . .
== Incl. High dynamic Torsional vibrations and resolver signals for electric
| motor

v" Direct connection of wide range
of sensors
« Magnetic pickups
» Optical coders
* Incremental encoders
v" From order tracking to torsional
vibrations
v' Link torsional vibrations to NVH
v’ Capture resolver signals for
electric motor

E
e s
i mane

|

||¥|“"‘""‘"“\‘|Ht|\\£ . __
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Be Flexible — Combine data streams from different sensors SIEMENS
Connect wide range of signal types lngenuity for life

Locate Sound Sources

v Connect Acoustic
Array as sensor and
measure together
with other NVH

v" Localize where
sound is being
radiated

Restricted © Siemens AG 2019
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Be Flexible — Combine data streams from different sensors

Connect wide range of signal types

] Simcenter Testiob Desktop Neo-SQVideo - Window ________________________________________________ SIEMENS - &

€ Rmmmey > £

f- «
| th /LM | Jw,“‘ /,"W.-‘L / o rrw

\/
\ Wo\f W

Playing actan 39 ™ 40

Q- &
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SIEMENS
lngenuity for life

Vehicle location & Speed & Video
Capture location of measurement

v' Measure GPS (& Navstar)

v Be sure to know where events were measured
v' Capture video data stream

v' Trigger start/stop of measurements based on

position

LPG2-

bumps_filtered_GoogleEarth:

Maximum of Speed 25.0 km/h
5

Siemens PLM Software



Be Flexible — Combine data streams from different sensors SIEMENS
Connect wide range of signal types

’D\g«af\ui\ly -for Uft

Acquire Digital Information from vehicle buses
CAN, CAN FD, Flexray, ... CCP/XCP

Measure Cylinder pressure, e.g. for combustion Metrics
(without external conditioning)

Current & Voltage signals

Temperature

Current

Frequency (el
Page 15 4/3/2019
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Be Flexible — Combine data streams from different sensors

Connect wide range of signal types

v" Derive signals from other

Virtual sensors

SIEMENS
lngenuity for life

« (=X in Testlab)

Displacement
Acceleration
Force

sensors
s Qi :
S!mple calculathns or Use ShaHeRe
Simcenter Amesim models to open an Amesim
. e : simulation (.ame) inside
derive hard-to-measure signals Testid Desiton
Q
:H' _‘F?“F.”ﬂzlq Force (test)
Hb C!-Wq-\r T
| 1|' ; 2300 oo RINA LS
I =) ¢ =
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Be Flexible — Combine data streams from different sensors SIEMENS
Connect wide range of signal types lngenuity for life

Acquire Strain, Loads, Forces, displacement

v' Measure NVH performance
with other performance
metrics

v' Measure Strain (Quarter, Half

& Full Bridge)

v' Measure Loads & Torque

v Displacement (LVDT, RVDT,
Stringpod) e.g. Throttle,
suspension system, ...

Restricted © Siemens AG 2019
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What is the value of combining data streams into one?

Use simulation

NVH system 1 NVH system 2 software
Torsional vibration Performance
testing testing
Combus’.uon Source localization Sound Quallty
analysis testing
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SIEMENS
lngenuity for life

Siemens PLM Software



SIEMENS

Simcenter Testlab Desktop Neo - SimRod video - Section

v| Parameters

HOME AUDIO REPLAY S
erwrite -~ Updates ~
v| Method Status

i

E E ‘? Ef save as Accept Manual
4 o = ad Save into  New run ~

Auto  Arrange G
View Arrange -

New Open Save : Status
(&5 Export as Image [] Troubleshoot - ster : :
Process Clipboard Methods Combined Methods Show
Display
Preview  Time Varying Loudness ‘ Run-down v |+
25.00 U 65.00
aoF Time Varying Loudness 8620

Prominence Ratio 8620

4500.00

(Frequency)
Hz

0.00
54.10

31.94

» B —
\ | < -

-36dB

Universal = Data Selection l Process | Validate

DI Q[oll PROCESSING
1 cell selected, with a total of 1 results.




