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Experimental design and performance
analysis of the V-die bending process using
the response surface methodology

Nun-Ming Liu, Ko-Ta Chiang, Jenn-Tsong Horng,
Chun-Chin Chiu

Abstract

In this study, an effective procedure of response surface methodology (RSM) was
utilized for experimental design and performance analysis of the V-die bending process. The
punch radius, die width, die corner radius and blank thickness were selected as effective
processing parameters to investigate the influences on the performance of spring-back angle
and thickness variation in the bending process. A standard RSM design called the centered
composite rotatable design (CCRD) was applied in this experimental plan. Based on the
analysis of variance and verification experiments, the quadratic models proposed in this
paper were adequate to explain and analysis the effects of processing parameters, and can
be utilized to predict the experimental value within the 95% accurate interval. The optimal
conditions were also determined using the proposed quadratic model and the sequential
approximation optimization method (SAO). Results show that the significant factors on the
bending performance evaluations are the die corner radius, die width and blank thickness,
which are noticeable variable factors as the resources of increasing quality. The
experimental results using the optimal setting were easily clarified that the effective
procedure proposed in this study greatly improved the desired target of performance
analysis in the V-die bending process.
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1. Introduction

The bending processes are significant
development and extensively used to
manufacture the components of sheet
metals in the hardware, aircraft, consumer
goods, food packaging, electronic and
automotive industry, etc. Therefore, the
bending processes are of vital importance
within the industry range. The bending
mechanisms are subjected to various
process parameters including the bending
sequence, bending speed, dies, die stroke,
friction, shapes of the products desired,
blank

materials, etc. In addition, the forming

mechanical properties of the

process  presents the  complicated
deformation  processes comprised a
sequence of stretching, bending and

drawing process. The forming process is

crucial to wunderstand the sheet-metal
bending mechanisms and to control the
process in the practical sequences [1-3].
Consequently, the revolution of sheet-metal
forming processes aimed to increase the
efficiency and the precision of sheet-metal
production is becoming more and more
important fundamental topic of relevant
researches [4, 5].

The V-die bending process is one of
the simplest but most versatile sheet metal
bending processes, in which the punch and

the die are "V" shaped. The net shapes of

products are easy desired by handling
several angles of bend or different radii of
the V-die bending

sequence, the firstly the sheet metal is

curvature. During
clamped between the die and the blank
holder, and then the
downward to bend the blank. When the
punch does not push the blank to the

punch moves

bottom of die cavity, leaving space or air
underneath, this process is called as air
bending. The punch load increases sharply
as the consequence of the contact surface
amount between the blank and the side of
die cavity, it is called as bottoming. This
bottoming process contains a phase of wipe
caused by the friction between the blank
and the side of die cavity. Because the
V-die bending involves a combination of
stretch

deformation of the blank materials, the

elastic—plastic ~ bending  and
deviation of neutral surface, change of
thickness and length, wrinkling and
fracture often appear in the sheet-metal
addition, the

spring-back or the shape discrepancy often

bending process. In

occurs after removing the forming load
during a sheet-metal bending process.
Spring-back is an important and decisive
performance for obtaining the desired final
shape of sheet-metal products and the
design of the corresponding die. The
investigation of spring-back in the relevant

literature has been extensively discussed in
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order to understand and control the effects
of blank
manufacturing processes. Yang et al. [6]
effect

hardening mode on the

materials, geometry,

investigated  the of  material
spring-back
simulation accuracy of V-free bending
Tekiner [7]
experimental study to identify the response

process. conducted the

related to spring-back and characterize the
effect of

thicknesses and properties. Inamdar et al.

sheet metals with several
[8] researched to the effect of geometric
parameters such as the punch nose radius,
die radius, die gap and sheet thickness, on
spring-back in sheet metals subjected to air
numerical

bending.  Recently, the

simulations using the finite element

method (FEM)

investigate  tool

largely contributed to

design or process
sequences for dealing with spring-back
predictions [9-12].

The response surface methodology
(RSM) is an empirical modeling approach
for determining the relationship between
various process parameters and responses
with the various desired criteria, and
searching into the significance of these
coupled

process parameters on the

responses. It is a sequential
experimentation strategy for building and
optimizing the empirical model. Therefore,
RSM is a collection of mathematical and

statistical procedures that are useful for the

modeling and analysis of problems in
which the response of demand is affected
by several variables and the objective is to
optimize this response [13, 14]. By using
applying
analysis, the modeling of the desired

experiments and regression

response to several independent input
variables can be obtained. Consequentially,
the RSM is utilized to accurately describe
and identify the
of different

variables on the response when they are

influence of the
interactions independent
varied simultaneously. In addition, it is one
of the most widely used methods to solve
the optimization problem in the sheet metal
Ohata et al. [15]

described the application of the surface

forming processes.

response method to develop the optimum
process design system for sheet fabrication.
Lepadatu et al. [16], Bahloul et al. [17],
and Mkaddema and Saidane [18]
developed mathematical models for the
examination of spring-back using the
response surface methodology and the
models could be used to optimize and
predict the spring-back in sheet metal
forming.

The proper setup of various
processing parameters in the sheet-metal
forming is crucial for obtaining high
quality of sheet-metal products. This paper
presents a systematic methodology for the
experimental

design and performance
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analysis of the V-die bending process using
the response surface methodology. The
of V-die bending

process follows the punch’s pressing the

deformation shape
sheet into the V-shaped die until it contacts
the sides of the die as closely as possible.
This process contains two distinct phases
of air bending and bottoming. The
bottoming process causes to increase the
friction between sheet and sides of the die,
and results in increasing the tensile stress
in the deformed area. Therefore, this study
first focuses on the modeling and analysis
of processing parameters to investigate the
influences on the performance
characteristics of sheet-metal products. The
experimental design adopts the centered
composite rotatable design (CCRD) based
the response surface methodology. The
contribution of each processing parameter
is calculated, and the quantitative
mathematical models are also appropriately
proposed. The optimization of sheet metal
forming processes is a useful procedure to
promote the efficiency and precision of
sheet-metal production, and nowadays is
one of the fundamental topics on which the
interest of automation research groups
focused. The present study applies the
quadratic models of RSM associated with a
sequential
(SAO) method in order to establish an

effective optimal procedure for optimizing

approximation  optimization

the processing parameters of V-die bending
under the constraints of the
Finally, the

verification experiments are performed to

process
dimension  limitation.
verify the adequacy of the proposed

models.

2. Experimental procedure

2.1 Equipment and specimen

material

In this study, a series of experiments
were performed on a hydraulic press
machine (Starair Co. Ltd) with a maximum
pressure of 15 tons, cylinder diameter
125mm and a maximum stoke of 200 mm.
The die and punch were made of hardened
steel (SKD 61) and used as bending tools.
The die was mounted on the fixed platform
provided on the press machine. The die
was designed as a V-shaped cavity of 90
degree. The punch was mounted above the
die in the movable head of the cylinder.
The center axis of the punch coincides with
the V-shaped die. The blank was located in
proper position over the die with
orientation pins. Fig. 1 shows schematic
diagram of the experimental setup with
sheet metal. In this V-bending process, the
experiments were conducted under dry
conditions. The speed of punch was

selected as 1 mm/s to bend the blank into
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the die. It was used to eliminate the effect
of speed on the experimental results.

The specimen material was the
stainless steel (SUS304) in the form of
rectangle plate with 70 mm width and 150
mm length. The chemical composition of
SUS304 in mass% is as follows: 0.05 C,
0.39 Si, 1.81 Mn, 0.28 P, 0.004 S , 18.36
Cr and 8.43 Ni. Its mechanical properties
are 296 MPa yield stress, 626 MPa ultimate
stress, 35% elongation and 33.7 HRC

hardness.

2.2 Experimental design
Table 1

parameters in the V-die bending process.

shows the experimental
The main processing parameters adopted in

this study are the punch radius (R,), die
width (w), die corner radius (R,) and

blank thickness (t) for investigating the
influences on the performance
characteristics of sheet-metal products. Fig.
2 presents the profile of the V-shaped die,
the punch head, the blank and the initial

shape.

In this study, a centered composite
rotatable design (CCRD) involving four
variables with five levels has been
employed to design the experimental plans.
The factorial portion of CCRD is a full
factorial design with all combinations of
the factors at two levels (high, +2 and

low, —2) and composed of the eight star

points, and six central points (coded level 0)
which is the midpoint between the high and
low levels. The star points are at the face of
the cube portion on the design which
corresponds to an « value of 2 and this
type of design is commonly called the face
CCRD. In the

investigation, the experimental plans were

centered present
conducted using the stipulated conditions
according to the CCRD and involved a
total of 30 experimental observations at
four independent input variables. Each
combination of experiments had been
carried out two times under the same
conditions at different time to acquire a
more accurate result during the V-die

bending process.

The low and high levels selected for
the punch radius (R;), die width (W), die

corner radius ( Ry ) and blank thickness (1)

were: 1 and 3 mm, 25 and 45 mm, 0 and 4
mm, and finally, 1 and 3 mm, respectively.
Table 2 shows the value of coded and
actual values of four processing parameters
and their possible ranges. The experimental
matrix that was adopted in this study in the
coded form is shown in Table 3. The coded
of the

values X processing

ii=1,2,3,4
parameters used in Table 2 and 3 are
obtained from the following transformable

equations:
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X - Ry — Rp, 0 The variation of thickness t, in the fold
=P P
AR, zone is obtained by the change of blank
X - W — W, @) thickness after the bending process. It
? Aw calculated as follows.
R, —R
X3 = DATDDO 3) ty =1t = thengea (6)
where 1,4 1S the blank thickness after the
t—1,
Xy = At ) bending process and t, is the original

where X,, X,, X, and X, are the
coded values of parameters R,, W, Rj
and t, respectively. Ry,, W,, Ry, and
t, are the values of R,, w, R, and t
at zero level. AR,, Aw, AR, and At
are the intervals of variation in R,, W,

R, and t, respectively.

2.3 Performance evaluations

The bending performance evaluations
selected for this study were based on the
following performance characteristics such
as the spring-back angle and the variation
of thickness in the fold zone after the
bending process. The spring-back taken
place and the change in the wall angle after
the load is removed by withdrawal of the
punch. The spring-back angle A# is
measured by the difference between
bending angle € and unbending angle &',

calculated as follows.

AO=0-0' (5)

thickness of blank. These performance
characteristics along the bend axis were
measured for all bended specimen using by
using the vision measuring machine (Mimn
Tay EM-2D), and are shown in Fig. 3.

3. Response surface modeling

In the RSM, the quantitative form of
relationship between desired response (Y )

and independent variables ( X;) could be

represented as

Y= £(X, X0, Xsoo X )46 (7)

where f is the response function (or

response surface) and ¢ is the fitting
error.

The appearance of response function
is a surface as plotting the expected

response of f . The identification of

suitable  approximation of f  will

determine whether the application of RSM
is successful or not. In this study, the

approximation of f was proposed using

the fitted second order polynomial
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which called the

quadratic model. The desired quadratic

regression  model,

response (Y ) is always described as
follows.
Y =by+ > 0 X+ D b X+ D by X, X
i=1 =1 i<j
8)
of design

where n is the number

variables, and b,, b;,b,

i,b; and b represent

the coefficients of constant, linear,

quadratic, and cross product terms,
respectively. Then this quadratic model
contains the linear terms, squared terms
and cross product terms. Using this
quadratic model in this study is not only to
investigate over the entire factor space, but
also to locate region of desired target where
the response approaches its optimum or
near optimal value.

In general, the quadratic model of
desired response (Y ) can be expressed as
follows by matrix from as:

Y=Xa+e¢ 9)
where X is a matrix of model terms
evaluated at the data points, & is an error
vector. The unbiased estimator & of the
regression coefficient vector a is
estimated using the least-squares error
method as follows.

a=(X"X)"'X"Y (10)

where is X' the transpose of the matrix

X.

Consequently, RSM is a sequential
procedure and its  procedure  for
determination of the processing parameters
with

characteristics including seven steps are

optimal  multiple performance
summarized as following:
(1) Defining the

variables and desired responses with

independent  input
the design constrains.

(2) Adopting the face centered CCD to
plan the experimental design.

(3) Performing the regression analysis with
the quadratic model of RSM.

(4) Calculating the statistical analysis of
variance (ANOVA) for the independent
input variables and to find which
parameter significantly affects the
desired response.

(5) Determining the situation of the
quadratic model and to decide whether
the model of RSM needs screening
variables or no.

(6) Obtaining the
parameters with the design constrains
using the SAO method.

(7) Conducting confirmation experiment

optimal processing

and verify the optimal processing

parameters setting.

4. Results and discussion

The 30

conducted in duplicate, and the average

experimental runs were

values of spring-back angle (A@ ) and
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variation of thickness (t,) along with the

design matrix are listed in Table 3

4.1 Analysis of the proposed

quadratic mathematical

model

In order to ensure the goodness of fit
of the quadratic model obtained in this
study, the test for significance of the
regression model, the test for significance
on individual model coefficients and the
test for lack-of-fit need to be performed
[13,14] as shown in Table 4. These tests are
performed as ANOVA procedure by
calculating the “F-value”, the “Prob. > F”,
the  determination (RY),
adjusted R-squared (R* Adjusted) and the
adequate precision (AP). The values of
“F-value” and the “Prob. > F” imply

statistical significance on the regression

coefficients

model and the particular linear, quadratic
or interaction terms. Usually the desired
confidence level be set to 95%, the value of
“Prob. > F” smaller than 0.05 signify that
the regression model is considered to be
statistically significant, which is desirable
as it demonstrates that the terms in the
model have a significant effect on the
responses. The determination coefficient R
is defined as the ratio of the explained
variation to the total variation and is a
measure of the degree of fit. When R’

approaches unity, the better the response
model fits the actual data, It exists the less
the difference between the predicted and
actual values. The adjusted R-squared (R’
Adjusted) presents a measure of the
amount of variation around the mean
explained by the model, adjusted for the
number of terms in the model. The adjusted
R-squared (R* Adjusted) decreases as the
number of terms in the model increases if
those additional terms don’t add value to
the model.

adequate precision (AP) in this model,

Furthermore, the value of

which compares the range of the predicted
value at the design point to the average
prediction error, is well above 4. The value
of the ratio is greater than 4, which
presents the adequate model discrimination.
These models obtained present higher
values of the R%, R? Adjusted and AP at the
same time. In Table 4, the model fitting
assessment for the quadratic model of A6

and t, is based on the statistical
parameters above.

From the results of Table 4, these
values obtained as follows:
R?=0.9896, R? Adjusted = 0.9795 and AP =
209.771 for the spring-back angle (A8);
R%= 0.9464, R? Adjusted = 0.9353 and AP

= 35.484 for the variation of thickness (t, ).

WwWEre

Consequently, these obtained quadratic

mathematical models of the spring-back
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angle (A@) and the variation of thickness

(t,) can be regard as significant effect for

fitting and predicting the experimental
results and meantime the test of lack-of-fit
also displays to be insignificant.

Table 5 shows that the values of
“F-value”” and “Prob. >F” for each term
on the performances of the spring-back
angle (A@) and the variation of thickness

(t, ), respectively. In the case of
spring-back angle (A#@), the X, (Ry),
Xy (W), X5 (Rp) X, (1), X7,
X2, X,> and X,X, can be regard as

significant term due to their “Prob. > F”

value being less than 0.05. Similarly, the
Xy (W), X5 (Rp), X, (), Xy
and X42 for the variation of thickness (t, )

are the significant terms. The backward
elimination  process  eliminates  the
insignificant terms to adjust the fitted
quadratic models. These insignificant model
terms can be removed and the test of
lack-of-fit also displays to be insignificant.
Through the backward elimination process,
the final quadratic models of response
equation in terms of coded factors are
presented as follows:

- the spring-back angle (A6)

Y, =0.4628 +0.0021 X, +0.0657 X,

~0.0655 X, —0.0350 X, —0.0010 X,’

©)

—0.0181 X32 +0.0037 X42 +0.0037 X, X,
- the variation of thickness (t,, )

Y, =0.0504+0.0058 X,—0.0075 X,

) . (10)
+0.0034 X ,— 0.0023 X;* +0.0012 X,

In terms of actual factors the final
quadratic models of response equation are
as follows:

- the spring-back angle (A6)
A6 =0.1702 +0.0042 R, +0.0159w

+0.0216 R, —0.1114t—.0032x107° w’

) . (11)
—0.0181R,*+0.0140t
—7.4541x107° R, t
- the variation of thickness (1, , mm)
t, =0.0218+0.0012w+
1.506x107° R, —0.0134t— (12)

0.26x107 R’ +5.058x107 t*

The above mathematical model can be
used for predicting the values of A@ and
t, within the limits of the factors studied.
The differences between the measured and
predicted response are illustrated in Fig. 4,
and 5. From the results of comparison, it

proved that the predicted values of A€

and t, are close to those readings

recorded experimentally with a 95%

confidence interval.




Experimental design and performance analysis of the V-die bending process using the response
surface methodology : Nun-Ming Liu, Ko-Ta Chiang, Jenn-Tsong Horng, Chun-Chin Chiu 11

4.2 Response surface and contour

plots of the spring-back angle

According to the results of ANOVA
in Table 4, a sensitivity analysis used for
identifying the factors significantly
affecting the performance evaluation is
performed and shown in Fig. 6. From the
results of percent contribution for each
significant machining parameters, the first
three significant factors on the spring-back
angle (A@) are the die width (w), die
corner radius ( Ry ) and blank thickness (t)

with the contribution of 32.39, 31.71 and
21.52%, respectively. From the analysis of
contribution in the process, the above
processing parameters are noticeable
variable factors as the resources of
increasing quality.

(A0 )

evaluation of sheet metal in the V-die

The spring-back angle

bending process has been analyzed
according to the above final quadratic
model. Figure 7 shows the response surface
and contour plot for the spring-back angle
(A@) in relation to the die corner radius
(Rp) and die width (w) with the punch
radius and blank thickness at middle levels.
The die corner radius ( Ry ) influences the

consequence of the contact surface between
the blank and the side of die during

bending process. It displays the more

contact surface under the higher corner
radius of die with the other processing
parameters maintained at constant. This
bending process presents a phase of wipe
caused by the friction between the blank
and the side of die. When the blank is
deformed, it is first elastically deformed
and then plastically. The layer of blank on
the contact surface is in tension which is
not only subject to bending moment but
also induced by the friction. As the corner
radius of die is increasing, the bending
presents more bottoming process and
results in increasing the tensile stress in the
deformed area. In the meantime, these are
enough able to remain the plastic
component of the deformation permanently.
But, it shows the air bending process while
the corner of die possesses an obtuse angle
as the die corner radius to be zero. In the
Fig. 7, an increase of die corner radius
promotes the effect of plasticity with the
result that the spring-back angle generally
decreases. Figure 7 also shows that a larger
width of the die corresponds to a high
spring-back angle. It can be explained that
the elasticity effect within the blank is
strengthened when the distance between
the die supports (width die) is bigger.
Simultaneously, the blank is slowly arched
the desired camber with the larger width of
die.

Figure 8 depicts that the influences of




12

BYER F-+—H REBA+NAFNA

punch radius (R;) and blank thickness (1)
on the spring-back angle ( A@ ) while

keeping the other two processing
parameters at middle levels. According to
the sensitivity analysis of fig. 6, the related

factors of punch radius including the R;,

R.’, Row, R,R, and R.t are regarded as

insignificant term which have lower

contributions on the performance of
spring-back angle. From the Figure 8, the
effect of punch radius on the spring-back
angle is negligible. In Fig. 8, it can also be
seen that the value of spring-back angle
decreases with the increasing of the blank

thickness.

4.3 Response surface and contour
plots of the
thickness

From the results of Fig. 6, the first
three significant factors on the variation of

thickness (t, ) are the die width (w), die

variation of

corner radius ( Ry ) and blank thickness (1)

with the contribution of 42.29, 31.23 and
14.43%, respectively.

The response surface and contour
plot, as shown in Fig. 9, reveals the

variation of thickness (t, ) between the

effects of die width (w) and die corner

radius (Ry), while the punch radius and

blank thickness are kept at the middle level.

The original thickness of blank trends thin
after the bending proves described in the
relevant literature [6-12]. From this figure,
it is clear that the value of thickness
variation increases with the increase in the
die width. But the value of thickness
variation decreases with the increasing of
die corner radius.

The related factors of punch radius
including the R, RPZ, Row, R.R,
and Ryt have lower contributions on the

performance of the variation of thickness

(t,), the same as the spring-back angle

(A@). Figure 10 depicts that the influences
of punch radius (R;) and blank thickness

(1) on the variation of thickness (t, ) while

keeping the other two processing
parameters at middle levels. The effect of
punch radius on the variation of thickness
is negligible, as shown in fig. 10. From the
Figure 10, it can be seen that the variation
of thickness obviously increases with the

increasing of the blank thickness.

4.4 Optimization of processing

parameters

The goal of optimization for the
processing parameters of V-die bending
process subjected the design constrains of
dimensions and space limitation in this
study is to find the optimal values of

processing parameters ( X ) in order to
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achieve the high quality of sheet-metal
products. The optimal objective includes
the target of desired dimensions on the
minimum of spring-back angle (A#) and
( t, ). This

variation of thickness

optimization problem can be approximated
by the following equations and then solved
by mean of a sequential approximation
optimization (SAO) method. The method
makes use of an objective function, f(X),
called the desirability function. It reflects
the desirable ranges for each response. For
simultaneous optimization each response
must have a low and high value assigned to
each goal. The SAO strategy in the RSM
applies the approximate procedure, which

is iteratively repeated until convergence.

Find X =[R,,w,Rp,1] (13)
to minimize f(X)=A#
(14)
and f(X) =t,
Subjectto 1< R, <3 mm,
(15a)
25<w<45mm
0<Rp £4mm,
(15b)

1<t<3mm
Table 5 presents the results obtained from
the four processing parameters with the
optimum adjusts found by the SAO method
in the RSM. The optimum processing
parameters obtained in Table 5 are found to

be punch radius (R;) of 2.79 mm, die

width (W) of 25.58 mm, die corner radius

(Rp) of 3.23 mm, and blank thickness (1)

of 1.99 mm. The overall desirability is
about 0.954 in accordance with the optimal
conditions. The bending performance
evaluations at the optimal conditions are
obtained to be spring-back angle (A€@) of
0.231° and thickness variation (t,) of

0.027 mm, which are smaller than all

experimental results in the Table 3.

4.5 Confirmation experiments

The confirmation run experiment for
the  obtained

parameters was performed in order to

optimum  processing
verify the adequacy of the quadratic model
obtained in this study. The data from the
confirmation run and their comparisons
with the predicted values for the

spring-back angle (A@) and variation of

thickness (t, ) were listed in Table 5. From

the analysis of Table 5, the residual and the
percentage error calculated are small. The
percentage errors between the experimental

results and predicted values of A€ and
t, are lie within -0.86% to 2.95% and

-1.82% to 3.92%, respectively. All the
experimental values for the confirmation
run are within the 95% prediction interval.
Obviously, the quadratic models obtained
for the spring-back angle and the variation

of thickness are excellent accurate.
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5. Conclusions

In this study, an effective procedure of
response surface methodology (RSM) has
been proposed for modeling and
optimizing the bending performance
evaluations of the V-die bending process
with the design constrains. The results can
be concluded as following:

(1) The quadratic models proposed were
adequate to explain and analysis the
effects of processing parameters on the
spring-back angle and variation of
thickness, and can be utilize to predict
the experimental value within the 95%
accurate interval.

(2) The first three significant factors on
the bending performance evaluations
are the die corner radius, die width and
blank thickness, which are noticeable
variable factors as the resources of
increasing quality.

(3) Using the proposed quadratic model
and the SAO method, the obtained
optimal level of punch radius, die
corner radius, die width, and blank
thickness are 2.79 mm, 25.58 mm,
3.23 mm, and 1.99 mm, respectively.

(4) The minimum values of spring-back
angle and variation of thickness

obtained at the optimal conditions are

0.231° and 0.027 mm, respectively.
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Fig. 1 the experimental setup with sheet Fig. 2 The profile of the V-shaped die, the
metal. punch head, and the blank.

Fig. 3 The performance characteristics were measurement by the vision
measuring machine (Mimn Tay EM-2D)
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Fig. 6 Sensitivity analysis of processing parameters on the A& and (t,).
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Fig. 7 Response surface and contour plot of the spring-back angle (A& ) between the effects

of die corner radius (R, ) and die width (w) at R, =2 mm and t=2 mm.




Experimental design and performance analysis of the V-die bending process using the response
surface methodology : Nun-Ming Liu, Ko-Ta Chiang, Jenn-Tsong Horng, Chun-Chin Chiu

0.551 T~
0.514
0.477
0.440
Spring-back 0402
angle (AQ)

3.0

Punch radius (R
unch radius (R;) Blank thickness (t)

Fig. 8 Response surface and contour plot of the spring-back angle (A& ) between the effects
of punch radius (R, ) and blank thickness (t) at R, =2 mm and W=35 mm.
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Fig. 9 Response surface and contour plot of the variation of thickness (t,, ) between the

effects of die width (W) and die corner radius (R )at R,=2 mm and t=2 mm.
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Fig. 10 Response surface and contour plot of the variation of thickness (t, ) between the
effects of punch radius (R, ) and blank thickness (t) at Ry =2 mm and w=35 mm.

