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1. Introduction

« COST (European Cooperation in Science and
Technology) initiated Action TU1105 in 2012
- to engage NVH experts in the accumulation,
development and dissemination of novel techniques
» for the analysis, design and optimization of hybrid and
electric vehicle.
- The progressive report “NVH analysis techniques for
design and optimization of hybrid and electric vehicles”
[2] was documented in 2016.
- This attempt is to deal with common NVH issue
* not only for consumer comfort and safety concern
» but also for ecologic and economic constraints.
« COST Action TU1105 can inspire us to examine
vehicle’s NVH in a highly global aspect.
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FEF Application of
- application technique, practical consideration
IRENEAIZE Noise and Vibration
- NVH, noisel/vibration/harshness
}1ff Techniques
- what techniques?
« Analysis & Testing, control, prevention, etc.

- IRENBIEE T Noise and Vibration Techniques
« what is the total solution strategy?

E i T 7% to Vehicle Engineering

- Vehicle engineering, “vehicle”?

£%E Development

- development trend, need, future work

.
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1. Introduction

« Noise, vibration and harshness (NVH) is of importance
in vehicle engineering.

- Noise and vibration (N&V) may also be a short and
concise term for dealing vehicle design and related to
ride comfort and ride quality.

« Other than the noise emission affecting the
passengers inside of vehicle,

- the noise radiation from vehicles also contributes to
environmental noise.

- Study shows the transportation noise may increase the
cardiovascular risk [1].
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1. Introduction

« “Industry 4.0” is drawn much attention recently.
Wang [7] indicated that the spirits of Industry 4.0 can
be

- “Feedback” for Internet of Things (loT) and

- “Solution” for Cyber-Physical System (CPS).
Although the development and implement of Industry
4.0 may dedicate to any product design and
manufacture,

- the involved NVH issues can also be carried out under

the spirits of Industry 4.0.

This work will

- briefly review the content of Industry 4.0 and

- link to NVH techniques development.

.
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2. What is “Industry 4.0”?

. Germany

- Industry 4.0
. Japan
« Industrial revolution
- Made in China 2025 Y 4 ‘
. Taiwan

« United State of America
- Society 5.0
5
« Korea .
) 2nd ) 3rd ) s J
- Productivity 4.0

- Advanced Manufacturing Partnership (AMP)
« China
- Industry Innovation 3.0
water power, eam  assembly live,
power electricity

automation

A eritieal Inek o Indusiry 4.0
Pichure souce :

YR8 (Internet of Things, 10T)
B 5 3R : http://www.allaboutlean.com/industry-4-0/internet-of-things/
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2.2-Cyber-Physical Systems (CPS)

Cyber-Physical Systems - a Concept Map  ses aumees and consibutors.
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Two Issues in Industry 4.0

From the point of view for
“Design”
“Manufacturing”

(1) Internet of Things (loT)
(2)Cyber-Physical Systems (CPS)

Automation \mm\u\ Im\m 4.0
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/ 2.2-Cyber-Physical Systems (CPS) \

i

o Cyber
- A
 of, relating to, or characteristic of the culture of
computers, information technology, and virtual reality.
- BEAR - 4ERR -
 relating to electronic communication networks and virtual
reality
« Physical Systems
- Software: to analyze ...
- Hardware: to measure ...
« Cyber-Physical Systems
- HFERARR
- BB AR
- EEE S %4 9 This is what | prefer!
AEMIE(RE) 2%
- BEEESRIZRAR

)

National Pingtung University of Science and Technology &

My Perspectives of Two Keywords
for Spirits of Industry 4.0

(1) Feedback :
- Ability to collect the product information during design,
manufacture, transportation, market, etc.
» Information about reactions to a product, a person’'s
performance of a task, etc., used as a basis for improvement.
- Big data, loT, Cloud, wireless sensor, smart sensing, etc.