How to balance NVH against performance & Efficiency? SIEMENS
Solution: Combine 5 traditionally separate systems into one lngenuity for Ufe
synchronized measurement on the powertrain test bench

NVH assessment Access data from ECU

Assess any parameter from ECU through
support of CCP or XCP

Torsional Resonances, Front-end Accessory Gain insight in weak acoustic spots & Emggses‘gg'engine performanmce (e.g. IMEP) &
drive performance, ... components efficiency

Restricted © Siemens AG 2019
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Value of integrating systems together ... SIEMENS
Balancing NVH against other attributes lngenuity for ife

Example 2
Assess Engine map for not only NVH but also Performance metrics, torsional ...

From pure NVH To Assessment of many
assessment metrics in parallel

Performance
P

Mech. Efficiency

IME

OAL Microphone OAL Torque HF
n

[

Order 4 Output RPM Order 8 Output RPM
E

Torsion .I

ir,
i'

Sound Quality

F i g
i :
| X
i3

1. Measure NVH

NVH assessment

2. Assess IMEP & Powertrain Efficiency

Access data from ECU

3. Assess Torsional Vibration orders

CE
I Torsional Vibration Assessment I I Combustion Analysis I

Localize Sound Source

Restricted © Siemens AG 2019
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Value of measuring all 5 systems together ... SIEMENS
Balancing NVH against other attributes lngenuity for ife

Example 2
Assess Engine map for not only NVH but also Performance metrics, torsional ...

From pure NVH To Assessment of many To assessment for different
assessment metrics in parallel variations in control strategy

m-- |

1. Measure NVH 1
2. Assess IMEP & Powertrain Efficiency _ [ acossaataromecy |

3. Assess Torsional Vibration orders

I Combustion Analysis I

4. Assess ECU parameters

Restricted © Siemens AG 2019
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Value of measuring all 5 systems together ... SIEMENS
Balancing NVH against other attributes lngenuity for ife

Example 2
Assess Engine map for not only NVH but also Performance metrics, torsional ...

From pure NVH To Assessment of many To assessment for different Analyze specific conditions
assessment metrics in parallel variations in control strategy

1. Measure NVH 1
2. Assess IMEP & Powertrain Efficiency NVH assessment
3. Assess Torsional Vibration orders :
'
5

Siemens PLM Software

4. Assess ECU parameters

5. Localize Sound Sources for certain conditions

Restricted © Siemens AG 2019
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Be Flexible SIEMENS

Scalable hardware devices to cover different applications lngemuity for Life

Combine hardware to
v' avoid re-instrumentation
v' Optimize hardware investments

In-field operational measurements
DIRECT connection of all sensors

... towards high channel counts
Lab Based

Restricted © Siemens AG 2019
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Increase confidence SIEMENS
Simcenter Instrumentation app to help preparing large test lngenuity for ife
setups

— __ Testlab Instrumentation A g

RASW T

e wr.  Reduce risk for time-
e e - consuming
o PIcture annotated with : :
doint id and direction iInstrumentation errors
= for large
R ( instrumentations

ERERAZERES
99 9999

E.g. instrumentations

__ for Transfer Path

Analysis

Restricted © Siemens AG 2019
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Increase confidence SIEMENS
Simcenter Testlab Scope App to provide instant validation lngenuity for ife

<« Vib_fron..le_010 + Ready @overload 4 38% X £ B Perform

STRIP STATISTICS FUNCTIONS

SUMMARY
n HS Left [Pal | 1.5 -

€3 Hsrign (Pal| 1.0 -

( :

h@ " G s

G 1B [l | 3
| 0.0 I
| 5 10 15

@ 1% (al| Bark

HS Left Specific Loudness: Free Field

BUT
with tablet based

[son

20

| HS Left 15.9 [s]
| 0150 — —— T —
| -0.70 S5 : : -
' 0 5 10 15
| Time [s]
2000 HZ
1000 HZ
_
p Start i O ods | /7 | 200mz | \[ | Jooonz 50HZ =\ 2000 HZ

