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. 1. Introduction
Outline .
—_— Keyword Analysis
« 1. Introduction « Noise and Vibration Techniques

o 2. What is “Industry 4.0”?

« 3. N&V Techniques for Product Development

« 4. Approach to Product Design with N&V Concerns

« 5. General Approach for NVH Diagnosis

« 6. Future Development of NVH Techniques base on the
Spirit of Industry 4.0

« 7. Conclusions

_

Analytical approach
Experimental approach
« in Industry
Vehicle:
« bike, motorcycle, automobile, aircraft, submarine, ...
- 3C products:
« computer, communication and consumer electronics
- Many more...
« Application
- To solve NVH, N&V, S&V, BSR, etc. for
* Product design (CAD/CAE) & Product testing (CAM/CAT)
« Design Verification (DV) & Product Validation (PV) > V&V
« base on Industry 4.0 > Spirit of Industry 4.0
- Feedback
- Solution
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Noise and Vibration Techniques in Industry Application
base on Industry 4.0

« Why this topic?

- Overview on the topic

- From “theoretical/numerical” to “practical/experimental”

- From the point of view of “engineer” to “manager”

- Both analytical and experimental approaches

* To be on the right track to the “success” in solving NVH

« What goals to achieve for this topic?

- Introduce Noise and Vibration Techniques

Identify the Industrials needs

- Show the application of NVH concerns

- Industry 4.0 spirit
- How to do and achieve the goals?
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Noise and Vibration Techniques in Industry Application
base on Industry 4.0

« How to do and achieve the goals?
- Reveal my special & unique concepts, such as
« SPR

Ty
- 1SO
« FSMICI & FCAICI

s L
* Industry 4.0: feedback & solution Respones

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
« Domain Knowledge of NVH in different fields of engineering

Analytical approach

—>
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Response Response

P

R-Test
is [|_R-Analysis
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2. What is “Industry 4.0”?
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. Germany
- Industry 4.0
« United State of America
- Advanced Manufacturing Partnership (AMP)
« Japan
- Industry 4.1 J
« China
- Made in China 2025
« Korea
- Industry Innovation 3.0
. Taiwan
- Productivity 4.0

« Industrial revolution

Mechanization, Mass prodution,
waterpower, steam  assembly ine,

Computer and
power electrcity il AR
A eritical look at indusiry 4.0
Picuro source - o sl 4
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From the point of view for

“Design”
“Manufacturing”

Two Issues in Industry 4.0

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

Monitoring
Augmented Reality ez

BRI - B
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My Perspectives of Two Keywords
for Spirits of Industry 4.0

Industry 4.0 for Product Development\

: Sub-system
(1) Feedback : Solution
- Ability to collect the product information during design, >
manufacture, transportation, market, etc. Know HOW ? Material
» Information about reactions to a product, a person’'s / \
performance of a task, etc., used as a basis for improvement. Ideal i|| Solution for Solution for || Product
(2) SOIuﬁ—onBl.g data, loT, Cloud, wireless sensor, smart sensing, etc. l Design Manufacture ’,i >
- Ability to solve for the feedback problems and customer’s Feedback ]
concerns ) - - . from Market | ]
» A means of solving a problem or dealing with a difficult Feedback/Solution
situation. _
- Design (DV), Smart Manufacture, Testing (PV), etc. :I)VHY 5 Feedback =& Know WHAT ?
|, Materia Know ‘ Engineers/Techniques/Tools
Material i Product Id Solution for Solution for
ateria Maaz:;%?ure roduct _ideal e e Manager/Strategy/Support $
ll | know what I—-»l know why |—>I know how |
A | L_from Market | N 10
vy vy
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3. N&V Techniques for Product H rf “Engi ing Design” ?
. q ow to perrorm ngineering vesign™ ¢
Development “FCAICI” & “FSMICI”

oow )
Growoms)

