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Application of Experimental Design on the Parametric
Optimization of Image Contrast in Automatic

Optical Inspection
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AW 52 F 8 B kst % (Design of Experiments, DOE) Hy 1 5 & i 5% &
(Central Composite Design, CCD) k7 7 & ffi ;£ (Response Surface Methodology,
RSM) - #Rat B E#H LR R B Eb i AR TT 0% o B 5l F i = R e
43#fr(Failure Mode and Effects Analysis, FMEA) 1 1ES: » 22 6EERY =
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Abstract

This study uses the Central Composite Design (CCD) and Response Surface
Methodology (RSM) of the Design of Experiments (DOE) to carry out efficient
experiments. The key factors are acquired using Failure Modes and Effects Analysis
(FMEA) from literature review and existing process conditions. The three key
factors affecting the image contrast are the upper light source, the lower light source,
and the Z-axis. The quality characteristics in the study are fine-line grayscale
differences and wide-line grayscale differences. After the research the optimal
parameter settings for upper light source, lower light source, and the Z axis are
201.93, 20.65, and 199.98 respectively. After improving the image contrast, the fine
lines is increased to be 26.56% and the wide lines is increased to be 31.17%. The

Process Capability Index (Cpk) meets the requirement that Cpk is larger than 1.33.
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TN 2 I i T A R Y 2 SR B T AR P P TS 722 B (y2)
HYSEE S BA = R A

FEREREMERE > H ANOVA 731 P-Value %
2 0.662 KL 0.05(a {H) B AEEE - FoRGREMER
A - BB BT 2 Boid -

% 6 TLARIRIE 2= F(y2) T ST

Term Coef | SE Coef T P
Constant |62.7724( 0.6253 ]100.391 0
x1 7.8615 | 0.4149 18.95 0
X2 -13.6078| 0.4149 |-32.801 0
x3 -3.8708 | 0.4149 | -9.331 0
x1*x1 |[-1.4724| 0.4039 | -3.646 | 0.001
X2*x2 1.798 0.4039 | 4.452 0
x3*Xx3 1.1793 | 0.4039 2.92 0.007
x1*x2 -0.25 0.542 -0.461 | 0.648
x1*x3 -1.25 0.542 -2.306 | 0.028
X2*X3 -1.75 0.542 -3.229 | 0.003
S= 216815 PRESS =265.862
R-Sq =98.14% R-Sq(pred) = 96.49% R-Sq(adj)
=97.58%

10

%7 TUIRIE 7 R(V2)ANOVA 53177

Source DF Seq SS F P
Regression 9 7441.37| 175.89 0
Linear 3 7155.06 | 507.36 0
x1 1 1688.06 | 359.1 0
X2 1 5057.74 | 1075.92 0
X3 1 409.25 | 87.06 0
Square 3 211.32 | 14.98 0
x1*x1 1 88.99 13.29 0.001
X2*x2 1 82.25 19.82 0
X3*Xx3 1 40.08 8.53 0.007
Interaction 3 75 5.32 0.005
x1*x2 1 1 0.21 0.648
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Design and analysis of cam-linkage mechanism

HERE BRI TR 2380%

i =

i — AR SRR L e B A IR R RO PR IR (R RS - 1
EAEFHE—fEBH AT o SRR E IR SRR - WIREHYES]
BT EORAL REETURRRENA - SRCRMEN I VEREAF FERS - #Z
B aS » BT - 9%k - HRl - @Y EEETEFRNE I 4 E
GPREDZHIEM -

AL AR P i - AT S BT IR 5 B S AR AR
A PR A A Lo B - MRl BB I FoRS B R e R
s a2 B Ry E B Y o B N BUE BB AT O e e BT 0 G E A
Solidworks #AS H P IR IR SRl AT HAE B R

g ¢ - AT R - BRI
Jung-Fa Hsieh, Professor, Depart. of Mechanic Engineering, Far East University
Abstract

Cam-linkage mechanisms combine the advantages of cam mechanisms and
link mechanisms and provide the means to achieve a wide variety of output motions
given an appropriate design of the cam profile. This paper presents a simple method
for the design and analysis of a cam-linkage mechanism with a translating slider. In
the proposed approach, the cam profile is first derived using homogenous
coordinate transformation and conjugate surface theory. Analytical expressions for
the pressure angle of the cam-linkage mechanism and principal curvatures of the
cam profile are then derived. The validity of the proposed design methodology is
verified by means of motion simulations performed using CAD software. The

results confirm that the designed mechanism meets the design requirements.

