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Abstract: The project named “The North-South Economic Corridor Bridge Project” is one of the economic
corridor programs aimed to construct a transportation network connecting three countries — e.g. the People’s
Republic of China (PRC), Lao PDR and Thailand. In fact, the project construction has its site in Chiengkhong,
Chiengrai, Thailand. To complete this project, hydraulic study based on hydrological data within the
construction site is included in order to understand the impact of the bridge pillar construction, and to find out
the solution for the bank protection. In this study, 2D mathematical model, MIKE21 was used for modeling and
simulating the conditions and situations of the project. To illustrate, the result data in the erosion assessment is
further considered for riverbank protection. In fact, the result of flux calculation of the water flow both before
and after the project is to be presented the river bank erosion area. In addition, the environmental impact
evaluation from the bridge construction has been presented by using the mathematical model for calculating the
scour depth of the water bed. From these results, it is recommended that to prevent the damage caused by the
project, the construction of the 600 meter gabions along both Thai and Laos river banks should be constructed.

Keywords: hydrodynamic model, hydrology, bank erosion, scour depth
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1. Introduction

The project named “The North-South Economic
Corridor Bridge Project” is one of the economic
corridor programs aimed to construct a transportation
network connecting three countries — e.g. the People’s
Republic of China (PRC), Lao PDR and Thailand.

To complete this project, hydraulic study based on
hydrological data within the constructed site is
included. In addition, the hydraulic model is needed

The details of method and scope of study are
mentioned as follows:

3. Scope of the study
The scope of study can be divided in 4 sections:
3.1 To procure the model and data appropriate to the
study, according to the objective.
3.2 To correct and confirm the result of the model.

Fig. 1: Study area

in order to understand the bridge pillar construction
impact, and to find out the solution for the bank
erosion from such impact. Therefore, hydrological
information such as rainfall intensity, catchment areas
and characteristics — e.g. topography, stream flow,
soil type, and etc. of constructed site and discharge of
Mekong River (Figure 1.) are required and provided
to support engineers according to design criteria.

2. Objective

It is to study the current shift due to the pillar
construction using the mathematical model.  The
erosion assessment is evaluated and the data then is
further used for determining the riverbank protection.
The model using in this current study is 2D-
Hydrodynamic Model, which is capable of simulating
according to the hydrological conditions of the area
before and after the project. It’s reliability can be
verified by field data corrections and confirmation.

3.3 To define the appropriate case study as the sample
of assessment and simulate as defined.

3.4 To assess the impact of the current to the river
bank; and to recommend its protection plan due
to the erosion shifted.

The study of the impact due to the foundation post
on circulation flow of water at the construction site of
Mekong Bridge, Chiangkhong, Chiangrai has 2 main
parts as follows:

A) Study of present hydrological conditions at
the repeating periods of 2 years, 10 years, 50 years,
and 100 years.

B) Study of hydrological conditions after the
foundation post construction at the repeating periods
of 2 years, 10 years, 50 years, and 100 years.



MIAITIVINSIUBLUUNELTD  AuInemanswazwmalulag U 1 atun 1 @Ay 2557

4. Methodology

In this study, there are two main present parts
which are hydraulic study and erosion evaluation in
the studied area. In fact, the study focuses on the
current condition and after the project condition. As a
result, the data will be used in the erosion assessment
which is further used for riverbank protection. The
details are as follows:

4.1 Hydrodynamic Simulation

The model MIKE21 from DHI Water and
Environment is a mathematical model used for 2-D
water flow characteristic calculation. The model
assumes only 2 directions of water flow, i.e. north-
south, and east-west, excluding the -earth-surface
perpendicular direction.

Elementary data for the model MIKE21 HD
1. Bathymetry Data

- Topography map, ratio 1:250,000 and 1:50,000

- Bathymetric map, sounding survey in January
2008

2. Hydrographic data used in this study are water
level and flow velocity. The data can be divided
into 2 main groups, i.e. the water level and
velocity current used for the model calibration
and verification, and the water level used in the
hydrological study before and after the project.
The data detail is as followed:

- Data used in the model calibration and
verification the data used in this study are from the
field observation. The data composes of water level of
every 3 hours (daytime: 06.00- 18.00) from 3 stations.
The data from 2 stations, i.e. upstream and
downstream, is used as the boundary condition
position for hydrological simulation. And the data
from the station in vicinity of the construction site is
used as the model calibration and verification. For the
flow velocity calibration, the flow velocity
observation data from 3 stations are used.

- The flow data used in hydrological study
before and after the project are the water levels which
are analyzed at the boundary condition position both
upstream and downstream. The summary is shown in
tables 1 and 2.