Table 1 the V-die bending process conditions

Working conditions Unit Description
Material SUS304
Speed of punch m/s 1
Pressure of punch kN 15
Packing time of punch S 1
Lubricant Dry
Punch radius (R;) mm 1-3
Die width (w) mm 25-45
Die corner radius (Rp) mm 04

Blank thickness (t) mm 1-3
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Table 2 Scheme of porcessing parameters and their levels
Levels
Processing parameters Unit

-2 -1 0 +1 +2

Punch radius (R;), X, mm 1 1.5 2 2.5 3

Die width (w), X, mm 25 30 35 40 45

Die corner radius (Ry), X, mm 0 1 2 3 4
Blank thickness (t), X, mm 1 1.5 2 2.5 3

Table 3 Design layout and experimental results.

Coded factors Actual factors Response
RIS, X, X, R, w R, AG () t,(mm)
1 -1 -1 +1 -1 1.5 30 3 1.5 0.353 0.029
2 -1 +1 -1 -1 1.5 40 1 1.5 0.610 0.059
3 0 +2 35 4 0.260 0.029
4 0 2 0 0 25 2 0.330 0.041
5 0 0 0 0 35 2 0.462 0.047
6 -1 +1 1 -1 1.5 40 3 1.5 0.486 0.046
7 0 0 0 0 2 35 2 2 0.464 0.049
8 -1 +1 41  +1 1.5 40 3 2.5 0.408 0.053
9 -2 0 0 0 1 35 2 2 0.457 0.050
10 -1 -1 -1 +1 1.5 30 1 2.5 0.415 0.054
11 0 0 0 0 2 35 2 2 0.463 0.055
12 +1 -1 -1 -1 2.5 30 1 1.5 0.479 0.049
13 +1 41 +1 -1 2.5 40 3 1.5 0.487 0.043
14 -1 -1 -1 -1 1.5 30 1 1.5 0.475 0.051
15 +1 -1 -1 +1 2.5 30 1 2.5 0.416 0.056
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16 0 0 2 0 2 35 0 2 0.521 0.053
17 -1 -1 +1 +1 1.5 30 3 2.5 0.273 0.042
18 +1 4+ +1 +1 25 40 3 2.5 0.411 0.052
19 0 0 0 0 35 2 2 0.466 0.048
20 0 0 0 =2 35 2 1 0.546 0.049
21 -1 +1 -1 1 1.5 40 1 2.5 0.544 0.065
22 +2 0 0 0 3 35 2 2 0.469 0.048
23 0 0 2 35 2 2 0.462 0.055
24 0 +2 0 0 2 45 2 2 0.587 0.062
25 +1  +1 -1 1 25 40 1 2.5 0.550 0.067
26 0 0 0 0 2 35 2 2 0.460 0.049
27 +1 +1 -1 -1 25 40 1 1.5 0.615 0.061
28 +1 -1 +1 -1 25 30 3 1.5 0.356 0.030
29 +1 -1 +1 +1 25 30 3 2.5 0.278 0.037
30 0 0 0 +2 2 35 2 3 0.408 0.061

Table 4 The ANOVA for the fitted models
Final quadratic Spring-back angle Variation of
models (AQ) thickness (t, )
f-Value 3111.28 84.79
Prob. > F <0.0001 <0.0001
R? 0.9896 0.9464
R? Adjusted 0.9795 0.9353
Adequa(tzfj)recmon 209.771 35.484
Lack of Fit not significant not significant




Experimental design and performance analysis of the V-die bending process using the response
surface methodology : Nun-Ming Liu, Ko-Ta Chiang, Jenn-Tsong Horng, Chun-Chin Chiu

Table 5 Results of the ANOVA for the each term on the performances of spring-back angle
(A@) and variation of thickness (t, ).

Symbol Degree of A0 b
freedom F-value Prob.>F  F-value  Prob.>F
X, (Rp) 1 18.7027 0.0006* 0.4817 0.4983
X,(w) 1 18321.3789 < 0.0001* 110.6196 <0.0001*
X5(Rp) 1 18194.0058 < 0.0001*  80.4865 <0.0001*
X, (1) 1 5204.1071 <0.0001*  37.1847 <0.0001*
X12 1 0.0638 0.8040 0.2093 0.6539
X22 1 4.6866 0.0469* 0.3618 0.5565
X32 1 1575.5220 <0.0001*  18.4190 0.0006*
X42 1 60.1477  <0.0001*  5.9192 0.0280*
X, X, 1 0.0013 0.9722 0.1313 0.7221
X, X, 1 0.1449 0.7088 0.8810 0.3628
X, X, 1 0.0454 0.8342 0.0031 0.9566
X, X, 1 0.1027 0.7530 1.4239 0.2513
X, X, 1 0.0891 0.7694 0.0136 0.9087
XX, 1 39.1888 < 0.0001* 1.5741 0.2288
Residual 15
Total 29

* indicates the significant term

Table 6 The results of verification experiment and optimization condition.

Spring-back angle

Variation of thickness

Case Designing parameters (AO) (t,)
Ry w Rp t Exp. Pred. E(E;)(;r Exp.  Pred. E(l(;;gr
1 15 30 1 1.5 0475 0461 2.95% 0.051 0.049 3.92%
282 35 2 2 0463 0467 -0.86% 0.055 005 -1.82%
3> 279 2558 323 199 0232 0231 0.43% 0.028 0.027 3.57%
4 25 40 3 25 0411 0413 -0.49% 0.052 0051 1.92%

“The initial condition °The optimal condition.
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A fragile watermarking scheme for
point-sampled geometry authentication

Jen-Tse Wang, Chu-Chuan Li, Yung-Tsang Chang

Abstract

The causality problem, convergence problem and embedding holes problem are
frequently arise in the three dimensional (3D) fragile watermarking. In this paper, a new
fragile watermarking scheme which is immune to these problems is proposed to enable
verifying and locating any tampered vertex of point-sampled geometry in the spatial domain.
The state of an embedded vertex is calculated by modulating the vertex coordinate to the
gravity center of the cover model, and tampering detection is achieved by changing the state
of the vertex coordinate to embed a fragile watermark. Fragility and distortion are under
user control with the quantization steps setting in the embedding stage. Experimental results
show that 100% vertices of the cover model can be embedded and extracted in the proposed
method. Moreover, the proposed method is immune to the causality, convergence and

embedding holes problems.
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1. Introduction

Digital watermarking is a technique
that embeds a watermark into an object
which can be a still image, a video clip, an
audio clip, or a 3D model. Two categories
these  watermarking

broadly classify

techniques: spatial domain and
transformation domain based watermarking
schemes. The earlier watermarking
techniques reported were in spatial domain.
The least-significant-bits (LSB) method [1]
was one of the most popular and frequently
used techniques. Some literatures proposed
improvement and variants of this technique
[2-6]. The transformation domain based
watermarking technique embeds watermark
into the spectral coefficients of the cover
model. Zhao and Koch reported one of the
earlier transform domain based techniques
tailored to JPEG image compression [7].
The most commonly used transforms are
the discrete cosine transform (DCT) [8-9],
discrete Fourier transform (DFT) [10-11],
discrete wavelet transform (DWT) [12-13].

According to the application purpose,
two main-stream digital watermarking
categories are: robust watermarking and
fragile watermarking. The main goal of
robust watermarking is to make the
embedded watermarks remain detectable
after being attacked. In contrast, the

requirements of fragile watermarking are to

verify the slightest unauthorized alteration
and can locate the changed regions.

In still
techniques have been widely studied in

images,  watermarking
recent years. Cox et al. proposed a robust

spread-spectrum
the other hand,
watermarking of 3D models gets relatively
less notice. Initially, Ohbuchi et al. [15-18]

proposed a large variety of techniques for

technique based on

principles [14]. On

embedding data into 3D polygonal models.
Cayre and Macq [19-20] described a blind
data hiding scheme in the spatial domain.
The key idea is to consider a triangle as a
two-state geometrical object. Each triangle
that can be embedded is
admissible triangle. Wang and Wang [21-22]

called an

propose a novel scheme for digital
steganography of point-sampled geometry
in the

principal

It employs a
(PCA),

resulting in a blind approach. Kanai et al.

spatial domain.

component analysis
[23] were the first to apply a transform
domain watermarking approach on 3D
polygonal model. It is a non-blind
algorithm, which first decomposes an
original polygonal model by applying
wavelet transform several times.

The existing fragile watermarking
algorithms that are designed for 3D models
are relatively few. Yeo and Yeung [24]
firstly proposed a fragile watermarking

algorithm for authenticating 3D polygonal




28

BYER £F-+—H REBA+NAFNA

meshes. Two indices were calculated for
every vertex: the location index and the
value index. According to the coordinates
of it and its neighboring vertices, the
location index was calculated by a hash
function and the value index is calculated
by another hash function for each vertex.
Then they slightly perturbed every vertex
to make these two hash functions equal.
The scheme is both public and fragile, but
there arise two problems: the causality
problem and the convergence problem.
However, the consideration of causality
disables it from localization of changes and
robustness against vertex reordering.
Another disadvantage coming from the
convergence problem is that the user can
not control the distortion induced by the
perturbing process.

Lin et al. [25] proposed a modified
fragile watermarking scheme similar to Yeo
and Yeung’s method [24]. The causality
problem is conquered in this method by
applying two different hash functions on
the vertex coordinates, without considering
the neighboring vertices of a vertex. In the
watermark embedding stage, they slightly
perturbed every vertex making these two
hash function values equal. However, the
convergence problem still occurs in this
scheme. To avoid heavy distortion due to
vertex perturbing, they set a threshold and

simply skip the vertices that could not meet

the requirement under the threshold. This
causes some embedding holes which cause
false-alarms in the watermark extraction
stage.

Wu and Cheung [26] proposed a
fragile = watermarking  scheme  for
authenticating 3D mesh models. A
watermark embedded by this method is
robust to translation, rotation, and uniform
scaling, but is sensitive to other operations.
The main idea of the method is to keep the
ratio between the distance from the mesh
center to each surface face and a
quantization step remaining the same after
the model is translated, rotated, or
uniformly scaled. There are two major
drawbacks in this scheme. Firstly, it is a
semi-public watermarking scheme since
the original watermark is needed in the
authenticate  the

decoding stage to

watermarked model. But a public
watermarking scheme is preferred in fragile
watermarking. Secondly, it fails in locating
the changed regions since the center
position of the mesh will be changed when
any vertex has been changed.

Chang-Min Chou and Din-Chang
Tseng [27] propose a public
based on the
sensitivity of vertex geometry for 3D
papet,
Chang-Min Chou and Din-Chang Tseng

propose a multi-function vertex embedding

fragile
watermarking scheme

model authentication. In this
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method and an adjusting-vertex method to
overcome the causality problem and the
convergence problem. The average
distortion of the marked models is under
user control with proper key value setting,
and this scheme can detect and locate all
unauthorized modifications. But this

scheme still has the embedding holes

problem.
In this paper, a new fragile
watermarking scheme is proposed to

enable verifying and locating any tampered
vertex of point-sampled geometry in the
spatial domain. This technique is blind and
fragile. It does not need the original model
and the

authentication of 3D models and tampering

watermark  for  integrity

detection. The remaining sections of this
A brief

review of the relative works and problems

paper are organized as follows :

is given in Section 2. The proposed

watermarking scheme is described in
Section 3. The experiment results and
discussions are represented in Section 4.
Finally, conclusion is provided in Section
5.

4. Finally, conclusion is provided in

Section 5.
2. Related Works and
Problems

In this section, the related works and

problems for 3D fragile watermarking are

discussed. Some problems, such as : the

causality problem, the vertices reordering
problem, the convergence problem, the
distortion control problem, the localization
of tamper detection problem and the
embedding holes problem frequently arise
in the three dimensional (3D) fragile
watermarking.

(1) The causality problem: There exist a
disadvantage in Yeo and Yeung’s
fragile watermarking algorithm. The
location index of a former processed
vertex will be changed by the

perturbing process of its neighboring

vertex [24]. In this paper, to avoid the

causality  problem, we embed
watermark into each vertex without
considering its neighboring vertices.

(2) The convergence problem: In [24-25],
there exists a convergence problem. In
the watermark embedding stage, they
iteratively perturbed every vertex to
make the hash function of location
index and the hash function of value
index equal. It leads to a convergence
problem. In [25], Lin et al. proposed a
modified fragile watermarking scheme
similar to Yeo and Yeung’s method.
The causality problem is conquered in
this method by applying two different
hash functions on the vertex

coordinates, without considering the
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neighboring vertices. However, the
convergence problem still occurs in

this scheme.

(3) The vertices reordering problem: In

[24-25][27], exists a
convergence problem. In [27],
Chang-Min Chou and Din-Chang
Tseng perturbed

there

vertices 1n a

predefined order (Vo ViV Vo) and
constrained the calculation of the
location index for each vertex only. It
did conquer the causality problem, but
the vertices reordering problem still

occurs.

(4) The distortion control problem: In

[24-25], the convergence problem of
the fragile watermarking methods
should lead to a distortion control

problem.

(5) The embedding holes problem: In

[24-25][27], there exists a embedding
holes problem. In [25], to avoid heavy
distortion due to vertex perturbing,
Lin et al. set a threshold and simply
skipped the vertices that could not
meet the under the
threshold. This causes the embedding
holes problem. In [27], Chang-Min

Chou and Din-Chang Tseng propose a

requirement

multi-function  vertex
method

method to overcome the causality

embedding

and an adjusting-vertex

problem and the convergence problem.

But this scheme

embedding holes problem.

produces the

(6) The localization of tamper detection

problem: In  [24-25][27], the
embedding holes problem should lead
to a localization of tamper detection

problem.

In summary, the proposed scheme has

several advantages:

(1
2

3)

“4)

)

(6)

It is a blind apprach.
The verification rate achieves 100%
(watermarked vertices/total vertices).
Data-hiding rate can offer up to 3
(bits/vertex) while fitting the sensitive
fragility and  low distortion
requirements.

The vertex based

unauthorized modification can be

localization of

achieved.

The key size used in the proposed
scheme is mall.

Finally, the proposed method is
immune to the causality, convergence,
and embedding hole problems. A
comparison of the proposed scheme
with Yeo and Yeung’s method [24],
Lin’s method [25], Chou and Tseng’s
method [27] is given in Table 1, which

presents the contribution of this paper.




A fragile watermarking scheme for point-sampled geometry authentication :

Jen-Tse Wang, Chu-Chuan Li, Yung-Tsang Chang

31

Table 1. Comparison of previous methods and the proposed method.

) Chou and The
. Yeo and Yeung’s Linetal.’s
Comparison items thod thod Tseng’s proposed
metho metho
method method
Causality problem \ No No No
Convergence J J N N
0 0
problem
Embedding holes J J J N
0
problem
Verification rate - - ~42% 100%
Data hiding rate
. <1 <1 <15 3
(bits/vertex)
Tampering J J J J
detection
Localization of J J J J
tampered region
Localization of
individual tampered No V No \
vertex
Distortion control No \ \ \
Kev s Three lookup Three lookup Small Small
ey size
Y table (96 bytes) | table (96 bytes) (16 bytes) (16 bytes)

Here, the “-“ indicates that the verification rate is uncertain.
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3. The Proposed Fragile
Watermarking Scheme

The proposed reversible fragile

watermarking scheme is performed on
3D models represented by point-sampled
geometry models in spatial domain.
Without loss of generality, let each 3D

object of interest be described by a

sequence of coordinates Po.P1:P2:--Pn-1 ,

0<1<n-1 Moreover, each vertex of the

sequence is represented by its 3D

coordinate (X 'yi'zi). Fig. 1 illustrates the
outline of this scheme. This scheme

consists of two major processes : the

embedding process and the extraction
process. The embedding process takes
three inputs the 3D cover model, the
payload and the secret key and then
produces a 3D stego model. The extraction
process takes three inputs the 3D stego
model, the gravity center of 3D cover
model and the secret key. It extracts the
recovery payload and enables verification
of 3D model and localizes the tampered

vertices.

Watermark

'

—» Embedding —»

cover
model

stego
model

Secret key

Attacked

— Extraction —® Recovery watermark
stego model

f

The Gravity center of cover model

Fig. 1 Proposed fragile watermarking

scheme.

3.1 The embedding algorithm

The embedding algorithm represented
in Fig. 2 takes three inputs: the cover
model, the watermark and the secret key to
produce a stego model. It embeds a
watermark according to the following four
steps:

(1) Determination of quantization step - The

r
quantization step S" is calculated by

Mmax is the

maximum coordinate value in I axis

equation (1), where

and Fmin 1s the minimum coordinate
value in I axis. The constant N is
the number of vertices in original cover

model. Moreover, the constant value

d s used to control the degree of axis

r
quantization step S" which decides

the degree of distortion.

s = (Fmax — Fmin)/(d x 1) (1)
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Cover model

Determination of
quantization step

Determination of
original state

Watermark Determination of K
new state

Coordinates
shifting

Stego model

Fig. 2 The embedding algorithm.

Centroid of the
cover model

an integer and 0<sS, <7 . The binary

representation of the original state Sy is
pSpSh . where s3,5),55 €{0,1} . As
shown in Fig. 3, if the point qir is located
on the 0 subinterval, the Str, is set to 0.

Otherwise, the sf) is 1.
(3) Determination of new state : For

security reasons, a secret key K is employ-
ed to generate a random sequence of
integers. They represent the index orders
for embedding watermark into the

corresponding points. Let S; be the new

state, where Sy is an integer and

0 <'sy <7. The binary representation of

R axis

« >l

r r

S S

A

Fig. 3 Substate determination of the embedding point.

(2) Determination of original
state :  Suppose qir is a point of the

cover model, where i is an integer
index and 0<i<n-1. At first, let

Sp be the original state, where Sy, is

the new state S, is sisysi , where
X oY oZ .
Sp>Sp»Sh €10,1} . The new state Sy is

calculated as folloing equations :
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X Stego model
Sa =W (2) £
h = hash(w;, 1) (3)
q Determination of
sg/ =int(h/2) 4) quantization step
sz =hmod 2 (5)
] ) gravity center of Determination of |« g
Where h denotes the verification the cover model new state
value, and the hash(w;,i) is a
predifined hash function used for Recovery
watermark

verification.

(4) Coordinate shifting - The new

coordinate qir' is computed by following
equations.

G =af +(sz-)xS"  (©)

In this way, visual quality is not much

affected by the large watermark size,

because the modified coordinate value is

limited within the range of a quantization
step S'.
3.2 The extraction algorithm

The watermark extraction process is
embedded

watermark and verify the integrity of the

performed to extract the
stego model. The extraction process takes
four inputs: the stego model, the secret
keys K, the constant d, and the gravity
center of the original cover model to
wxtract the embwdded watermark. As
shown in Fig. 4, it extracts the recovery
watermark according to two steps as

follows:

Fig. 4 The extraction algorithm.
(1) Determination of quantization step : The

quantization step S' is calculated by
equation (1) in embedding stage.

(2) Determination of new state : For
security reasons, the same secret key
K used in the embedding stage is
employed to

generate the same

sequence of integers. Let S; be the
new state, where Sy is an integer and

0<s, <7. The binary representation

of the new state S, is SisYsa, where
X oY oZ -

Sp»Sp > Sh € {0,1}. As shown in Fig. 3,

the sj , Sg , and S can be

determined. Moreover, the watermark
and the verification bits can be

calculated as folloing equations :

W = 53 (7)

h' =2xs +sZ (8)




A fragile watermarking scheme for point-sampled geometry authentication :

Jen-Tse Wang, Chu-Chuan Li, Yung-Tsang Chang

35

The verification is achieved when h

is equal to the value hash(wi' ,I) by using

the same hash function used in the

embedding stage.

4. Experimental Results and
Discussions

The proposed reversible fragile
watermarking method was implemented by
using Microsoft Visual C++ programming
language. A series of experiments were
test the feasibility and

performance of the proposed method. Table

conducted to

2 lists the cover models used in our
experiments and the visual effects of the
stego models. Here, the precision level is
10 and the constant d is set to 10000 for
achieving a tiny distortion in the
embedding stage. No visual distortion can
be perceived between the cover models and
stego models.

There are as more points of the cover
model as possible used for watermark
embedding, in order to verify each point of
the 3D cover model and to recover the
original cover model exactly. A verification
rate is defined as the number of verified
vertices over the total number of vertices of
a model. As expected, a 100% embedding
rate is achieved for the proposed method.

In a still image, one may generally want to

evaluate distortion by using signal-to-noise
ratio (SNR) computations. Some proposals
have been made for 3D polygonal models
mostly based on the Haussdorff distance.
For evaluating a 3D stego model, a simple
metric RMS (root mean square) ratio is
used to measure distortion in this paper.
The RMS ratio is the RMS values over the
diagonal length of the bounding volume for
a 3D stego model. The small RMS ratios
indicate insignificant position changes
during the watermark embedding. Table 3
illustrates the verification rates and the
distortions of various models. Moreover,
the small RMS ratios indicate insignificant
position changes during the watermark
embedding. In other words, we can
conclude that the distortions are small in
the proposed method.

Fig. 4 illustrates an example of how
our fragile watermarking scheme localizes
the invisible unauthorized modification.
Fig. 4(a) shows a stego Angelfish model.
The Angelfish model has 18724 vertices
and 100% vertices were embedded for
verification. In this example, the precision
level is 10 and the constant d is 10000.
Fig. 4(b) shows a stego Bunny model
changed by modifying few vertices on its
right head. Finally, Fig. 4(c) shows the
regions containing the localized modified

vertices in the extraction stage.
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Fig. 5 illustrates an example of how
the proposed scheme localizes the visible
unauthorized modification. Fig. 5(a) shows
a stego Angelfish model. Fig. 4(b) shows a

visible attacked stego Angelfish model. Fig.

4(c) shows the regions containing the
localized modified vertices in the

extraction stage.

5. Conclusions

The proposed reversible fragile
watermarking method is a blind approach
in spatial domain. It is simple to implement
and it does not need the original model or

the watermark for verification of 3D

models and localization of tampering
detection. Furthermore, the causality
problem, convergence problem and

embedding holes problem can be overcome
by the proposed scheme.

The main purpose in this paper is to
authenticate the integrity of point-sampled
geometry in the spatial domain. The
100%.
Consequently, every point of the 3D model

verification  rate achieves

can be embedded in the embedding stage

and be verified in the extraction stage.
RMS ratio is used

distortions in this paper. RMS ratio values

to measure

and visual appearance of images showed
for the

models. From the security point of view,

insignificant distortions stego

security was achieved by using secret keys

to embed watermarks. We believe that
extracting the embedded data without the

keys is virtually impossible.

References

[1] K. Tanaka, Y. Nakamura, and K.
Matsui, “Embedding secret information
into a dithered multi-level image,” in
Proc. ICIP, 1(1990), pp.216-220.

[2] R.G. van Schyndel, A.Z. Tirkel, and
C.F. Osborne, “A digital watermark,”
in Proc. ICIP, 2(1994), pp.86-90.

[3] W. Bender, D. Gruhl, N. Morimoto,
and A. Lu, “Techniques for data
hiding,” IBM Systems, 35(1996),
pp.313-336.

[4] R.Z. Wang, C.F. Lin, and J.C. Lin,

optimal LSB

substitution and genetic algorithm,”

“Image hiding by

Pattern Recognition, 34(2001),
pp.671-683.

[5] C.K. Chan and L.M. Cheng, “Hiding
data in images by simple LSB
substitution,”  Pattern Recognition,
37(2004), pp.469-474.

[6] X. Yu, T. Tan, and Y. Wang,

“Extended optimization method of
LSB steganalysis,” in Proc. ICIP, vol. 2,
pp. 1102-1105, 2005.

[71J. Zhao and E. Koch, “Embedding
robust labels into images for copyright
protection,” in Proc. Int. Congress on
Intellectual ~ Property Rights  for




A fragile watermarking scheme for point-sampled geometry authentication :

Jen-Tse Wang, Chu-Chuan Li, Yung-Tsang Chang 37
Specialized Information, Knowledge images,” in Proc. ICIEA,
and New Technologies, (1995), pp.1823-1826.
pp.242-251. [14]1J. Cox, J. Kilian, F.T. Leighton, and

[8] G.C. Langelaar and R.L. Lagendijk, T. Shamoon, “Secure spread spectrum
“Optimal differential energy watermarking for multimedia,” |IEEE
watermarking of DCT encoded images Trans. Image Processing, 6(1997),
and video,” |EEE trans. Image pp.1673-1687.

