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Tainan Consumers’ preference and acceptability of toasts with or

without artificial coloring agents and flavoring agents
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Abstract

The toast with “Tainang No.2” papaya and two white toasts within different
proportion papaya flavor and legal artificial coloring agent were prepared as
sensory evaluation samples. The objectives of this research were to estimate would
consumers distinguish toast with or without artificial flavoring agents, and could
they accept papaya toast without artificial coloring agent and flavoring agents.
Results showed 137 Tainan consumers preferred papaya toast within coloring
agent and artificial flavoring. The product’s color could affect how they feel about
flavor. Results also showed consumers could not distinguish which papaya toast
made without coloring agents and artificial flavorings. These results indicated
although people would like to have natural materials and real foods, past
experience or misconception of food materials won’t lose flavor and color during

processing might make them unable to choose the real one.

Keywords: papaya toast, coloring agent, flavoring agents, sensory evaluation
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Kang Chuan-Cheng, Associate Professor Department of Marketing and Logistics Management, Far East

University

Abstract

The development of the Book of Changes at Song Dynasty lay on the Eight
Diagrams and the Rationality two major schools. The Eight Diagrams School of the
Northern Song Dynasty praised highly the River Book and Lo Shu Square, while the
Rationality School emphasized more on Confucian rationality to explain the principles
of the Book of Changes. The Southern Song Dynasty scholars Lee Kuang has applied
the history into the Book of Changes which he proved the Book of Changes was
explained with the historical events as evidence. There was also Yang Jian who
interpreted the Book of Changes with the study of heart that was known as the Heart
School for the study of the Book of Changes. This essay will explore the general
condition of the development of the Book of Changes from the aspects of the Eight
Diagrams School, Rationality School, History School, and Heart School of the Song
Dynasty.

Keywords: The Book of Changes during the Song Dynasty, the Eight Diagrams School,
Rationality School, History School, Heart School
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Abstract

This project is to introduce a device " SAVE EFFORT BOTTLE BRUSH ",
which includes a drive unit and brush rod. Inside the drive unit are an active and
subordinary tooth disc. And the number of the active tooth disc is more than that of
the subordinary tooth disc. The active tooth disc is combined with a grab handle
linked up to the outside part of the rod. For the subordinary tooth disc, the
connection rod is linked with the shaft stick of the brush rod. Around the shaft
stick are bristles. When the grab handle makes the active tooth disc rotate, the
subordinary tooth disc can rotate at the same time. As a result, as soon as the active
tooth disc turn around for a circle, the subordinary tooth disc can turn around more.
This will make brushing quicker and effort-saving. Furthermore, cleaning babies'
bottles will also become more convenient. This is really a device with Industrial

applicability.

Keywords: labor-saving, bottle brush, gear
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Abstract

The motor built-in high speed spindle is featured in high speed cutting. One
of the spindle construction keys is to directly combine a motor rotor with a shaft
via hot-fit method to form a new rotor-shaft system. In this paper, the contact
element analysis is used to study the effect of the hot-fit rotor on the dynamic
stiffness of the shaft. The influence on the rotor-shaft system dynamic features due
to factors as rotating shaft speed and temperature difference of motor rotor by
induced current will also be considered. Through contact element static analysis by
considering the rotating speed and temperature difference, the contact stress/strain
relationship between shaft and rotor can be obtained. Then, the finite element
modal analysis with the effect of pre-stress is performed. The analysis results show
that the rotating speed and temperature difference have certain influence on
contact stress and deformation between the shaft and the rotor, among which the
influence of temperature difference is higher than that of rotating speed. Finally,
based on the solid modeling analysis, adds up bearing rigidity, the optimal
equivalent Young’s modulus method is utilized to establish the equivalent
speed-dependent line element models by induced rotating speed to conduct the

rotor dynamic analysis under certain temperature difference.