Table 1: Upstream boundary condition (U/S BC)

Q WL Flow Area
Tr (cms) (m.MSL) (sg.m)
2 11,620 351.43 6,109.16
5 13,664 353.48 7,284.44
10 15,018 354.84 8,074.48
20 16,314 356.13 8,839.49
50 17,995 357.82 9,821.52
100 19,254 359.08 10,552.30

Table 2: Downstream boundary condition (D/S BC)

Q WL Flow Area

Tr (cms) (m.MSL) (sg.m)

2 11,941 349.96 4,578.09

5 14,035 351.85 5,274.42
10 15,422 353.04 5,726.14
20 16,750 354.07 6,118.82
50 18,471 355.59 6,717.56
100 19,761 356.78 7,179.69
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2-D Bathymetry Setting-up

The bathymetric data used in this study are
from the sounding survey in the project area. The
study of hydrological condition in the project area at
present time and after the project construction is
conducted using grid of size 10 x 10 square meters.
The study area has its length for approximately 2500

meters both in the upstream and downstream
directions from the construction site which can be
expressed in the area of 3.04 square kilometers. From
such boundary of study, the mesh of 194 grids x 400
grids is used (grid size 10 x 10 meters), as shown in
figure 2-1 and figure 2-2

U/SBc |

I e
& oarian

R

[

Fig. 2-1: Boundary of study for 2-D Bathymetry Setting-up and the grid setting.
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Fig. 2-2: Boundary of study for 2-D Bathymetry Setting-up and the grid setting.
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Since the grid used for the study is quite interval (At) chosen from the modeling is 1 second.
small, in order to keep calculating stability the time
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Fig. 3-1: Result of current velocity calibration at the bridge construction site from 3 points of
current survey.
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Fig. 3-2: Result of current velocity calibration at the bridge construction site from 3points of

Current survey.

Hydrodynamic Model Calibration and

Hydrodynamic Model Verification

From the model calibration the friction
coefficient, Manning’s M, is in between 18.50 - 32.25
meter1/3/second, or equal to 0.031 — 0.035 in the term
of Manning’s “n”. The water level calibration result
showed a very good match. For the flow velocity
calibration the result was fair, as shown in figure 3-1
and figure 3-2. After the model calibration, the result
yielded was used to study the present and after-the-
project hydrological conditions.

Model Application - Hydrodynamic Computation
Eight cases were studied, four cases with
return periods 2, 10, 50, and 100 years for the present

condition and four cases for after the project condition.

4.2 Scour depth evaluation
In the evaluation, the highest erosion depth or scour
depth is calculated by the Blench’s equation (1969).

Dmax = Z(qZ/FbO) (1)

where

Dmex = maximum scour depth in meters

Z = factor accounting for the local
flow pattern
Local discharge density (m*/s/m
width)
Fwo = Zero base factor (Fig.4)

q

The erosion of any position on any grid, the equation
is calculated by following:

D = 2(0l*/Fuo) )
where
D¢j = maximum scour depth in meters
at grid position i,j
) Flux result at grid position i,j
i Horizontal grid number
j = Vertical grid number
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Fig. 4: Chart for estimating Fyo
5. Result respectively. To prevent the damage caused by the

It was found that the flow pattern for all the return
periods were identical. The flow in the vicinity of the
pillar changes its direction to avoid the pillar and
return to the usual flow condition. The farthest
deviated distance was 350 meters from the pillar
construction site. From that reason, the flow velocity
in between the pillars and the river banks is increased.
However, the study in normal condition (Tr100
years), the flow change due to the construction is
small for before and after the project. In the case of
high return period, the current may corrode both the
channel and banks due to the change from the
construction. The calculation results are shown from
figure 5to 7.

From the change affected from the construction, the
vertical eroded depth can be evaluated as shown in
figure5to 7. It is found that the highest erosion
depth affected from the project are 11, 26, 30 and 48
cm., for the return period 2, 10, 50, and 100 years,

project construction, the protection measure is applied
to prevent the erosion of the banks by considering the
protection area as:

1) Since the Mekong River is the river boundary
between two countries, Thailand and Laos,
the protected areas have to be equal to each
bank by considering the bigger area first.

The velocity for the flood flow of the Mekong
River is very high and the project is in the
narrow part of the river. As a result, the flow
current is higher than normal. Therefore, the
protection should start from the narrow part
from the upstream part of the project.

For the return period of two years, the protection is
not needed, for 5, 50, and 100 years return
periods, the protection should be 300, 400, and
600 meters respectively. The relationship
between the return periods and the protection
areas is as shown in figure 8. In addition, the
protection area positions are as shown in figure 9.