Processing, 10(2001), pp.148-158.
[9] J.R. Hernandez, M. Amado, and F.
“DCT-domain

techniques for still

Pérez-Gonzalez,
watermarking
images: detector performance analysis
and a new structure,” |EEE trans.
Image Processing, 9(2000), pp.55-68.
[10]S. Pereira and T. Pun, “Robust
template matching for affine resistant

image watermarks,” IEEE Trans.
Image Processing, 9(2000),
pp-1123-1129.

[11]T.K. Tsui, X.P. Zhang, and D.
Androutso, “Color image

watermarking using multidimensional

transforms,” |EEE Trans.
Information Forensics and Security,
3(2008), pp.16-28.

[12]S. Agreste, G. Andaloro, D. Prestipino,

and L. Puccio, “An image adaptive,

fourier

wavelet-based watermarking of digital
images,” Journal of Computational
and Applied Mathematics, 210(2007),
pp-13-21.

[13]G. Sun and Y. Yu, “DWT based

watermarking algorithm of color

[15]R. Ohbuchi, H. Masuda, and M. Aono,

“Watermarking three dimensional
polygonal models,” in Proc. ACM
Multimedia, pp. 261-272, 1997.

[16]R. Ohbuchi, S. Takahashi, T.
Miyazawa, and A. Mukaiyama,
“Watermarking 3D polygonal meshes
in the mesh spectral domain,” in Proc.
Graphics Interface, (2001), pp.9-17.

[17]R. Ohbuchi, A. Mukaiyama, and S.
Takahashi, “A
approach  to
shapes,” Computer Graphics Forum,
21(2002), pp.373-382.

[18]R. Ohbuchi, H. Masuda, and M. Aono,

“Watermarking

frequency-domain

watermarking 3D

three-dimensional
polygonal models through geometric

and topological modifications,” IEEE

Journal of Selected Areas in
Communications,  16(1998),  pp.
551-560.

[19]F. Cayre and B. Macq, “Data hiding
on 3-D triangle meshes,” |IEEE Trans.
Signal Processing, 51(2003),
pp-939-949.




38

BYER £F-+—H REBA+NAFNA

[20]P.R. Alface, B. Macq, and F. Cayre,

“Blind and robust watermarking of 3D
withstand the
ICIP,

models: how to
cropping attack?,” in Proc.
5(2007), pp.465-468.
[21]C.M. Wang and P.C. Wang, “Data
hiding approach for point-sampled

geometry,” IEICE Trans.
Communication, E88-B(2005),
pp-190-194.

[22]CM. Wang and P.C. Wang,
“Steganography on point-sampled

geometry,” Computers and Graphics,
30(2006), pp.244-254.

[23]S. Kanai, H. Date, and T. Kishinami,
“Digital
polygons
wavelet decomposition,” in Proc.
Sixth IFIP WG 5.2 GEO-6, (1998),
pp-296-307.

watermarking  for 3D

using  multiresolution

[24]B.L. Yeo and M.M. Yeung,
“Watermarking 3-D  objects for
verification,” IEEE Computer

Graphics and Applications, 19(1999),
pp.-36-45.

[25]1H.Y. Lin, H.Y. Liao, C.S. Lu, and J.C.
Lin, “Fragile watermarking for

authenticating 3-D polygonal

meshes,” IEEE Trans. Multimedia, vol.

7, no. 6, pp. 997-1006, 2005.

[26] H.T. Wu and Y.M. Cheung, “A fragile
watermarking
meshes,” in Proc. the 7th  workshop

scheme for 3D

on Multimedia and Security, (2005),
pp-117-124.

[27] C.M. Chou and D.C. Tseng, “A public
fragile watermarking scheme for 3D

authentication,”
38(2006),

model
Computer-Aided Design,
pp.1154-1165.

[28]J.E. Jackson, A User's Guide to
Principal Components (New York :
Wiley, 1991).

[29]1Q. Zhao and H. Lu, “PCA-based web
page watermarking,” Pattern
Recognition, 40(2007), pp.1334-1341.

[30]J. Bennour and J.L. Dugelay, “Toward
a 3D watermarking benchmark,” in
Proc. IEEE 9th workshop on
Multimedia Signal Processing, (2007),
pp-369-372




A fragile watermarking scheme for point-sampled geometry authentication :
Jen-Tse Wang, Chu-Chuan Li, Yung-Tsang Chang 39

Table 2. The list of the cover models and the visual effects of the stego models.

Model Numl?er of cover model Stego model
vertices

Angelfish 19724
Dog 33144
Dolphin 32828
Bunny 34837
Venus 33591

Horse 39217
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Table 3. The verification rates and distortions of various models: d=10000.

Number of Verification | Verification RMS
Model points points rate RMS ratio
100% o ;
Angelfish 19724 19724 1.48%10° | 8.07*10°
0
Dog 33144 33144 100% | 5 54510 | 3.77%10°
Dolphin 32828 32828 100% 1 4 gg%10° | 2.35%10°
0
Bunny 34837 34837 100% 1 3 g6#10% | 1.54*10"
0
Venus 33591 33591 100% 1.50%10° | 6.36*10°
Horse 39217 39217 100% | 67610 | 4.43*10°

{a) (b} {c)

Fig. 4 An example of localizing invisible modification on Angelfish. (a) The stego

model, (b) The attacked stego model, (c) The localization of the attacked stego model.

{a) (h) {c)

Fig. 5 An example of localizing visible modification on Angelfish. (a) The stego model,

(b) The attacked stego model, (c) The localization for the attacked stego model.
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Extending Product Lifecycle Analysis of
PLM by integrating LCA

Chen-Cheng Huang, Chin-Yin Huang, Ming-Hai Chan

Abstract

Product Lifecycle Management (PLM) has offered a solution to manage the process of
so called product lifecycle in accelerating the product developing process so that the
product could timely introduce in the market. This research critiques that the traditional
product lifecycle in considering in product design is not enough. The designed product may
not be guaranteed to comply with environmental regulations, since environmental impacts
are not considered in design process. On the other hand, Life Cycle Assessment (LCA) is a
superior to assess a product impacts on environment, but does not consider the needs on the
management of product lifecycle. By adding LCA into PLM as a final assessment function
of PLM, this research successful integrates the lifecycle of PLM and develops a close-loop

decision process for PLM.

Keywords: Product Lifecycle Management (PLM), Life Cycle Assessment (LCA), Value
Chain, Agile.
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Analysis and modeling of the bending
performances of the circular holes in the fold
zone during the L-shape bending process

Nun-Ming Liu, Ko-Ta Chiang, Jenn-Tsong Horng,
Shih-Feng Chen

Abstract

This paper presents a systematic methodology to analyze and model the bending
performances of the circular holes in the fold zone during the L-shape bending process. The
systematic experimental design based on the response surface methodology (RSM) is
applied to identify the influences of various circular holes on the bending performances.
The experiment plan adopts the central composite rotatable design (CCRD). For
investigating the influences of various circular holes on the fold zone, the diameter and
number of holes were adopted as experimental parameters in the state of various thicknesses
with blank and die corner radius. The spring-back angle is regarded as the bending
performance characteristics. Results show that increasing both the number and diameter of
holes favors higher value of spring-back angle. The value of spring-back angle decreases
with the increase of blank thickness, but generally increases with the increase of die corner
radius. In accordance with confirmation run experiments, the percentage error between the
actual and predicted values ranges from —4.45 to 3.40%. And being based on the analysis of
variance, the quadratic mathematical model developed was reasonably accurate.

Keywords: Hole, Fold zone, Spring-back, L-shape bending process, Response surface
methodology.
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1. Introduction

The bending processes are significant
development and extensively used to
manufacture the components of sheet
metals in the hardware, aircraft, consumer
goods, food packaging, electronic and
automotive industry, etc. Therefore, the
bending processes are of vital importance
within the industry range. It is widely
applied in the mass production and can be
regarded as a flexible process. The bending
mechanisms are subjected to various
process parameters including the bending
sequence, bending speed, dies, die stroke,
friction, shapes of the products desired,
blank

materials, etc. In addition, the forming

mechanical properties of the

processes  present the  complicated

deformation  processes comprised a

sequence of stretching, bending and
drawing process. It is crucial to understand
the sheet-metal bending mechanisms and to
control the process in the practical
sequences [1-3].

The L-shape bending process is one of
the mostly applied bending operations in
sheet metal forming industry. During the
L-shape bending sequence, the firstly the
sheet metal is clamped between the die and
the blank holder, and then the punch moves
downward to bend the blank. The punch

load increases sharply as the consequence

of the contact surface amount between the
blank and the side of punch. This bending
process contains a phase of wipe caused by
the friction between the blank and the side
of punch. Because the sheet metal bending
combination of
stretch

deformation of the blank materials, the

process involves a

elastic—plastic ~ bending  and
deviation of neutral surface, change of
thickness and length, wrinkling and
fracture often appear in the sheet-metal
bending process [4]. In addition,
spring-back or the shape discrepancy often
occurs after removing the forming load
during a sheet metal bending process.
Spring-back is an important and decisive
performance for obtaining the desired final
shape of sheet-metal products and the
design of the corresponding die. The
investigation of spring-back in the relevant
literature has been extensively discussed in
order to understand and control the effects
of blank
manufacturing processes. Yang et al. [5]
effect

hardening mode on the

materials, geometry,

investigated  the of  material

spring-back
simulation accuracy of V-free bending
Tekiner [6]
experimental study to identify the response

process. conducted the

related to spring-back and characterize the
effect of

thicknesses and properties. Inamdar et al.

sheet metals with several

[7] researched to the effect of geometric
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parameters such as the punch nose radius,
die radius, die gap and sheet thickness, on
spring-back in sheet metals subjected to air
numerical

bending.  Recently, the

simulations using the finite element

method (FEM)

investigate  tool

largely contributed to

design or process
sequences for dealing with spring-back
predictions [8-11].

The response surface methodology
(RSM) is an empirical modeling approach
for determining the relationship between
various process parameters and responses
with the wvarious desired criteria, and
searching into the significance of these
process

parameters on the coupled

responses. It is a sequential
experimentation strategy for building and
optimizing the empirical model. Therefore,
RSM is a collection of mathematical and
statistical procedures that are useful for the
modeling and analysis of problems in
which the response of demand is affected
by several variables and the objective is to
optimize this response [12, 13]. By using
applying
analysis, the modeling of the desired

experiments and regression
response to several independent input
variables can be obtained. Consequentially,
the RSM is utilized to accurately describe
and identify the
of different

variables on the response when they are

influence of the

interactions independent

varied simultaneously. In addition, it is one
of the most widely used methods to solve
the optimization problem in the sheet metal
Ohata et al. [14]
described the application of the surface

forming processes.

response method to develop the optimum
process design system for sheet fabrication.
Lepadatu et al. [15], Bahloul et al. [16],
and Mkaddema and Saidane [17]
developed mathematical models for the
examination of spring-back using the
response surface methodology and the
models could be used to optimize and
predict the spring-back in sheet metal
forming.

This paper presents a systematic
methodology to analyze and model the
bending performances of the circular holes
in the fold zone during the L-shape
bending process. Due to the Ilarge
displacement occurring in the bended
corner of the blank, the deformations are,
mostly, located in the fold zone. Many
factors could affect the deformations in the
process, such as material variation in
mechanical properties and thickness of the
blank, tooling geometry, and forming speed.
Komur and Sonmez [18] and Maiorana et
al. [19] proposed that the square and
rectangular plates with circular and
rectangular holes in various positions affect
their several mechanical properties which

are subjected to axial compression and
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bending moment. Therefore, it is worth to
investigate the effect of various circular
holes located in the fold zone on the
performance characteristics of bending
process. In this study, a systematic
approach of experimental design based on
the RSM adopts the rectangular plate with
various circular holes cut in the fold zone
as the

spring-back angle

experimental specimens. The
is regarded as the
bending performance characteristics. The
selection of experimental parameters first
concentrates on the geometric parameters
of holes,

number of holes in the fold zone. In

including the diameter and

addition, the die corner radius and blank
thickness which affect the amount of
spring-back angle are also considered. This
research highlights the development of
models for

quantitative mathematical

investigating the influences of
experimental parameters on performance
characteristics of L-shape bending process
by using the RSM. Then, the contribution
of each experimental parameter was
calculated, and the quantitative
were also
Finally, the

verification experiments are performed to

mathematical models

appropriately  proposed.

verify the adequacy of the proposed

models.

2. Experimental design and
Modeling by Response
surface methodology

2.1 Concept of RSM

In the RSM, the quantitative form of

relationship between desired response ()
and independent variables (X;) could be

represented as
y=f(X,%X,X%,...X,) + & (1)

where f is the response function (or

response surface) and & is the random
error. The appearance of response function
is a surface as plotting the expected

response of f . The identification of

suitable approximation of f  will

determine whether the application of RSM
is successful or not. In this study, the
approximation of f was proposed using
the fitted

regression model, which was called the

second order polynomial
quadratic model. The quadratic model of

desired response (Y ) is always described
as follows:
n n n
y=a,+ ) aX + Y ax + > XX, (2)
=) =) i<j

where N is the number of design

variables, and a, , @& , @; and

a; represent the values of the regression
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coefficients. Then this quadratic model
contains the linear terms, squared terms
and cross product terms. Using this
quadratic model in this study is not only to
investigate over the entire factor space, but
also to locate the region of desired target
where the response approaches its optimum
or near optimal value.

In general, the quadratic model of

desired response (Y ) can be expressed in

the matrix form as follows:

Y=Xa+¢ 3)
where Y is a matrix of desired response,
X is a matrix of model terms evaluated at
the data points, & is an error vector. The
unbiased estimator & of the regression
coefficient vector a 1is estimated using

the least-squares error method as follows.
a=X"X)"'X"Y 4)

where X' is the transpose of the matrix
X.

2.2 Experimental design

A series of experiments performed
here were involved in L-shape bending of
sheet metal with various circular holes in
the fold zone. These various circular holes
were cut using a CNC laser-cutting
machine, and the positions of desired
circular holes are shown in Fig. 1. The
dimension of gaps among these circular
holes was calculated in accordance with the

number and diameter of desired circular

holes. The area of blank subjected to the
bending moment was defined as the fold
zone. The specimen material was the rolled
steel for general structure (SS400) in the
form of rectangle plate with 70 mm width
length. The
composition of SS400 in mass% is as
follows: 0.08~0.30 C, <0.35 Si, <0.05 P,
and <0.05 S. Its mechanical properties are
255 MPa yield stress, 510 MPa ultimate
stress, >35% elongation and 33.7 HRC

hardness.

and 150 mm chemical

The experimental apparatus included a
hydraulic press machine (Starair Co. Ltd)
with a maximum pressure of 15 tons,
cylinder diameter 125 mm and a maximum
stoke of 200 mm. The punch and die sets
made of hardened steel (SKD 61) were
then assembled in the hydraulic press, and
their dimensions is shown in Fig. 2. In the
L-shape bending process, the experiments
were conducted under dry conditions. The
speed of punch was selected as 1 mm/s to
bend the blank into the die. It was used to
eliminate the effect of speed on the
experimental results. Table 1 shows the
experimental parameters in the L-shape
bending process. Four experimental
parameters of L-shape bending process
adopted in this study are the die corner

radius (R ), blank thickness (t), diameter
of hole (D, ) and number of hole (N, ) for

investigating the influences of various
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circular holes on the fold zone. The radius

of die curvature ( R, ) determines the

quantity of bend radius resulting in the
deformation of circular holes. In this study,
a central composite rotatable design
(CCRD) involving four variables with five
levels has been employed to design the
experimental plans. The factorial portion of
CCRD is a full factorial design with all
combinations of the factors at two levels
(high, +2 and low, —2) and composed of the
eight star points, and six central points
(coded level 0) which is the midpoint
between the high and low levels. The star
points are at the face of the cube portion on
the design which corresponds to an «
value of 2 and this type of design is
commonly called the face centered CCRD.
In the

experimental plans were conducted using

present  investigation, the
the stipulated conditions according to the
CCRD and involved in a total of 30
observations at  four
Each

combination of experiments had been

experimental

independent  input  variables.
carried out twice under the same conditions
at different time to acquire a more accurate
result during the L-shape bending process.
The low and high levels selected for

the die corner radius ( R ), blank thickness
(1), diameter of hole ( D,, ) and number of

hole (N, ) were: 1 and 3 mm, 1 and 3 mm,

1 and 5 mm, and finally, 0 and 12,
respectively. Table 2 shows the value of
coded and actual values of four designing
parameters and their possible ranges. The
experimental matrix adopted in this study
in the coded form is shown in Table 3. The

coded values X, of the designing

ii=1,2,3,4
parameter used in Table 2 and 3 are

obtained from the following transformable

equations:
X, = —RDA_RSDO (%)
X, = —D“AE)LD“O (7)

where X,, X,, X, and X, are the
coded values of parameters Ry, t, D,
and N, , respectively. Ry,, t,, Dy,
and N, are the values of Ry, t, D,
and N, at zero level. AR,, At, AD,
and AN, are the intervals of variation in

Rp, t, Dy and N, respectively.

2.3 Performance evaluation

The performance evaluation selected
for investigating the influences of various
were based on the

circular holes

performance characteristic of spring-back
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angle ( @) after the L-shape bending
process. The spring-back angle (&) took
place and changed in the wall angle after
the load was removed by withdrawal of the
in Fig. 2. This
performance characteristic along the bend
bended
specimens by using the vision measuring
machine (Mimn Tay EM-2D), and is shown
in Fig. 3.

punch, as shown

axis was measured for all

2.4 Response surface modeling

The RSM is a sequential procedure,

and its modeling procedures were
summarized in the following:
(1) Adopting the quadratic model of RSM

in terms of coded factors is as follows.
Y =f(Rp,t, Dy, Ny)=

a, +iaixi +ia“xf +iaijxixj Q)
i=1 i=1

i<j

where reveals the coded

X ii=l--4

variables corresponding to the four
studied designing parameters. The
spring-back angle () indicated as Y
was analyzed.

(2) Performing the regression analysis of
Y =f(Ry,t,D,,N,) -

(3) Using the analysis  of
variance (ANOVA) to check the fitness
of quadratic model and to identify the

statistical

main effects of designing variables.

The major statistical parameters

adopted here are the “F-value”, “Prob.
> F”, determination coefficients (R?),

adjusted R-squared (Rzadj) and adequate

precision (AP).

= (SS,y —SS¢)/1 (10)
SSc/(n—k-1)
Ro= |- (11)
SS,y
SSg /(n—k—1)

R2a ':1_ E

4 SS,, /n—1 (12)

where K is the number of non-consist

terms in the quadratic model,

SSe =Y'Y —a' XY is a square sum
of errors, and SS,, =YTY-3" y,/n

is the total sum of squares. The value of
“Prob. > F” determine whether the
model terms are significant or not.

(4) Determining the situation of the
quadratic model of RSM and deciding
whether the model of RSM needs
screening variables or not.

(5) Conducting confirmation experiment
and verifying the predicted

performance characteristics.

3. Results and discussion

3.1 ANOVA analysis of the fitted

quadratic models

In order to ensure the goodness of fit

of the quadratic model obtained in this
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study, the test for significance of the
regression model, the test for significance
on individual model coefficients and the
test for lack-of-fit need to be performed
[12,13]. These tests are performed as
ANOVA procedure by calculating the
“F-value”, “Prob. > F”, determination
coefficients (R?), adjusted R-squared (Rzadj)
and adequate precision (AP). The values of
“F-value” and the “Prob. > F” imply
statistical significance on the regression
model and the particular linear, quadratic
or interaction terms. Usually the desired
confidence level set to 95%, the value of
“Prob. > F” smaller than 0.05 signify that
the regression model is considered to be
statistically significant, which is desirable
as it demonstrates that the terms in the
model have a significant effect on the
responses. The determination coefficient
(R?) is defined as the ratio of the explained
variation to the total variation and is a
measure of the degree of fit. When R?
approaches unity, the better the response
model fits the actual data. It exists the less
the difference between the predicted and
actual wvalues. The adjusted R-squared
(R%,q) presents a measure of the amount of
variation around the mean explained by the
model, adjusted for the number of terms in
the model. The

decreases as the number of terms in the

adjusted R-squared

model increases if those additional terms

don’t add value to the model. Furthermore,
the value of adequate precision (AP) in this
model, which compares the range of the
predicted value at the design point to the
average prediction error, is well above 4.

The value of the ratio is greater than 4,

which presents the adequate model
discrimination.
In Table 4, the model fitting

assessment for the quadratic model of
spring-back angle ( € ) is based on
statistical parameters above. From the
results of Table 4, these obtained quadratic
models can be regard as significant effect
for fitting and predicting the experimental
results and meantime the test of lack-of-fit
also displays to be insignificant.

Through steps (1)-(4) of the proposed
RSM procedure, the final quadratic models
of spring-back angle (#) in terms of coded
factors are presented as follows:

Y =2.3962+0.2048 X,—0.3898 X,
+1.0015 X, +0.2830 X, +0.2150 X,*  (13)

+0.0499 X ,* -0.1495 X, X,

The above mathematical model can be

used for predicting the values of
spring-back angle (&) within the limits of
studied. The

between the measured and predicted

the factors differences
response are illustrated in Fig. 4. From the
results of comparison, it proved that the

predicted values of spring-back angle (&)
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is close to those readings recorded
experimentally with a 95% confidence

interval.

3.2 Deformation of circular holes in

the fold zone

The deformation of circular holes in
the fold zone under the various stroke of
punch is shown in Fig. 5. Here, due to the
bending moment, the top layers are in
tension and bottom layers are in
compression. The form of circular holes on
the top layers expands along the neutral
axis, and it obviously reveals such result
owing to increasing the stroke of punch.
But, the form of circular holes on the
bottom layers displays the shrinkage along
the neutral axis during the stroke of punch
increases. In the meantime, the blank
reaches the plastic stage, and the neutral
axis moves down. It presents the blank
opposes compression much better than

tension.

3.3 Effects of designed factors on
spring-back angle
(0)

evaluation of sheet metal with circular

The spring-back angle

holes in the fold zone during the L-shape

bending process has been analyzed

according to the above mathematical model.

Figure 6 shows the response surface and

contour plot for the spring-back angle in

relation to die corner radius (R, ) and
diameter of hole (D, ) with the blank
thickness and number of holes maintained
at middle levels. The die corner radius (Ry)
determines the quantity of bend radius.
Therefore, it displays the lower bending
moment in the fold zone under the large

bend

parameters maintained at constant. When

radius with the experimental
the blank is deformed, it is first elastically
deformed and then plastically. The lower
bending moment is unable to remain the
plastic component of the deformation
permanently. In the Fig. 5, an increase of
die corner radius reduces the amount of
bending moment with the result that the
spring-back angle generally increases. This
is the reason that the elasticity effect within
the material is strengthened under the
lower bending moment. From Fig. 5, the
value of spring-back angle is shown to
quickly increase with increase of hole
diameter for any value of die corner radius.

Figure 6 depicts the effects of blank
thickness (t) and diameter of hole (D, )

with the die corner radius and number of
holes maintained at middle levels. The
value of spring-back angle decreases with
the increase of blank thickness. Especially,
it will be obvious while the fold zone
possesses large diameter of holes. In Fig. 6,

it can also be seen that the value of
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spring-back angle increases with an
increase of the hole diameter.

The response surface and contour plot,
as shown in Fig. 7, reveals the spring-back

angle (@) between the effect of number
(N, ) and diameter of hole (D, ), while

the die corner radius and blank thickness
are kept at the middle level. From this
figure, it is clear that the value of
spring-back angle increases with the
increase in the number and diameter of
holes. Increasing the number and diameter
of holes results in lower yield load due to
the change of buckling subjected to
bending moment [18, 19]. The increasing
trend caused by the diameter of holes has
more significant than the number of holes.
While the number of holes was set up, the
of holes

deformed area of fold zone. As a result of

large diameter reduces the

lower deformed area, the values of
spring-back angle caused by the diameter
of holes are almost larger than the number
of holes. Both lower level of number and
diameter of holes favor lower value of

spring-back angle.

4. Confirmation run

The confirmation run experiments
were performed in order to verify the
adequacy of the quadratic mathematical

model obtained by using the experimental

data in this study. Four confirmation runs
were performed here, and the conditions
in Table 5. The test
conditions for the first three confirmation

were depicted

experiments were among the preparation
conditions that were set between (+1) and
(-1) level. The

experiment is a condition that has not cut

remaining additional

any circular hole on the bending surface of
blank but is within the range of the levels
defined previously. The predicted values
and the associated prediction interval are
based on the quadratic mathematical model
developed previously. The predicted values
and the actual experimental values were
and the

percentage error were calculated as listed

compared, and the residual
in Table 5. The percentage error between
the actual and predicted value for
spring-back angle is —4.45 to 3.40%. Thus,
it can be said that the

mathematical

quadratic
model developed were
reasonably accurate; all actual values for
the confirmation runs are within the 95%

prediction interval.