Keywords: motor built-in high speed spindle, temperature difference, rotating

speed, rotor dynamic analysis

234



l. Introduction

As the modern world progresses, the processing
technology of products of industry is more superior,
except for the fine appearance and the practical
functionality, the precision of dimension has asked
more. In general, it is a good choice to use CNC
machining center to achieve the requirement of
precision. Spindle is an important component of
CNC machining center, and its performance will
affect the processing efficiency and the product
precision. The design of motor built-in high speed
spindle is one of the key technologies of machining
spindle. In general engineering practice, one key
factor in designing a motor built-in high-speed
spindle is to assemble the motor rotor and shaft by
means of hot-fit to form a new rotor-shaft assembly.
However, in the operation of motor built-in
high-speed spindle, rotor-shaft system subjects to the
centrifugal force of high rotating speed and the heat
of inducted current of motor and are more likely to
produce errors on machining precision.

For the development of rotor-shaft system,
most of the studies were conducted in a numerical
way. The finite element method (FEM) is a powerful
tool and has been applied to numerous analyses.
Therefore, how to effectively and accurately
establish the finite element models of rotor-shaft
system is a subject worthy of study. Make a
comprehensive survey of the domestic and foreign
researches, most previous studies focused on the
design and functionalities of the spindle system as a
whole, few were on the structural behavior of the
rotor-shaft assembly [1-6]. These studies adopted
finite element tool to build the rotor-shaft assembly
with solid elements. Contact conditions in the
interface of rotor and shaft were not considered. The
accuracy of the results was yet to be verified. Chen
[7-8] indicated that the overall stiffness of a spindle
was considerably influenced by the fitted rotor. The

natural frequencies tend to increase with the rotor
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mounted on the shaft by hot-fit. In the recent study
by Chen [9-10], an approach using contact elements
was suggested. Both numerical simulation and
modal testing were conducted. The numerical
simulation includes constructing the finite element
model with contact elements and performing a
pre-stressed modal analysis. The modal testing
results are used as verifications to the numerical
results.

On the other hand, for the rotor-shaft system,
the rotor dynamics analysis has to be used when the
rotating speed is taking into account. The degree of
freedom and the gyroscopic effect need to be
considered when the rotor dynamics analysis is
performed. Shanmugam [11] proposed a fixed-free
interface component mode synthesis method for the
rotor dynamic analysis. Singh and Gupta[12] utilized
equivalent modulus beam theory (EMBT) and
layerwise beam theory (LBT) to perform the rotor
dynamic analysis of a composite rotor. The results
indicate that the difference between the two theories
is not large, but for unsymmetric stacking sequences
with bending stretching couplings present, the
EMBT may result in inaccurate predictions of rotor
dynamic behavior. For a rotating rotor-shaft system,
the supported bearing stiffness is another fact of

influence upon the rotor dynamic characteristic

[13-15].
Many examples of temperature field in all
aspects of the application, mostly using a

thermocouple or infrared photography methods for
the measurement of cutting temperature. Hou etc.
[16] applied

methods to measure the cutting temperature. The

infrared temperature measurement

cutting temperature will change regularly with the
change of cutting, and the ANSYS, finite element
software, is adopted to simulate the temperature
field in cutting. Yen etc. [17] utilized thermocouple
to artificially measure the cutting temperature for the

high-speed milling of aluminum alloy, and the
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feasibility and reliability of model and analyzed
results of finite element method are proved by the
comparisons of experimental data. Wang etc. [18]
established the model of bearing with SOLID87
by wusing ANSYS. The solid 3-D

temperature field is calculated to simulate of

element

temperature field of high speed electrical spindle.
Then the heat transfer coefficients of spindle
subsystems can be obtained and be used to improve
the heat dissipation problem of spindle.