2)
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l I N

......

Fig. 5: Hydrologlcal condition during floodlng period, 100 years return period, before
and after foundation pillar construction.

l l .

Flg 6: Hydrological condition in the foundation post area during the flooding period,
100 years return period, before and after foundation pillar construction.




= o A

MIAITIVINSIUBLUUNELTD  AuInemanswazwmalulag U 1 atun 1 @Ay 2557

170 180
(ometer)

0090 132320

Fig. 7: Flow density condition in the pillar area during the flooding period,
100 years repeating period, before and after foundation post construction.

10



Y]

MIATIVINSITUBLUUNGED  uInemanseazmatulad U9 1

- Bridge line

Scour Depth (cm)
Il Above 80
70 - 80
60 - 70
50 - 60
40-50
30-40
20-30
10-20
5-10
Below 5

JCCE NN

0.40 0.60

0.20 0.80

(kilometer)

Lk Gabion wall

Fle Edt Input Pichwres Settings Help

AUUN

'
a

1 @Ay 2557

o- - BbEQal ¢ DoO0%
Construction stage: @ =  [1]

2400 2100 .BOD 500 T T T}

2400 20 iy
LE
= |
s 1
a3 1
8: 1
E I
= 1
3: I
& I
3 1
g1 ! 7 .
& | rd LS
= v 0
3 e A I
3 4
E S R Vs s
- //":///:/j//;///:(///
=3 S
1| analysis: @ = [[1]

Shpsurfoce: credse v | [ Substitule 5 Remove

Circular slip surface Analysis

o
center Bposry || Method:  oshop 2] | Stope stabilty veriication (Bishop: A el 0
0,54 i sum of sctive forces © F,= 652,23 knjm n

= st [ p_Loamas e Ry Sum o passive forces - 1243,22 Whim LT

2m 101,33 [m]  Angles : # Shdng mament ; L= 6959,28 KNmim Manage _
Radur s N T s anchors s ifints Resistng moment ;M. = 13288,15 Kimim

= a2 {e] B Factor of safety = 1,91 > 1,50 & ok
r=| 10,67 ml  we=| a7,15 [ (B | Slope stabilty SATISFACTORY
v | B Cancel
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Fig. 8: Scour depth area that occurred after the project at 100 years repeating period
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Fig. 9: CBWmeosion—protection—structure—shalI—be location.

The model result has shown the differences  and after the project which can evaluate by Blench’s
between before and after the project concerning the  equation. Therefore, this can lead to the protection
idea that the changes of the current cause the erosion.  measure to be used later. In this project, the bank

In fact, the worst case erosion affected from the  protection isto use 600 meter gabions for both sides.
magnitude and direction changes of the current before

HOX gaBiang
201 m& 2x1x05m

+40 | artfficial dune and beach

wire without PVC
- == geotexde

Fig. 10: Corrosion-protection for the construction of the 600 meter gabions is recommended along both
Thai and Laos river banks
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6. Conclusions

In conclusion, the environmental impact evaluation
of the water bed scour depth from the bridge
construction has been presented by using
mathematical model. In fact, 2D mathematical
model, MIKE21 was used for modeling and
simulating the conditions and situations of the project.
To illustrate, the result data in the erosion assessment
is further considered for riverbank protection. The
result of flux calculation of the water flow both before
and after the project is to be presented the river bank
erosion area. In addition, the environmental impact
evaluation from the bridge construction has been
presented by using the mathematical model for
calculating the scour depth of the water bed. Since
the Mekong River is the river boundary between two
countries, Thailand and Laos, the protected areas have
to be equal to each bank by considering the bigger
area, and the velocity for the flood flow of the
Mekong River is very high and the project is in the
narrow part of the river. As a result, the flow current
is higher than normal. Therefore, the protection
should start from the narrow part from the north of the
project. From these results, it is recommended that to
prevent the damage caused by the project, the
construction of the 600 meter gabions along both Thai
and Laos river banks should be constructed as shown
in figure 10.
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Abstract: Electrical and electronic equipment installed on ships especially on the top-desk must have very low
electromagnetic emission and good immunity for the whole operational frequency range. Reverberation
Chambers (RC) are tools for sensitive emission measurements and immunity tests against strong electromagnetic
fields, at a lower cost than other techniques. Method of RC should be suitable for testing Navy’s electronic
devices such as radio or radar system. However, RCs must be large for tests at low frequencies; for example, at
80 MHz are conventional RC must have dimensions up to 7 m by 15 m by 8 m. For the Navy concern, the
lowest operation frequency can be as low as 2 MHz (underwater communication can be lower).