5. Conclusions

In this study, an effective procedure of
response surface methodology (RSM) has
been proposed for modeling and
investigating the bending performances of

the circular holes in the fold zone during
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the L-shape bending process. The results

can be concluded as follows:

(1) The quadratic mathematical model for
the spring-back angle were verified by
using the analysis of ANOVA and the
confirmation run experiments, and can

be utilized to predict the experimental

values within the 95% accurate
interval.
(2) The wvalue of spring-back angle

decreases with the increase of blank
thickness, but generally increases with
the increase of die corner radius.

(3) Increasing both the

diameter of holes favors higher value

number and

of spring-back angle.
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fig.1 The positions of desired circular holes
with different number of hole (N, ) (a)

0, (b) 3, (c) 6, (d) 9 and (e) 12.
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Fig. 2 The profile of the die, the punch head, and the blank.

Fig. 3 The vision measuring machine (Mimn Tay EM-2D)
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3.00 A

2.00 -

Predicted values of springback angle (0)
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Measured values of springback angle (0)

Fig. 4 The comparison of the measured and predicted values of spring-back angle (8).

Fig. 5 The deformation of circular holes in the bending surface under the different stroke of
punch (a) 10 mm, (b) 30 mm and (c) 50 mm.
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Fig. 6 Response surface of the spring-back angle (9) between the effect of die corner radius
(Rp) and Diameter of hole (D,; ) at t=2 mm and N, =6.
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Fig. 7 Response surface of the spring-back angle (&) between the effect of blank thickness
(t) and diameter of hole (D, ) at D, =2mmand N, =6.
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Fig. 8 Response surface and contour plot of the spring-back angle (&) between the effect of

number ( N, ) and diameter of hole (D, ) at Ry=2mm and t=2 mm.

Table 1 the processing conditions

Working conditions Unit Description
Material SS400
Speed of punch mm/s 1
Stroke of punch mm 60
Force of punch kN 15
Packing time of punch s 1
Lubricant Dry
Punch-Die clearance (C) mm 4
Punch radius (R;) mm 3
Die corner radius (Rp) mm 1-3
Blank thickness (t) mm 1-3
Diameter of hole ( D) mm 1-5

Number of hole (N,)) 0-12
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Table 2 Scheme of designing parameters and their levels

. Levels
Parameters Unit
-2 -1 0 +1 +2
Die corner radius (Ry), X, mm 1 1.5 2 2.5 3
Blank thickness (t), X, mm 1 1.5 2 2.5 3
Diameter of hole (D, ), X;  mm 1 2 3 4 5
Number of hole (N, ), X, 0 3 6 9 12
Table 3 Design layout and experimental results.
Response
Coded factors Actual factors )
Run variables
X, X, X5 X, Rp t D, N, 0
1 -1 +1 +1 +1 1.5 25 4 9 3.290
2 +1 -1 +1 -1 25 1.5 4 3 4.113
3 0 0 0o =2 2 2 3 0 1.986
4 -1 -1 +1 +1 1.5 1.5 4 9 4.273
5 +1 -1 +1  +1 25 1.5 4 9 4.712
6 -1 +1 +1 -1 1.5 25 4 3 2.692
7 0 0 0 0 2 3 6 2.406
8 0o +2 0 2 5 6 5.113
9 0 0 0 2 3 6 2.408
10 +1  +1  +1 -1 25 25 4 3 3.133
11 +2 0 0 0 3 2 3 6 2.854
12 +1 -1 -1 +1 25 1.5 2 9 2.345
13 0 0 0 0 2 3 6 2.406
14 0 0 0 +2 2 3 12 3.181
15 -2 0 0 0 1 3 6 1.968
16 -1 +1 -1 +1 1.5 25 2 9 1.522
17 0 +2 0 0 2 3 3 6 1.352
18 +1 -1 -1 -1 25 1.5 2 3 1.742




82 BYER F-+—H KRB THFENLA
19 0o -2 0 0 2 1 3 6 3.311
20 -1 -1 -1 +1 1.5 1.5 2 9 1.901
21 -1 -1 -1 -1 1.5 1.5 2 3 1.304
22 -1 +1 -1 -1 1.5 25 2 3 1.120
23 0 0 0 0 2 2 3 6 2.401
24 0 2 2 2 1 6 1.374
25 0 0 0 2 2 3 6 2.403
26 0 0 0 0 2 2 3 6 2.403
27 -1 -1 +1 -1 1.5 1.5 4 3 3.670
28 +1 4+ -1 -1 25 25 2 3 1.366
29 +1 +1 -1+l 25 25 2 9 1.762
30 +1  +1 41 +1 25 25 4 9 3.738
Table 4 ANOVA for the spring-back angle (#) (after backward elimination).
Sum of Degrees of  Mean
Source F—Value Prob. > F
Squares freedom Square
Model 32.344 7 4.620 405.509  <0.0001  significant
X, 1.005 1 1.005 88.237 <0.0001
X, 3.648 1 3.648 320.1846 < 0.0001
X, 24.075 1 24.074 2112.830 < 0.0001
X, 1.923 1 1.923 168.779  <0.0001
X32 1.315 1 1.315 115.413  <0.0001
X, 0.071 1 0.0711 6.233 0.0205
X, X, 0.358 1 0.357 31.402 <0.0001
Residual 0.251 22 0.0119
Lack of Fit 0.251 17 0.014 not significant
Pure Error ~ 3.381E-05 5 6.761E-06
Cor. Total 32.595 29
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Standard. Deviation=0.106 R?=0.992
Mean= 2.608 R? Adjusted=0.989
Coefficient of variation= 4.092 Predicted R*=0.982

Predicted residual error of sum of squares

(PRESS)= 0.586 Adequate precision=78.512

Table 5 The results of confirmation runs

Actual factors Spring-back angle ()

Case Rp t D, N, Actual Predicted Residual  Error (%)
1 1.5 1.5 2 3 1.304 1.362 -0.058 -4.45%
2 2 2 3 6 2.406 2.396 0.005 0.21%
3 25 25 4 9 3.738 3.611 0.127 3.40%
4 2 2 0 1.986 2.030 -0.044 -2.22%
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Developing a Cubic Marker Interface for
Augmented Reality and Case Study on
Virtual Calculator to Food Calories

Jiunn-Shyan Lee, Y1-Ching Wu, Yun-Ting Liao,
Tsung-Hsien Ho

Abstract

In the paper we propose a system of virtual calculator to food calories. The
interactive system assists person who wants improving the diet with controlling the calories
ingested a day. The system goal aims at executing easily, effectively and attractively.
Thus we adopt the technique of augmented reality to fulfill this goal. Marker tracking is
significant affected by its orientation relative to the camera in AR application. As the
markers become more tilted and horizontal, less and less of the center patterns are visible.
Consequently the recognition becomes more unreliable. We propose a cubic marker
design to tackle the aforementioned problem in this study. We combine six planar markers
into a multi-marker set. From an application point of view this multi-marker set is treated
as a single marker. Once one or more markers of this set are visible, the tracking can be
fulfilled. Despite cubic marker tracking increases the computational load, our method

results in considerably more accurate and robust tracking.

Keywords: augmented reality, maker-based tracking, virtual environment, user interface.

Jiunn-Shyan Lee, Assistant Professor, Department of Digital Media Design, HIT.
Yi-ChingWu, Student, Department of Digital Media Design, HIT.
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Research on User Authentication for
Multi-server Environment

Te-Yu Chen, Cheng-Chi Lee, Peng-Cheng Wang

Abstract

In the present time, there is a tendency towards the distributed environment in which
resources and services are allocated to multiple servers. These servers should cooperate to
serve their users. Therefore, user authentication for multi-server environment has become
an important issue in the Internet applications. During the recent decades, this issue has
attracted much more attention from cryptographic researchers; Though there are some
schemes proposed in the literature, a lot of subjects should be improved in these proposed
schemes, such as the security, efficiency, and user privacy. In this paper, we will first
analyze these schemes in detail. Some important issues deserving to be further researched in

the user authentication for multi-server environment are pointed out accordingly.

Keywords: Authentication, key agreement, multi-server architecture, distributed system,

cryptography, network security.

Te-Yu Chen, Assistant Professor, Department of Information Networking Technology,Hsiuping Institute
of Technology.
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[24] [17] [3] [29]
Single registration Yes Yes Yes Yes
Mutual authentication Yes No No Yes
No verification table Yes Yes Yes Yes
Securely chosen password Yes Yes No Yes
Session key agreement Yes Yes Yes Yes
User’s anonymity No Yes Yes Yes
Necessity of time synchronization No No No No
Session key secrecy No No No No
Forward secrecy No No No No
Resistance to replay attack Yes Yes Yes Yes
Resistance to stolen-verifier attack Yes Yes Yes Yes
Resistance to Server Spoofing No No Yes Yes
Resistance to RC spoofing Yes No Yes Yes

Resistance to Masquerading attack No No No Yes
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R ZAfER e IRE R HIE B B a8 T AR R LR
Phase [24] [17] 3] [29]
A 2Thasht 1 Txor 5 Thash ™2 Txor | 8 Thash ™ Txor | 2Thash™ 1 Txor
B 1 Thash 1 Thash 1 Thash 1 Thash
C I Thasht 2Txor 6 Thash™3 Txor | 7 Thasht7 Txor | 1Tqre
D User 4Thasnt 3 Txor 3 Thash 2 Thash 4Thash
Server /64%:}:; 4TZ;FX0I 6 Thash ™3 Txor | 8 ThashT6 Txor | 6Thasht 4Txor
RC /64TThhh; - 5T 0 5 Thast7 Tror | 8Thast 3 Txort 1T
ot | gp | T3 T T e e
E 2Thasht 2Txor 4 Thasht 5Txor | 4 Thasht 4Txor | 2Thash™ 2Txor
F Trounds 3rounds 5 rounds Srounds
FroEatiA -
® A: (EHEFEMIEEL -
® B: fAlfkasstMPEEs -
® C: [HHEEAEE -
® D: SorifEnlEE (B2 sessionkey AYEETY) -
® L: G EES -
® F: jEEf[ol &g -
® T * BT —IFEZE K BT RIS -
® T, ' PUT—KEJFECGEF TR -
® 7., T TIEFEHUER IR AR -
® T, BT —IERE 0 B A AR A HF A -
® T, BT R _IRERIIE TR -
® T, BT R _IRIERAEE TR AN -
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3. ERHEERAMHA ZER

AT — TR SOREEST - 383
H AT E #lefE 2 Ay 2 fa] A a5 B -h Y 5
W& S radsd )7k BBV E— L
Ze M EREEEE - 3R ST TSR
AR > —ET A E R T2
T FYEREE > BICE T A A & SR REYIHRETR
s B A E R A 5T 5 8 R EH K
A BEITAERAAS BREANERE
H > Wit Z&MhiEnEE > EEA—
{[EWapes F22 %N itk & - EC =G I
58 R B B FTA A REMYZE = MR Ry - it
HTRE (RS R RAS R A AR B HITHE
ToaEt—EZ R T A E S
Trivas 12 B (EARAAH & BT
FTHYEERL -

59 5 F B I RRAL R PR 2 —
A2 2 EATHT— R L HAE S (AR
estR B (AR BRI R R BB = Y
fEhrEE > NI > RESRRAZ & ~ ORI
KA A FRALE ReE Y 2 fa] iR 53R
M & S radsd Tk e
ii e 7 SN T I

HATHY 2 fE ik ss i Py E & &
TrRe 1AL P AR e R B £
BN Ry > B LT A REASR ML EZ0HY
MR - INIL - ATEEIH 2 MY 2 (d]

Arestii P R B adas A INE
—EEEEATETIT T -
FEIE—EEE T BT E R EE

HIBTFE TR - B —HET 4 -

3.1, [A]Hr e B R Bl e S TH
EHORH S (AR e BT TP Y
(ERE B radad )Tk

FESr A B T BIHE AL R s

HAHRAEA [EIRYEI fas b P DA (B —(a]

AresH &g - W AR ftim R E sl -

e — {6k 25 U P 4E Y = T ME R

& NRIgEES S ARG HIHE

R PRI [ oy A\ AU RE S e o > 21T

{Hae i F R S h AR E & B 058

s TR AL EE G A = 2808 FH IR 43 B 2%

(IR asER I o - KB Iy A PR R o =R

By B BRI L& & 7wl S Y

SE] TeMERaH — (8 S HEAY 2 (EikesiR

S5 B 50 P & B 73 RS A B A e 5

1 F A1 AR EY 7N AE 2 (o] R e BR A Y

FEABR AR LR {8 22 = MR R R R

-

ORI —E P H SRR AR > 2T+
FAO ZfElikas R T E & 50 il
FRECS EEZH TR A — 57
tet A FEF AT — D St R TR Ay 2%
(BBt L B 7 TR T IO RE M B = Y
IRt - BRI BN Z
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53R > 2008 4 Tsai[24]1FHE Y 2% (F ik 25
BRI S G R TIE AT
HE LEEAENE B EETTEEIR
S d NMESEIRIEBF BB E X
5, 1 H iR R S8R A S8R
LD RS TAE N - 2009 4 Liao #l
Wang[17]$2 HHAYE R BIER 5 57 55 BI85 1
RN % ER SRR R #5550
0 0 BEAR T LU E S i E A
Mo B IR EINEZ R E 2R
[EPERIAINEE > BlaisE NE - EFIK
8 DIUBNETE I EEE - mH > ST
R g Qi VI NIRRT LS
MR EHALEE - Hsiang f1 Shih[3]
17> 2009 AFE47 H AR Liao A1 Wang Y77
o RATRE S ETEIBERE W HIE
B RBAY A REREE T 5
i DL — B ST IR B B AR
e 1% 3 (i F SR i A T e S A
fol{ElR2S  TEBIM 22 2 M H IR R <
HOAET R L2 R BRI FAE M -
Wang % A [29])7% 2009 42 Hi 2K 2% {51 ik
PR AV E 5y elag U7 #EART]
DIRFE KBy 0y e - E 2 iE (U7 Ak
HER BT i@k A RBE R A S#IVRT &
ML SRR E 2 EK -
GRS 2 B 7 AR R B
HIRAIREE - 55— (BRI R S 2 i
Rk T SARE R AR 2 —

B & S BRI - AIIFTA SoRitE
FH B E5R 7 & BE 2 b g sa Rk o
FII 327 F1] 75 L0 <0 3 PR s 1Y A 25 3R EURE AL L
Mg - M 2 ZAIRER - 5
o EEM O AT LRI AT A (Rl 2 A
B [Tt AR e - S ARGE I P L
AR R A TEHYE =% B R A AT
DA 51 {5 A 2 PR {51 Ak 25 < [ s gAY A
o AR E S R A = L E By
SERE - AL By T ER I (EE RS AE
FERY RS B W (E R R R A R
WHILAMFS & -

B4 » Tsai[24] ~ Liao 1 Wang[17]LL
J¢ Hsiang 1 Shih[3]% 757578 EZ A [F] 4
RRHVZ 2B (AR RS IR
B SR B BmaT A F )T A
NHEUEE - AllZ A e EE - At > 40
Al AR 1 AE L 2 R R I B - A T o
TERYELETRED T S A I Bt 2 —
TSNS RS -

FHH o RN ES—HEENEE
Bh $1 S 2RI BARRMERY JT7AIRATIR
P EETRE EDUREER EAYRCRETTEE
WO ARG RAIR TR -

TEstEEN I irEbEs b fEEte Ty

AT BT Wang 52 AFYTTA[29]7 2
TR R IR eR g S AN
MHy 7440 Tsai[24] ~ Liao 1 Wang[17]
DL Hsiang F1 Shih[315E 7574 » #BHFR
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§ > Liao {1 Wang HYJ77A[17){EFE =[E&

AV EORHE S - Wang 5 A [29]LL Kz Hsiang

I Shih[3]HY 774 75 710 & HY & RHE

B > 1 Tsai (Y7 A24|E R Sz EIEH

EiRHE R - BRHERETY O &B% Bk

H{HEHEFE AR s - it

WA RE AT S P A (S i e (=] & B DA R

WY E IR - N —EEEAVRRE -

B BRI ~ BRE > PR R —

(&l R 2 e A e ER i - [E R A e

EHAGA G H v e D 515 RS R o FH =&

Foratee )ik 0 BB —HEENHIETT

i -

1. W26 A e ER G - JRR S & (&
T A EEM U LEE M —2K o SERGEE R
AT LS A RS E—fEI RS -

2. fi/RAC sk eSS P L DURAE AT
fEIfk 25 B N AR fGh 1T - 4EERTEE ~ B

3. fRE I EAE - FEEEM ~ B AL

KETSIEDS > ZSeeb TR Bt —(El (F
H > RERIER T
4. PR B oy atae MBS EI I EsRE b
wo RS 53 (6 3 SR e e (]
Aasty & oy
5. Wkl — B L el iR BiCSRER
(BRI (E R s (SR - SEHMSE =77
(BETEE P LELAIEESE - 90
T HH AR B < 00 5 TH AL e MR Y
6. LEERRE SRS e DAIRIE 258
R EE -
7. 75 AT RER R EET TR LR A AR A
3.2. BHAMEAERIERERNZ
E ke R R P EE A& S 7y
Bosa /1725
AR BB BN B R Y
FHE SRR BT K (158 Y B SR Y 25
JeAU e A U R A i st e F — S
FIERSE | BIANER a5 » mEZRFERE 108
B — (S R AR HE 20 B2 5]
% 7 HAMATPRE CHE A B B IR RAE
PRats - 52— 2 8 H Y BB
It > BAPTER R S (W TR T R
PRE (i I BE 24 M (anony mity ) AV FERE > 7t
S —(E BA AR RERT 2 (6]
ARes B B (3 5 0 s8si Tk -
FESCRRERRT > FMT5436 Liao Al
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Wang[17] ~ Hsiang #1 Shih[3]2L K Wang
FN[29] P2k 775 R E A TR
[ RE % 8 i 7= o Liao 1 Wang[17] DL K
Hsiang 71 Shih[3]Z{F FHENREHY 5 775k A1
BESE e [ T 9 B 7 i 86 - 2z S BE 44
PE 5 1 Wang S5 A[29]0Y 77 A RIZ A —
KA B s A0S e 035 1% P - DA
I A4 - B iE R T F YIS = E
VA EE IR B AT DLz B A4 MR DL B AL
TERYIREE - (E » T tA IR B R
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% T T2 n DA RS i
BRI EE M A E RS
ImfEE M HEEE 5 - BRI S
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Bt mT DU R AR 25 i B (58 A & Y
HE 577 - 5 Wit 7 200 e A SEER
% E AN E 2 RS -

B4 (Anonymity) » EFEREE{E A
HEE S MBI NEH - i —0 DIE 4
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ERARAVENE - BEZR - (B HIREAARE
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SETEEREE T (IR E —EiR s
B Wit B & v DR HE AT =% B
HE#ME - TRE—EEARSTHIRE -

SRl Iy o3 A ~ BRET > BeMERAR

— {8 B E R AL (R Y 2 (el e 2
B Y 5 138 B 70 356 T TR R e
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the random oracle model =i the standard
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The performance evaluation of tourism
industry by fuzzy MCDM

Yee-Fen Chen, Ying-Chun Chen*, Hsueh-Mao Lin,

Chan-Yaw Yang, Liang-Tsung Lin

Abstract

A fundamental problem of management is to measure and assess the performance of an
organization and/or a system. The objective of the proposed study is to develop a theoretical
framework which integrates different performance techniques. This project integrates the
following subjects as a generic theory and framework for evaluating tourism performance.

1. Index Construction

2. Weight Decision

3. Fuzzy Measurement Theory
4. Ranking

Technically, this study integrates many evaluation techniques. We invite fuzzy set
theory into the measurement of performance, by applying AHP in obtaining criteria weight
and TOPSIS in ranking.

Keywords : Service Industry, Performance Evaluation, AHP, fuzzy set theory, TOPSIS.
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BUR Ry R BIEDCE SE 2 28 - 20l
HEDE R B R g EtE J5T & 2008
R B EEETE L — A EfE
ARt B AT 2SR SR Y S — B
BB E IR R AR (T
H ARG SRS B BRVEUE R0 DUEE
— S EEHE R EHP K ERZHE
R B SR — EER R AR
PR o AR ST RE T
LRI E  SHE DT AR A B
Bl R 752 B ALY B DA
WHFERE & TT A Rl R T L
BHEREE -

BT LRSS R EAG - WEERS
BSESCUHIEAE R B A 2 S5
A B - o b B & M0
af il B gty o A o A JE SRR Ok

( Analytical Hierarchy Process > AHP ) J£
TE 5 T B 28 S FE A DAL S A1 R
TR (fuzzy theory) iy & S FEFEHY SR
H 5 & E AR AT S (R HRF A
(Technique for Order
Similarity to Ideal Solution > TOPSIS)>K15:

MRS M AR A 2% M1 R SR R BIE
s T GRS DL T A B B
FETIESE > (FRE I -

Preference by

B SOEHEE

AR T IRERESURET , ZERT
gt - NS EFERBIEAR - BININZHTFER
Z DUMEZE Rt 7e 5 -

PH TR SRS ) Y BT
ZINZME S HREE AR KE AR
HYEFAS 28T - AR SHERAMTHIISE » 2R
M8y AME 2Tt - fE SWOT
GIT ~ SIATESAR A - R — BT
7% ~ TOPSIS 7K ~ Pt ~ GRS
I3 BB RMER TR 77k 1A et
FeEA R ER B —0 574

— ~ SRS

&5 (performance ) 1F 1i> 5 4H & 7
fEh 2 —(ER T EiHhny E EEE - B
1970 FREIEEER S » EX0ERES
HH AR AT At &AL A
R A SEaT A B Ry p H AR E H &R 2
B » AI{EREE (efficiency ) B RUR

(effectiveness ) W JTTHIZK AT = AR
o ELAEH (output) EfE A (input)
HIEER AR & 5 MRCR A E fa 58 Rk B 5HY
FEFE[18] -

Kast f5H} > FRECE RSN - 835K
P REE S E B8 B8R
AR BLAH S R B WY e B E ( participant
satisfaction ) - F %] 1981 4 » Szilagyi ¥f
ERUR R R MRV AEER I R
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TR IF A RS 2R ERE TR AR A ~ SN ELIRL -
& S SN RE A ER AR -
Szilagyi 70 Fy 48 %0 & 4H &% E B Y 45 5
[23] B R EE S » Eo iR IR A e
FRP R EERT EBRAEE T T8
B~ =P E S g R R R R gk
fir &~ 8 iU R EE R E
BILE B AT - M A AR ST S T
TSRS E G2 PR 2 i E R
E&AMHE -
o TR
(—) TR EE AR A

Fuzzy 2 —FT¥rEAYEEE - IR
1965 356 Zadeh 4% » fE & B2
(Information and Control )22 {fiiHAT] - Frrag
FHam -5 & (Fuzzy Sets)[25] -

EREHE TS IRt ERE
i 5 DRI 56 » RIS o P T e vy B
B SR EUE - a2t - EXGHE
AR eHE B EREE N TR
HYEER - RSB HIET LT g
BEAENEEM - I RRIESSEHS
T e A Tk 1 - AR PR B A T 1 P 2K
BRI S YA R -

() f5HEL

1559 8 2 ' SO B R T £ (Fuzzy
Subset) - [fi H E & X 3 5 8 & M
(confidence interval) i & /Y —FfE % 7

Dubois ;. Prade HiEMEER > A M
FAMEE[14]
TERASL A (hd5—fSIMISE & (Fuzzy Set) » H
& i #(membership function)

p7(x) *R— [0,1] (HAPRERFHEEE
B0 RO

Loy (x) P FEESRE R £ (0,1 ] ZEfH
{3480 (continuous mapping)
2. p5 (%) * B PEAYERS 555 & (convex
Fuzzy subset) ;
3ouy(x) R —IEMAEMS TES
(normalized Fuzzy subset ) > JREI{FEIF—
EEE o » (15 1, (x) =1

e DL E = (B fRE - BRI =

% (triangular fuzzy number) > JEF
=R ()= (LMU) 2050 (1)
Kl 1 s e

=(1)

(x—L)/(M—-L) L<x<M
u;(x)=yU-x)/(U-M) M<x<U
0 otherwise
Ua(X)
A
T M U >

1 =P as 2 o e el e
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= PR R T A R
EVESREE
1L MU) B LM =L +L,M +M,U +U)

()
2.(L,MU)ALMU) AL LM M, -U)
—(3)
3. (L MU @I L, My, Uy ={1 L, M * M, U U
()
4. (L MU LML U) =L LM MU U
—(5)
(S)EEEH
SRR —(HRY SR
S UE RIVIESR > A 2 UEEGRE( b??