60 DB
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Increase confidence SIEMENS
Boosting data analysis/validation process through Simcenter Testlab lngemuity for Life
comparison app

N30 T #08] 343

Pe rfo rm €« 6 of 6 runs selected s B
B U T test_repeatedrun
. (&) 09.02.2017, 08:07 M 436 MB
Wlth tablet based acrOSS | L] Test_repeatearun_uvus L] Test_repeatearun_uu4
runs prior to going to the office for processing — il B emas e ”
& 00:00:10 & 00:00:10
test_repeatedrun_005 test_repeatedrun_006
v Quallty check 03.02.2017, 10:55 v 03.02.2017, 10:55 v
e & 00:00: @ 00:00:
v' Repeatability check — B
v Target com parison test_repeatedrun_007 test_repeatedrun_008 °
03.02.2017, 10:56 v 09.02.2017, 08:07 v

Assessment & : : S
benchmarking Troubleshooting Immediate data validation

Restricted © Siemens AG 2019
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Increase confidence SIEMENS
PC-Based Real-time processing & Analysis lngenuity for Life

Testing productivity built-in ,( < ol Sxple Advanced tools for

* Measure all signals in parallel S » Angle domain processing

* Online displays for immediate feedback ' N | AR Running mode analysis

» Flexible data processing in real-time . | - ! Operational deflection
Direct insight in operation conditions that Jesses & " R e = s shapes

cause noise and vibration issues Offline RPM extraction
Torsional vibration analysis

B

-
“non 0T Tocho! (11} .
n n

=
5167 1722

AT

7=
T in-

g 0
..

Complete testing toolbox
Online and post-processing
Fixed Sampling order tracking
synchronous order tracking
ANSI-IEC real time octave
Audio replay and filtering
Sound Quality metrics

Restricted © Siemens AG 2019
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Be Efficient SIEMENS

Be able to troubleshoot when needed with your personal Frontend lngenuity for Ufe

This vehicle makes sometimes a
strange noise while | am driving at the
130 kph. s

Look for hardware to acquire data

\} )

| take my SCADAS XS to acquire data

Page 30 4/3/2019 Siemens PLM Software



Be efficient SIEMENS
Customize towards your own in-house processes lngenuity for ife

Example 2 of Simcenter Testlab Automation & Deployment Service
Process for efficient automatic

test execution, server based ' , G A %
processing, check against “ ' T
reference curves, ...

End of Production Quality

Testing

Concluding with OK/NOK on Car, driver & Drive & traV:;:‘:Irez:ta
screen SCADAS XS automatic ) OK/NOK
& Automatic
(around neck) measure .
Processing

v" Automatic vehicle quality testing at end of production

v" Remove subjective aspect of quality assessment
v' Test every manufactured vehicle

Restricted © Siemens AG 2019
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How to develop powertrains faster? SIEMENS
Test Faster by customizing/optimizing processes lngenuity for ife

nification of in
U cation of test g Instrumentation Exhaust System
Example

Old Process Turbocharging Vehicle NVH
1. First Prototype test to identify which . . .

subsystems cause problem | , |
2. Instrument & test different subsystems — . L SN SN 7Y
and acquire data | | D : ' ' '
3. Analysis one by one !
Total time to go through process > 2 weeks

“Our design verification process is now 5 times shorter and the processing
of data has gone from 2 weeks to 3 hours.”

New Process

1. Instrument complete vehicle (120
channels)

2. Perform all test

3. Automatic processing for each

Result of unified testing:
v" High reduction in total measurement time
v Always availability of ALL data

v' |deal first step towards automation of data collection
subsystem too (e.g. testing without driver)
Total time 3 hours Dedicated customization team in Siemens

Restricted © Siemens AG 2019
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Ultimate dream? SIEMENS
Unified testing, combining NVH, Durability & other attributes, lngenuity for ife

Multi-physics hardware
Connection of any sensor
Analog — Digital
NVH — Durability
Real — Virtual Sensor

Page 33 4/3/2019 Siemens PLM Software



Ultimate dream?

