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Vibration and Acoustics Laboratory

L. Introduction

Mechanical vibration is an important
issue for mechanical fatigue failure, ma-
chinery precision, and manufacturing pro-
cess. The mechanical design in domestic
industry is still in structural static analysis
or even just for simple mechanics calcula-
tion and neglecting the importance of dy-
namic analysis. On the other hand, the in-
dustrial noise problem becomes important
for environmental concerns. The industry
in Taiwan just notices the noise issue and
yet lack of complete study in noise gener-
ation and propagation analysis so as to
carry out proper action in noise protec-
tion. In fact, noise and vibration are
strongly related to each other and impor-
tant issues to deal with. The diagnosis
and control of mechanical vibration and
noise are urgent and crucial for industry.

Vibration and Acoustics Laboratory

(VAL) in the Department of Mechanical

Engineering, NPUST is founded in 1993

and plans the development objectives as

follows:

1. Dedicate to the education of sound
and vibration technology for special-
ization, popularization and general-
ization.

2. Dedicate to the training of students to
enhance the professional skills in
sound and vibration and enable to
perform practical applications and
lifelong learning

3. Dedicate to the technology develop-
ment in the field of sound and vibra-
tion for the application in industry
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and academic research

The technical services of VAL in-
clude:

1. Structural vibration modal testing and
finite element analysis for products
and machineries

2. Noise and Vibration measurement, a-
nalysis and improvement for products
and machineries

3. Finite element analysis (FEA) in struc-
tural static, heat transfer and vibration
analysis

4. Training program in Computer Aided
Engineering (CAE)

5. Training programs in vibration, no-
ise and Experimental Modal Analysis
(EMA)

This article introduces the VAL
team about the research projects in recent
years, the integration of technology in
noise and vibration, and the performance
for industrial service.

IL.LResearch Activity and Perfor-
mance in VAL

The core technology in VAL in-
cludes:

1. Vibration analysis: fundamental prin-
ciple of vibration, vibration character-
istics of structures, vibration standards
and regulations, analytical procedure
in solving vibration problem, mathe-
matical modeling techniques, four
types of vibration analyses (modal,

harmonic, transient and spectrum re-
sponse analyses), and application to
engineering problems.

2. Noise measurement analysis: funda-
mental principle of sound,
wave theory, sound spectrum and 1/3
octave band analysis, sound evalua-
tion indices, measurement standards,
sound level meter and FFT analyzer,
and applications to engineering struc-
tural sound measurement.

3. Experimental Modal Analysis (EMA):
experimental measurement of vibra-
tion, instrument implementation (FFT
analyzer, accelerometer, and impact
hammer), signal processing tech-
niques, procedure in performing E-
MA, and engineering applications.

4. Computer Aided Engineering (CAE)

. applications of FEA software (AN-
SYS, LS-DYNA, VL-ACOUSTICS)
in practical engineering problems,

fundamentals of FEA, procedures in
FEA application, various types of
structural FEA (truss, beam, plane,
solid, shell and contact elements),

topics in statics, heat transfer and vi-
bration.

The research ability and integration
technology development in the VAL con-
tain two main themes:

1. Integration of CAE and EMA for En-
gineering Design and Applications

sound
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2. Development and Application of
Low -Cost and Customized
Vibration and Noise Measurement
and Automated Analysis System
2-1 Integration of CAE and EMA
for Engineering Design and Ap-
plications

The idea and technology for the
integration of CAE and EMA in virtual
testing have been widely adopted in
practical engineering problems. This
technology in Taiwan is still in the in-
fant stage and for future development.

CAE can be interpreted as the use
of computer programs developed by
oneself or commercial software to con-
duct engineering analysis. The most
popular numerical tools should be the
finite element method (FEM). The use
of FEM in performing analysis for en-
gineering problems is called FEA.
Since most practical engineering struc-
tures are complex, the industry general-
ly uses the general purpose FEA soft-
ware. The VAL mainly adopts the AN-
SYS software in teaching and research.

EMA in simple words is just the
experimental methods for vibration
measurement. The purpose of EMA is
to obtain structural modal parameters,
including natural frequencies,
shapes, and modal damping ratios. The
applications of EMA include: (1) mod-
el verification, (2) response prediction,
(3) model modification (4) force deter-
mination, (5) sub-structuring and cou-
pled analysis, and (6) health monitoring
or damage detection. Figure 1 shows the
flow chart for model verification via the
integration of EMA and FEA. The objec-
tive in performing model verification is to
obtain validated analytical model. Figure
2 reveals the flow chart in structural de-
sign modification. The first step is to con-
duct model verification to validate the
analytical model. The next step is to per-
form response prediction via the validated
model. Finally, if the structural modifica-
tion is required in order to meet the de-
sign specification, the model modification
will be carried out and repeated to
achieve the design goal.