(2) Solution :
- Ability to solve for the feedback problems and customer’s
concerns
* A means of solving a problem or dealing with a difficult

situation.
- Design (DV), Smart Manufacture, Testing (PV), etc.
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Material

My Perspectives of Two Keywords
for Spirits of Industry 4.0

(1) loT = Feedback
- Data = Information
« Data may come from & KNOW-WHAT Techniques
- Design analysis
* DV, design verification
- Testing
« PV, product validation i
- Market mp“““
» Customer’s concerns
« Data need analysis

- KNOW-WHY Techniques :. : «

.'I 5
In n/vael Physical Systems

\jﬂ.

Big Data

e‘i\-ﬁﬁ

llaborative Robo!

\U

Solution for
Manufacture

Ide Solution for
Design

Aupqgented R

he Era of \mdustry 4. /
N of- s-smart-
16

Feedback
from Market

B S8R < hilp//rvan

manufacturin
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My Perspectives of Two Keywords \
for Spirits of Industry 4.0

(2) CPS = Solution @ KNOW-HOW Techniques
- Testing = Virtual Testing
* Product Testing = Product Validation (PV)
 Virtual Testing (VT) = CAE Application
- Model Verification (MV) > Design Modification (DM)
- CAE = Experimental Verification
» Design Analysis - Design Verification (DV)
* Experimental techniques > CAT
- Verification < Validation (V&V)
- DV :&&t5&E (design verification)
- PV EmiRi# (product validation)
- Component design = System design
¢ Material

National Pingtung L ity of Science and

Crotale with Harmonic Sound

Solution for
Manufacture

Idea Solution for
Design

Industry 4.0 for Product Development

Sub-system

Solution
>
Know HOW ?

Material

Ideal i_ Solution for || || Solution for ‘i Product
i Design Manufacture |)! i
e e e mmmmeemmeemeeememmmmmm J System
Feedback 1

Feedback/Solution from Market |}

> Feedback & Know WHAT ?
Know WHY ? Engineers/Techniques/Tools
Manager/Strategy/Support $

| know what |——>| know why I—bl know how |
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Concept of “System=> Sub-system = Component”
System

Steering
wheel

Sub-system

Exhaust system
@ support system
& Engine

Steering system
® Power train
® Electrical system

Muffier
Tail pipe
Brake line

Coolant system
@ Fuel system
# Brake system

reservoir

Alternator

Fuel line
Accelerator
Brake pedal

Component

e L T r——

Master brake
cylinder
Disc brake

manifold
Spark plug wires Transmission

http://schoolworkhelper.net/vehicle-systems-overvie
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ystem Block Dlagrams for ISO

and SPR
. ISO Input Output
- Input > System - Output —— System ———
« SPR
- Source 2> Path 2> Receiver/Response
» Structural Path So Receiver
. A rce
Air Path u Path
Response
Source Response Response
f([) Il I | ai(t . pk(t)
AN Structura g Air Path
Path
4\ 0
P-Test R-Test P-Test R-Test
P-Analysis R-Analysis || P-Analysis || R-Analysis

)
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Design and Development of Crotale with Harmonic Sounm

E R A= EIk L L DA Ll ke
(2) CPS = Solution

Maiterial

- Testing = Virtual Testing e Procke),

- CAE = Experimental Verification
- Verification = Validation
- Component design = System design

[ Feedback |
Lirom Market |

Complete set of Crotales

Single crotale

accelerometer

SigLAB

o microphall
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[ Six stages of “Engineering design” ?

. . an hE
« Functional design Brand

. Safety design ¥

« Performance design TRE
« Quality design Reliability
« Reliability design T
« Brand design — system engineering mE

- Design for manufacturing QU‘?ity
- Design for assembly P
1£8

- Design for low noise & vibration Performance
- Design for reliability T

- Desi ???
esign for =2
« Federal Motor Vehicle Safety Standards (FMVSS) [10], Safety
- the U.S. federal regulations specifying design,

construction, performance, and durability requirement T

for motor vehicle, can be a good example in discussing INEE

vehicle design regarding the six stages. Function

'l'. « NVH related techniques are crucial to each stage of design. 2
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System Concept

ISO - SPR - F>GMBI2>R
Input Output Comperent. gy
2 system —— BB /’
g
Source Receiver &
—> Path —— Lo
Response
*Geometry | Response
Force |[.Material |-Displacement
 ——— —
*Boundary |-Stress
eInterface | -Acceleration
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From “Component” to “System”