Keywords: cam-linkage, coordinate transformation, pressure angle
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Numerical simulation laminar fluid and heat transfer characteristic in

three dimension collector
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Wen Ruey Chen, Associate Professor, Department of Materials and Energy Engineering, Far East University.
Abstract

The study of the temperature, enthalpy and velocity distributions of laminar
fluid for the forced circulation in the solar power collector of the inclined angle 23.5°
filled with water under boundary condition by normal solar radiation distribution.
The governing equations are continuity equation, momentum equation, buoyancy
equation and energy equation are numerically solved by a commercially software
(ANASYS). The fluid in the collected tubes flowed by free convection heat transfer
model to absorb the radiant solar power. The collective performance of the collector
effected by some parameters, such as the fluid viscosity, density, thermal
conductivity, Prandtl number (Pr) and Rayleigh number (Ra). Therefore, we will be
able to develop innovatively and comprehensively the fluid in the smart solar
vacuum tube with the lamina flow heat transfer system obtained a maximum

collected thermal efficiency

Keywords: Laminar fluid, normal solar radiation distribution , maximum collected

thermal efficiency
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l. Introduction

Solar energy is one of the most common
renewable energy sources. Because they are so useful
for heating systems and do not generate any pollutants,
solar energy systems have been a subject of keen
interest in the scientific literature. The performance of
solar collectors, used to collect solar energy and
convert solar radiation to heat energy, is particularly
crucial. The earthly environment need to be renewable
and clean energy due to the dearth of fossil fuels and
the harmful gas emitted into the air. The energy
security, climate change, and other environmental
concerns had been arrived at a critical development
from fossil fuels. The solar energy was almost applied
to the photovoltatic system but rarely used in water
heaters. Therefore, for a general familial user, hospital,
swimming pool and factory, they almost installed the
solar water heater. The most of the water heater were
used mainly by the natural convective circulation
system. It is necessary for a big space when the
equipment of solar water heater collected heat
efficiency is low. If the water heaters will be installed
in the force convective circulation system then the
solar power collector performance will be increases
and the system will not be limited in the space.

Heat transfer fluids and materials such as water,
ethylene glycol, engine oil, alumina, copper and silver
have been widely used in numerous important fields,
such as heating, ventilating, air-conditioning system,
micro-electronics, transportation, manufacturing and
nuclear engineering. The performances of thermal
transport for some cooling or heating systems were
important to play vital roles in the development of
energy-efficient heat transfer equipments, such as
MEMS and NEMS (Micro and Nano Electro
Mechanical Systems, respectively). Enhancing the
performance of heat transfer is essential to a saving
energy topic in these systems. The low thermal
conductivity of conventional fluids such as water and

oils which are limited in the enhancement of the heat
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transfer performance.

Natural convection heat transfer occurs in
enclosures due to temperature difference and
buoyancy forces. Effects of non-isothermal boundary
conditions on natural convection in enclosure were
studied by researchers due to its applications in solar
systems or furnaces. Bilgen and Ben [1] performed
study on the effects of non-isothermal boundary
condition on natural convection for a rectangular
cavity. In their study, two cases were considered: in
the first case, the lower part was heated while the
upper part was cooled. In the second case, the upper
part of cavity was heated while the lower part was
cooled. The heat transfer system was investigated for
enclosures filled with clear fluid [2] or nanofluid [3]
and for the cases of constant temperature or constant
heat flux. The effects of uniform and non-uniform
heating of bottom wall on natural convection flows in
a trapezoidal cavity was investigated by Natarajan et
al. [4] who conducted a study using a penalty finite
element elements.

analysis  with  bi-quadratic

Moreover,  two-dimensional  laminar  natural
convection in enclosures with three flat and one wavy
wall, one of which was exposed to sinusoidal
temperature profile, was studied by Dalal and Das [5].
Basak et al. [6] solved the governing equations using
the finite element method to study the effects of
thermal boundary condition in square enclosures.
They numerically tested the effects of Prandtl number
and observed that the non-uniform heating of the
bottom wall produced greater heat transfer rates at the
center of the bottom wall than the uniform heating
case for the whole range of Rayleigh numbers.
However, average Nusselt numbers showed lower
heat transfer rates for the non-uniform heating. Varol
et al. [7] investigated the effects of sinusoidally
varying temperature on natural convection in a
rectangular enclosures filled with porous media,
numerically. Sarris et al. [8] numerically studied the