Unified testing, combining NVH, Durability & other attributes,

Multi-physics software
NVH Processing
FFT, Waterfall, Orders,

Sound Quality ...

Restricted © Siemens AG 2019
Page 34 4/3/2019

SIE

MENS

’b\g,a«uf {or Ufa

Simcenter Testiab Desktop - Throttles_motorcycles - Section1 SIEMENS -~ @&
Section’ . “\ L] DOFID vs Creator OFID vs Function Accept  Auto ?
= JOFID vs Run Name Saveinto New run -
Section DF E Name - Large Troubleshoot
Data Hardware
Data Selection POE]  oisplay POE]  Audio Replay Properties 0|
@ D O B sectiont » Thottes3 » © Break | Preview tion, Time, Time Varyin Copyof Preview v | + fol |
» X~ + 2 i 6200 90,00 Audio (ha.in settings
k3 Audio device Wave device : Speakers
- $ = e o
3 3 2 = Scan_|[Com
& S| - ° Output mode Audio replay
- - .
£ 8 E O F —— Overal level PowerTourS8_8 Headphone Sennheiser HD650
+ & EF oF Overal level QuietTourS8_B cadphone 38
40.00) 1 i
DOF ID 6 - 000 ry 78 Audio replay range A
A-inch-race-tour-BCN| 6 | 1|1 1|11 |1 g 4 (Tme) Replay mode.
PowerTourSB_8 slv|a|afs]1] o Acoustic full ange
QuietTourse_B slxlilalalila - Acoustic range overhead
SPO 61 1 1 1 111 g g_ e ka0 -
SPO_Quiet B 6[1]|1]1[1]1]1 ‘ ,
H A, Audio replay control A
Stock HD_B 6 1 1|1|1[1]1 - oF Time Vo werToursB_B Byt Wiy
oF Time Varyng Loudness QuetTourS8_8
1000 000 | | Auto repeat v
000 s 280 Auto advance &
Frocss 0]} (Time) Tracking channel name
$i v | v M 6200 1.50] Time mode Throughput Time
New Process * Audio filter 1 A
1 - N Fiter type 8and stop
s W ° Frequency 1 1248394z
rougnaut -
W Noason Frequency 2 18828Hz
1 O F —— Time Varying Sharpness Zwicker PowerTourS8_B Apply
Spectral map oF Time Varying Sharpness Zwicker QuietTourS8_B
A Hanning i Audio filter 2 A
- Articulation P 2 s 280 Filter type Order cut
index 4 (Time)
o g Orders 2:4;6]order
Overall level 100.00 Width 02 ord
— o [ - 5 order
AAN  loudness OAR specraiines | Attenuation 4008
B cree o "" 1 8 Apply
9 k (N o Audio filter 3 A
i 4 e e None
Sharpners Zwick O F —— Antculaton index PokerTours8 8| Rt
- oF Articulation index Qus Audio filter 4 A
10.00 4400 i Filter None
s 0.00 s 280 e
Time (Throughput) (Time)
z Actual Tot.
Playing - 1.6 35
e - ks
n
LI 0dB

3648 o 1248

12 cells selected, with a total of 12 results.

Siemens PLM Software



Ultimate dream? SIEMENS
Unified testing, combining NVH, Durability & other attributes, lngenuity for ife

o] v Simcenter Testlab Process Designer - Lommel - Sectionl SIEMENS =

Data Selection

Process E
€ D> D B testsn v Acive Analysis ¥ g P Sl R TN T ‘.;‘
. g :
LAl % 5 ot Load Data Analysis raw
€ = L Threughput:
L] ] 1 3 1o aligr Faise
Multi-physics software | 11E
Bis
g - 2ggh I sock |
= Eags 2 ¥
+ J & a2 d 8 e o
LY - DOFID 330 | 66 | 66 66 66 |66 = i
urabpilll rocessin Sopevn ik |10/ 2 |2 22 2 g e 2l .
- T 151 T damage Ranficw - repast H e | Linea: Hanning: =
Suspersion RLWFT+Y [0 2 (2|2 (2|2 B ook B edbiock la ienmumon Sowetrsl e 128 0% Tiwe
O Suspension RALWFT:+Z w|2j2|2|2|2 -
Stra I n a u eS § | Suspension.RRShodesZ |10 (2 |22 |2 |2
- ] v