Source Response Response
S0 [Structural ai(la . (1)
—> Air Path —p
Path
A N
P-Test R-Test P-Test ‘ R-Test ‘
P-Analysis R-Analysis || P-Analysis || R-Analysis
Component ‘ System
-Geometry | Response
Force |-Material —Dlsplacemem
*Boundary Stress
sInterface | -Acceleration

)

Deformation

Force | 1.Geometry
. Stress
——b| 2 Material —%
3. Acceleration

/
NI }34 m|crophone

P-Test/P-Analysis
structure system

-

Impact hammer

l"

Structural Sound

Striking Vibration Pressure Feelings
_>|f°"e Strgg;ﬁra'l—q AirPathI—bl Ear |—>| Brain |—>

ON e 201 o LAY P-Test/P-Analysis 1

— tructure system)
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System block diagram
for air-structure analysis
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(b) Modal domain

-

(a) Physical domain
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Four Types of Vibration Analysis

« Modal Analysis (MA)
- Modal parameters

Harmonic Response Analysis (HRA)
- FRF & ODS

Transient Response Analysis (TRA)
- Time domain response

Spectrum Response Analysis (SRA)
- Frequency domain response
1. Modal Analysis

2. Harmonic Response Analysis

Frequency
Modal Y(w) X(0) = H®)Y (o)
Input Output
Py Parameter P F::iipcz:ir;sne >
o.&.49.) o)

3. Transient Response Analysis 4. Spectrum Response Analysis

Impulse g
(6 x(t)=| y(r)h(t-1)dr _ 2
N R;zisnpcot;ie | | L | G, (@) R H@) | |G" (0)=|H(®)'G,, (w)l
l'. a(r) 5
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SPR & ISO Concept

Response

t
Air Path Lk(b)
A

R-Test
R-Analysis

ISO
SPR

g

Source

/()

Response
Structural ai(lz
%

DA+l
ratiil
-Test P-Test
R-Analysis || P-Analysis

(Input) (System) (Output)

RE R W%
(Receiver)

SYSTEM analysis
(P-Test)

+ Path Test > SYSTEM analysis

> To identify system “contents”
> Modal parameters
l - 26
vy
Dept of Mech Eng / Vib & Acoust Lab B v National Pingtung University of Science and Technology n
/ System block diagram N\

> FRF
for Structure-only System

SIGNAL analysis
(R-Test)

Receiver Test - SIGNAL analysis
> To measure response only
> To characterize the response for
further applications

Time | A0 [ et | MU HCH K] = /)
domain
S 4.9,
Frequenc Hl..(a))_ ) LR
st I ey U B R [ S T
4 4.9,

Hyp (@)= =’y
Modal |, a F, (0] -~ 0”)+i(2{, 0,0
domain - fiod ¢ b

Y

National Pingtung University of Science and Technology &

M

Dept of Mech Eng / Vib & Acoust Lab

3.2 Vibration and Dynamics

. Difference between “Vibration” and “Dynamics”?
- Vibration: microscopic
* Ride quality/ride comfort, fatigue analysis, etc.
- Dynamics: macroscopic
* Accelerated, braking, handling, etc.
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Vehicle Vibration Vehlcle Dynamlcs
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_ output K
@ structure SDOF Base EXC|tat|on B = ot T
- (k) +i(wc)

_c T (k-mo?®) +i(wc)
:\E £== -

¢, =2mk =2mao,

¥

0 Physical © i
pa;’ami'er 1. Modal Analysis 2. Harmonic Response Analysis
: Tequency _
Mathematical model __Input Modal Output Y@ Response | (@)= Hio)V@)
Function
0,619, Ho

x(1)
4. Spectrum Response Analysis

3. Transient Response Analysis
Impulse
10
o Response
Function
h(t)

w0 re-te

System equation

mxX +cx+kx = cy + ky p—
)=

S0,
$+280, %+ 0]x =280, )+ @]y
vy
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3-DOF Quarter Car Model

i i

H, (o) B
1. Modal Analysis

\2%

Real structure

Transmissibility

Try @)= X0
X

2. Harmonic Response Analysis

Frequency
: Modal Y X(w)=H(w)Y(
Mathematical model __Input Paramater Output @ Response ()= H@w)
%0 0,.80(6,} Function
Hw)