Conventional RCs can only be used above a certain frequency, the lowest usable frequency (LUF), as
they require a minimum mode density (humber of modes per frequency interval) in order for the stirrer to
perform effectively and alter field distributions. Technique of MIMO RC [1, 2] can make RCs usable down to
much lower frequencies; it can mean the dimensions of the chamber can be up to 6 times smaller.

However, the composite Q-factor of RCs can be rather low at low frequencies, and this affects the
sensitivity, and ultimately usability of an RC. This paper studies the possibility to increase composite Q-factor
when RC is used at lower frequencies than conventional method.

Keywords: Reverberation chambers (RC), emission measurements, Q-factor, LUF
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1. Introduction

By 1967, Electromagnetic Compatibility (EMC)
had been recognised as an issue in the integration of
electronic systems, which had little connection
between standards developers in different parts of the
world, most nations had no product-level regulation
and different services used different specifications. In
1967, the_USS Forrestal disaster has brought EMC to
the front of military minds. The USS Forrestal was an
aircraft carrier operating in the Vietnam War, where it
used F-4 Phantom aircraft loaded with Zuni rocket,
which used an electrical signal to initiate launch.
Accidentally, in July 1967, one of the F-4 Phantoms
on the carrier’s deck inadvertently launched a Zuni
rocket t, which crossed the deck and struck the full
belly fuel tank of another aircraft. The ensuing
explosion and fire of the aircraft’s 1000lb bomb
caused a chain reaction of fires and explosions
resulting in ultimately the loss of 134 sailors and the
injury of a further 62 [3]. The flight deck was
penetrated by the heat and explosions, causing fire to
spread throughout the ship; the fires continued to burn
on three levels below the flight deck for many hours
afterwards.

Fig. 1: The USS Forrestal disaster in 1967 related to
EMC [3].

The actual cause is unknown, but two possibly
assumptions of the incident are related to EMC.
Firstly, it was a problem of shielding effectiveness, as
a faulty cable shield allowed the extremely high
power ship’s transmitters to propagate to the launch
command lines [4]. Second thought was an electrical
transient happened during weapon loading resulting in
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activating of a false launch signal. For both
assumptions, EMC is a key suspect.

After that, military standards on EMC were released
in USA At the centre were MIL-STD 461, 462 and
463.MIL-STD 461 is still in use, and the recent
update is MIL-STD-461F from 2007 [5]; Many
NAVYs around the world also use MIL-STD-461F,
unless they have developed their own standards.
MIL-STD-461F provides both recommended test
levels and the test procedures for a number of
different tests. These are divided into four broad
categories: CE - Conducted Emissions, CS -
Conducted Susceptibility, RE - Radiated Emissions,
and RS - Radiated Susceptibility. The requirements
are drawn from the standard and shown as Fig. 2.
Obviously, from the tables, the requirements for Nave
Surface ships and submarines are the most demanding
compare to Army and Air Force applications.

2. Reverberation Chamber for the

requirements

MIL-STD461f [5] is ALSO used as reference
for Royal Thai Navy and many countries. To
demonstrate compliance emission measurements and
susceptibility tests must be performed; there are four
main methods for radiated emission and susceptibility
tests (RE and RS). Method of Reverberation Chamber
(RC) is a tests in an electrically-large, highly
conductive, resonant cavity [6]. Emission
measurements can be made more sensitive compared
with an OATS or AC, and immunity tests can also be
done at low cost because high field strengths can be
generated with a moderate amplifier power. RC
method provides a statistical result which is good for
stability, repeatability and reliability. Besides, cost per
square meters of RC is cheaper than AC (no need for
any absorber).

For making emission measurements, RC method is
only one method that has capable to measure indirect
path loss by controlling the reflecting signals, while
the others are measuring direct path loss by
controlling the environment. As the result, normal
method (for instance OATS) has some common
limitations (figure 4) related to high ambient noise
level, reflections, weather, and emission masking; RC
can find problems, as emission problems cannot be
hidden.

A high quality factor (Q) allows generating strong
signals with very low source power, or measuring the
emission from weak emission with conventional EMC
receivers. The benefit also applies to immunity tests.
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This is important for navy equipment on deck which
can be subject to high field strength at low
frequencies (HF transmitters) up to very high
frequencies (RADAR system). Besides, from my
point of view, method of RC could be suitable for
simulating a hybrid ship environment as most rooms
on the ship will probably have similar characteristics
as resonant cavities.

TABLE V. Requirement matrix.
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is one of the most concerns for every RC, as the
chamber can only be used above a certain frequency.
The LUF is affected by composite Q-factor; higher
composite Q-factor can affect in having more
sensitive emission measurements but also resulting in
higher the LUF.