natural convection in a square cavity with non-



isothermal temperature gradient on top wall. The
problem of non-isothermal boundary conditions was
extended to nanofluid by Oztop et al. [9]. In their case,
comparison of Al,O3; and TiO; nanoparticle was
formed from heat transfer enhancement point of view.
Parvin et al. [10] analyzed thermal conductivity
variation on natural convection flow of water—
alumina nanofluid in an annulus. They found
significant heat transfer enhancement due to the
presence of nanoparticles and it was accentuated by
increasing the nanoparticles volume fraction and
Prandtl number as well as large Grashof number. M.
Chen et al. [11] studied that a one-dimensional
transient heat transfer analysis is carried to analyze the
effects of the NP volume fraction, collector height,
irradiation time, solar flux, and NP material on the
collector performance, leading to optimized collector
and fluid parameters. They expressed a high solar flux
to be desirable to maintain a high efficiency over a
wide temperature range, which is beneficial for
subsequent energy utilization.

The study mainly investigated the fluid flow and
heat transfer in an inclined vacuum tube with normal
distribution of solar radiation heated enclosure filled
fluid.
streamlines were plotted for enclosures with different

with  water Isotherms, enthalpies and
thermal flux. Moreover, the distributions of thermal
flow field of the collector between the hot and cold at
the outlet and inlet of the water heater that are

presented to support the discussions.

I1. The introduce of collector

system

The coordinate system is illustrated in figurel.
The thermal corrector is formed by inner and outer
cylinder while the inclination angle is 23.5° about the
symmetrical axis and the horizontal ground which is
normal to the line of gravity acceleration. The top-half
wall is heated by normal distribution radiation and the

bottom-half wall is kept at constant scatter. The
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maximum radiation intensity of the heated wall
located on the top wall. The solar radiated directly on

the top-half wall and scattered on the bottom-half wall.

Figurel. The cylinder coordinates system.

The purpose of this project will be considerate to
investigate the vacuum tube filled with the water. It
can be improved effectively the performance of solar
power collector.

According to the solar power collector in the
commercial equipment consist of eight all-glass
vacuum tube and water tank. The laminar convention
may be natural or forced circulation as shown figure

2. The specifications present Table 1

Figure 2. A sketch of solar collectors without the

reflection flat
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Table 1. the collector device specifications

Water tank volume (cm3) 58x8x6
Tube Length (cm) 120
Tube inside diameter (cm) 5.2
Cold water inlet closs section area
1x0.82
(cm2)
Hot water outlet closs section area area
7x0.82
(cm2)
Placement angle (azimuth) 23°
Vacuum number 8

I11. Mathematical formulation

The governing equations include the mass, the
momentum and the energy equation. They are
obtained from the original Navier-Stoke equation.
The transient system consider the unsteady state
unsteady flow, ie, o( ) / ot#0, the equations are

expressed as follows:

IV. Continuity Equation

a a
a—i + o, (puj) =0 Q)

Where t is the time, p is the density , X is the

coordinate directions and  j is the direction of the

absolute velocity.

V. Momentum Equation

] ] a
E(puj) + a—xj(pujui - ‘rl-j) = _Epj +s; (2)

2 Oug
Tij = 2usi; — SH5 0 0y

@)

Where t is the time, p is the density, u is the
relative velocity of the fluid and the coordinate system
for the Cartesian coordinates (i = 1,2,3), the absolute
velocity of the fluid in the direction for the stress
tensor, P is the total pressure, as momentum source
(Momentum Source Term), & is kronecker delta, tis

force to shear strain tensor
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V1. Buoyancy equation
Si=gip B(T-T,)

The acceleration g;is a vector in the direction

(4)

of the gravity, and p is the reference density. In
the analysis of the problem and the associated
buoyancy, it needs to consider the relationship

between pressure and gravity in the momentum

equation:
gx(x_xo)
PpiEZOZPStat_p gy(y_yo) (5)
gz(z_zo)

Where P is the static pressure of the

reference density. For the coordinate

measuring point, g is the acceleration of

gravity.

VII. Energy Equation

0 0 0 0
E(P h)*’&(ﬂujh—':h,j):ap“‘a(ujp)

] ]

u,, a (6)

(7)

h=cT-cT,+XmH =h+>XmH_

Where h is the static enthalpy, T is the
temperature, C, is the average specific heat, the
subscript m is the sum of all fluids for the quality
of the mixed fluid m molecules and H is the
amount of energy diffusion direction as the heat

source of the enthalpy.