4. Spectrum Response Analysis

3. Transient Response Analysis
Impulse t
i« [y - G
0 Response |x(/) Jy@ha r)drI (@) o)
Function
Verscl spogd ) »

Yorice spegt

G, () =|H @) G, ()

Acceleration PSDs

Ride
Comfort
Evaluation
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/ 3.3 Acoustics: sound/noise )

« What difference between Sound & Noise?

- Unwanted Noise Control (%3 1ZHl)

- Undesired

- Disturbance

- Annoyance Sound Management (/15 & & 38)

| o

Vehicle Sound

Vehiclt_e_ Noise

e S rﬂ;i‘
/ = S
 mfie ,aw

Bew 2N [
252 photiicen R EE] il
T LT R S
@ - g - —N ! —
el = mo mmas, |
vy
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What “index” for sound/noise evaluation ?

I Function H Sensor HMeasurement Criterion H Improvementl

Sound Pressure Level (SPL)
dB re20x10°Pa

pt)

A Sound Pressure

L, =20log -2~
pn?f

Sound Intensity Level (SIL) I i 4P
I A ek Preae
L, =10log ——|  dBrel0"*W/m’ P |Ps
rer | i | >

Sound Power Level (SWL) Harmonic Sound Propagation

in Time & Spatial Domains

dBrel0?W

L, 2T ¢
s
x f
P

plx,0) = Psin(ky—or+ )

w
L, =10log| —
w g W,

px) = Psin(ec+gy) || P2 amplitade (Pa)

J ¢ frequency (Hz)

ar circular frequency (rad/s)|

T peniod (5)
37 A
/ vy

e sound speed (m's)
ﬁ‘

22 wave length (m)

&= wave number (1/m)
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What are the interested “output response”
[R-Test] for Sound ?

System Analysis
(P-Test)

Signal Analysis
(R-Test)

()
w#ra(r) / 39

Time | gy Spectrum ) 1/3 octave band ‘__dB/dBA Time | gy Spectrum ) 1/3 octave band g/ 4B/dBA
p(t) Go(f) Gpp113(fc) O) 73.2dB p(t) Go(f) Gpp.1/3(fc)
E ah °
ps T, SPL e = G G/,
; ® p(0) P(f) G, (/) — dB
l®/ 73'7dBA.- it —» FFT » P (/)P(S) »p G B> G —
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Mathematical Model for Car
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2 (sound)

« Flow and Body interaction

-BE . FRBEEmR -
Flow - Flow : MR%E - SEEBEZHE -
Flow induced sound
+ Body-Body : Mifi;& - #5825 -
Structural vibration induced sound
+ Body-Flow : F8l.& - TERIK 2 -
Vibro-acoustic coupling sound
* Flow -Body : RELF - ABEZEZH -
Fluid-Structural interactive coupling sound

of Science and Technology &

R miE 2K mAL
Flow Induced Structural Vibration Vibro-Acoustic Flow-Structure
Induced Interactive Coupling

r Coupling

/
/

ﬁ";\

E
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SPL in 1/1 or 1/3 Octave Band
dB or dB(A)

‘measured, Lj(dB)
78.3

70.0

| M A-weighted M measured, LidB)

315]
400]

1000]
1250)
1600)
2000]
2500]
3150]
4000]
5000]
6300]
8000]

10000)

12500

16000]

20000]

1000 &

Tp[dB)
Lp(dB
12500 =
16000
2400

B nvH g
What are the interested “output response”
[R-Test] for Sound ?
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Time domain

Froguancy (H1)
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Some Terminology S 3.4 System — Sub-system — Component &
. System Modeling: Component & Sub-System - System

for Measurement Quantity F>GMBI>R System

Component

« p(f) : time domain response Sub-system
« Gpp(f) : auto spectrum, auto PSD, power spectral density H J*!! !! é!
function ,

o Gpp,113(fc) : one third octave band spectrum : R EEE
« dB/dBA : sound pressure level (SPL) decibel / A weighted SPL -' J ; ' ' ' ' é '