EMC

Equipment and Subsystems Installed Requirement Applicability |
In, On,rur Launched From the Application of ‘Application of
Following Platforms or Immunity Tests Emission Measurements
alalaloolele ]2
SRR EERREIEEFFI2REEE R ; : ; 1
! ! ! :
1 1 1
Surface Ships AAILIAISISISIAILIAISAIAIAILIAIAIL Method of Method of Method of Method of
Submarines A[A|L|A|S|S|S|A|L|A[S|L|A[A|L|L|A|L Open Area Test Site TEMs Cell Anechoic Chamber Reverberation Chamber
Aircraft, Army, Including Flight Line [A (A |L |A|S|S|S AlA|A[A[A|L]|AJA|L
Aircraft, Navy L|A|L|A|S|S|S A|AJA|L|A|L|L|A(L F . H H
ig. 3: Th lications and four meth f EMC.
Aircraft, Air Force AlL|A|s|s]s alaja| |a|L] |a g 3 e two applications a d four methods o C
Space Systems, Including Launch A|LIA|S|S|S AlA|A A|L A
Vehicles
Ground, Army AIL|A[S|S|S AlA|A A[L|L[A
Ground, Navy AlL|A|s|S]S Alala| [alL]afa|L / *
Ground, Air Force AIL|A|S|S|S AlA|A AL A -
Legent \T PN
A: Applicable SN
L: Limited as specified in the individual sections of this standard /
S:  Procuring activity must specify in procurement documentation
TABLE I'V. Emission and susceptibility requirements. a) open Area TESt Slte b) Revel’beratlon Chamber
Requirement Description (o AT S) (RC)
CE101 Conducted Emissions, Power Leads, 30 Hz to 10 kHz - . . - -
CEl102 Conducted Emissions, Power Leads, 10 kHz to 10 MHz Flg 4' Example Of maklng emISSIon meaSUl'ementS
CE106 Conducted Emissions, Antenna Terminal, 10 kHz to 40 GHz
CS101 Conducted Susceptibility, Power Leads, 30 Hz to 150 kHz
CS103 Conducted Susceptibility, Antenna Port, Intermodulation, 15 kHz to
10 GHz
CS104 Conducted Susceptibility, Antenna Port, Rejection of Undesired
Signals, 30 Hz to 20 GHz
CS105 Conducted Susceptibility, Antenna Port, Cross-Modulation, 30 Hz to
20 GHz
Cs106 C ibility, T Power Leads
CS109 Cond ibility, Current, 60 Hz to 100 kHz
Cs114 Conducted Susceptibility, Bulk Cable Injection, 10 kHz to 200 MHz
CSl115 Conducted Susceptibility, Bulk Cable Injection, Impulse Excitation
CS116 Ci ptibility, Damped Si idal Tt Cables and
Power Leads, 10 kHz to 100 MHz
RE101 Radiated Emissions, Magnetic Field, 30 Hz to 100 kHz
RE102 Radiated Emissions, Electric Field, 10 kHz to 18 GHz
RE103 Radiated Emissions, Antenna Spurious and Harmonic Outputs, 10 kHz
to 40 GHz
RS101 Radiated Susceptibility, Magnetic Field, 30 Hz to 100 kHz
RS103 Radiated Susceptibility, Electric Field, 2 MHz to 40 GHz
RS105 Radiated Susceptibility, Transient Electromagnetic Field

Fig. 2: The requirement matrix, emissions and
susceptibility for military.

Conceptually, method of RC is stirring standing
waves, as they occur in an enclosure, by using a
metallic paddle (called stirrer) to change boundary
conditions for, and such change the spatial
distribution of electromagnetic fields inside the
cavity. However, the lowest usable frequency (LUF)
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Fig. 5: HTMS. Makutrajakumarn

According to [6], the LUF for a conventional RC
(i.e. one which is used according to IEC 61000-4-21
[6] can be predicted by (1), or (2) with approximation
of the 60™ mode with a rectangular empty cavity
with  dimensions L, W, and H (in m), with no
information of composite Q-factor. The LUF (in Hz)
can be calculated by:

3
NeZwHE - +w+ sl
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where c is the speed of wave propagation in the
enclosure (m/s). I, m, and n are the mode indices (at
least two of them are nonzero). N is number of mode.