VIII. Numerical simulation

The simulation is analyzed by a commercially
ANASYS CFD software. The simulation and analysis
of the engineering problems involve the working
fluids, heat transfer and chemical reaction. They are
available ANASYS CFD software to perform



computation and obtain the solution. It is general
commercially CFD software in the international,
which has been applied to the aviation, the automotive
design, the gas turbines and other design analysis,

respectively.

(1) Three-dimensional computational
grids
The grid design can be plotted a forced
circulation solar water heater as shown in figure 3.
Mesh distributions for water tank, inlet and outlet tube
as shown in figure 4. For each tube, inlet, outlet and
water tank are set up grids, it is can be planned for the

complete full mesh. The grid point distributions in

each region are described as below.

Figure 3. three-dimensional computational grid

Figure 4. Mesh distributions for water tank, inlet and

outlet tube.

(1) Improving design in each tube

Considering the working fluid flow into the
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vacuum tube from the water tank that the design as
shown in figure 5. The principle of the collected heat
from the vacuum tube which are a coating thin film
material and can be absorbing thermal energy as the
solar radiated it. If the flow model is natural
convection in the vacuum tube that the cold water has
heavy fluid flow into the vacuum tube along the
bottom while the hot working fluid flow out along the
upper of the vacuum tube. If the flow model is forced
convection in the vacuum tube, then the vacuum tube
should be improving design in each tube.

The
different geometric conduit
considered. They are Li=0.3L, 0.6L, 0.9L. L expresses

vacuum length.

corresponding parameters are using

length designs are

S e e e g e

Figure 5. The design of combination of the vacuum

tube and conduits.

(1) Initial and boundary conditions
1. The flow rate of the inlet is equal to the outlet as
a reference standard test specifications.

2. The solar radiation intensity according to the
outlet temperature of up to nearly 100 °C at high
radiation intensity (800W/m?), the temperature
of the normal distribution of 364K, 350K, 346,
342K, 335K, 321K from the top vacuum tube
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wall extended down the bottom tube wall. When
the middle intensity  (600), the
temperature distributions of 335K, 331K, 328K,
324K, 321K, 313K; low radiation intensity (400),
the temperature distribution of 322K, 320K,
318K, 315K, 312K, 309K. The temperature
distributions on vacuum tube as shown in figure
6.

3. The water tank is insulation.

radiation

4. The working fluid flow into the solid wall
assumed to be no-slip condition (No-Slip
Condition).

5. All fluid properties are taken to be constant,
except for the density variation with temperature
in the buoyancy term, i.e. the Boussinesq
approximation is valid.

6. A forced circulation collector of the velocity at the
inlet and outlet is uniform velocity.

7. A "forced circulation collector" of the outlet and
temperature gradient (gradient) along axial
direction is zero, and the inlet temperature is
normal temperature 25°C.

8. The angle is 23.5° for each tube with the ground.

Normal distribution

A

Figure 6. Normal radiation distributions on vacuum

surface

IX. Results and discussion

Consider saving simulation time, we must
compare results of the simulation when using eight
vacuum tubes with two vacuum tubes. The results

show that eight vacuum tubes and two vacuum tubes
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on the temperature profile is very similar. A cross-
comparison shows that the results of two vacuum
tubes are the same as the eight vacuum tubes. The
length of duct is equal to 0.3L, where L is the length
of vacuum tube. The result of temperature distribution
between eight vacuum tubes as shown in figure 7(a)
on the left hand side and two vacuum tubes as shown
in figure 7(b) on the right hand side. However, they
are similar temperature distributions using any

conduit length.

(b)

Figure 7. Temperature distributions for duct length
is 0.3L. (a) eight vacuum tubes; (b) two vacuum
tubes .

Figure 8 expresses the temperature profile of the
cross section in y-plane. The inlet to the conduit part
is the lower temperature. This area is the blue. The
outlet portion of the conduit is gradually green from
blue, indicating that the fluid at the outlet has been
heated by the vacuum tube wall. In addition, most of
the bottom of the vacuum tube is red, indicating a
higher temperature fluid stagnation at the bottom,
although the buoyancy effect driven, but the flow rate
is small. Hence, the length of the conduit is 0.3L
which is 0.3 times of the vacuum tube L, indicating
that the hot fluid at the bottom of the vacuum tube
cannot be fully driven up. The average water
temperature of the outlet is 315 ° C and the average
water temperature of the inlet is 306 ° C. The forced
circulation of water flux is 0.4825L/min just equal to
the inlet velocity of 0.01m/s, converted into a per unit
collector area for a forced circulation of water flux of

0.67 L/m?. (The area of the vacuum tube collector in



this study is 0.6x1.2 = 0.72m2.)
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Figure 8. Temperature distributions on the y-plane
view for duct length of 0.3L and two vacuum tubes.
Figure 9 shows the temperature distributions on
the cross section of the y-plane of the eight vacuum

tubes, similar to Figure 8 above.