- Noise 2 sound pressure, p(t) (Pa)
= - =
=

- Vibration - acceleration, a(t) (m/s?), (g), 1(g)=9.807 (m/s?)
» Also for Force (N)/Displacement (m)/Velocity (m/s)

09@/0-0r~
Ilﬂ/lﬂﬁi
L .
113

- o) I x(t) 1 v(t) HI =
s AL 0 D10 Dil -
Time - Spectrum - 1/3 octave band - dB/dBA : iz, 104
p(t) Gpp(f) Gpp, 1/3(fc) B *Geometry | Response 2
o x L S T "': -. oVeralId‘B’A - Force .Material —DiSpIaCement —_—
- T3TABA N | s
T *Boundary |-Stress
\ g \ *Interface | -Acceleration J
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System Modeling: Component & Sub-System = System / . . .
[ F>GMBISR System \ Interpretation of Structural Vibration Modes \
Component - N
: Sub-system =R « Interpretation of structural vibration modes is the
@" 0 essential skill to NVH problems. Free Clrcular Plate

« There are two types of vibration modes:

- rigid body modes i trinilatlonal ﬁ

- flexible body modes
3 rotational modes

« Forrigid body modes, there are
- three translational modes
- three rotational modes

« The flexible body modes can contain
- global modes

. *Geometry F\I’Desplonse t - local modes  Global modes Local modes
orce o i -Di men
Material splaceme
*Boundary | -Stress
. K sInterface | -Acceleration J . K J
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= Mode Shape \

Typical Plate Mode Shape (x,y)=(m,n) N

Nodal lines
B AR

atural Fre uenc

(m,n)=1 1) (mn)=(2,1) m,n)=(3, 1)

X

(mn)=(1,2)  (mn)=(2,2) (m,n)=(3,2)

mn -+ ; % [\ i
, v mn)=(1,3)  (ma)=23)  (mn)=(3.3) b | ) A TR
Et . . :
(1-v) r’\p - AEd RN WEF 20040 REHA TR RPARE A FERIBAM -
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Sound and Vibration Correlation Study of the
Copper Gong with Oval Navel
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oo sheeust e
Vibration Modes for Steel Wheel \
in free boundary condition

Rigid Body Modes Flexible Body Modes
> 3 translational modes >Global modes : E##4&
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How to perform “Engineering Design” ? \
“FCAICI” & “FSMICI”

el
Index H—H C(:i/:el:lii)n H—H Improvement ‘]

« 1. Introduction
« 2. Spirits of Industry 4.0
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Outline

« 3. Fundamental Knowledge of Sound and Vibration
- 3.1 System Block Diagrams for ISO and SPR » Function : what “purpose”?
- 3.2 Vibration and Dynamics « Approach T
- 3.3 Acoustics: Sound/Noise - Analytical approach Reliability
- 3.4 System — Sub-system — Component + CAE

« 4. General Approach + Analysis

- Experimental approach
+ Sensor
+ Measurement
« Index : Performance Index (PI)
« Value = Criterion :

- From “Value” to acceptance “Criterion”
_l'. “ _l'. . Improvement : seek for proper solution
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How to perform “Engineering Design” ?

TERE
Performance

- in Product Development and Improvement
« 5. NVH Diagnosis Approach
« 6. Conclusions and Recommendations

IhaE
Function
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“FSMICI” & “FCAICI” Procedures
for NVH improvement

Analytical approach *

Systematic approach

CAE(FEA) Analysis ]. N
l Indexﬂ-ﬂl—l C:i/ta;lrjitem H-Hlmprovementll
Sensor HMeasurement

By experiences: trial-and-error / shooting method

Experimental approach *

B - Vibration analysis « [
Design M |
; P >Modal
Solution & Know HOW ? Manufacture >Harmonic 3 ——
eliability T - optimization A - 1 s3]
, >Design variables A b [1564 E
NVH Ideal Product >Objective function B = 1 53

>constraints

Product Solution H Problem I

-3
Performance

Bezier curve

1 Feedback

} EIMI . W"J"‘JWIMrJ
Feedback & Know WHAT ? / ‘\u it
51 - 52
v "‘ ang, B. T., Chao, T. C., and Hsieh, M. H., Chord Plate Structure of 201

Taiwan Patent No. | 515718. (.