Ua(X)
EL 7
1.0 o # b
* >
; s
0.5 |\ !
&

0.0

BRI —E AR E - NI TR EMEEE
S G AR R B S IR © T BB R B A
A8 EAFGES Bl —EFEE—a
an T RERAVER R Rl RIEE B Ry BB E

HEHARNEERE W TIEE AN
BoTmE T T wE T IRE
R RER ST RERIY SR -
B IBB IR ET IR S R B RIS R
HIR RS S {EEE S BT 0-100 J7 &

By = AR MBI e e 408 2 AR
51 » wHE & & H SR TRE f 5 IR

B A\ B EEFAEIE H AR R
EReRP LB RS T H A E R
fH -

2 e Wb
¢ 3 =%

10 15 20 35

2 HEHEE

40 50 60

><V

65 75 85 95

HTRE
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() fEE IS - AHP i U SSRA B LA

& R 47 S A A R 2 & T Y
AR - ZRTT R RO T R Y B
FOEE R U7 2 2 bEi IR L R RS
BT AR B (defuzzification) ; fZ
A LAYAR Fr 2 Pt e (R A AR AU E
(Best Nonfuzzy Performance value > fiff#
BNP) - #5858 E; 7Y BNP {H A FHE(6)5 T
EEFIRS] -
BNP;=[(UE;-LE;)+(ME;-LE;)]/3+LE; Vi,j
#(6) - Hrr UE; ~ LE; ~ ME;; 73 5l B ={(1)
TEFe L = FATsAEg -
= ~ AHP J37%

(—)-AHP #{7i

AHP ZHEEHZF LI IHER
T.L.Saaty {£ 1970 F-)Fr &8 e Hi 2y —
ERRIE TEERAENEE H T K
HA L E R AR SRR - AHP
AT HEY > BUSRHEFER R 24 E
ET AT L UET A B R R
HYPE 451 (Hierarchical Structure) » #ETf]
2 ALY RIETI DAGE & 514G - DURHER
R B E AT Mok D S aR iy e
P
(7). AHPH Zy AL

AHP & el — (i R o7 g R iR
HYEERE G 4R - I HET A M A 2 B
GRS B ] DATE AR R R A5 i T

FEMERY R tr RS LL AR R S R A
BRI s B {1 R 2R ] A A EE
o i F - AHP 73 Bl oy - —(Ez
JESRIVEETL - 55—l 2 @&kt At - AHP
B SRR FE R R SR S IR SR
JERH G RERAREFNE R IR E
ER > A% ERE (nominal scale )
AT B FR T Y B4 EE ¥ ( pairwise
comparison ) » T DLE (L& I AELLE
4B ( pairwise comparison matrix ) > $5 A
K& AP 2 R & (eigenvector )
RER B B F RJE RS ERE N E T
NEiF? - MR FEH R AR EUE - T PASEE
EL 365 JE e — 250 45 1R AU AH ¥ 1 B 2 58
95 > DR E MO RIFII S E T
[9] -

FE2 R AL
IER S S

v

2 e

A 4

v
PEB RS Sy E

- R
(C.R.<=0.1)

RiEEEL

AHP HYEITH BRI A0E 3 A -
3 AHP T BRAz ]
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Hef T ={=12,, ks k BB
Hil} F%L%?EEUJ (et AR I
5 2 SR BT T2 = 11,2,
k k %B@&KEE\U} TR AHER] ) (4dS T
o L A NG e 15 SR e -

B & 7 S B AR B
(S7 )R B AEREY JEBE(S, ) > R0O) -

Pd ~ TOPSIS J57£
TOPSIS Y HETE = HerE R3S |
HiE " &R | BT - P
e | EEAHAR | BIEEEE T EY B
REA T N REANE 5 L2 B/ N
AR R 2 ERIMER Ry " 2R -
[3]

TOPSIS B@%K%ﬁﬁﬁj/y\ 4 gﬁ%ﬁu E?§§+%§ﬁ?¥ﬁﬁ > gfijﬁﬁiﬂ/‘]
T B 4 PREESREER] XX, 0 S (e HBERIERE(C)) > a1xk(10) -
F n 5 ZERTRER 2 BEAZE R » Hir A7 H(10)FTR > C AN > BIETHES

Ry D IEEUERE o AR T BRI 0 A R RS B - ERAECR
IR IEHAERR  (ADRTEREE A2 AT mpRr )R RIS - TOPSIS
FIF Ay TIHE TR ) (AOREERE g ERe R AR M | 97
B AL WA TR A TTRAS 518 72 (BIEER iR R — )T
Criferia B TERE AR AR T ~ S 2 AR AT
DR B TE AR - S B B B
TR F e G -

TERRARAR (A B SRR (A Y5

A= v I

(o AT

Criteria

4 TOPSIS FEAE & [E

{maxr ]eJMmmr‘]eJJ ,2,3,...,m A5 .., A A;} =(7)

=14,
‘=( axr ]GJ)(mmr‘]eJ)z—123 m}=A s Ay s A7 A} ()

L 2 N
/ r—A) = -4 ), i=12.m #(9)
Jj=1

0<C <1 i=12,.,m #.(10)

S +S’
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2 RIUET

— ~ WHFEE
AW FERE R LI ~ 5 MERHEE S Ry 2k

B IV EREHERE IR T

1 BT

2. GBEHE A Z TR

3. WIEEHE e R S

4. AR M EER

5. R E SRR MR E

6. ¥ TR S B A AT TR

7. GO BT R

8. SRR

b FERARANESFR -

— -~ MR IR (EE TR

ISR a R EEREEE
KBTS 2 S (IS 21 2
ABFAEEH BT GO S2EHS - FRAHP
FER G SRR - A
—EE -

=~ RIS T B TR

BT ST I R AL IR AT B
S » BT R T TS LBt
AR - LR - OGP AR R
s Pl IR S A 8
KBRS LA S A R R
P -

SRR S

A4

BEEFEINEA

A 4
e R R ER
+ AHP
AT R E
¢< Fuzzy Theory
& AT
l: TOPSIS
# LT

L

SIS
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Ry PR 48 Ak Py T e 19 S il
M R S A 2 P AR I B R ER Y
BEHVGER  FEH R TR B &
TR R SR ERBEED (RS EEE
SR8 12 0-100 77 Hi[E HY = AR B 2
PP AL E S B EE O AR
B fEAE A LG TE B BV
HeRrrEE B EERETHEH AV E R
TE - B iR DA by DT AR BB 2
M E
u -~ & EEMEEE T

TOPSIS iy B VR = TEHAEAE
BT > HiE T A REfyHE >
IR~ A0)FTREZ CTHIA/N > B
AIPEFI JT E S E 2 H -

Ei A
—  EPEERR I S

BREO

R AHP HZRAE - RHRTFESE 0 By
=J& 0 AR

() B
ST R R B -

(&)~ F RS

B 4 482 EGT B L A S R
A AT T ST TR TR
RO FFVUIE - W R S = IR TE
B e
(=)~ B=JEEHEIEE

PEE o —fEfi N > SR &
EEREEAGEHE BT =135 5 R

CATENE ) REE MY T ATECRER )T T

PR ) TR EERAUL ) THEREE
EAPAEFEAE o DL AHP SRR SRS B S
SR > HA AR R LT AR R B T RS
R AR

1 GRUEHE ~ FHETEREKIG ZfEE

LR EHE | FESNHERE | HE B = iEiE MEEH

ALFTECE 0.2

- A2 FTEH IR AR 0.33

N EE g A3 AL 0.35
P

&= 4 e Ad B 0.12

Bl. 2y E2= 0.18

B 0.31 S
B2 ERAFET] 0.16
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B3 & W 0.14
B4 Bfir & 5 & I A 0.1
BS B {HAE I 0.21
B6. & fHELR 0.21
CLEAZRBH{A 0.22
C2 RS 0.2
C.% I 0.26 | C3REZ S 0.25
CABAE LT 0.24
C5. AR 0.09
DI1.B TiisrE 0.23
D2 %534k 0.18
D.p e HE 02 |Dp3.a&TAEN 0.16
D4. % F5 i FH% 0.22
D5 Hi s N S EEE 021

= BB

TRIESE B ARt Z Bk (o ]
SEEIE AN e e
A% - IR T RGEERE T IR
AR AR T TR
TIEE MR ) A TR IE
&l A A To R R 8 RUFE Y = A AR 8 DA
KR FEEAE AR Fad(E -

iE=() ~ K@)~ HB) - FEK
BORFEETHE _HHEAEN =
AR - AIFR2FTR -
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R2 MU

HEH]

- Al A2 A3 A4 Bl B2 B3 B4 BS B6
]

A-L | 61.25 | 49.65 | 62.40 | 79.32 | 48.36 | 45.49 | 45.25 | 53.16 | 54.63 | 60.15

A-M | 7833 | 66.19 | 71.60 | 59.08 | 57.56 | 55.19 | 55.92 | 62.29 | 63.29 | 71.26

A-U | 92.18 | 79.46 | 88.62 | 68.04 | 67.12 | 64.69 | 67.20 | 72.85 | 72.45 | 85.37

B-L | 49.16 | 51.19 | 55.61 | 51.45 | 51.62 | 46.02 | 53.19 | 53.19 | 56.31 | 62.19

B-M | 62.14 | 66.79 | 70.05 | 61.20 | 62.33 | 55.76 | 62.28 | 64.29 | 67.20 | 74.93

B-U | 81.26 | 72.65 | 71.26 | 69.98 | 69.91 | 65.37 | 68.84 | 70.59 | 72.16 | 77.03

C-L | 61.02 | 59.87 | 60.19 | 49.57 | 59.86 | 44.29 | 52.48 | 56.34 | 49.91 | 64.26

C-M | 70.30 | 61.59 | 69.72 | 59.22 | 69.83 | 53.59 | 62.01 | 66.09 | 67.49 | 70.39

C-U | 88.15 | 72.26 | 74.56 | 67.92 | 75.12 | 63.10 | 68.14 | 72.49 | 73.16 | 80.59

D-L | 53.20 | 52.19 | 55.46 | 48.76 | 57.92 | 54.29 | 49.09 | 49.65 | 57.34 | 66.15

D-M | 6691 | 66.74 | 61.57 | 63.09 | 70.34 | 63.91 | 59.69 | 52.16 | 66.07 | 71.59

D-U | 83.41 | 81.06 | 73.44 | 73.41 | 76.58 | 73.71 | 68.55 | 62.12 | 75.24 | 80.39

E-L | 62.49 | 59.62 | 59.21 | 49.92 | 56.51 | 54.62 | 47.49 | 55.10 | 55.37 | 64.19

E-M | 71.34 | 64.59 | 71.10 | 59.63 | 66.49 | 65.12 | 60.19 | 57.69 | 65.04 | 70.09

E-U | 82.65 | 77.61 | 79.60 | 70.59 | 75.19 | 76.20 | 74.69 | 75.37 | 74.26 | 81.97

A

- Cl | C2 | ¢3 | c4 | C5 | Dl | D2 | D3 | D4 | D5
EE

A-L | 52.71 | 54.88 | 52.46 | 65.16 | 53.66 | 53.01 | 53.14 | 51.66 | 54.62 | 49.48

A-M | 64.19 | 64.12 | 58.98 | 71.85 | 64.62 | 62.64 | 64.98 | 61.54 | 64.15 | 61.26

A-U | 70.89 | 73.19 | 69.45 | 86.45 | 7538 | 71.34 | 78.08 | 73.64 | 72.76 | 70.26

B-L | 60.29 | 50.26 | 53.02 | 66.95 | 59.71 | 54.88 | 53.94 | 59.45 | 53.08 | 50.19

B-M | 68.79 | 62.79 | 61.97 | 71.95 | 63.45 | 64.21 | 61.48 | 66.74 | 62.17 | 66.49

B-U | 72.65 | 73.14 | 73.04 | 75.36 | 71.84 | 70.35 | 70.09 | 72.54 | 74.26 | 74.89

C-L | 53.64 | 61.01 | 49.95 | 70.21 | 52.36 | 53.55 | 56.37 | 52.49 | 55.94 | 53.48

C-M | 62.78 | 70.59 | 59.47 | 76.89 | 62.48 | 59.98 | 61.09 | 61.49 | 62.36 | 60.19

C-U | 73.36 | 79.56 | 66.17 | 79.15 | 70.69 | 66.25 | 72.59 | 70.98 | 73.17 | 71.05

D-L | 5591 | 53.01 | 60.91 | 63.49 | 53.01 | 49.85 | 55.49 | 59.84 | 50.69 | 55.69

D-M | 62.49 | 64.49 | 68.06 | 75.95 | 66.42 | 59.75 | 60.08 | 66.74 | 66.42 | 63.49
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D-U | 78.53 | 77.20 | 76.79 | 83.41 | 71.64 | 66.10 | 70.98 | 79.85 | 73.56 | 70.26

E-L | 59.62 | 51.29 | 54.29 | 60.29 | 59.33 | 56.51 | 53.09 | 60.15 | 50.49 | 59.46

E-M | 64.71 | 60.17 | 66.49 | 68.84 | 65.49 | 66.41 | 61.78 | 72.45 | 62.19 | 63.74

E-U | 78.51 | 76.42 | 75.36 | 76.55 | 75.68 | 76.80 | 70.91 | 78.33 | 73.44 | 73.55

TR LR - (KB (6) > 77
aT RS B IR A e A AR
SUNEBNP > &ERAFTIFTR -
R 3 BFRFEFESLENZ BNP (H

Gl
Al A2 A3 A4 B1 B2 B3 B4 B5 B6

77.25 | 65.10 | 74.21 | 68.81 | 57.68 | 55.12 | 56.12 | 62.77 | 63.46 | 72.26

64.19 | 63.54 | 65.64 | 60.88 | 61.29 | 55.72 | 61.44 | 62.69 | 65.22 | 71.38

73.16 | 64.57 | 68.16 | 58.90 | 68.27 | 53.66 | 60.88 | 64.97 | 63.52 | 71.75

67.84 | 66.66 | 63.49 | 61.75 | 68.28 | 63.97 | 59.11 | 54.64 | 66.22 | 72.71

72.16 | 67.27 | 69.97 | 60.05 | 66.06 | 65.31 | 60.79 | 62.72 | 64.89 | 72.08

Cl C2 C3 C4 (O} Dl D2 D3 D4 D5

62.60 | 64.06 | 60.30 | 74.49 | 64.55 | 62.33 | 65.40 | 62.28 | 63.84 | 60.33

67.24 | 62.06 | 62.68 | 71.42 | 65.00 | 63.15 | 61.84 | 66.24 | 63.17 | 63.86

63.26 | 70.39 | 58.53 | 75.42 | 61.84 | 59.93 | 63.35 | 61.65 | 63.82 | 61.57

65.64 | 64.90 | 68.59 | 74.28 | 63.69 | 58.57 | 62.18 | 68.81 | 63.56 | 63.15

mcow>“}k‘%g+ﬁmoow>ﬂﬂ*%

67.61 | 62.63 | 6538 | 68.56 | 66.83 | 66.57 | 61.93 | 70.31 | 62.04 | 65.58

_ L e BNP 3 1 Eil & fe
BEE - nTRE SNSRI
{8 fesl(7) e (@)t T ERAEE | (AY)
BT ERAE ) (A) > SRR 4 PR -

LL TOPSIS #7536 & MAHE S
Z PR iR 3 ARG SR S R
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%4 BREAIESHTRATA)

HER]
Al | A2 | A3 | A4 | BI B2 | B3 B4 | B5 | B6
ES
A'(max) | 3.55| 5.11] 597| 1.90| 3.81| 3.24| 2.67] 2.01| 431 473
A(min) | 295| 4.82| 5.11] 1.63] 322] 266 244 1.69| 4.13| 4.65
HER
Cl 2 | C3 C4 | ¢5 | DI | D2 | D3 | D4 | D5
HE
A'(max) | 3.87] 3.66| 446| 4.71| 1.56] 3.06| 228] 225| 281 2.75
A(min) | 3.58| 3.26| 3.80| 428| 145] 269 223 1.97] 273 ] 2.59
OB S EEE T IFHAEAE
HYREEE(S, ) e T B EEAEAE | 2 FEEE(S) >
B 1% FHZ0(10)F T B2 5 22 B AR A Y A
BHEATREE(C) - G554 5 fon -
5 BEEHUIE AR IR A T AR
FEAE A B ¢ D E
St 1.16993 1.34562 1.20850 1.15925 0.81115
ST 1.21688 0.68670 1.08277 1.19198 1.30006
c 0.50984 0.33789 0.47256 0.50696 0.61579
FHEHER 2 5 4 3 1
£~ #EEmEdiEss
T ~ R E AR AT 0 DL SRR TR
— ~ ISR o
Ae i~ B A B AR AR B AR S LR

APl B RS B A (B ST A &
SREVIERENE - FIH AHP Al R0RIG LG
FEER ¢ Fy[AIE SS0ra (s P v e Ay A~ i 2
P> PR S A 1 & AR i B R R R
BEHVEER | F] TOPSIS 2y TR Z 18

JellEFy » w] DU G A — 7 FE e IEE A8

G o AR S T AHP | -
Theory ; LA " TOPSIS | ZEH¢ffy » FEM
P ARTRZE S RIEZENY % B IREETAh |
fihoE -

" Fuzzy
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BFEaE REEERAT T

LB S  SRMRBREELEER
B AR R~ BRI - H
KRB TEUH ~ R HRIH °

2R 78 A 4% H AR Y €6 H AR B 3 R
TOPSIS » Kt AZIEH ZHFF > 751
Fs E>XA>D>C>B > &R Al {E Ry iHRHSEE
BE Z ER R EAR S

3 AR L Z TR IR S B A BE
FREAREARE TS EERELEN
BRI SR N 2R O A 5 T AT R 2R AR
ERRRRE AR E A TR EIRFRERE
e e A EASE S R DU I
ifEFy PR P fEC e e

T RETTERE
AW (& St EP AR AR B e B
ERUTBAE E R SR (F RS AT
S BRI B8R 15 A (i B 1R BRI 2 Y 5 16 -
Ab5e LB AR ORISR 1248
SRR TS > USSR
VR B HR A &SR -

(S €L

AT 2 B B g e T SR
fiy ke N4 8% 5 Wt 52 5 & ( NSC
96-2622-E-164-002-CC3 ) #fBh~7Ff > FF
BEELEHS -

ZENRK

[1]. /N > 2006 > BN 4 & TENE R
B B BT 2 WS — 1S 2% o
RIFHE 777452 FERT > BIRHE BHREN ST
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[2]. FEUBH > BE&E - HRA > 1998 Tk
15 2 A A = T B B R B 4
(173) 5 B Rl g HE 5 &
(NSC-87-2213-E-155-006) ©

[3]. FEEH > 2006 - EHEATEFE GRS
ZEREERTT 2 5T BIRE BT TR
£2(NSC 94-2416-H-238-004) -

[4]. ST > 1998 » EEEE(L-BaE
FEFME > TETEEGES -

[5]. 5RMEK > 2006 > B2 AR AT
INETE TS RN - ) VN
B ¥ E W %R BT LR
,pp.1-130

[6]. BRZESY ~ BHELE - BRREES - T2
2009 DL 2R i B T R
LB, Vol. 19, pp.73-86 -

[7]. B[SCH% 1984 > AT EARAEF AT &
Gt T WP S R AN
BEETRLER AT 555, pp.38-67 -
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B3 HTE (AHP) FER AR R (8
WA RE TOAZ ST |0 2003 SRR =
AR oK EL S g > adb
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Fri CAHP ) 09 A ek FF 14 B FE A
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fitfx— * TOPSIS Gt HEGEFEELER

Al | A2 | A3 | A4 Bl | B2 | B3| B4 | BS| B6
A-IDRESR 3.55 [4.9415.9711.90[3.22 12.7312.44 11.95[4.13]4.70
B-HIfE 45| 2.95 14.82 [ 5.28 [ 1.68 | 3.42 1 2.76 [ 2.67 | 1.94 | 4.25 | 4.65
C-hnfESERY[3.3714.90 | 549 [ 1.63 [ 3.81]2.66 | 2.64 [2.01 | 4.14 | 4.67
D-fntE& R 3.12 [ 5.06 | 5.11]1.70 {3.81 | 3.17 ] 2.57 [ 1.69 [ 4.31 | 4.73
E-JnfEg || 3.32 | 5.11 [ 5.63 [ 1.663.69|3.24 [2.64 | 1.94|4.22 | 4.69
A" 3.55[5.11 [5.97[1.90[3.81[3.24]2.67]2.01]4.31]4.73
A 295[4.8215.11]1.63]3.22]2.66]2.44]1.69|4.13 ] 4.65
(r, - 4,) 0.00]0.03]0.00[0.00]0.35{0.26] 0.05]0.00 {0.03]0.00| 0.72|S1°[ 1.16993
(r, - 4) 0.36]0.08 ]0.48]0.05]0.15{0.23]0.00 [ 0.01 [ 0.00]0.01 [ 1.36 [S2"| 1.34562
(r, -4, ) 0.0410.0410.24 10.0710.00 { 0.33]0.00 | 0.00 [ 0.03]0.00 [ 0.76 |S37| 1.20850
(r, - 4, ) 0.19{0.00 [ 0.74 ] 0.04 1 0.00 ] 0.00 ] 0.01 ] 0.10] 0.00 ] 0.00 | 1.09 |S4"] 1.15925
(r, - 1) 0.05]0.00]0.1210.06 ] 0.02 { 0.00 ] 0.00 ] 0.00 { 0.01]0.00 | 0.26 |S5[ 0.81115
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Comparing between hot-Top casting method
and traditional method used in Admite roll’s

casting

Gwo-Jiun Tsay

Abstract

The Admite rolls is usually casted by bottom casting gating system. This kind of
method easily forms the shrinkage located at the barrel and the neck of rolls. Although a
bigger riser head is used and a steel bar is added at the core of the roll, these kinds of
defects still cannot be improved.

To reduce the shrinkage in the roll, we use (hot-top) method to improve the situation.
Comparing to the traditional method, The hot-top method is a better way to reduce the

defects from the rolls.

Keywords: hot-top casting, Admite roll, rising head.

Gwo-Jiun Tsay, Lecturer, Department of Mechanical Engineering, HIT.
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Finite Difference Method for Nematic Phase
Liquid Crystal Director Field

Chung-Jen Ou, Hsiao-Ling Tsai, Chen-Han Lin

Abstract

In this report, we proposed a reliable numerical method to calculate the director field of
nematic phase liquid crystal. This simulation procedure can be applied for various
asymmetric pretilt orientations and twists angles; it is also simple and easy to be extended
for dynamics problems, as well as for two or three dimensional structures. The giving grid
test also reveals the numerical errors near the rubbing surface, while some of the published

simulation works do not mention about it.

Keywords: Finite Difference Method, Liquid Crystal.

Chung-Jen Ou, Assistant Professor, Department of Electrical Engineering, HIT.
Hsiao-Ling Tsai, Assistant, Department of Electrical Engineering, HIT.
Chen-Han. Lin, Associate Professor, Department of Electrical Engineering, HIT.
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Real time automatic activation network
monitoring system with uninterruptible

power supply

Wen-Jye Liou, Hung-Hsing Lin

Abstract

The automatic activation network monitoring system with uninterruptible power
supply is based upon electrical power distribution system being unified with Visual Basic
program and digital imaging. The power distribution system consists of automatic operating
system and electricity control, and these parts can be accomplished by real time monitoring
from afar. The benefit of this system is seen during power failure of the Taiwan Power
transmission system, in which the system automatically switches to emergency power to
supply itself, preventing any products loss of the factory. FX2 PLC is used by the system to
trigger the activation of the motors, where the data signals are transferred to the computer
by RS-232. Data signals are translated by Visual Basic program to correctly display
messages on the computer screen. The simultaneous unification of the CCD digital imaging
enables the system to monitor its status to determine if it is operational. When the system is
malfunctioning, it can immediately be shut down from afar by the emergency stop switch
enabling field personnel to troubleshoot the problem. This topic combines uninterruptible
power supply with automatic activation, digital imaging real-time monitoring, and far-end
control. The union of the three posed will be a more convenient control platform for the

operators in factory, completing the goal of far-end control and real-time monitoring.

Keywords: uninterruptible power supply, digital imaging monitoring, remote control.

Wen-Jye Liou, Lecturer, Department of Electrical Engineering, HIT.
Hung-Hsing Lin, Associate Professor, Department of Electrical Engineering, HIT.
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The Lean Solutions and Service Quality
Model Applied to Group Package Tours:
A Case Study of Mainland Chinese Tourists
Visiting Taiwan

Tsan-Ming Chang, Che-Chiang Chang
Abstract

As with the implementation of total quality management by enterprises, the ultimate
goal of lean service is to identify ways to satisfy customer needs, thereby helping to create
satisfied customers. However, given the complex, fragmented range of service items that an
enterprise is usually involved in providing, the question of how an enterprise can find out
what cllstomers really feel, or in other words how it can effectively identify the key service
factors needed by customers, is an important issue. This research, therefore, aims to explore
the type of service quality model needed by customers through an examination of service
ector enterprises engaged in the provision of group package tours.

According to statistics compiled by Taiwan's Tourist Bureau, over 600,000 mainland
Chinese tourists visited Taiwan in 2009, nearly twice as many as in 2008; there has clearly
been a dramatic increase in the number of mainland Chinese tourists visiting Taiwan since
the restrictions on travel to Taiwan by mainland Chinese were relaxed.