= . = F

Display =

1
Preview oS Faniflow (7], Range air Cyckes, Range Pa - |+ o

Rainflow matriches | =

000 22902
[ Rarsgh Pax Cycien Rangs Par Dusage -I Time &1 Level
52004 28000
M PR ———— . 110.0}- O F == P51 uneven rond 1
e e | B =
] 054 HOTTI TG 51 29703 7B IENN00 BADA 115040 af oz ! " bisced 7
23004 L ...,]. Ciids gan 3 | Siige bl enrttron A SR woanl H ason o
r l 01681 p L] 7 k
b 266287 r. 2661 87 - -
a e a I r g %l 724 gymesd oy s - l\\ a0 s
S421E <5418 J1E3360 ABXLE0 o0l T HELl - \ 7 G I I 0 I 5 N
41290 4% N8 1188 OF = PG1 vagven road |
— -BLEL omeE B03E3 0383 g z » P —_— =
. | S £ el ool ¢ | anty B [ At = mep s
£ E 635 w35 < ? 250000 000 _,m:‘{,—
WA Froaee 13 413 = U
mzand” ¥ me 143632 32 2008 20000— _—
e 1571.30 17120 —
ma - I e 15008} 15000
P 402020 P27 RABLIATAA SR, ITESS 183360 BEEL 119083 2ol
N n 1200 A000.0f—
p=: Ta suaol
00 So00p
"= n
Lo BT PR W O vanoll imd b yyed 3 el by 1] | 1
10 {LT W0 19000 190000 0 100e8 C2es 1088 10008  O1ed 10ed WNleks0 W0 WD no He WO
B, Lag (Cam ) Log (Cem ) Reai
000 Hz S1208 s Damage 0

Finished Duratien File Problems

1 cell seleched. with o total of 10 results.
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Ultimate dream?

SIEMENS

Unified testing, combining NVH, Durability & other attributes, lngenuity for ife

Smart Actionable
Reports

Restricted © Siemens AG 2019
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Reports including Active Pictures
to change or edit graphs without
j any Testlab license

Created by Simcenter Testlab

Siemens PLM Software



Ultimate dream? SIEMENS
Unified testing, combining NVH, Durability & other attributes, lngenuity for ife

Server

Automated
&
remote

3|2IYaA 1S9

s T

q

Test vehicle ‘ Office |

Siemens PLM Software
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Conclusions SIEMENS
Ib\g,ehuffy‘foru'[e

Increase Increase
Flexibility confidence

O

Be more efficient

\¥ [4
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Thank you! Want to know more? SIEMENS

Read more Explore, share and learn

Watch videos

You

Restricted © Siemens AG 2019
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https://www.plm.automation.siemens.com/global/en/products/simulation-test/testing.html
https://www.plm.automation.siemens.com/global/en/products/simulation-test/testing.html
https://community.plm.automation.siemens.com/t5/Simcenter-Blog/bg-p/Simcenter_blog
https://community.plm.automation.siemens.com/t5/Simcenter-Blog/bg-p/Simcenter_blog
https://www.youtube.com/user/SiemensPLM/playlists?view=50&sort=dd&shelf_id=19
https://www.youtube.com/user/SiemensPLM/playlists?view=50&sort=dd&shelf_id=19
https://www.plm.automation.siemens.com/en_us/about_us/contact/product-inquiry.cfm
https://www.plm.automation.siemens.com/en_us/about_us/contact/product-inquiry.cfm

SIEMENS
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