In the structural analysis, Chen etc. [9-10]
suggested an approach using contact elements to
deal with the hot-fit problem. The contacting bodies
are a hollow shaft and a rotor. The rotor is mounted
onto the shaft by hot-fit to form an assembly as a
rotor-shaft system. Both numerical simulation and
modal testing were conducted. The numerical
simulation includes constructing the finite element
model with contact elements and performing a
pre-stressed modal analysis. The modal testing
results are used as verifications to the numerical
results. The approach is an application to the design
phase rather than a posterior improvement. Song etc.
[19] utilized a two-dimensional finite element model
supported in ANSYS to analyze static stiffness and
deformation of spindle. Subspace method and
Harmonic analysis are used to obtained different
dynamic responses. Yang etc. [20] proposed a
modified pseudo mode shape method to reduce the
models of bladed-disk. The frequency response
functions of bladed-disks obtained at the joints with
the shafts are used to derive the condensed mass,
damping, and stiffness matrices for the bladed-disks.
The theory of pseudo mode shape method developed
previously was extended to include rigid body
modes and deformation modes of the bladed-disks.
The feasibility and effectiveness of the extended
pseudo mode shape method are justified by using a
solid-modeled shaft and bladed disk.

In this paper the 3-D solid contact element

236

analysis will be used to study the effects of the
hot-fitted rotor on the dynamic stiffness of shaft
under different rotating speeds and based on the
solid modeling analysis results, the equivalent
speed-dependent line element models included the
bearing stiffness will be developed to conduct the

rotor dynamic analysis.

I1. Study Approaches

In this paper, the finite element method is used
to establish the solid model of the rotor-shaft
assembly. The contact analysis is adopted to study
the effects of the hot-fit rotor on the dynamic
stiffness of shaft. SOLID185 (8-node) provided by
ANSYS software is selected as the element of solid
modeling, and CONTAL174 (8-node) and TARGE170
corresponding to element SOLID185 are chosen as
the contact elements. In the contact analysis of the
rotor-shaft assembly, because the contact status
between motor rotor and shaft will change with the
change of rotating speed and the temperature
difference existed in the motor rotor and shaft, the
contact stresses and the dynamic stiffness of the
shaft will be different. Therefore, in this paper the
effects of the rotating speed and the temperature
difference on the dynamic stiffness of shaft are
mainly considered. From the specification for the
commercial spindle studied in this paper, the rotating
speed is set from 0 to 36,000 rpm and the maximum
temperature difference between the shaft and the

rotor is set to be 15°C. Under these conditions, the

dynamical characteristics and the effects on the
contact surface stress/strain of the rotor-shaft
assembly are analyzed. After these contact analyses,
the rotor dynamic analysis then is performed, and
the solid modeling is simplified to a direct modeling
for saving the computer resources and computing
time. For the traditional rotor dynamic analysis, the
equation of motion can be expressed as

MgG(t) + [C + G()14(t) + Ka(t) =f(t) @)



where G(Q)is the gyroscopic damping matrix and

is a function of rotating speed Q. The stiffness
matrix K is a constant matrix. However, in this study,
the line element PIPE16 is used for the direct
modeling of the shaft and the equivalent direct
modeling proposed by Chen [21] is used to

determine the optimal equivalent Young" s modulus

(Ee) corresponded to the location on the shaft of the
hot-fit rotor for each different rotating speed. As
above-mentioned, the stiffness changes with the
change of the rotating speed. Therefore, the equation
of motion could be expressed as
MG (t) + [C+ G()]a(t) + K()a(t) =f (1) (2)
The models herein change with the change of the
rotating speed are referred as the equivalent

speed-dependent line element models (or the
speed-dependent models for abbreviation). Finally,
the speed-dependent models included the bearing
stiffness are adopted in the rotor dynamic analyses
and the Campbell diagrams are obtained. The

detailed flow chat in this study is shown in Figure 1.