In order to understand the needs of mainland Chinese tourists visiting Taiwan with
respect to the quality of group package tours provided by travel agencies, this study took
mainland Chinese tourists as the subject of an investigation into the key factors affecting
service quality for group package tours. A questionnaires survey was implemented, and the
valid questionnaires were analyzed using item analysis before constructing a service quality
model for group tours by mainland Chinese tourists, employing exploratory factor analysis
that covered six key aspects: expertise, responsiveness of tourist guides, security, reliability,
convenience and conformity to the tour itinerary. After performing goodness-of-fit analysis
of internal structure by confirmatory factor analysis (CFA), the results showed that the
service model of group services for visiting mainland Chinese tourists developed by the
research had acceptable goodness-of-fit and internal quality.

In the last stage, the study explored, through analysis of variance (ANOVA), the
different attitudes towards particular aspeCts of service quality deriving from personality
attributes. The study found that the female tourists were more concerned than male tourists
with conformity to the tour itinerary. Tourists who had been educated to junior high school
level or lower also attatched less importance to confoilllity to the tour itinerary. As regards
differences between occupational groups, it was found that students attatched particular
importance to tour guide responslveness.

Keywords:Lean Solutions; Group Package Tour; Exploratory Factor Analysis;
Confirmatory Factor Analysis; Service Quality.

Tsan-Ming Chang, Assistant Professor of Graduate Institute of Lean Production Management, HIT.
Che-Chiang Chang, Student of Graduate Institute of Lean Production Management, HIT.
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B SURKIRRS

—~ [E & & & ik #F (Group
Package Tour; GPT)  [EZ

B fn(Packaging) ' Ry BAE 41 G
8 A RO A B P 2 e > HAER—
(EASRIE T A AR A - AR B 2
SR SRN BB R i R H ARV
it~ JEE) ~ IR E E R B R E ARy
HRWERE S > WLLE A HE
(Morrison[43]) -~ ifi 2 ffj =\ & % Jik #F

)

)




BERBHERERBERFOERL,  MARERSEZ R REH -~ RE® 173

(Inclusive Package Tour)fy ik 3z 41~ o] Gk
ZHRAREIA (4R (12) - Bl Es
BEE H Hysth 2 #5E ~ 1F H VA (TS ~ 22
o RER - 285D - BEEERATE
T AR H LT - IRIEE L
Ry PR e 3 2 B ff e | Y St & R A e —
(s e e [T BE Y A8 B F P T E A < PR DA
(175 EREELREE 2 iRk R
S IERG RS AR B 7oK axat ik
i JRFR YN B & A s
BRE ~ (F1E - SRR » 2R
Jo s B s 5 [ ROt RIS - I HL
M BRI O I 2 A R T - B
IE[9]t 35 N ERS ELEIKEE $UEiRkITit
ERIRUE H A LR &R LR iR A8
TH -~ EEsi - e - SEIEEEH
FHRE S 18 IR — V)R AT R Y
Y o W ABAFEER N T 2 0 B G K E RS
n o FEEES 24150 HERSESERE F R
TREE BTG REE Kot St thifF s
RGP EE T RATFRIET TR - iR TAZHY
W~ BRI TR S BRI G E > AR —f%
%5 L §H & - Morrison [43]150 5 - EI#G
BRI AT B IR B AT B —(E %
EIRATH » HRTTHE 2R P Bk i =
T EEREE - BOULREL - 308 AR -
= IR E

ke 755 i R AR 5 1 T 8 TR S RE
18, —° H 1985 4F. Parasuraman et al. [45]

teth ' i BB SRR 1% 0 RE
AL E - R IR m E 8 Uk
BESH1T > RIS T REZEIF
A WEA T REAHERIHE RS - RE
Parasuraman et al. [45]}E4E8 HFiEL Rk By
PR 1T 25 b o A B ) — {2 -
ENERSE 2 BEBREN
WH5e  CHEZMITE R - DUESHR
B E B EE A o Sasser et al.[47]38 fufér
ERGmECaCEER - 2
(Security) ~ — (% (Consistency) ~ & &
(Attitude) ~ 52 #& 4% (Completeness) ~ &
1%:(Condition) ~ A[15F([14:(Availability) FI
HIJHF 4% (Timing) - [f] Parasuraman et al. [45]
AR eV & AR5 & YT IR ) ¢ BET
M~ B TR - R BRI (B
&~ e ~ Lttt ~ HIME - DR/
ZJE%%) - Parasuraman et al. [46 {55 EBL(E
IERIEREE (R © AT ~ B8 - K
FEJT ~ HEEME ~ BATEME) - M HEFER
oo E7KAE_EFTERAY 22 (ERVEIHE - B8
W Ry e B H B2 ME ] ~ 5 o 2 T A B 2R 1
(41 : Parasuraman et al. [45 > 46]%) > {H
22 {EFFEIR H BN A 3 & 7y T ARG
A2 FHCR HY 58 (40 ¢ Carman [31]
Cronin and Taylor [34]) °
=~ BRSEIER T AR S ' E <
S

R Medina-Munoz[44] & S EUN R
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e H T (L R AR AT
R AE 13 (B n] R EE ZE 73 (focus
of control)E 1 - AR E A RAHIE N7
Fo T BRUSRTEAM T BUSFTEE BtHY EE R
oo T ZetrlE ) TEER S ) R TR
RGBT | AOBGET TSR
BUR iR 2 E i SR R IR o
ERTRE R » R&Y AR YK
He TE VU E A O A e E 1 F (1 B ERs
ARG IR oS - FHIE AT A > WIRERGE
SR — A AR > R T
] AZERIEY » (B 78 T AP EE Bl O B RS
o B R B H OGS ARITH A AR
FERIEY 2 BET YA SE AT Ak i R R B SE I
RADY - FEEEEA TIERAYME - INIEARTT
HVEEE AR B S BRI TR D
I ERG E AR T TR » P A RS
o' E AR I Ry (] o

1 [ G 2 28 R 20 B i 5 [ AR i R
o SeRrE R E A EE M - R RyiE—
EMMMEE BN ERH SR bR THR
AR5 250 RZ BRI AR ITH B R
{2 H & e e E R s & A
BEERERR Y NI E T AT 2w
[ BGEAE AR RS i RO A SRR T
R B JEEEEEARERY « B0 fiR(THE A
BFREORB BE RS AN BRYINRAG R - 8
IAIRITSEE A BRI M & ARG 2R
FERS BRI 2 IR o B R (BT

B b RITHHAEBDLESE St T AT Y
AEIE S NI R E Z
2% AR — ez e -
ZHENINEE R E T ERELE
7772 > BRI PZB A&/ SERVQUAL
Y s TH R B RS e B Y m AR
J&» SR ARSI FH B S AR A
SR - A ERBLE - R PZB
ey SERVQUAL BRAKEHEHEE
BATHIFEAIIRALE - Geva et al. [37]H52
R R FIIREEZE A BRI - ohe B e
BIRETIRA IR GE - S5IMBRE[16]
B B e B e B P gE > EEER PZB Y
SERVQUAL EfJiiR#z e 5 e MR 5 i
BN UITaE R - R RTT
SRR AL B IR F e MERY RS e E AR T
% SERVQUAL FffE iy — e ME s e
S A A e USRS A S
HRFMEE Ry MNET RS i B O T

VO~ EREERE AR SURR

DeVellis [35]#5 7 AHEH & — L4
RE B EIRRE  FEREREA
{1~ B9 BFEE - oLk o
MIFHIERDER > #RELER - B
A EIEEE R - FA A ER R
12 HEEEER B LA IEhE
PEHYRAE D BR o EEIN N2 H E R
Churchill[32]Ffr5 e ERIEFHVHED (F R
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EEEFRREA Aladwania et al.[27] »
Sweeney et a 1.[48] ~ Chang et al. [30] ~ Yang
et al. [52] ~ fE4EREFIEAGAGE(1] ~ BKEE
[14] ~ 2I/NFE[20] ~ FPEETH22] ~ ARECEE[S]
BB B [11] % 2 - fth MR B
Churchil [ 32] LG - 2 E AR E R 2R
12 RIEBFE4E SRR PR SR 22
M-

BHELEEANZEN RSO A AT
72 o AIIZLL CR {E81 DP 18 - MHFREAE >
BEIH - FHETTINER 347 2 Cronbach’s o
EBRELET22] - FEERRIER;
[6] ~ &RETHA[26] ~ 2HTES ~ BRAEEHRAITRE
7] TRVGAR[13]~ R E[2]BRREE[4]
FEE - FUREHAEICEEEERNR -
S3E1T Cronbach’s a Item-to-total-Correlation
 FHHETTINZE o4 F#E7T Cronbach’s
a ~Item-to-total-Correlation Yy Correlation
MIEEEH Wang[49] ~ S2EF(3] ~ e
[9] ~ BRFAE[18] ~ Z2F52(21] ~ H SR
[25] ~ BAMRIGHR[10]5E23 » EHEAEHE
BRAENE ALY A e 2R

2 -MRAE

AW Ry T B A — IR e BV IR
o B R FAHEINIMIER > $HEA
[EIR STk T B, AR SR
FwHlanHE AREBEEREREIRE
Z A FERE R R VRN R A

R0 AR B & R R Y A
EERERGLEER -

— ~ [HAEaaT

B S EEREPH R SCRAR LR
[8] » ATFIL &R 54 ITHESE RIS E
e e S A W S = i Y
B Y EE M 5 Likert T R EERM
HETT5 KBk HEHRNEEEE
HYBRL - CREEFRTHILL T EEE
7oy TAREE 657 ~THE 55T
M4y TARER 3 TIRAEE 2
gy~ TEREAREDE | 1 o REREEHIA
REHEME IR - 58y RzEiEn
BEAER  GE R~ A~ SR
BEEE - B2E - SEDEREERE - H
RPN

= WIS A

MG asa T o A IERR ISR (AR T
ENIS e N i3 SV YNIZZ
BB IEE  B150 47 MGREA
ftl F5 2009 4 11 H & 2009 4 12 AR %t
FtICke 2 RS UZEREE
—HhERERAS © 1E R RS A T =
AT AT TR G B -
= WIERBER A

KA FE AWM E A HEITIHE 77
M > BRET T 2 8 T AR R - LK
FE A IS — B AR 53 A1 U (criterion. of




176

BYER £F-+—H REBA+NAFNA

internal consistency) > jEFATA THEG AT
= B R - B Es A 1/4 Fyisd

2H > Bl R R 1/4 R oyeH - F&HH
BRI AR T e - A
EMERRL 0.05 » Foraz HEA B#RIT -

HR NN ZR A 2 HUIR S an'E g
M — AR T EZ A BIRRIERER
3 ¥ (exploratory factor analysis, EFA)Ei
B 26 M A & 43 M7 (confirmatory  factor
analysis, CFA) - BRZMERIZ 73 MHY H HVAE
PRt Rl R Ay S e L S E Y
M > DASE e BB B B s m 2R » a0
o R SO 2 T SR B R e P T B D 2%
EFE T - BB SR ERER
(Factor) » [MAZE I ATHY HEVAER EF—
(&l &R 4h i VB 254 -

EN ANy PRI Fa il
72(Principle Component Analysis)Z%Hy 3t
[E][AZ(Common Factor) » if{F] Kaiser
A th Z BEHURF R AR 1 1 RN
HUHJR A FLZHI A R -2 B S A -
ZFI|FH Varimax Rotation 2 ¥ R 22 AT T
B FEATA SRR FAEARE
(Factor Loading) 2~V J7 A2 f K » HFH
Y H R E R o AU AE SR
BRI AR RS an'E R TR SR S A

= 0 A i)

— - BREERERS W EHEE

T3

R ACETRRES R R A &
FeEHFIRATAE H TR H e E 77
A H PR~ % - MumE T
T e ~ P TREAAR T AH R AT - 3 il B ER A0
2 2 7R o BRI AT 54 TERRS B T &
HH T Z K
T ERERRERG S E R

(ESEay i
(RNZEITAT

TR HTHIA LR 2H
Sl E B S EEEHESEAHE
RN ARAEEGEGETRES
M AWFFEEREE T H - S5 —fE T H ¢
S KMO(Kaiser Meyer Olkin measure
of sampling adequacy) » Z/NiA 0.5 B > 3%
REGERAEGETTRZR M - KMO
EREREREEERZE I AT
FHy KMO {E £ 0.878 - (ARHGERNE
HEEERZEIT -

% M T H Y% Bartlett BKIPARE
ABHFEAT LR ITE Ry 1731.080 HAHEE
# P=0.000 > FEME/NR 0.001 - JRFR
AWFe 2 i GaeaT BT e 2 ME &R
EEEHNEIT

4 KMO E Bartlett ERfZ Az E1% >
ABHFELA 54 THESSHR R oo B
o7 M o BLE Bk 75 7% (Principal
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Components Solution)ZE VBRI ZE © 1
PR E R HEE R 7 RERER 2R
Ko ZeB B BB E N R M Z R (% - R
B RS B T E AR SREH R A
faf & DUT(ERVEER R Z an s -
ABHFES e A BB A% - 45 i
R AR S i PR A D - R PR e AR 4 2 A
Sty - NRARERR 0.5 f5HA
F1-3-6~7-8-9~10~13~14~16~
2324 -~25~26~27~29+-42-43~44 -~
4546 ~47-~48~50~51 5253 7H

(ONMEE T

(B8 7] FR 22 &89 i8 E
Fe—5 - RHEGHIEEER A Cronbach’s
o NE—EMEGE e s mENEE
ISR - 38 Wortzel[S1IRFSE » o (RE0E
MR 0.7~09 » EREEHES > TR
0.7~0.35 HIMS 7] 5 Z{E5Y 0.35 » AllfE
FEARLF - RIFET DUESE - AIFLiesR 3
HE[DUEH » & HEiffPE 2 Cronbach’s a
HEE ST 0.5 DLE » BURAIFEFTELEL
2 EHEhR A R RSB R R T BR T
T EE /P EREIN HerTiEa SR
HHEESHRBEER—EE -
(SEEELAE

AT LA B 77 B 2 AU BUE
RIr 1 REEFEARR 0.5 ZHE - I
SHIbESR E - LREHCE G EEN RS 6
T TR L2 MERIIRT 5 T - ITIR(EHEHY

A5 6 T > TTHE(EFIAVARTS 3 186 > HilEk
TERIIRTS 4 T TTIZFFEHVARTS 3 5> DA
7 I8 BRI 22 Y 20 fip e 4 o R 2 0y ) Ry
41.469% ~ 48.26% ~ 53.999% ~ 59.259
64.34% ~ 68.21% > ARIfETEE R B 5
68.21% (W12 3) » BURABHFTATALEAY /S
EmE A E SRR
=~ BREERE RS M E &SR
TR M
AEERETRERE ST > A S Hair et
al. [38)EH H LB A R EE ST &
() » BB U s LB — R T M -
(ERA T Vs ho2 2 NN}
N L2283 Bagozzi and Yi[28], Hair et
al. [38E L x * B RIS 7 ERAE (¢ /dE)/ N
730 Dl EEECEE - AHRELER
A% PR S L R S R S R R R T — P s
PERZE A (A00E 1) » £ 5 HE(DF)= 309
T HRFEGE)= 333.930 0 X P {H
=0.162 » B2 JE RS - BURAIHIUATEE
T E AL R IR s o — PR =0 T
7 o ARG S E 7 E - AR E
BT8R - G SRR NFI =
0.842 » AGFI = 0.803 » GFI = 0.839 f&
Hair et al. [38]%/DE AR 0.8 DA 2
% o H RMR=0.056 & BT 0.05 -
RMSA=0.027 /[N 0.05 » BE T AR ZE AR
o B B S R A TR 2 7S i > = e A R
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EERHE SN - & ARS8 7S A
S 5 - fE—ER | SR
HIHIEGEE S SR 0.69 754 Hair et
al.[38] KK 0.5 DL i o
— ~ AR T AR % B A T B A
MBS = T

NIE B VR 2= B 5T AH5EsT

AN KHEHBEEAZE > #5H Levene 1

T AR (E A BT RIR R Y 2 e
BRI E AR - A MRS > B

B AR 7N AR T Y 28 SR N R
HI DL ANOVA #E{ T8RS
FREE T - FI4L LSD FE&RME o A
FUEEHEA FEMEAE TR a ) A
A EFVEZE » DR R A R EE -
NEBEREES TR ENE a2
IFEEEHAER BT A EE -
A EIRRE R B R EME | R 2 E R
EHER > DIBRA R i EE - FRIL =
T EIRBE AR HEr A E AR
BB - BEEESER -
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% 2 ERERER S EIE H i

. SPEe)| A WmRE T| AHREE

e w| = | mE | oF

ISR E 3y i e AN ORI ) 5.49(0.92 | -3.76%* | 51%*
2RI THERERAEZE A T B (BRI - Bl ~ f5...55)6.05] 0.89 | -4.77%* | .46%*
3 RITH AT BRI e E EA BRI SRR 5.89| 0.87 | -3.72%% | .50%*
4RI T FT BRI ERE B ERET R B R 5.52|0.84 | -2.37* | .41%*
S RITH AT BB B B A A R AR B REE 6.02| 0.87 | -6.68* | .60%*
6. 1T AT e RV RS S TR R 2 e 6.18| 0.91 | -5.44%* | 49%*
7RI THRE L BEE ARG [ IR SRS 5.62| 0.83 | -6.50%* | .64%*
8 AT+t P 2 PR YIS [ B ER R Y BB 5.38( 0.83 | -4.23%* | 54%%*
0 I THRE L BEE ARG [ JIRVIEY PG5 5.14| 0.98 | -3.20%* | 37%*
10 T REZEBEE AW S [ T8V B & EE) 5.13| 1.00 | -2.57%* | 35%%*
LAEHAE - SHB () RIS RE R B & A (SRR 5.93|0.82 | -10.6%* | [72%*
12 AT HERE L BEFE SR B AP AC il s /N 5 6.06| 0.93 | -8.45%* | .61**
13 AT RE PR R (a8 S 5.96| 0.80 | -6.65%* | 57**
14 Tt P2 RiFHEEE 5.86| 0.81 | -7.44%* | 59%%*
15 i Tt RE L PR A I HTE DL SRS 5.66| 0.85 | -5.87%* | 52%*
16 JRI T AT PR TIR AR i B B B A (EE R 5.77| 0.85 | -7.52%* | .67**
17 GEFR (57 ) E R i7h B (B S e £ TR B 48 5.96| 0.86 | -6.72%* | .65%*
18 GHR (B G T SRR - REXENF RS - 5.88]0.75 | -10.8%* | 74%*
19 SRR (8% REME B 2 TR P &1 2 A T2 SE o % 5.86| 0.81 | -7.56%* | .64%*
20 GER CEL7 ) HE B R Ay e T S B EE R 5.73] 0.71 | -6.12%* | 57%*
21 SHX (R RE S E R B BT IR N A i 6.02] 0.85 | -7.13%* | .61**
22 Jikf T REFHIL LHEF R A IR TR 5.87|0.75 | -8.38%* | .66**
23 RATHEFTZEHENAC A  BERTHE TAZIF RIENFHERL  5.94] 0.75 | -8.68%* | .69**
24 AT P22 BRI E VSRR ME B A BT TAE N S HE T 5.87]0.80 [ -7.98%* | .69**
25 it T FEFR L LR (RIS 8RS 5.80| 0.82 | -7.81%* | .65%*
26 JiK{ Tt T FEE BN A BB e R BT & 5.66] 0.77 | -6.21%* | 58%*
27 FEHERE T FRATHERE 28 SR 2 A B e ] 541 0.73 | -6.97%* | .61%*
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. 35| AR Wi (E T)

el | o | i
28 ik Tt A 2 PR SR AR BA R S B  TIR T & 5.67|0.76 | -8.99%* | 68**
29 AT P22 BRI Y Re | B RE B SR AR B  ATAE AT & [5.63] 1.13 | -4.03%* | .48%*
30 AT AT LS YIRS [ EREFE L B A B PReSIURS i |5.62] 1.13 | -5.03%* | [53%*
31 RITHE AT B BRI RE s F AR A A A 6.00| 0.80 | -6.24%* | .64%*
32 AT AT AR B B S B P R SR E TR & 6.02] 0.82 | -6.41%* | .65%*
33 SHIR(E ) B A E Gk HI AR SRR 6.01]0.81 | -11.2%* | 75%*
34 GHX (B BA B FHEE 5.91]0.81 | -8.39%* | .68%*
35 CHR (B ) $ B B EE e SR 5741 0.81 [ -11.8%* | 75%*
360X () E A RIFHIETAE 5.73] 0.84 | -11.1%* | .76%*
37 SEI (B BE 1T BIE 7 ] B SE R 6.02] 0.94 | -10.5%* | 79%*
38 CHPR (B ) B B AR BRI 5.83] 0.83 [ 10.96%* |.76**
39 SHIX(E ) B A RIFHVRTERTY 5791 0.78 | -7.68%* | .68**
40.SH (BT ) HLA = S AV CE IS 1 5.90( 0.82 | -7.08%* | 7]%*
41 HB (R ) S B PR E B 7R 22 5.64]0.79 | -9.01%* | 75%*
42 GHIR (17 BB & B BV E 77 oK 5.45|0.83 | -9.48%* | 75%*
43 ikt Tt B R E AV (U BE ~ TR RIRIEGHK (5.70] 0.81 | -5.66%* | .54+
A4 BEFREFTIE T - SHRCE D REFERSR VA 5.84| 0.81 | -8.23%* | 67**
45 K T ZHE TR - @ EREHIZ 2N 6.09] 0.90 | -8.91%* | .68**
47 SRR (B B 28 3 IR B = FE R AR 6.14] 1.12 | -7.59%* | .65%*
48 SHRX(BIEIIE T - S 4EE EME SR 5.97| 0.85 | -5.95%* | 58%*
49 kA THE AT BRI TRZRE T (FE & B Y) 5.29(0.85 | -4.31%* | 43%*
SO.SHPR () H i B & B AR RV A A R B 5.82| 1.20 |-10.01%*| 76%**
51 S (B Bk AR A s Re S B E] &% 5.84|0.80 | -10.2%* | 75%*
S2ATHRAZE S » E B A REER A BN AR (ELE)  [5.89] 0.83 [-10.06%*| .74%*
533%%&%%3)&%%%%@%?%@%%ﬁ%ﬁﬁﬂ%é@%ﬁ#eﬁ{% 6.001 0.84 | .5.75%% | 5pws

E

54 CER (BN G RER BB B4 6.28] 0.82 | -5.70%* | 56%*

BRI - Ahtre i
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R3 BERIRERGLENRERNE - ZREREZERE - Cronbach’s a3

# AR K |Cronb | et
i1} & [ach’s a (%)
33 CHBR (8 BA E i IR S REFE 0.81
. 34.%55?(%—%%)&75 Eﬁ?é@iﬁi@fﬁ%ﬁﬁ? 0.79
) " 35 SHBRCEIT) HHE BRI S S E5E E0YpR 3 0.74 091 | 4146
@ 38 QHPX () BA AR R o 0.60 ‘ '
40 95X (B ELUA & R EEE R o 0.59
41 GEFR B e B T ] [Bl Y 7R 2 0.70
2 RATHEAE R B2 2 Al T B (B S R - Bl - fY55)| 0.79
T2 |5 SRATHE P e B BE B 5 R B BRI 0.72
T |54 ER ) GERD Y EE B 7R 0.75 | 0.85 | 48.26
VE 12 5RF T AE Ze s T i B Ay A2 a1\ 5 0.73
AR » SHERCE )R SREEE S E A EHEE | 0.57
17 SRR (B 7)) gefsi b B B & Wit & TR R 48 0.55
e (18 SHRCEEE) ARSI » BRI SEE) - 0.72
E—% 19 S B R e T R B (T s 071 | oes | 5300
?flét\ 20.FERX (B HEE S EAAY T SRR R 0.77 ' '
21 SER (B REF BRI B B TR N A # 0.71
22 kAT BE TR L L HE T AR R AT A YA i T A 0.58
o POSRI T AT 22 eI RE YR LB RE PR A B S (R
T2 o 0.79
O LA R E e P s | 0eo | % | %
49 kAT T BRI TRERE T (E B B ) 0.80
o 4.)5%??)3)?%5!59’9@&}?55\_7%%%%E@%Eﬁ?ﬁ% 0.80
EF@‘E 15.ﬁﬁ?i%iﬁEﬁﬁFﬁﬁ%ﬂ%EE@%E%%rE 0.71 073 | 6434
‘fiu 36. 90X (Bl B BIFHIREREE ) 0.81 ' :
37 48% (B A fE I 1 BV 7R E 25 R 0.60
1752 [28. ik T P2 HEny SR RE Bl A S AT & 0.79
B B2 R T AT Py B & E e SR B 2 TS E | 0.62 | 0.51 | 68.21
M [39. 48R CEIE) B BRIFHE EETY 0.64

BRIACR © At
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Standardized estimates

KEER B X B RGBSR &S R T
4 75 B CHI-SQUARE=333.491 DF=309 P{f=.162 CHI/DF=1.079
GFI=.849 AGFI=.815 NFI=.842 RMR=.055 RMSEA=.026
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® 4 Rl E AR ABEEZ =R

71 YA

T

HERE

PR

pa s

&k

]

>=

S
4
Leven

e

458

>

S
=4
Leven
ME

IF/:
5|
L 4
UE!