Operational frequencies for the Royal Thai Navy
cover a very wide range; HTMS Makutrajakumarn as
an example, uses frequencies from HF (2 MHz) to Ku
band (up to 18GHz). To be usable at frequencies
down to just 30 MHz would require a conventional
RC with dimensions in the order of 20 m by 10 m by
10 m. Lower frequencies would require even larger
chambers. A special technique developed at the
International Centre for Radio Astronomy Research
(ICRAR) at Curtin University, Western Australia, [1,
2] allows RC to be used at much lower frequencies
[7]; the technique is called Multiple Input Multiple
Output RC (MIMO RC) (see Fig. 6). As the MIMO
RC is used at much lower frequencies than a
conventional RC, the quality factor of a resonant
cavity at low frequencies must be considered, and this
is the topic of this paper.

3. Objectives

The quality factor (Q-factor) of a resonant cavity,
and thus of the MIMO RC, depends on the losses due
to currents in the walls, and due to absorption from
antennas. The objective of this research is to study
possibility of controlling the composite Q-factor
below the typical LUF of a RC.

Besides, this research also studies on possibility of
scaling the concept model of MIMO RC for NAVY;
i.e., studying on how composite Q-factor can affect
the sensitivity of MIMO RC when the concept model
is scaled up (rescaling to HF range for the NAVY).
The outcome of this research could be for making a
MIMO RC for the NAVY.

4. Methodology &Experiments

To investigate behavior of composite Q-factor, a
shielded room which is 5 times bigger than the
prototype of MIMO RC (Fig. 6) is modeled on HFSS
simulation program. This is just as same as scaling of
a dipole antenna; i.e., if a dipole is scaled up for X
times, its operation frequencies will be scaled down
for exactly X times. The shielded room is 5 times
bigger than the prototype model of MIMO RC; they
are modeled with ANSOFT HFSS simulation
program as shown Fig. 7. Characteristics of both
models are summarised in Table I.
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According to [8], their effective Q-factor @, can
be defined as (3).

fmnyp

3)

Where: f , ,, = modal frequency, Af, ,, = the modal
bandwidth, which is determined by the 3dB fall of the
S, parameter.

'?g_

" Manp

Fig. 6: The model concept of MIMO RC (using of
multiple antennas instead of only one)

Fig. 7: Models of the prototype of MIMO RC and
the shielded room (5 times bigger) on
ANSOFT HFSS.
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TABLE |
SIMULATED COMPOSITE Q-FACTOR FOR STEEL, AND
COPPER

. Prototype of
Parameters Shielded Room MIMO RC Scale

Dimensions 3.6mx2.4mx2.4m  0.76x0.48 x0.48m
Surface of cavity 48.81m? 1.8432m? 1:5.15
Volume of cavity 22.61m* 0.1759m® 1:5.02
The 1 resonance 75MHz 375MHz 1:5
Conventional LUF 242MHz 1,214MHz 1:5
FOI DC to 600 MHz DC 3,000 MHz 1:5
Composite Q-Factor
STEEL : start FOI 28.33 25.73 1.10:1

(1 =10 ): stop FOI 903.48 712.50 1.26:1
COPPER: start FOI 28.56 26.17 1.09:1

. stop FOI 903.48 955.86 1.09:1

4.1 Composite Q-factor by Calculation
The comparisons in Table | show simulated @

of both enclosures are not scaled for each other.
According to [8], @, is combination of the effect of

the walls (,) and effect to of the receiving antenna
(1) The @4 can be calculated as:

_ 218;

'I-?g T 0u+0s (4)
I'_? _ EE I[l.lu_lluf 5

1725y ®)
Q. =28y (6)

Where: V= Volume, S= Surface of the cavity, o=
the electric conductivity, uy= the permeability of free
space, u, — relative magnetic permeability, wy =

angular frequency.

Fig. 8 shows plots for composite the Q-factor for
the scaled model (lower frequency axis, black curve)
and the full sized shielded room (upper frequency axis,
blue curve) with dimensions 5 times larger. .. The
same modes appear at 5 times the frequency in the
scaled model as in the full size shielded room, and
thus appear at the same place along the horizontal axis
in Fig. 8. At low order modes (low frequencies) the
composite Q-factor is dominated by Q, and is not
affected by scaling (5 times larger size results in a 125
times larger volume, and this is compensated the
influence of (%) At higher frequencies, where the
composite Q-factor is dominated by Qi, the scaling
affects the results, and generally a larger room has a
higher Q-factor for the same mode. This can also be
explained by the equations (4), (5), and (6).
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4.2 Analysis the Results

The @;0f both enclosures are not in proportional to
each other. Instead, at any on X-axis, the @, of the
shielded room is equal to @, of the model MIMO RC

multiplied by /5. Indeed, they are not in linear scaled.