I11. Application and Results

The shaft and the rotor studied in this paper are
shown in Figure 2, and the sectional dimensions are
listed in Table 1. The interference between the shaft
and the rotor is set to be 0.025 mm, and the
coefficient of friction (p) is 0.0745. From the
previous studies[9-10], it had been verified that it is
accurate and effective in analyzing the dynamic
behavior of a rotary shaft system with a hot-fit
component by using contact element, and from our
recent work[22], the rotating speed and the
temperature field of the rotor-shaft assembly are
added into the original finite contact element model
to investigate their effects on the contact stress,
strain and system modes. The meshed shaft and rotor
models are shown in Figure 3, and are summarized
as below. To facilitate subsequent contact analyses,

the FE model is manually meshed in a uniform
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pattern with 4 divisions radially, 28 divisions
circumferentially, and the divisions longitudinally
are shown in Table 2. The material properties are the
same for both shaft and rotor with Young’s modulus
2.1x10™" N/m?, density 7950 kg/m® and Poisson’s

ratio 0.333, respectively. Under these conditions of

the temperature difference (AT) 15°C, interference

(Ad) 0.025 mm, and coefficient of friction (u)
0.0745, the average surface contact stresses of the
shaft for different rotating speeds are shown in Table
3. More detailed results for the modeling, mesh,
contact stress/strain between the shaft and the rotor
and the modes of the rotor-shaft assembly can be
found in Ref. [22]. The analysis results show that
rotating speed and temperature difference have
certain influence on contact stress and deformation
between shaft and rotor, among which the influence
of temperature difference is higher than that of
rotation speed.

In this study, in order to save the computer
resources and computing time, the solid modeling
established in [22] is simplified to a direct modeling
with line elements for performing the rotor dynamic
analysis with speed-dependent models. In the direct
modeling, the line element PIPE16 is used for the
modeling of shaft and MASS21 is selected to
simulate the mass effects of rotor. Under the
conditions of AT=15°C, Ad=0.025 mm, and
u=0.0745, the optimal equivalent Young’s modulus
(Ee) for each different rotating speed are listed in
Table 4. Because only the first natural frequency
obtained by the solid contact element model is set to
be the optimized goal, there is no error on the first
natural frequency obtained by the direct line element
model with E, for each rotation speed. And the
errors on the second natural frequencies are all less
than 0.5%. The direct line element model is changed
by E. corresponded to the rotating speed to form a
speed-dependent model when the rotor dynamic

analysis is performing.
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For the rotor dynamic analysis, element
MATRIX27 provided by ANSYS is used to simulate
the gyroscopic effects of the rotor-shaft system and
the stiffness of the bearings. Figure 4 shows the
schematic configuration of the rotor-shaft-bearing
system. The two nodes for label B are used to
establish the x and y direction stiffness of front
bearings, KXX and KYY, with the value of 34.1
N/um. Label C is the location of rear bearings with
the stiffness 23.1 N/um. The natural frequencies
calculated from the rotor dynamic analysis with the
speed-dependent models of the rotor-shaft-bearing
system are listed in Table 5. f; and f, labeled in
Table 5 are denoted as the forward modes and the
backward modes, respectively. The Campbell
diagram of the rotor-shaft-bearing system under the
conditions of AT=15°C, Ad=0.025 mm and
p=0.0745 is shown in Figure 5. Figure 6 shows the
local Campbell diagram focused on the first critical
speed. It is can be found from Figure 6 that if the
concentricity between the front bearing and rear
bearing is not good, the rotor-shaft-bearing system
will produce the resonance phenomena due to the
relation of twice of frequency (1184.4 Hz) when the
rotor-shaft-bearing system is rotating at 592.2 Hz
(35532 rpm). Figures 7 and 8 show the first two
mode shapes of the rotor-shaft-bearing system,
respectively. It is obvious that the first mode is a
bending mode, and the second mode is a rigid body

mode due to the stiffness of bearings.

IVV. Conclusions

In this paper, the contact element analysis was
used to study the effects of the hot-fit rotor on the
dynamic features of the rotor-shaft system under the
considerations of the rotating speed and temperature
difference. Through contact element static analysis,
the contact stress/strain relationship between shaft
and rotor can be obtained. Also, based on the solid
modeling results, the

analysis equivalent
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speed-dependent line element models included the
bearing stiffness was developed to conduct the rotor
dynamic under certain

analysis temperature

difference. From these studied results, two

conclusions can be drawn:

(1) The rotating speed and temperature difference
have a certain impact on the contact stress
between the shaft and the rotor.