Vi

&3
ZF

A
2R

=

JE

zlz
5|
k4
LE!
=

o [ZF

T

B
2
Leven
e

1‘2
¥
L4
GE!
%
ZF

T

S
LI
2
Leven
e

1‘2
5|
L4
A
%
ZF

T

EAgE!
E
Leven

e

fa

1.23

1.95

1.09

1.93

0.99

0.33

0.97

0.11

1.93

1.27

0.94

1.70

0.01

0.92

e
e

#1 0.31

0.11

0.36

0.13

0.40

0.81

0.41

0.96

0.11

0.29

0.33

0.20

0.92

0.34

s

1T)5

0.24

1.55

0.60

0.92

1.39

1.36
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Organizational Learning : A Case Study for

International Tourist Hotels’ Bakers

Chien-Lung Chen, Chun-Shou Chen, Ho-Ming Lin

Abstract

The concept of organizational learning has attracted a considerable amount of attention
over the last two decades. Numerous fields have shaped thinking about organizational
learning, but bring a variety of perspectives and definitions. The best answer for resolving
controversies is to let empirical evidence determine the issue. Unfortunately, the proportion
of empirical studies on organizational learning , especially, for the back-office bakers in
hospitality is rare. The study aims at exploring the organizational learning processes and
learning types of bakers. The qualitative analysis was adapted in this study and the data
were collected through in-depth interviews with 12 experienced and well-known bakers
working in five international tourist hotels in Taiwan. This study also find out the
facilitating factors of organizational learning(organizational context, chef ‘s leadership style,
team culture). Finally, the implications of the findings and direction of future research are
discussed.

Keywords: organizational context, leadership style, team culture.
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A study for cutting conditions of three-axis

machine tools using Taguchi analysis method

Tung-Hsien Tsai, Tung-Hung Lin

Abstract

End milling with high speed machining is widely used to the production of different
products of precision machinery industry. In order to maintain the mould industry's
competitiveness, a process program with high accuracy, low cost and the shortening of
finishing time is an important key technology to the manufacturing of the complicated
mould. The reliability of the processing products depends on many parameters and
engineering decisions. Therefore, the cutting condition and environment control in the
high-speed machining naturally become one of the precision machinery important subjects.

The present study aims to establish optimal cutting conditions of three-axis machine
tools in end milling using Taguchi method. In the experiment, four parameters of cutting
conditions are considered. The objects of quality include surface toughness, dimensional
accuracy, roundness and cutting time. Various set of objects can be acquired in different
cutting conditions. Therefore, the optimal cutting conditions can be obtained by using the

analysis of variance procedure. The benefits of this experiment were verified.

Keywords: Taguchi analysis method, Optimization, Cutting Conditions.

Tung-Hsien Tsai, Associate Professor, Department of Mechanical Engineering, HIT.
Tung-Hung Lin, Graduate Student, Graduate Institute of Precision Machinery and Manufacturing
Technology, HIT.
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Modeling the Impact Dynamics of the 3-Link
Arms by Adaptive Control

Pao-Hwa Yang, Shiu-Ping Wang,
Po-Chia Chen, Hung-Nan Jan

Abstract

In this paper, the modeling of the impact dynamics between the 3-link arm and
highly rigid wall is proposed. Due to the complexity of the impact phenomenon from
transition of non-contact to contact state, a technique combined with the nonlinear
cancellation and adaptive gain-estimation is proposed. With this technique, the impact force
can be estimated by the gain updating-law. Hence, the controller design to stabilize a system

can be achieved under impact.
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I. Introduction

As a role that robot plays from a
manufacture machine in the plant to an
intelligent tour guide in the museum, the
concern between the robot and its
surrounding environment has arisen. One
of the important issues is the impact force
of the robot arm can produce to the
surrounding environment. It is a high stress
in very short duration when two bodies
collide. Due to the complexity of the
impact phenomenon from transition of
non-contact to contact state, it is not easy
to construct the model of the impact.
However, the studies of the impact model
are accumulated in the literature. Among
them, one is the empirical method can be
found in Neville Hogan [1] emphasizing
the experiment set-up to eliminate the
redundant measurement and Nitish Mandal
etc. [2] focusing on the experiment
to divide the

three

implementation impact

phenomenon into stages: the
pre-contact stage, impact stage and post
contact stage. Another is the approximation
method such as Q.F., Wei etc. [3] mostly
adopting the spring-mass-damping model
before and after the contact and the
nonlinear approach during contact, Yu
Wang [4] utilizing the graphical method to
model the impact force, Neville Hogan [5]

and Tomer Valency etc.[6] concern the

instability contact problem and proposed
the impedance control, which the impact is
treated as an external input instead of a
disturbance which need to be rejected.
However, it is still an obstacle to design a
controller without full information for the
state from free motion to the contact

occurring.
Recently, W,-S. Lu etc.[7] and A.
Tornambe  [8-10] had  successfully

employed the adaptive method to model
the transition states between non-contact
and contact. Due to the limited priori
about the

beforehand, it is

knowledge contact force
impossible to fully
understand the behavior of the impact
before and after without gaining the system
parameter information such as masses,
stiffness, geometric dimension etc. By
utilizing the adaptive control, the system
parameter can be estimated and the control

of the impact can be achieved.

The 3 link arm mathematic

model:

The dynamic equation of the robot
arm model can be derived from Lagrangian
equation, which is in compact form

M(q)q +C(q,9)q =T (1)

or in general structure
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M, M, M,]|q X,,X,,X; : the horizontal coordinates of
M, M, My||qG,|+ each arm with respect to the arm base.
(M My, M| 4, V1,V,,Y;: the vertical coordinates of each
G C, Cull4 0 arm with respect to the arm base.
G Cy Ch||ldy =7, (2) r: the distance from the arm base to the
G Gy Gyl 4, 73 wall.

which in (1) M(q) e R™ is the inertia
matrix of  the excavator arm,

C(q,q) € R¥® is a centripetal and Coriolis

term and T e R™ is torque input. The
terms (,q € R”' represent the angular
position vector and angular velocity vector
of the joints respectively as defined in the

following figure. A more detailed equation

structure (2) can be found in appendix L.

figure 1. Robot arm

q,.9,,9;: the angular position of the first

arm, second arm and third arm.

l,,1,,1;: the length of the first arm, second

arm and third arm.

The impact conditions and

force:

From the figure 1, there are two
geometry terms which play an important
role in the contact between the arm and
wall, the

end-effector

manipulator  horizontal

function h(q(t)) and the

vertical end-effector function y(q(t)) ,

which are described as

h(q(t)) = r -/, cos(q,(?)) — 1, cos(q, (?)
+q, (t)) - 13 COS(% (t) +4, (t) +4; (t)) (3)

y(@(®) =/ sin(q, (1)) + 1, sin(q, (1) +
q,(®) +1;sin(g, (1) + q,(H) +q;(2))  (4)
The physical meaning of h(q(t)) can be

interpreted as the following conditions:
h(q(t)) > 0 The arm is in free motion.
h(q(t)) =0 The arm begins to contact

with the wall.
h(q(t)) <0 The

reaction force is

generated between the arm and wall.
the need of the

simplification when in

However, due to

contact, one
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assumption is imposed, which s

y(q(t) = 0 when in contact.

If the impact torque to be considered
is only the reaction force generated from
the deformation between the arm and wall
and the direction of the deformation travels

along the horizontal, the torque can be
defined asf, = k,J, (q()h(q(t)) (5
k,: the elasticity constant of the arm.

J, (q(t)) : the Jacobian of h,

oh(q)
oq

For simplicity, the wall is highly stiff and

and J, (q(t)) =

rigid such that the deformation is occurred
only in arm.
After

motion of the equation with impact torque

these observations, a complete

for a 3-arm robot can be described as

before and after contact:

M(@)q +C(q, g =T

h(q(t)) >0 (6)
during the period of the impact:

M(@)§ +C(q,9)q + &,/ (@h(g(®) = T
h(q(t)) <0 (7)

The controller design of the

robot arm with impact:

Ultimately, the purpose of the design
is to regulate a robot arm to follow the

prescribed path which is also described as a

regulator control problem. Given a desired

trajectory (q,,q, ), the control problem

can be re-addressed as to find a controller
such that the motion of the robot arm can
follow the designated path. Due to the
structure of the motion equation of the
robot arm being nonlinear, it renders some
of the nonlinear control techniques or
combined one of them can be employed
such as the feedback linearization, sliding
control and adaptive control. But the
complicated transition state between
non-contact and contact and the deficiency
information about the impact, it is not easy
to deal with the problem by only one
technique.

Our proposed controller design will start
from the free motion case of the robot arm
by the input-output linearization and then
the impact generated case by adaptive
control technique hereafter.

The free motion case: h(q(t)) >0

From (6), the equation of motion can be

written as

4 =-M"(q)C(q,9)g + M ()7 ®)

Let M (Qr=v+ M (@C(q,9)q -
H,(q-q,)-H,(q-q,) 9)
Plugging (9) to (8)

q+H,(q-q,)+H,(q-q,)=vV (10)

Define§=q-q,, q=q-q, and replace
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to (10)
q+Hq+H,q=V (11)
In (11), v isanew input andH,,H, are

diagonal matrices with positive diagonal
elements which can be properly chosen

such that q will approach 0 rapidly.
Let H, = diag( hg,,h,,hy; ) and
H, =diag(h,,,h,,,h ;) are two diagonal

matrices with elements

By i=1~3

positive
Those elements are
relevant to the convergence of (q
approaching to zero. The pick up of
hO,i’hl,i

can be searched from the

following equation
A +h A+h, = (/1+L)(/1+L) (12)
’ ’ 7’-l,i TO,[

7,,,T,; are the time constants from the

transient state to the steady state.
The impact generated case: h(q(t)) <0

In (7), the equation of motion with the

impact can be rewritten in the following

q=-M"(0)C(q,9q-

kM7 (@), (h(qt) +M (@)t (13)
It will be our major obstacle in

obtain  the

controller ~ design  to

impact-induced force k,J] (q) with little
pre-knowledge such as the magnitude and

duration before the contact starts. However,
A. Tornambe[8-10] had been successfully

employed an adaptive control technique of
so called Slotine type[11] to deal with the
problem with an existing unknown
parameter which can be estimated by
gain-updating law based on the information
that is available. With implementing theses
techniques, an adaptive controller can be
constructed to deal with a generated
impact-induced force when in contact.

First, an  estimation of the

impact-induced force d is provided as

next:
d(t) = &(t) + p(t) (14)
&(t) = uH, (q(t)- q, (1) +
HH, @) -4,)

= uH,q(t) + 1H, (1)

M positive constant.

(15a)
(15b)

E(t) : the transient state.
Obviously, the impact-induced force
&(t) is related with those terms: one

state q(t) and two error

state ﬁ(t),ﬁ(t) which are available to help

to estimate when in contact. Incorporating
the estimation term into the proposed

control torque as next:

M (g)r =M (9)C(q,9)q -
H,q-H,q-d(t (16)
Plugging into (13), then
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q=-k,M"(q)J, (qh(q)
-H,q-H,g-d(
- -fceM" (@, (Dh(w)- a7
d(t)-H,q-H,q
For simplicity,
let d(t) = —k,M " (q)/, (a(t)h(q)

(18)
then our impact control of the excavator arm

problem can be recast as

q=W®-dt)-H,q-Hg (19)
or

q=d®-H,§-H{q (20)
with d(t) = d(t) - d(t) Q1)

In the next, a lemma is provided that
the given an estimation law of
impact-induced force defined in (14)~(15)
the proposed control law (16) can stabilize
the impact equation of motion (13).
However, the aim is to regulate the arm to

follow the designated trajectory (q,,q, ). If

a closed-loop system of the state error and
estimation error can be constructed, the
complete proof can be obtained by showing
all these errors approach to 0, which in turn
the impact of equation of motion can be
stabilized and the impact force can be

estimated.

Lemma:

A closed-loop system constructed from

(14)~(15) and (19)~(21) is stabilizable.
Proof:

A closed-loop system constructed from
(14)~(15) and (19)~(21) can be expressed as
the following:

Z(t) = Az(t) + Bd(t) (26)
d(0) = Wz, (0 + 9,2, (04,) - 14O (27)
In which,
z,() =§(),2,(®) = (0,2t = [z,() z,(®)]
kM (@), (q)) .
q
oq

A~ln, o} 37

A more detailed derivation of (26)~(28) can
be found in appendix II.

s \Il(q’ q) =

(28)

From (3), h(q(t)) is a continuous

function and it can be verified that

(kM (q)J, (q)
oq

in appendix III, which means

is globally bounded

3
on R

y(q,q) holds global Lipschitz property
with respect toz(t). Hence, the following
condition exists:

H\y(z1 +q,,2, + q'd)H < QHz(t) ,VzeR°,Vq, e R’

, in which || is the Euclidean norm
-1 T
P %a(keM a(q)Jh (q)H- A for
q

the choice of the H,H,, it only needs to

satisfy the following matrix equation
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and P is a symmetric positive definite

matrix such that PA + A" P =—1 . (29)
For further proof, the closed-loop system
of (26)~(28) can be rephrased as:

zZ A B |z 0
o Sl e
Simplified the notation
y/ A B 0
SRS L
then (28) will be
y=A,y+B,y 31

Let a Lyapunov function be defined as

’ P 0
V=y KyandK = 0o Ll

2
V=y'Ky+y'Ky
TAT TpT
=(y Ag+\|1 Bg)Ky+
Yy K(A,y+B,y)
=y (ATK+KA,)y +
(v'B.Ky+y KB, y)
| A"P+PA PB
= , y+
B P - u
(v'BKy+y KB, y)
T A"P+PA PB N
<y B7P L y
(w'BK v+ [y KB, w))

[A"P+PA PB o o
U et T B

<[]

{ —1 |78+ Q}H”y”
|PlB[+0  —u

(32)
To choose ,u>(||P||||B||+Q)2 , it

guarantees the closed-loop system is stable.

Example:

An 3 link robot arm structure data is

given as listed in the following tables:

arml arm?2 arm3
mass(k.g) 4 3 3
length 3 2 1
center of | 1.5 1 0.5
gravity(m)
moment of | 3 1 5/16
the inertial

The initial state is

T
T T ) T
=l— 0 —|.,q,=/0 0 O
q, |:4 10:' q, [ ]
and the state  is

desired reference

T
qd{o 0 ﬂ q,=[0 0 o].

Some parameters are set to the following

values for simulation purpose:
r=5m,k, =10, hy, = hy, =hy, =
40000, k| = h,, = h, , =400 '

The results are shown in the following:

from figure2~figure4 is the variation of

rad



Modeling the Impact Dynamics of the 3-Link Arms by Adaptive Control :

Pao-Hwa Yang, Shiu-Ping Wang, Po-Chia Chen, Hung-Nan Jan

229

I e Bl

08p----n--

trajectory (¢,,9,,q;) from initial states

regulated to the desired states. In figure 5,

it is the variation of /(q(¢)) and shows the

impact occurs around 0.01 second. The

angular velocity is in figure 6.
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The Conclusion

In this paper, a controller design is
proposed to deal with the problem that the
end-effect of the 3 link robot

movement form the conditions of the free

arm

motion to the moment of the contact
the

transition states between the non-contact

occurring. Due to complicated
and contact, the control technique based on
the feedback linearization and the adaptive
updating gain control is employed. A
numerical simulation example is also
provided to demonstrate the effectiveness

of the proposed controller.
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Constrained

Appendix I

The detailed structure of the dynamic
equation M(q)q+ C(q,q)q =T is shown

in following:

M, M, M;]|q

M, My, My||q, |+
My My, My ]| g,
_Cll C, Cyll4 (3

Cy Cn Cyullq:|=|7;
_C31 Cy, Cy]l4; 73

]\/[11 :hl +I’l4 +h6 +2h5 COSQZ +

2h, cosq, +2h; cos(q, +q5)

M,=M, =h +h,+hscosq, +

2h, cosq; + hy cos(q, +q,)

M,; =M, =h, +h,cosq, +h;cos(q, +q;)

M,, =h +h, +2h, cosgq,
M,, =M., =h, +h,cosgq,
M, =h,
C,, =-hsq,sing, —h,q,sing; —
hy(q, +45)sin(q, +q;)
C, =-h,(q, +q,)sinqg, —h,q,sing, —
hy (g, + ¢, + ¢5)sin(q, +q;)
C;=—(q,+4, +q;)(h,sing, +
hysin(gq, +q5))

hs(2g, +q,)sing, —2h,q,sinq, +

_ 1y (24, +4,)sin(q, + ;)
n =
2

C,, =—h,q;sing,

)

Cy =—hy(q, +2q, + ¢;)sing;

Cy, = hy(q, +q,)sing; + hyq, sin(q, +q;)
C;, = hy(q, +¢,)sing;,
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Cy; =0 closed-loop system with error states

hy=1,+m, h, =11 my, hy =11 m,,
hy=1,+0m, + 1 m,,

hy =1,(l,,m, +1,m,)

he =1, +12m, +1lm, +1'm,

I,,1,,1I, represent the moment of the

inertial with respect to each arm.

4,4, 4, the angular velocity of each arm.
7,,7,,7, the control input of the each

joint.

Appendix 11
In (14)~(15) we can

eliminate &(t) by%(a(t)) in (14) as result

in next
d=pu(H,q+H,q+q) = ud (a2-1)
So (21) can also be derived as
d(t) = d(t)-d(o)

= d(V)- pd(®) (a2-2)
However, from (18)
d(t) = —k,M ™ (q)J, (q) then
. M-l T
d(t) - _ a(ke (q)‘]h (q)) q

aq

=v(q,q) (a2-3)
So, d(t)=y(q,)- pd(®) (a2-4)
Combined with (20) and (a2-4), a

(ﬁ(t),(i(t),a(t)) can be constructed. More
specifically, it can be derived as follows:

Z(t) = Az(t) + Bd(t)

d(t) = w(z, (0 + q,,2, (04, ) - 1A(0)
In which,

z,(t) = §(t),z,(t) = (1), 2() = [z, ®) z, ()]

SRS
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Appendix IIT v(q,q) which also shows
From (3), [wia. 4] < Ofz]

h(q(t)) =» -1, cos(q, (1)) -1, cos(q, (¢) +
q, (1)) —1; cos(q, (1) + q, (1) + q,(1))

It can be derived the

structure of

ok M (@), (@) _
oq

—ep ke (gP_"'S . dp (b2hi? Pas[aza]?) , Fplidin[e1] ]
I.P I.P

_epke ( pap 0 (B24bS42 BaCor[ain] bl Lor[azn] 2 b7 Cor[atn] Cor (s8] h2f tos[e2]d) . hpl?&in[sl]]

ap

12 (BSnE b5 E Cos[aw]f 48 rd Cor[a2e] -2 n2 Cor[atx] Cor[s2] h2¥ Cos[2]®) Sin[el]
-

in which, h,,h,,hy,h,, hg,h, is defined as
in appendix I and the rest new variables
defined in the end are for simplified
purpose. As the term ap appearing in the
bracket

of w(q,q) 1is non-zero, it
guarantees that w(q,q) is non-singular. On
the other word, it is bounded.

q,(1) =a4,,9, () = Ay ,q; (1) = a5,

58y T8y, + 83 =S;,8y +83 =S;

8y, —8gy =S3,8, +285, =S,,8;, T8y

=S

hh, =b,,hh, =b,,hh, =b,,

hhs =by,hhg =Dbg ’
hyhy, = b, h,h, =bg,hh; =Dy

hyhg =Ny, hh, =N, hhy =ng, hh, =N,
hohy =ng,h,hg =ng,hshy =N,

I sin[s ]+ Lsin[s,]=n,,

- )

Isinfa, ]+ 1;sin[s ]+
Isin[s;]=dp
re-1,cos[a,]-L,cos[s, |-
lcos[s.]=ep

-b, -b,cos[a, ]+ hicos[a, T +
b7COS [a3x] Cos [Sz] =gp
b.cos[a,,]+bscos[a,]cos[a,,]-
n,cos[s,l-b,cos[a, Jcos[s,]=hp
-b, -b,cos[g J+n,cos[a ]
b,cos[a, lcos[gJ+n,cos[s]+
n,cos[g Jcos[sl+b,cos[a lcos[s]+
hicos[sf =bp

b,h, -h,h’cos[a,F -h’h,cos[a,f -
hih,cos[sF +2bh.cos[g,]cos[a]cos[s]
=ap
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Injection Characteristics of Composite

Emulsified Fuels on Diesel Engine Emissions

Yung-Sun Lin

Abstract

The injection effects of diesel-alcohol-water composite emulsified fuels on DI engine
performance and exhaust emission mechanisms are studied in this paper. Alcohols were
prepared from waste foods and added into fossil diesel fuels called green fuels. An
experimental system was developed to investigate the fuel effects on engine performance.
Fuels were injected into a constant volume bomb, which simulated elevated temperature
conditions in a diesel chamber. High-speed photography and laser diffraction were used for
measuring spray characteristics, and engine tests were conducted by measuring exhaust
emissions with various alcohol contents. The experimental results indicated that NOx
emission decreased obviously compared to the use of diesel fuel. Under the control of
injection timing and alcohol content, emissions decreased. In conclusion, the DI engine

emits lower exhaust emissions when burning diesel-ethanol-water fuel with 10~15% ratio.

Keywords: green fuels, DI engine, exhaust emissions, injection effects.
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1. Introduction

After WWII, petroleum supplies
were very abundant and cheap, thus
undermining the importance of exploring
the use of alternative fuels. However, due
to successive shortages of oil reserves
and rising environment protection
awareness, R&D of oxygenated fuels and
designs of oil-saving and less polluting
engines became the key focus of research
by many countries in the 21* century. In
terms of heat efficiency, the diesel engine
was apparently superior to the gas engine,
although serious NOx, smoke and PM
particle exhaust were major pollution
nuisances [1]; hence, oxygenated fuel has
more advantages as an alternative fuel for
diesel engines, and this is especially true
for alcohols which have been dubbed
Fuel”.

alcohol fuel has a low air fuel ratio, high

“Tomorrow’s However, pure
Reid vapor pressure (RVP), and low
caloric count; greater evaporation of
latent heat and the highly corrosive nature
of some alcohols would have a negative
impact on the current internal-combustion
engine body and performance [2]. Reed
et al. [3]

automobile engine using alcohol as a fuel

experimented with an

additive; the result proved that the proper

addition helps to lower engine thermal

exhaust while maintaining alcohol
advantage, and making up for the lower
heat efficiency of pure fuel. Niwa et al. [4]
studied the cold-start

performance of diesel fuel incorporating

stability and

methanol; the results indicated that not
long after the addition, phase separation
occurred and the oil pipeline became
corroded and leaked, so that its cold-start
performance had to be improved.

Miyamoto et al. [5] used some
oxygenated fuel as an additive in an
attempt to improve diesel engine noise
and pollution problems; the results
indicated that specific alcohol- ether
compounds decreased diesel engine NOx
and noise, but that the

performance of some blended fuels

ignition

deteriorated and fuel stability clearly
decreased with the increased additive.
Bertoli et al. [6]
single-cylinder DI

undertook a
diesel  engine
experiment by adding various oxygenated
additives to alkane-based stock oil; the
test result indicated that the proper
control of oil volatility and hexadecane
value could well inhibit aldehyde and
carbonide discharge of alcohol-ether fuel.
Spreen et al. [7] studied the impact of
various diesel fuel characteristics on the

gas exhaust of a 1994 Navistar DTA-466
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high revolution
indicated that

engine; the results
increasing the fuel
hexadecane value could suppress NOx
discharge, but that higher aromatic
content would give rise to increased PM
particle discharge, SO the
recommendation was to increase diesel
oxygen content in order to inhibit this
discharge. Fleisch et al. [8] tried to
resolve the problem of the high pollution
of city buses and medium-duty trucks
with ether-alcohol fuel in order to meet
the 1998 California Ultra Low Emissions
ULEV standards. The result indicated
alcohol fuel had lower
irritating HCHO

emissions increased and engine system

that pure
hexadecane value,
corrosion accelerated; yet NOx exhaust
was somewhat improved. In terms of
price, 100% alcohol anhydride fuel was
far more expensive than diesel fuel; this
did not meet the aim of achieving cost
saving. Hansen et al. [9] set up a new
alcohol-ether production process (stand
alone DME plants) to supersede the
conventional low output dehydration
method (methanol dehydration process);
the results indicated that the new
production process lowered investment
cost, product purity was elevated, and
refining consumed less energy. Key

reaction equations were as follows:

1

3
CH, += 0, CO+2H,0
CH,+H,0 = 3H,+CO

CO+H,0

1

co,+H,

CH,0H+H,0

1

3H, +CO,
H,0+CO0 < C(CO,+H,
2CH,0H = CH,O0CH,+H,0

B Methano! +2DME ( mole )
N CO+CO,(mole)

Eff.