The research topics in coop with in-
dustry by applying the integrated technol-
ogy of CAE and EMA conducted by the
VAL in recent years include the follow-
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Figure 2 Structural design modification flow

chart for CAE and EMA

ings:

1. The integration of design and develop-
ment of golf clubs (OTA Co.)

2. The Design analysis of vertical auxil-
iary table of vibration testing machine
(King Design Co.)

3. The integration of design and develop-
ment of sliding table of shock testing
machine (King Design Co.)

4. The analysis and experimental verifi-
cation of environmental vibration
testing of printed circuit board (ASE
Group)

5. The design and development of com-
ponents in vehicle industry (MIRDC)

6. The development and application of
intelligent material structural system
(NSC)

7. The design analysis of percussion mu-
sical instruments (NSC)

The VAL has started the coop work
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Figure 1 Model verification flow chart by
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with OTA Co. since 1999 and dedi-
cated to the design analysis tech-
nology development and proce-
dures for over 10 years. The major
achievement includes 6 funded re-
search projects, 27 academic pa-
pers, and 8 graduate and 19 under-
graduate students involved in the
research activities. The established
technology contains: (1) the appli-
cation of CAE to vibration and im-
pact analysis of golf clubs, (2) the
inter-connection between CAD
(Pro Engineer) and CAE (ANSYYS)
software for analysis, (3) the appli-
cation of EMA to experimental
verification for golf clubs, (4) the
integration of CAE and EMA for
model verification to obtain the
validated analytical model, (5) in-
troducing the virtual testing design
concept for golf club design modi-
fication with particular purposes of
performance specification, and (6)
the prediction of hitting sound of
golf club and the structural design
of golf club head.

King Design Co. is a manu-
facturer for the vibration and shock
testing machines and coop with the
VAL since 2003. The King Design
Co. Reliability Lab is working with
the VAL. There are 7 funded re-
search projects from NSC and 28 a-
cademic conference and journal pa-
pers. 7 gradate and 6 undergraduate
students participated in research work.
The well established technology in the
design analysis and development is main-
ly for the vertical auxiliary table (vibra-
tion table) and sliding table (shock table)
including: (1) introducing the CAE and
EMA techniques to the structural vibra-
tion characteristic study for the design of
vibration and shock tables, (2) establish-
ing the model verification and virtual test-
ing technique to integrated design, (3) de-
veloping the standard design verification
procedures for the tables to fit the need of
different vibration and shock testing spec-
ification required by the customers.With
the use of CAE and EMA techniques and
the professional analytical abilities in
shock and vibration, the integrated design
concept and procedure can also be adopt-
ed to the development of other precision
machineries.
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ASE Group is a known IC packing
company. The VAL applies the special
skills of EMA as well as the model verifi-
cation procedure as shown in Figure 1 to
enhance the design analysis with the veri-
fication of experimental works. The coop
work has lasted for 5 years since 2005.
The company provides the scholarship for
a graduate student annually. There are 17
academic papers published. Figure 3 re-
veals the vibration testing and analysis
verification of PCB. So, the stress distri-
butions of package, IC and solder balls
can be predicted as shown in Figure 4.
The VAL leads the industry in this field
for coupling effect evaluation including
thermal and random vibration loading si-
multaneously.

PCB & Fixture

Experimental setup

el
V- Sl

Vibration Testing

PCB

FE model in fixed boundary

Figure 4 Vibration testing and stress analysis for PCB, package,

IC and solder ball

The integrated CAE and EMA tech-
niques have been widely adopted for
practical application. Beside the afore-
mentioned about the golf club design,oth-
er sport equipments such as tennis rockets
are also investigated. The technique has
been used for 3C products and testing
machine design for environmental shock
and vibration tests. Other industries such
as precision machineries for machine
tools or automobiles can be well related
to the CAE and EMA integrated technol-

l.l
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. !
IC bottom surface
Stress distributions subject to random vibration

ogy. The VAL has carried out many engi-
neering projects associated with indus-
tries..

The VAL plays the role in support-
ing the industrial needs and academic
contribution. The objective of VAL will
continue to train students with the inte-
grated technology of CAE and EMA as
well as the applications to engineering
problems and educate students with posi-
tive working attitude for the industry.

2-2 Development and Application
of Low-Cost and Customized Vi-
bration and Noise Measurement and

Automated Analysis System
Vibration is an important issue in in-
dustry. Machineries become higher speed

and more
precision and
FE model for PCB thus require

G more abilities

to reduce vi-
bration  ef-
fect. Howev-
er, the vibra-
tion analysis
technique in
domestic in-
dustry is not
SO common.
One of the
reasons is
that the ob-
servation and
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package

analysis  of
vibration
phenomenon
are not easy
for the cost
of testing e-
quipment as
well as the
lack of analy-
sis tools. To
enhance the
development in the field of vibration, the
domestic language instruction media in
teaching vibration is demanded and can
be used for industrial applications.