« KNOW-WHAT Techniques
« KNOW-WHY Techniques

« KNOW-HOW Techniques
Steel HSP

Chord Sound Plate (CSP)

Steel Chimes of Crotales

Complete set

(value)
Criterion

naex [}

H—H Improvement ‘]

« Function : what “purpose”?
« Approach
- Analytical approach
- CAE
+ Analysis
- Experimental approach
« Sensor
+ Measurement
« Index : Performance Index (PI)
« Value =» Criterion :
- From “Value” to acceptance “Criterion”
. Improvement : seek for proper solution

R NvH
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How to perform “Engineering Design” ?

National Pingtung ity of Science and
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“FCAICI” & “FSMICI”
for know what 2 know why = know how

| Know what ? |——>| Know why ? I——Pl Know How ? I

= S=ilco krsl Purpose Tools Performance Index || ['\othodology
L2 3 s 5 - e | Hardware & Software Acceptance Criterion

e —— 5 F o3 - N S S,

ﬂff,‘_‘ - - D |aeg - | Analytical

st il s -t [D#E p 22251 1s9] Approach I Function -blCAE(FEA) Analysis Index I- Criterion I-hllmprovementl

H = — P = [L260)
« Vibration analysis o | nerfos] o F#GD ;,:;9; - :ii: Experimental | Function ->| Sensor I— Measurement Index I- Criterion I-hllmprovementl
r:\—‘ﬂoda‘ ) 1 R a0 Approach / )
PARELEIS & = [1587] " 4 / \ \
- optimization 3 |is00 - 1682
>Design variables [R#B b [ise:69 1;‘2! -CAE software “CAE : +Time domain -dB/dBA *Design
>Objective function B o | > Static «Auto spectrum -Manufacture
>constraints Reliabiity | | .Analyzer >Vibration +1/3 octave band +1/3 octave band -Others

= *Hammer/shaker »>Thermal +-dB/dBA
) l | — :,i B +Accelerometer »CFD -Time—F;equency plot +Auto spectrum
: l = “Microphone P >Waterfall plot
Bezier curve AT “Intensity probe R;‘;';e' test| | Zu> ops “Time-Frequency
% T “Acoustic camera :Run,uyp plot
= LDV “Path test “FRF >Waterfall plot
-Others SEMA «fn> ®n > én
>OMA -Others -FRF
+fh> ODS vs.
" '!'. R > dn > én n
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SPR & ISO Concept
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‘System Block Diagram

Deformation acceleromete\
Force | 1.Geometry Chroce
—»| 2. Material  f——=> otebook =
3.Boundary | Acceleration

NI 5?34 microphon
bt o 7k

P-Test/P-Analysis
structure system

Structural

Sound

Impact hammer

-~

Source Response Response
/() [Structural] @ [ p(0)
—> Path —p Air Path —
/ L] A
P-Test -Test P-Test R-Test
P-Analysi R-Analysis || P-Analysis || R-Analysis
s (Input) (System) (Output) ISO
BB ] .
(Source) (Receiver) SPR
REDW BERDHT
(P-Test) (R-Test)
Path Test/%#:4 #i (system analysis) : +  Receiver Test/{Z5% 23 # (signal analysis) :

> RRAMZEBNNET R [RAENAE]

> (&t FTE Al 2§ 2 & (response)
> UTHRL (MEBERST] - DUERER
ZTRRER - 15

Striking Vibration Pressure Feelings

_’lforce Str;gﬁrall—blAirPathl—bl Ear |—>| Brain |—>
£, | 70 |a1(t=| 7o)y | P-Test/P-Analysis

(air-structure system)
/(1)
_>|' . H )=H H
'!'. s (N=H,  (NHH,
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4. Approach to Product Design with
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From “Component” to “System”