‘ Feedback & Solution & Know WHY ? |

IheE

=
vy

=
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Noise Evaluation for Rotary Compressor

CAE(FEA) [—»{ Analysis -
) Index I]-[l Criterion Improvementl Analysis
Index I}-ﬂ Criterion I]-»I Improvementl
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Function

Sensor Measurement

Sensor Measurement

Operatin, Condition

R Test for QC Vibration Measurement Noise Measurement CAE Analysis for

Diagnosis Procedure in operating condition J___in operating condition Assisting Diagnosis
» microphone o R
-FFT analyzer Define - ; : X e R-Test for |
Operating Condition|| L4zl T T i R-Test for | R-Test R-Test Noise
Z.Obtain itk | | L ioraton 1,0 w(t) ) T
- Structural . d U
RS e | SPL —l ; - e |—>| Air Path
Path i 3.EJ_'_xam|ne -
(Souree (Foceiven) 2l — | 1/3 Octave :l @ P-Test
k ] o I_ D) y (structure system) 1 >~
_ auto spectrury - I
N EMA

contribution bands
[ 1 ]
Observation
e
of N&V

[ S 1= ]:
vy - -
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Noise Diagnosis and Improvement for Rotary Compressox Kllrtual Testing (VT) for Product Design

| Function Criterion I-ﬁ Improvement

* Virtual Testing (VT) * Model verification (MV)

‘ FEA

'

Measurement of
rb{ FE model ‘ ‘ FRF ‘
Model Curve
correction fitting

Model
verfication

N&V
Diagnosis

| Path Test

System Analysis
(P-Test)

System Analysis
(P-Analysis)

Receiver Test

3 l ‘ Parameter
e | 1/3 Octave | FRF | adjustment Modal
il [
A I I L -
A (o I T lodel esponse
i /3 me fr, resonance modification prediction
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L
] N&V
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AlTa ] ity of Science and

Vehicle Structural Design
for NVH concerns

Fundamental Knowledge
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\21

« Domain Knowledge

- NVH: - Vehicle industry background
* noise, vibration, harshness * Engine, chassis, tire,

- BSR: suspension, frame, etc.
- buzz, squeak, rattle - Vehicle dynamics

- CAE « Accelerated, Braking,

* P-analysis
* R-analysis
* Optimization

Handling, Ride quality, etc.
« Application techniques
- Structural analysis

- Instrumentation: - Structural testing
« analyzer, acc., mic. « P-Test: EMA
+ Signal Processing + R-Test for Sound & Vibration

- Model Verification (MV)

» Design Verification (DV)
- Optimum design

* Product Validation (PV)

Fundamental p
Knowledge

Domain
_+—Knowledge

Application
_ Techniques )

ini = Model
Finite element model _yeification
-
v v
FEA ] EMA
0 Y - “ d
pasurement
—“—b FE madel l FRE
-
Model Modal Curve
i analysis filting
[T 1
Mode shape P | Mode shape
i FEA Modal Modal .
Vla ;mramatﬁr mmmalp:r via EMA
No - Sy :
L - il
coﬂ\mxﬂ:u) & ety
o Syl 13 .
’«J'L . Pk
! .Nuﬁ‘ﬁas i
( finish ) - (N o]
n = )
l Wang, B. T., Chen, Y. C., Huang, H. H., and Chen, Y. C., 2010, “Model Verification and Structural Stiffness Evaluation for Utility Vehicle 59
v " Frame Structure,” The 25" World Battery Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition, Shenzhen, K57THGP01
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UV Frame Structure Virtual Testing (VT):
eS|gn Modification gDMz

—— _—— —————
CAE(FEA) Analysls ’ V7 A h¥d “Madal >,
alue }
Index R FH Improvement rfcation,
Measurement
RSP § NN W ——