TV g ilpT rF o—
=-- |/ =-./
'?1. :5'\] ity > 'I-?l S*fﬁ.‘
T
SxExE 1 3 =
= |= = — = 4
> =5 -.,.15-)@’- e

In contrast, the @5, is not affected from neither the
electric conductivity (o) nor relative magnetic
permeability {u,.). In fact, the @; is affected by

properties of the antenna (hence the @’ term) and the

total energy in the room (hence the V); so, their @;-
values are linearly scaled (inversely proportional) to
each other. For instance, at any on X-axis, the @5 of
the scale model will equal to @, of the shielded room
divided by 5.

Where 3, their @g Which is combination between
@, and @ cannot be linearly scaled. In other word, if
two enclosures are scaled, the bigger room has got
higher @ at every scaling frequency, and the different
also depends on type of material.

4.3 Controlling the Composite Q-Factor

on MIMO RC

The analysis reveals possibility to control @, by
either changing value of @,(related to walls and thus
not practical) or value 7, (related to antennas). The
model of prototype MIMO RC installed with 9
antennas [1, 2]; therefore, changing value of @, can be
done easier by changing the load on antenna ports, for
instance leaving them open, terminating them with 50
ohm, matching them for maximum power absorption.
E.g. open ports can increase values of @, compared to
50 ohm loads. Fig. 9 shows results that confirm this
reasoning; the composite Q-factors (@,) are higher
when all but one antenna (the one used to measure
S1,) are open. unused antennas are opened instead of
terminated with 50 ohm loads. Thus, this can mean
that more sensitive measurement on MIMO RC can
be done when the unused antenna ports are opened.
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Fig. 8: The double plots show the calculated composite
Q-factors of the prototype MIMO RC and the
shielded room.

Composite Q-Factors Comparison
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4500H Simulated Result, Steel with Relative Permeability = 10
Simulated Result, Steel with Relative Permeability = 20 /
4000H Simulated Result, Steel with Relative Permeability = 50
= Simulated Result, Steel with Relative Permeability = 100
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Fig. 9: Comparison between measured and calculated
composite Q-Factors, the 1:5 scale model.

5. Conclusion

Method of RC requires high composite Q-factors
(@) to make more sensitive measurement, but it
forces RC to be usable at only high frequencies.
Although novel method, MIMO RC, can be used at
lower frequencies than a conventional RC, the
sensitivity can by quite low mainly because of power
absorbed by antennas.

It is found in this research that ¢, on MIMO RC
can be increased when the rest of antennas are opened
(without any load terminated). This can be explained
by (4) that when antennas is unloaded Coefficient
relative to the receiving antenna (;) can be increased
resulting in increasing of (g,). As the results, MIMO
RC can make more sensitive measurement. The
outcome shows promising possibility of MIMO RC
for NAVY concern since HF (2 MHz) to Ku band (up
to 18GHz).
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Land Movement Studies using Continuous GPS Technique at
Phrachunlachomklao Fort
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Abstract:

From land movement studies using Continuous GPS Technique at tide gauge station in

Phrachunlachomklao Fort results that this station clearly subsides 2 -3 mm./yr which is higher than CGPS
Permanent station at Chulalongkorn University. The preliminary horizontal land motion in north, east direction
and vertical movement results are -0.28 + 3.63, 27.87 + 4.35 and -27.89 + 5.59 mm./yr, respectively.

Keywords: land movement, continuous global positioning system

1. Introduction

Subsidence of Bangkok metropolis and
surrounding area has been known for a long time.
This subsidence has been surveyed using leveling
network conducted by Royal Thai survey department,
but only hundred control points compared to
thousands of square meter of Bangkok metropolis and
surrounding area. So, we have to estimate subsidence
rate for the area of our interest from very spared
control points and could not get the real value.
Furthermore, there is a subsidence from ground water
pumping and weight of building or construction that
has effected on soil and sand layer which is called
local effect. Plate motion within seismic cycle also
make subsidence rate differ from area to area. In
order to study subsidence in specific area, we have to
use high precision technique. For this study, we have
installed continuous Global Positioning System
(CGPS) which is an absolute and continuous
positioning specialized for geophysical work. These
GPS data will be processed by special scientific
software in order to get high precision vertical
position. The change of vertical position with time
can be used to calculated for vertical motion or land
subsidence rate in the area of our interest.
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2. Materials and Methods

2.1 Continuous Global Positioning System
(CGPS) Installation at Phrachunla-

chomklao Fort

CGPS Installation can be divided into 2 parts :
Antenna Installation and Receiver Installation

Installation of CGPS Antenna has to
complied with three things

1.Antenna position should be as closed as
possible to tide station in order to make sure that
measured vertical motion of antenna is the same as
vertical motion of tide gauge.