The efficiency of the new
manufacturing process could be above
90%. Bailey et al. [10] used pure-ether
DEE to make a feasibility analysis of
C.ILE alternative fuel; the
indicated that the fuel price and

results

manufacturing process still needed to be
improved, the exhaust pollution hazard
required further evaluation, and adding
alcohol to diesel fuel could increase the
hexadecane value. Among the literatures
on improving fuel properties and
combustion behavior with an interface
Hamasaki et al. [11]
emulsified rapeseed oil with water, and
studied  the

compression ignition engine exhaust

technique,

influence of D.L
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emission. The results indicated that pure

rapeseed oil caused more severe
pollution; however, with an appropriate

nozzle size (d = 0.22mm), emulsified

fuel could lower diesel-derived HC and
CO pollution, but as the moisture level
rose, the DI engine itself still had many
negative effects to resolve. Tsue et al.
[11] studied micro-explosions of
water-emulsified fuel, indicating that
micro-explosion intensity was subject to
moisture and ambient pressure. In 1998
Mikami et al. [13] used
n-alkane/n-hexadecane  to  simulate
micro- explosions of emulsified fuel.
Cheng et al. [14] addressed the facts that
the propylene glycol (C,H, O ,)
molecule has two alcohol groups, is
nontoxic, and when wused as an
emulsified fuel during combustion, it
could provide abundant oxidation for
fuel. An experiment indicated that,
regardless of engine parameters such as
spray characteristic and injection angle,
diesel exhaust discharge was not
significantly improved, NOx emission
only improved marginally, CO and HC
emissions  appeared to  worsen,
explosion shock occurred during the
experiment, and engine start

performance clearly deteriorated. It’s

known from the above analyses that in

regard to compression ignition DI

engine  pollution  control,  total
replacement of existing diesel or
emulsified fuel with pure

alcohol-ether-ester ~ fuel  still had
technical or theoretical difficulties to
solve, whereas adding alcohol to diesel
fuel was the generally accepted
applicable approach. The unfortunate
aspect was that alcohol and fuel polarity
difference gave rise to incompatibility
as well as fuel pipeline corrosion and
leakage; in addition, the engine structure
would have to be modified in future
improvements. Up to now, the interface
activation technique-based modification
or overall solution was one of the
accepted  simple and  effective
approaches. Therefore, this study first
tried to prepare variable ratios of
surfactant combinations with alcohol
additive coupled with stabilizer, thereby
forming more stable
diesel-alcohol-water composite fuel, and
then did spray behavior tests on various
fuels. The test results served as a pilot
theory basis for further improvements of
injection engine exhaust emission; this
study expected to have a positive impact
on key pollution problems of the DI

engine with the help of injection
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parameters, to provide references for

researchers.

2. Apparatus and

measurement

2.1. Test apparatus

This experiment setup included the
following major apparatuses. (1) In order
to further study the impact of biofuels and
their emulsions spray characteristics on
emissions, this study used a diesel
Japan, Model
YDG2700E, with specifications shown in
Table 1. It is a common commercial
4-stroke,

air-cooled, direct injection diesel engine.

generator made in

single-cylinder, vertical,
The engine is connected to an electrical

generator to provide load required,
adjusting load by changing current supply.
Each fuel was tested for 2h with 80% of
the full load. A Motorscan Eurogas
emission analyzer model 8020 was used to
analyze the concentration of the carbon
monoxide (CO), unburned hydrocarbon
(HC), and nitrogen oxide (NOx) of the
exhausted gas. (2) A constant volume
simulation bomb was used to observe the
spray behavior of composite fuels in a high
temperature combustion chamber, as
shown in Fig. 1; this experiment set up a
constant volume

variable temperature

bomb to simulate the heat conditions in a
cylinder, and a high speed photography
technique was used to capture transient
micro-explosions of fluid droplets arising
above a specific critical temperature. This
cylinder unit has an inner diameter of
175mm and a length of 800mm, its body is
made of SUS 304 stainless steel material
and its transparent sight window is
tempered glass resistant to high pressure
and high temperature; affordable sustained
pressure and temperature were 30kg/cm’
and 500° respectively. The unit’s interior
was designed to be heated with Skw fuses
evenly distributed; adjusting heating

voltage  of  temperature  controller
controlled internal heating temperature.
The experiment’s safe temperature was
within 25~400°C. Nitrogen gas was
refilled into the unit to prevent spray
ignition, combustion and explosion, with
gas density fixed to 2kg/m’. (3) A CH,O

tester: Japanese Shimatsu Double beam
UV spectrophotometer, model UV-200 was
used (4) A high-speed camera and control
box: NAC Model-E10 was used. (5) A
laser particle size analyzer: Malvern
Model 2600HSD was also employed.

2.2. Fuels

Alcohols were prepared from waste
foods and added into the fossil diesel fuel
called green fuels. Pure alcohol fuel itself
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has a low calorie count, large evaporation
of latent heat and low air fuel ratio, thus
rendering it unsuitable for current engine
units. But its molecules provide OH
groups, aiding in fuel oxidation during
combustion and decreasing pollution from
diesel engines or industrial furnaces.
Therefore in this study, common industrial
alcohols such as methanol, ethanol and
propylene glycol were incorporated as
additives into base fuel: diesel fuel; their
physical properties are shown in Table 2.
An interface technique was utilized to
improve alcohol wear corrosion and
leakage in order to solve the fuel phase
separation problem and improve part of
fuel spray combustion behavior through
micelle structure. This article adopted the
HLB value frequently used in industry to
define

products from the American Atlas Powder

surfactant  polarity, important

Company, Span and Tween surfactant

groups [15] were blended in various

proportions and the addition was
controlled at 0.5~2% as diesel fuel and
alcohol interface surfactant. After multiple
trials, we failed to obtain highly stable
composite fuel; alcohol separated during
the diesel fuel phase and precipitated in 5h;
when highly viscous surfactant was above
2%, fuel oil viscosity suddenly surged.
Thus,

indissoluble behavior of water and alcohol;

this experiment considered the

water was added as stabilizer to reduce
surfactant amount, while meeting the
utmost requirements of stabilizer choice as
pure monomolecular structure and low
price [14]. Repeat tests indicated that when
the addition ratio of alcohol to fuel

alcohol + diesel) is within 30%, water
(

addition to separation phase (alcohol) is
maintained at 50% or the alcohol-water
ratio is fixed at 1: 1, and the Span-Tween
composite surfactant group (HLB value
controlled at about 4.6) addition is 0.8%,
then diesel diesel—alcohol—water
composite fuel can be stable for one month
or so; during the fuel stability test, the
separation phase accumulation and
coalescence leading to phase separation
are not significant. This experiment tried to
add up to 1% acetyl alcohol to various
alcohols to improve composite fuel
stability, thereby contributing to exhaust
discharge analysis  experiments for
reference. Testing proved that leakage
wear expected to occur during composite
fuel combustion had been solved, while
from  original

high  deposits pure

water-emulsified fuel no longer emerged.

2.3. Test measurement

2.3.1.Formaldehyde generation mechanism

and measurement

Irritant  formaldehyde is one of

important emissions of alcohol-based fuel.
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Ito et al. [16] pointed out that the primary
cause of formaldehyde emission is that
unburned fuel in clearance between the
combustion chamber and piston ring and in
the extinguishing area of the wall became
oxidized at low temperature during engine
expansion and venting. The key generation
mechanism of formaldehyde is as follows
[16, 17]:

CH,0H + 0, =CH,0 +Ho, (1
CH,0H + M =CH,0 +H+M )
CH, +0=CH,0+H )
CH, +0,=CH,0+0H (4
CH, +0H=CH,0+H, (3

It is known from the above formulae
that methyl radical and methyl hydroxyl
radical were key factors of generation,
while oxygen molecules in the exhaust also
aided in formaldehyde generation. Increase
of NO concentration aided in destroying
formaldehyde, as shown in Eq (6)~(8).

CH,0+0H=CHO+H,0 (6
CH,0+H=CHO+H, (7
NO+H,0=N0, +0H (3

This experiment adopted the MBTH
method to determine the
formaldehyde content (ppm) based on
blue product; after reaction of
formaldehyde and the MBTH

(3-methyl-2-benzothizolone) solution,
its absorbance was determined with
spectrophotometer at 628nm.
Formaldehyde concentration could be

represented as:

CxVex24.45
m=—--

= (9
’ VaxXMWXE /

Where, C is standard

absorbance (pg/mf ), V, is test gas

corresponding

volume, MW is molecular weight, V. is
volume of absorption solution, and E is

absorption efficiency, 0.95.

2.3.2. HC, CO and NOx measurement

HC emission was due to incomplete
fuel combustion or cylinder fire, and CO
was also caused by incomplete combustion
of mixed gas, especially local fuel
enrichment and oxygen depletion inside
NOx was

generated by high temperature arising

the combustion chamber.
from engine combustion, enabling N, not
involved in combustion to decompose and
react with O, to generate NO; under lower
temperature with excessive O, residue, NO
would be oxidized to generate acutely
toxic NQO,. Critical reaction mechanisms

were as follows [18]:
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N, +0 & NO+N (10)

N+0, ¢ NO+0 (1)

N+0H & NO+H (12)
1

NO+=0,—NO, (13)

2.3.3. Spray characteristic measurement
An E-controlled NAC E-10 high
speed camera was used to inspect transient
spray behavior of fuel at high temperature;
shooting speed ranged from 4000 to 5000
fps; 16cm artwork of ISO500 ASA Kodak
7240 and Nikkor 50 mm {/18 standard lens
were employed, and side illumination and
NAC type 300 xenon light were adopted
for the simulation test at preset test
temperature ranging between 100 and 400

‘C . An injection tester coupled with

Malvern 2600 HSD particle size analyzer

was used to measure spray droplet
distribution (SMD), while a laser beam was
used to examine atomization of various
fuels. Overall spray results would be the
pilot theory basis for composite fuel

exhaust emission testing.

3. Results and discussions

3.1. Fuel spray effect

Figs. 2 and 3 used an injection test
simulation unit to analyze spray behaviors

of various fuels; composite fuel spray

behavior was captured by high-speed

photography  technique  under  high
temperature, and then compared with diesel
fuel, as shown in Fig. 2. It was seen from
the photos that at equal injection condition,
at the initial stage, composite fuel spray tip
penetrated farther with smaller spray angle
because composite fuel itself had high
viscosity and droplet particles were larger,
or spray inertia was greater. Furthermore,
water molecules increased the specific
gravity of composite droplets so that spray
penetration was strengthened. Under the
viscous force of fuel itself, the initial spray
angle of composite fuel was smaller than
that of diesel spray. It is known from
comparison of three types of composite
fuel that for the one

propylene glycol, the spray tip penetration

incorporating

distance was longer, and the spray angle
smaller because of greater molecular
weight, specific gravity and the viscosity of

propylene glycol itself (shown in Fig. 3
(a)) . It could be seen from the photos in

Fig. 2 that
injection (about 2ms for actual engine),

during high temperature
composite fuel penetration was strong and
the initial spray angle small, but at the end
of the injection, the spray cone appeared
larger up to 60° approach to diesel fuel 65°
as shown in Table 3. This became more
apparent when ambient temperature was
above 300°C. In regard to the micelles, the
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composite fuel separation phase was
alcohol and water, the continuous phase
was diesel, and the emulsion type belonged
to water in oil (W/O). During the piston’s
upward compression, the combustion
internal temperature rose, spray droplets
were heated under high temperature,
alcohol-water micelles encapsulated in oil
were overheated, and saturated steam
pressure increased enough to burst the
droplets when the fuel droplets were in the
process of transient fragmentation and
breaking, or so-called “micro-explosion”. It
will broke up the droplets, aiding in the
complete blending and combustion of
liquid and gas; alcohol and steam splashed
into the spray fog leading to the expansion
of composite fuel spray micelles so that the
spray angle tended to enlarge at the final
stage. It is known from the experiment that

at 300 C

“micro-explosions” became more obvious;

composite fuel

as for various alcohols, the addition of
methanol required higher temperature to
obtain obvious “micro-explosions”, and
over 350°, methanol-type composite fuel
micro- explosions were the most intense,
which might be due to the excessive
evaporation latent heat of methanol. The
experiment validated that the composite
fuel re-atomization effect helps to improve
spray behavior, as in Fig. 3, showing the

injection characteristics of composite fuel

in the spray simulation unit under variable
temperatures. Fig. 3(a) shows the fuel
influence on spray penetration at the

ambient temperature 300 C . A slight

increase in penetration was observed when
emulsified fuel with 15% water-alcohol
was used. This is probably due to a density
increase with water added. Meanwhile, the
propylene glycol viscosity was very high
(0.581 poise) and the evaporation of latent
heat, 705 kj/kg, was still high as shown in
Table 2. It was known that spray droplets
derived from high viscosity fuel and
emulsifier had larger average particle size,
or greater particle inertia. Therefore,
transient spray tip penetrated farther. An
appropriate length of penetration aids in
fuel-gas mixing of DI engine. As shown in
Fig. 3(b), the heat transfer of spray droplets
and ambient air was weak below 200°C;
most fuel droplets did not reach the initial
distillation temperature when oil begins to
evaporate, thus the temperature marginally
influenced SMD. When the

temperature gradually rose, tiny droplets

ambient
evaporated first; spray droplet micelle
micro-explosions were yet to come; their
occurrence was not obvious, while SMD
When the
temperature was over 300°C, large size

was augmented locally.
droplets began to evaporate, SMD began to
drop, and composite fuel micro-explosions

became more obvious; propylene glycol
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fuel SMD apparently also tended to fall.
When the temperature rose above 350°,
methanol fuel SMD began to fall and the
atomization effect was improved. As for the
actual DI spray

combustion experiment, the nozzle test

engine synchronous
result was consistent with the injection test
simulation result: under high temperature
in the
micro-explosions of composite fuel at
the final spray

facilitated the mixing of fuel and air and

combustion chamber, special

about 2ms in stage
complete combustion as shown in Table 3.
Fig. 4 show the relation of BSFC to
water-containing alcohol addition.
Specifically, BSFC rose with propylene
addition, even the special micro-explosions
of emulsified fuel can improve the mixing
of fuel and air and complete combustion,
the propylene glycol fuel consumption was
still very serious; ethanol fuel appeared
better, with BSFC remaining low, at the
10~20% level. As shown in Table 2, the
propylene glycol viscosity was very high
(0.581 poise) and the evaporation of latent
heat, 705 kj/kg, was still high; thus, it was
known that, spray droplets derived from
high viscosity propylene glycol and
emulsifier had larger average particle size,
or greater inertia.  Therefore,
spray
impinging on the cold wall of the cylinder

particle

transient tip penetrated farther,

to result in local annihilation or local fuel

enrichment; incomplete combustion caused
higher fuel consumption. Besides, the
ethanol type had lower viscosity, moderate
calories and good spray behavior; in
particular, droplet micro-explosions
obviously improved liquid gas mixing,
thereby increasing the combustion rate;
thus, low BSFC can be obtained and low
pollution could be expected with a proper
10~20% alcohol addition. Generally, when
alcohol addition was above 30%, the
difficulty,

obvious

engine started with greater
combustion noise got louder,
explosion shocks occurred, and BSFC
increased seriously. Totally, the unique
micro-explosions helped the re-atomization
to shorten the combustion period and
increase the combustion rate; proper
alcohol addition significantly improved its
disadvantage in regard to the low calorie,
high viscosity and high latent heat of the

emulsified water-alcohol fuels.

3.2. Exhaust emissions

Fig. 5 shows the relation of NOx
emission and alcohol addition. The NOx
content obviously decreased as the alcohol
addition increased, and the high pollution
level of nitrogen oxide of the DI engine
was expected to be solved; among the
various alternatives, the methanol type had
the most significant effect. The analysis

finds that the latent heat evaporation of
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methanol was very high, 1104 kj/kg, about
4 times that of diesel fuel’s 270 kj/kg,
while its calorie level, 20 Mj/kg, was only
half that of 42.5 Mj/kg; thus, high latent
heat and low calorie alcohol and water
evaporated rapidly. After being injected
into the cylinder to absorb heat, the high
temperature of the original cylinder would
be immediately alleviated, thus inhibiting
the  NOx

meanwhile,

generation ~ mechanism;
the engine body material
resistance to high temperature could be
improved. Figs. 6 and 7 show the relation
of CO and HC emission to alcohol addition,
CO and HC

content rose with alcohol addition, and

respectively. Specifically,

propylene glycol fuel pollution was very
serious; ethanol fuel appeared better, with
CO and HC emissions remaining low, at
the 10~20%
analysis, that the propylene glycol viscosity

level. It’s known, after
was very high (0.581 poise) and the
evaporation of latent heat, 705 kj/kg, was
still high; thus, spray droplets derived from
high viscosity propylene glycol and high
viscosity emulsifier had larger average
particle size, or greater particle inertia.
Therefore, transient spray tip penetrated
farther, impinging on the blind angle of the
cold wall of the cylinder to result in local
annihilation or local fuel enrichment;
incomplete combustion voids increased in
alcohol-water

oil gas. Meanwhile, as

droplets absorbed heat to evaporate and
hence cool down the cylinder, CO and HC
oxidation rates were inhibited; incomplete
combustion product failed to be totally
oxidized instantaneously, giving rise to
more pollution. Besides, the ethanol type
had lower viscosity, moderate calories and
good spray behavior; in particular, droplet
micro- explosions obviously improved
liquid gas mixing, thereby increasing the
combustion rate; thus, low pollution could
be obtained with a proper alcohol addition
amount. When alcohol addition was above
30%,

difficulty, combustion noise got louder,

the engine started with greater

obvious explosion shocks occurred for the
propylene glycol type, and CO and HC
content spiked upwards. Figs. 8 and 9
indicate that exhaust temperature and
smoke concentration tended to fall with
alcohol addition. The methanol-ethanol
type had lower exhaust temperature, and
the propylene glycol type improved slightly.
When alcohol addition was above 30%,
engine combustion stability deteriorated,
the noise got louder obviously, and the
exhaust temperature tended to rise. Fig. 9
shows the resulting smoke emissions;
higher or lower alcohol addition generates
a lot of smoke; optimal exhaust emission
was obtained when alcohol addition was
kept at 10~20%. It’s known from theory
analysis that the

longer propagation
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combustion period was the main cause of
smoke generation; incomplete atomization
in the spray and a delayed combustion rate
were critical parameters. Methanol-ethanol
fuel became granulated wunder high
temperature; its unique micro-explosions
helped the re-atomization to shorten the
combustion period and increase the
combustion rate; proper alcohol addition

significantly improved its disadvantage in

regard to the evaporation of latent heat. Fig.

10 shows the relation of formaldehyde
addition; CH,0
addition, the

propylene glycol type was more serious in

emission and alcohol
increased with alcohol
its negative effects, and the ethanol type
appeared to be positive. According to the
formaldehyde generation mechanism, HC
emission was the greatest cause of CH,O
generation; lower exhaust temperature and
higher oxygen content gave rise to much
CH,0. The air-fuel ratio of propylene
glycol type, 7.27, was very low; thus the
might be high. HC

emission increased greatly due to inferior

oxygen residue

initial atomization of spray and low
combustion temperature; a high
evaporation rate of latent heat and bad start
ability resulted in larger combustion
variation. Apparently, much CH,O would
result at lower emission temperature. It’s
known from the above analyses that with

proper alcohol addition, composite fuel

exhibited lower exhaust emission levels

and engine oxidation, and deposit
generation improved totally; thus, it could
replace troublesome pure water emulsified
fuel and become a novel high performance
elevated

DI engine fuel. Nonetheless,

alcohol addition would result in the
weakening of engine performance and
increased pollution, so it’s recommended
that it be coupled with other additives so
that high-alcohol composite fuel may

exhibit its excellent performance.

4. Conclusions

This study established a spray
combustion simulation unit to observe the
influence of special spray behavior of
composite fuels on engine combustion
exhausts emission mechanism in order to
analyze the causes of DI engine pollution,
as well as to propose various schemes for
inhibiting exhaust generation mechanism
for researchers’ reference. Test results are
described below: 1. As for the propylene
glycol type composite fuel, due to its high
viscosity, high evaporation rate of latent
heat and low air fuel ratio, as well as high

HC and CO content, CH , O emission

tended to increase with alcohol addition. At
low revolution, high-alcohol fuel started
with difficulty and engine explosion shock
emission and

increased, so exhaust
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to be
improved. 2. Alcohol-added composite fuel

combustion performance need

was an effective and easy solution to high
NOx and high
pollution of the DI engine. With proper

temperature emission
injection timing and alcohol addition, the
problem of smoke emission could be
solved, too. 3. Special micro-explosions of
composite fuel could make up for some
disadvantages of alcohol; in terms of
overall exhaust emission, the ethanol type
performed well in regard to NOx, CO and
HC,
pollution and CH,O emission when the
alcohol addition level was 10-15%; thus it

could

smoke and exhaust temperature

replace troublesome pure
water-emulsified fuel to become a high
performance DI engine fuel. However, its
high ethanol content may lead to high
pollution and inferior performance, which
could not be ignored. 4. Composite fuel in
this experiment might adopt cheaper water-
bearing alcohol (pure alcohol has a higher
price); thus its economy value was good
and it has development potential, so it’s
combustion

fuel by

recommended to
of high

incorporating additives.

improve

efficiency alcohol
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Fig. 2: High-speed photographs of injection
spray. (a) Diesel, and (b) emusified
fuel (15% Propylene-water added,
2ms after injection, 300°C).
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Table 1

Specifications of the stationary engine

Manufacture

Speed

Fuel

Type

Number of cylinders

YANMAR YDG2700E
3000 rpm
Diesel
Four-stroke direct injection
One

Cooling system Air

Displacement volume 02L

Maximum output 22 KW

Nominal power 2.0 KW

Fuel capacity 72L

Weight 54 KG
Table 2
Basic property of fuel
Fuel Molecular  Specific = Evaporation  Calories (A/F) Viscosity

Weight gravity latent heat (MJ/Kg) (KJ/kg) (Poise)
Diesel fuel ~175 0.85 270 42.5 14.5 0.056
Methanol 32 0.80 1104 20.0 6.47 0.006
Ethanol 46 0.79 840 27.0 9.00 0.014
Propylene 76 1.04 705 23.7 7.27 0.581
glycol
Table 3
Spray behavior of fuel
Fuel Spray penetration Spray angle SMD
(mm) (degree) (pum)

Diesel fuel 36 65 12.5

Emusified fuel 43 60 28.5
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The relationships between conditional stock
market beta coefficient and stock index

return--A study of Asian countries

Liang-Chun Ho

Abstract

The relationships of stock market B coefficients and stock index returns are studied.
Weekly stock index of Japan, Taiwan, Korea, Hong Kong, Singapore and Malaysia are
taken from January 1995 to November 2004. MSCI Asia index return is taken as the
market portfolio return. One year CD rate is taken as the risk free rate for every country.
Pettengill et al (1995) model is used to test the relationships of stock market 3 coefficients
and stock index returns. This research found that, during bull markets, Japan, Taiwan,
Korea, Hong Kong, Singapore and Malaysia all have significant positive relationships
between stock market B coefficients and stock index returns. However, during bear
markets, Taiwan, Korea, Hong Kong, Singapore and Malaysia have significant negative

relationships between stock marketf coefficients and stock index returns.

Keywords: B, stock index return, bull market, bear market.

Liang-Chun Ho, Assistant Professor, Department of Financial Management, HIT.
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The research of grinder vibration

Chih-Chung Chou, Fu-Ming Chang

Abstract

In grinding process, the grinder is produced the vibration by bed structure, spindle
speed, feed rate and work piece material. It affects the abrasive machining quality, causes
the work piece surface shortcomings to form of vibration pattern, the different ripple and
corrugated, flaw. This paper uses a small saddle surface grinding machine and takes the
experiment parameter of the different spindle speed, the cutting depth and the cutting force
and compares the processing condition before and after of grinding wheel. Measurement
influence grinder performance with different parameters and analysis of vibration use a
spectrum analyzer and surface analyzer. Cutting vibration, structure vibration modal, the
idle and the cutting force of the vibration difference, and compares the roughness of the
work piece surface. Discovered by the experiment the main vibration source come from
servo motor in feed process, will cause the bad of pointing accuracy and surface roughness.
It needs from vibration sources such as cutting force, bed structure and grinding wheel
forced vibration compensates, reduction the vibration frequency, rigidity of the coordinate
seats on a plane column and the work table, will reduce the oscillation amplitude difference
and the bending strain, so may increase the grinding precision, to improve surface

roughness and the extension the life of the whole grinder institutions.

Keywords: Grinding, vibration, spectrum analyzer, surface roughness.

Chih-Chung Chou, Lecturer, Department of Mechanical Engineering, HIT.
Fu-Ming Chang, Associate Professor, Department of Mechanical Engineering, HIT.
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