N&V Concerns Source Response Response
« Feedback ability: . Fundamental knowledge () Brructuran a.(d) (1)
Stiuctuiai . k
- Tools to “know what” - Vibration/Dynamic ——p" .. = Air Path —p
- Technique to f*know why” - Acoustic (sound/noise) et N\ AN
. Solution ability: - =)
“ » « Domain knowledge P-Test R-Test P-Test R-Test
- Methodology to “kiyow how N A . . .
- Percussion instruments P-Analysis R-Analysis || P-Analysis || R-Analysis
* Musical theory c ‘
[T [T ]~ Al Conditioner omponent
« Compressor...
Purpose || [pourt o] | gt it Vehiae?
o : . <Geomefry | Response
. « Engine and power : Displ em
transmission «Material | -Displacem
.« Tire *Boundary |-Stress
+ Vehicle performance s|nterface | -Acceleration ™
* Handling
* Ride comfort/quality
A « Aerodynamic ... v | A
vy oyt
Dept of Mech Eng / Vib & Acoust Lab EERNVH National Pingtung University of Science and Technology Dept of Mech Eng / Vib & Acoust Lab ERANVH National Pingtung University of Science and Technology &

System Concept

=&

ISO - SPR - F>GMBI=>R
In pUt Output /Component Sub-system)
— System — .
J
Source Receiver
—> Path ——
Response
-Geometry | Response
Force |.Material |-Displacement
_ — >
-Boundary |-Stress
, eInterface | -Acceleration
s
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@. General Approach for NVH Diagnosis

e 1. Define the “Project” Analytical approach i
« 2. Think: “ »

Systematic approach

[, |

Function Improvement

- Why to do?

- What goa|s? g } By experiences: trial-and-error / shooting method

- How to do? Source Response Response
« 3. Plan “How to do”? //“).lﬁrgcxrai X0y LAY

- Know what? a

P-Test R-Test
P-Analysis || R-Analysis

- Know why? P- Testl—‘ R-Test

~ Know how? P-Analysis | | R-Analysis
o 4. Diagnosis SOP Why do you do the What goals do you want to get
. 5. RepOl't @ “Project” 2 from the “Project” 2

Project

How do you do the N
“Project” 2 »

Goowro)  Gowwm)
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NVH Diagnosis Approach

o 4. Diagnosis SOP Source Response Response
- R-test for S&V 7,0 Strsciﬁra\ a,(1) Air Path Pk( )
+ Steady-state a
* Run-up / Coast-down Mesd R-Test ’—/P Test [R-Test
- P-test (EMA) P-Analysis R-Analysis || P-Analysis R -Analysis
* For structure Index Index
- C t t.

Index
for P-test?

- Compare R-test & P-test
« Identify “resonance”

- DM, design modification
« Experimental
* Analytical

- Repeat above

Analytical approach [

,ICAE(FEA) |—>| Analysis }
{[sensor J->[veasurement]

By experiences: trial-and-error / shooting method

Systematic approach

/\

—Pp
& approach

o
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6. NVH Techniques Future Development
base on Industry 4.0 Spirits

Design

Manufacturing

Process wireless sensor

Assembly micro-sensor

etc. point sensor -> field sensor

scalar sensor - vector sensor

Styling
Function
Manufacturing
CAE

Smart monitoring
self-diagnosis
Objective oriented App 2

* “CPS” be “ALL in ONE”
ﬂ'. * “loT” be the “connection” among “ALL”
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7. Conclusions

« NVH issues in engineering « From “Component” to “System”
« Spirit of “Industry 4.0”: . System Concept
Feedback & Solution - 1sO
- (1) loT =& Feedback N
Data =& Information B ETGMBl 3R

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

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

Verification - “know how” methodology?
Verification < Validation « NVH diagnosis approach
Component design & System . Case study

design

Methodology to “know how”
« Fundamental knowledge
- Vibration/Dynamic
- Acoustic (sound/noise)
- VT (Virtual Testing)
« Domain knowledge
Products?
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Thank you for your attention!
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