The experimental measurement and
analysis of sound and vibration generally
rely on the general purpose FFT analyzer
or Sound Lever Meter to obtain the accel-
eration and sound pressure level, and so
forth the corresponding frequency domain
analysis can be conducted to get sound

Solder ball

and vibration spectra and to study the
structural sound and vibration characteris-
tics for machineries and products. For
general applications, the experiments can
be easily carried out. However, there are
potential disadvantages, such as the high
price for the well-equipped functional an-
alyzer. For simple purpose applications
such as the on-line inspection base on
sound and vibration signals or for other
post-processing applications, the analyzer
may not be economic. Also, the data re-
quiring necessary post processing is not
always available or easy to transfer to oth-
er analysis programs.

For the industrial needs on the fur-
ther applications of noise and vibration
measurement and analysis, the VAL dedi-
cates to develop noise and vibration anal-
ysis programs. The software will be de-
veloped base on the concept of copyleft
for freeware deployment so as to promote
the professional fields in sound and vibra-
tion and become popular. The low cost
and customized measurement and analy-
sis system will be established for different
purposes and different industrial require-
ments. The recent coop works regarding
to the development of analysis modules
and measurement application modules by
the VAL are illustrated as follows:

1. Development and verification of fan
noise measurement system (Yen Sun
Co.)

2. Development of fan sound quality in-
spection and automated quality con-
trol module (Yen Sun Co.)

3. Development of tool FRF measure-
ment system and tool chatter stability
diagram prediction module (Precision
Machinery Center)

4. Development of vibration analysis soft
-ware (NSC/AnCAD Co.)

5. Module for Modal analysis by free vi-
bration response only (NSC)

6. Development of structural damage de-
tection base vibration mode shape
(NSC)

7. Sound simulation generator and spec-
trum analysis module (NSC)

8. Measurement and evaluation of bus in-
terior sound and vibration (Master
Co.)

9. Golf club vibration quality index anal-
ysis module (OTA Co.)

10. Sound and vibration correlation anal-
ysis module for golf club and club
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head (OTA Co.)

11. Golf club hitting sound pre-
diction module (OTA Co.)

12. Pad design analysis module for
shock testing machine (King
Design Co.)

The sound quality inspection
for small fan in production line is of
interest. The VAL uses the micro-
phone to measure the sound pres-
sure level of fans in conjunction
with A/D card with the MATLAB
platform. Figure 5 reveals the mea-
surement module for fan noise in-
spection and will be extended to au-
tomatic quality control system for
product on-line measurement. The
customized measurement and analy-
sis modules are useful for industrial
applications.

Chatter of machine tools is a
kind of self-excited vibration and
generally occurred in machining.
The chatter is the major defect for
cutting vibration to affect the ma-
chining quality and efficiency.
Chatter will also cause bad effects
on machining surface, surface
roughness and noise as well as tool
wears. The tool failures and the re-
duction of metal removal rate will
increase the cost, time and material.
The VAL use the MATLAB plat-
form to develop the tool frequency
response function measurement
module as shown in Figure 6(a) and
thus the tool chatter stability dia-
gram can then be predicted as
shown in Figures 6 (b) and (c) to
provide a guided tool to determine

the stability lobe diagram (SLD) so as to
avoid chatter and increase the cutting effi-

ciency.

For engineering problems related to
sound and vibration either by experimen-
tal measurement or theoretical analysis,
the post processing for the measured or
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Figure 5 Fan noise measurement graphic user interface
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Figure 6 Tool FRF measurement and chatter stability lobe
diagram (SLD) prediction

analytical data is the crucial know-how
and know-why issue. Different purposes
of automatic analysis modules are gener-
ally required and can be provided for in-
dustrial uses.

The VAL develops the sound and vi-
bration analysis and measurement system
for particular purposes of applications.

The features of the analysis
tools are independent, in-
teractive,  user-friendly,
graphic user interface (win-
dow), and with automatic
data storage and retrieval
functions. Besides, the low
cost and customized sound
and vibration analysis
package can be useful for
teaching and beneficial for
industrial applications for
different purpose needs.
III. Conclusions

The VAL has carried
out many government and
industrial funded research
projects and established
tight relationship with local
industry to support high
quality of engineering ser-
vices. The VAL will con-
tinue to facilitate the e-
quipment and fertilize stu-
dents with sound and vi-
bration professionals to
meet the need for domestic
industry and promote the
extension education. The
coop work with industries
to create the professional
values regarding to the
fields in sound and vibra-
tion is always the goal. The
VAL will certainly contin-
ue the works in (1) Integra-
tion of CAE and EMA for
Engineering Design and
Applications, and (2) De-

velopment and Application of Low-Cost
and Customized Vibration and Noise
Measurement and Automated Analysis
System, and surely to promote and en-
hance the R&D and international compe-
tition abilities for industrial development
in our country. ¢
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