~"Madel ‘ “Responge \
nut.llu.nlwn \_‘_uredx.lcxl

Y
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-
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808 : 825 : +2.15 |
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l Wang, B. T., Chen, Y. C., Huang, H. H., and Chen, Y. C., 2010, “Model Verification and Structural Stiffness Evaluation for Utility Vehicle 61
v " Frame Structure,” The 25" World Battery Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition, Shenzhen, KS7THGPO1
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ERRNVH ity of Science and

Approach to Product De5|gn with
N&V Concerns

Fundamental knowledge
- Vibration/Dynamic
- Acoustic (sound/noise)
Domain knowledge
- Percussion instruments
* Musical theory
- Air Conditioner
+ Compressor...
- Vehicle
* Engine and power
transmission
« Tire
* Vehicle performance
* Handling
* Ride comfort/quality
* Aerodynamic ...

National Ping

\21

« Feedback ability:
- Tools to “know what”
- Technique to f‘know why”
« Solution ability:
- Methodology to “kifow how”

Why ?
What goals ?
Purpose

Analytical
Approach

Know what ? }———{ Know why ? |—-#{ know How ?
Performance Index Methodology

Acceptance Criterion

Tools
Hardware & Software
.cAmA) Analysis I
I H | (=

Experimental
Approach

“aB/dBA

“1/3 octave band

iplo
3 ODS

b FRE
i 1> o> in
“Others

~OMA

Y

I

EXRE v H National Pingtung ity of Science and )

UV Frame Structure V|rtual Testing

Structural Design Modification

‘Systematc approach
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Analytical approach
._> *

l Function

Response prediction:
Bending stiffness

Structural
design
modification

@

Model Response
odification, prediction

Wang, B. T, Chen, Y. C., Huang, H. H., and Chen, Y. C., 2010, “Model Verification and
l Structural Stiffness Evaluation for Utility Vehicle Frame Structure,” The 25" World Battery ,
vy

Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition, Shenzhen, K57THGPO1.
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UV Frame Structure Virtual Testlng (VT):
Response Predlctlon (RP)

National Pingtung Uni

o bens ‘.fg = (a) BegdingBENS (b) Torsion analysis
a) bending stiffness analysis

Rea!
p Structu'®

Wang, B. T., Chen, Y. C., Huang, H. H., and Chen, Y. C., 2010, “Model Verification and Structural Stiffness Evaluation for Utility Vehicle
Frame Structure,” The 25" World Battery Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition, Shenzhen, K57HGPO1
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Outline

« 1. Introduction
« 2. Spirits of Industry 4.0
« 3. Fundamental Knowledge of Sound and Vibration
- 3.1 System Block Diagrams for ISO and SPR
- 3.2 Vibration and Dynamics
- 3.3 Acoustics: Sound/Noise
- 3.4 System — Sub-system — Component
4. General Approach in Product Development and
Improvement

5. NVH Diagnosis Approach

6. Conclusions and Recommendations

\ Yy
vy
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/General Approach for NVH Diagnosis

« 1. Define the “Project” "™ %" |
o 2. Think:

National Pingtung Uni

Systematic approach

CAE(FEA) Analysis =
k407 ks [ o]
- What goals? Experir:enlanp&ch } By experiences: trial-and-error / shooting method
- How to do? Source Response Response
« 3. Plan “How to do”? 0O [Structural] &@ " o i)
- Know what? Path
- Know Why" P-Test W R i Telst ’—P'I:—Telst RI:Telst
P -Analysis nalysis -Analysis nalysis
- Know how?
. 4. Diagnosis SOP Why do you do the What goals do you want to get
“Project” 2 from the “Project” 2
« 5. Report (now wny)

Gooerod  Goowmsd

How do you do the
“Project” 2
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NVH Diagnosis Approach

o

4. Diagnosis SOP Source Response Response
~ R-test for S&V /)0 [Structural] 4@ 7= P
+ Steady-state Path
* Run-up / Coast-down [P_Iale P-Test || [R-Tesy
- P-test (EMA) P-Analysis | | R-Analysis || P-Analysis R -Analysis
* For structure Inldéx Inldéx
. F-or(;?:spt?:zm; System for Vibration? for Noise?