Temperature

Figure 9. Temperature distributions on the y-plane
view for duct length of 0.3L and eight vacuum tubes.

Figure 10 shows the enthalpy distributions on the
y-plane view for duct length of 0.3L and two vacuum
tubes. The inlet to the conduit part is the lower part of
the enthalpy. The area presents the blue part. The
outlet portion of the conduit is gradually green from
blue, indicating that the fluid at the outlet has
absorbed energy from the vacuum tube wall. In
addition, most of the bottom of the vacuum tube is red,
indicating a higher enthalpy fluid stagnation at the
bottom, although the buoyancy effect driven, but the
heat flux is small. Hence, the length of the conduit is

0.3L which is only 0.3 times of the vacuum tube L,
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indicating that the hot fluid at the bottom of the
vacuum tube cannot also be fully driven up. The
average enthalpy of water at the outlet is 90000J and
the average enthalpy of water at the inlet is 35000J.
Figure 11 shows the enthalpy distributions on the
cross section of the y-plane of the eight vacuum tubes,

similar to figure 11 below.

Enthalpy

90000
85000
80000
75000
70000
65000
60000
55000
50000
45000
40000
35000

Figure 10. Enthalpy distributions on the y-plane view
for duct length of 0.3L and two vacuum tubes.

Enthalpy
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85000
80000
75000
70000
65000
60000
55000
50000
45000
40000
35000

Figure 11. Enthalpy distributions on the y-plane view
for duct length of 0.3L and two vacuum tubes.

Figure 12 presents a streamline profile on the cross
section x-plane, the fluid flows along the conduit from
the inlet to the conduit outlet position can be clearly
pointed along the streamline and arrow while the
colder fluid near the outlet of the conduit flows below
along vacuum tube to the bottom, and then the fluid
flows rewound along the vacuum tube above to a
water tank and completed fully circulation of
collecting heat. Figure 13, 14 and 15 are zoomed view
in part-A, part-B and part-C of figure 12 respectively.

It is more clearly shows that the tracking of
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streamlines.

Figure 12. Streamline distributions on the x-plane
view for duct length of 0.3L.

Figure 13. The zoomed part-A view

Figure 14. The zoomed part-B view
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Figure 15. The zoomed part-C view

Figure 16 shows the efficiency vs. flux at the
high solar radiation of 650W/m?, we can see that the
efficiency firstly increases with the flux of collector
when the flux located at 2.0 L/min then the efficiency
gradual increases except a case of 0.6L length of the
conduit that the efficiency decreases as flux at 1.5
L/min. The efficiency of the collector at various fluxes
is almost the highest in the conduit length of 0.9 L
when the solar radiation is 650W/m?,

650W/m? ~—0.3L =m—0.6L =+—0.9L

1
‘ ‘ [ 1
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Figure 16. Efficiency vs. flux at the solar radiation of
650W/m2.

X. Conclusions

The governing equations are continuity equation,
momentum equation, buoyancy equation and energy
equation are numerically solved by a commercially
software (ANASY'S). The water filled in the collector
tube flowed by laminar convection heat transfer

model and heated by the radiant solar power. Finally,



the forced circulation of the solar vacuum tube are
also completed and shown the maximum heat
collected efficiency under fixed radiation intensity.
The optimal flux is 1.5~2.0L/min for the solar
collector, the corresponding maximum efficiency
reaches 0.92 when the conduit length is 0.9L and
radiation is 650W/m?. The collected efficiency
increases with the inlet flux. The numerical simulation
in the radiation intensity corresponding to the optimal
flux ratio and the best length of duct into the vacuum
tube, these parameters are very important for the

design of solar collector.
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List of symbols

specific heat at constant pressure
local gravitational acceleration
static enthalpy

the amount of energy diffusion
direction

local Nusselt number, hLg/k
presure

rayleigh number, gBATL /va
time

dynamic viscosity
kinematic viscosity
fluid density

stress tensor
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