(2) In this paper, the effects of a hot-fit rotor on the
local stiffness of the shaft induced by rotating
speed and temperature difference  were

considered and an equivalent speed-dependent

line element model included the bearing stiffness
was developed to conduct the rotor dynamic
analysis such that more accurate Campbell
diagrams can be obtained than those obtained
from the conventional rotor dynamic analysis

which is based on a fixed model.
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Figure2 Schematic diagram of the shaft and the rotor
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Figure3 The meshed shaft and rotor models
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Figure4 Schematic diagram of the rotor-shaft- bearing
system.
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Figure5 The Campbell diagram of the rotor- shaft-
bearing system (AT=15°C, Ad=0.025 mm, u=0.0745)
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Tablel Sectional dimensions of the shaft and the

1250 ‘ ' rotor
1249 ' ' Segment labels Dimensions (mm)
1230 A 71.287
| | B 80.040
e C 98.500
. D 23.963
7 E 15.043
%’ 1190 - F 24.005
1180 I I G 80.040
1 ‘ ’ / H 23.980
| | | 39.508
1160
1150 , / /
> i - '300 / = i / iy Table2 The longitudinal mesh of the shaft and the
Rotating Speed(Hz) rotor
. Length Longitudinal meshed
) ) Locations
Figure6 The local Campbell diagram focused on the (mm) number
first critical speed J 61.281 31
K 10.006 20
- L 20.010 40
M 20.010 10
N 20.010 10
0 20.010 40
P 10.006 20
Q 88.494 44
R R 20.010 40
e TTITTTITIT e S 20.010 10
T 20.010 10
0) 20.010 40

Table3 The average surface contact stresses of the
shaft under different rotating speeds (AT=15°C,
Ad=0.025 mm, p=0.0745)

Figure7 The 1% mode shape of the rotor-shaft- Rotating speed Average surface contact
bearing system (0 rpm, AT=15°C, Ad=0.025 mm, (rpm) stresses of the shaft (N/m)
1=0.0745) 0 -4.01E+07
12000 -3.99E+07
24000 -3.68E+07
— —w 36000 3.27E+07
s s =5 £ S G R Y 0 I

Figure8 The 2" mode shape of the rotor-shaft-
bearing system (0 rpm, AT=15°C, Ad=0.025 mm,
p=0.0745)
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Table4 The optimal equivalent Young’s modulus (Es)
and natural frequencies of the rotor-shaft system for
different rotating speeds (AT=15°C, Ad=0.025 mm,

1=0.0745)

Natural Frequency (Hz)
E QSEd Obtained by direct Obj[alned by
- indirect | Solid contact
Rotating I line element model | del
speed | ine t element mode
elemen
Pm) | “odel | 1T 270 | gag | g
(N/m?) (Error %) |(Error %)
9.1708 | 2394.4 | 4866.4
0 E+11 (0%) | (-0.49%) 2394.4|4890.2
9.1829 | 23949 | 4867.1
12000 E411 (0%) | (-0.48%) 2394.9|4890.8
9.2223 | 2396.7 | 4869.4
24000 E+11 (0%) | (-0.48%) 2396.7(4892.7
9.2882 | 2399.6 | 4873.1
36000 E+11 (0%) | (-0.47%) 2399.6(4895.9

Table5 The natural frequencies calculated from the
rotor dynamic analysis with speed-dependent line
element model of rotor-shaft-bearing system

(AT=15°C, Ad=0.025 mm, pu=0.0745)

Rotating Natural frequency (Hz)
speed (rpm) | 1%f, | 1%f, [ 2"f | 2"f,
0 1185.2 | 1185.2 | 2519.1 | 2519.1
12000 1184.6 | 1186.2 | 2514.3 | 2524.0
24000 1184.3 | 1187.4 | 2509.5 | 2529.0
36000 1184.4 | 1189.1 | 2504.9 | 2534.1
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