- Compare R-test & P-test
+ Identify “resonance”
 Identify “source”

Index
for P-test?
- DM, design modification

. Experimental Analytical approach *

* Analytical
Function k

- Repeat above
perimeral oech &

Systematic approach

CAE(FEA)I—>| Analysis
I
L

Sensor |

By experiences: trial-and-error / shooting method
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What are your available
“know what” tools?

- Hardware for experiments
- Analyzer, Sensors, etc.
- Experimental ability
* R-test for N&V
» EMA for P-test A

. Experimental
« Software for analysis

[know what ? ———[know why ? }—-{Know How 7 |
Performance Index | [ethodology |
[caeren ] Anal Improvement
I ey ' s e z
" || I
(———TF =

National Pingtung University of Science and Technology n

- Analysis ability
« Static
» Vibration
- Modal
- Harmonic
- Transient
- Spectrum
* Thermal
» Vibro-acoustic
CFD
optimization

Source

/,(0)

Response

Response
a(t

JAQ)
Structural Air Path |2

Path
1]

R-Test I P-Test

B NvH

/ Vib & Acoust Lab

7. Conclusions

NVH issues in engineering « From “Component” to “System”
Spirit of “Industry 4.0”: « System Concept
Feedback & Solution - 1SO
- (1) loT = Feedback _
« Data = Information B ?TGMBl SR

Tools to “know what”
Technique to “know why” "
- (2) CPS = Solution
Testing = Virtual Testing
CAE = Experimental

“FSMICI” & “FCAICI”
- “know what” tools?
- “know why” techniques?
- “know how” methodology?

Verification

Verification & Validation « NVH diagnosis approach
+ Component design & System . Case study

design

Methodology to “know how” - NVH Diagnosis for wiper noise

Fundamental knowledge
- Vibration/Dynamic
- Acoustic (sound/noise)
- VT (Virtual Testing)
Domain knowledge
- Products?

B NvH
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base on Industry 4.0

« Reveal my special & unique concepts, such as
- SPR |
- 1SO
- FSMICI & FCAICI e P o,
- Industry 4.0: feedback & solution "

« Practical approach for NVH diagnosis and improvement
- Concept about R-test for steady-state and run-up
- Approach about P-test for determining structural modes,
- CAE model for structural P-analysis = R-analysis

« Practical approach in defining problem
- to carry out the project

. Background knowledges
- Fundamental Knowledge of NVH

Input
i—[ System

Source Response
/(0 [Structural ﬂ.m
Path

Response
P

Test R-Test R-Test
P Analys|s R-Analysis || P- oy || R -Analysis

- Domain Knowledge of NVH in different fields of engineering

Analytical approach

L L
R Tes
P-Analysis || F-Analysts ]| P-Analysts H RA”aVS'S a A * “loT” be the “connection” among “ALL”
N
vy
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Noise and Vibration Techniques in Industry Application\
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NVH Diagnosis for wiper noise \

« Define the project.
« Think “why” and “what goals
« Plan “how to do”.

SPR anal si

« Carry on diagnosis to feedback and find solution. i lﬂ

- Perform R-test.

$2: Blade & windshield contact  g1: Motor
- Perform P-test (EMA). R-Test for Noise
- Compare the results from R-test and P-test. [
- Seek for design modification (DM). R = :
« Report solution and results. 1
:m I

P-Test.for Wiper
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6. NVH Techniques Future Development
base on Industry 4.0 Spirits

Design
Manufacturing
Process wireless sensor
Assembly micro-sensor
point sensor -> field sensor

scalar sensor - vector sensor

Styling
Function
Manufacturing
CAE

Smart monitoring
self-diagnosis
Objective oriented App

* “CPS” be “ALL in ONE”
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Solution Sub- sy.stem

> Design '
Know HOW ? Manufacture

Ideal Product

Product Solution | Problem
System
Feedback 5
Feedback/Solution

> ) Feedback & Know WHAT ?
Know WHY * Engineers/Techniques/Tools
Manager/Strategy/Support $

| know what |——>| know why |—>| know how | J
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