2.Antenna position should be clear from any
objects which can be blocked GPS signal and also
antenna should not put near buildings, trees that will
be caused multipath error.

3.Antenna position should be fixed mount on
stable platform, can tolerate any corrosion i.e.
Stainless steel

After antenna and receiver Installation have
finished, we can set up CGPS to save continuous data
for every 30 seconds. These data can be downloaded
for processing every two weeks.

CGPS equipment used in this study is Leica
GR10 GNSS Reference Station which has been
supported from Faculty of Aerospace Engineering,
Delft University of Technology
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We also installed antenna and receiver, together
with solar panel, converter and battery on 28 November
2011 and do some maintenance on 13 March 2012.
This station have a code named is “SPKN”.

2.2 GPS data processing and Vertical

motion rate

GPS data will be processed using GPS-Inferred
Positioning System (GIPSY) Software from Jet
Propulsion Laboratory (JPL). This software has also
provided by Faculty of Aerospace Engineering, Delft
University of Technology, Netherlands.

2.3 Land subsidence analysis

This study is a new way to calculate absolute land
motion by using Precise Point Positioning technique
(PPP) from continuous osition data received from
GPS which named as “Continuous GPS (CGPS)
technique”

Daily averaged vertical position analyzed from

GPS data will be checked for the Outlier Elimination.
After this elimination process, we will calculate for
monthly averaged vertical position (Vigny et al., 2005
and Simons et al., 2007).

3. Results and Discussion

We plotted weekly SPKN station position both
horizontal and vertical direction in ITRF-2008
Reference frame from 28 November 2011 to 30
September 2012. We have a short period of data and
also 8.6 Mw Sumatra Island Earthquake occurred on
11 April 2012 which caused vertical motion
especially in Bangkok area. From GIPSY software
has analyzed vertical motion (Jump) which will be
influenced for calculated tide gauge vertical motion’s
trend. We would like to present the result into two
cases.
1. vertical motion at SPKN caused by Sumatra Island
Earthquake (Figure 1)
2. No vertical motion at SPKN caused by Sumatra Island
Earthquake (Figure 2)

We compared our station result with CGPS
Permanent station at Chulalongkorn University which
will be named later as “CUSV” (Figure 3 and 4)

Sumatra Island Earthquake on 11 April 2012
has caused horizontal movement in north and east
direction about 5 — 10 mm. From preliminary
analyzed data, SPKN station clearly subsided 2 -3
mm./yr (Figure 1 and Table 1) which is higher than
CGPS Permanent station at Chulalongkorn University
(CUSV) (Figure 3,4 and Table 1) The preliminary
horizontal motion for SPKN station are -0.28 + 3.63
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in north direction and 27.87 + 4.35 mm./yr in east
direction (Figure 1 and Table 1). Vertical movement
(not included vertical motion from Sumatra earthquake)
is -27.89 + 5.59 mm./yr (Figure 2 and Table 1).

site SPKN

latitude (cm)
°
i

2011 2012 2013

longitude (cm)

&
N
]
N
]

2011 2012 2013

vertical (cm)
5 & o w o
g
1

2011 2012
year

2013

Fig. 1: Vertical motion at SPKN station caused by

Sumatra Island Earthquake (JUMP)

site SPKN

latitude (cm)
o
|
f
1

longitude (cm)

vertical (cm)
d o o w3
|
i

Fig. 2: No Vertical motion at SPKN station caused by
Sumatra Island Earthquake (NO JUMP)
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latitude (cm)

longitude (cm)

vertical (cm)

Fig. 3: Vertical motion at CUSV station caused by

site CUSV
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Table 1: Horizontal and Vertical movement at
Phrachunlachomklao Fort (SPKN) and CGPS

2012
vear

Sumatra Island Earthquake (JUMP)

longitude (cm) atitude (cm)

vertical (cm)

Fig. 4: No Vertical motion at CUSV station caused
by Sumatra Island Earthquake (NO JUMP)

site CUSV

Permanent station at Chulalongkorn University
(CUSV)
SPKN station CUSV station
JUMP | NO JUMP | NO
(mm/yr) | JUMP (mm/yr) | JUMP
(mm/yr) (mm/yr)
Horizontal -0.28 10.45 + -2.21+ | 1.66 +
movement +3.63 | 2.29 0.58 0.82
(Latitude
direction)
Horizontal 27.87 + | 4498 + 24.48 + | 28.47 +
movement 4.35 291 0.79 1.09
(Longitude
direction)
Vertical -46.23 | -27.89+ | -11.56 | -0.76 +
movement +8.89 |5.59 +1.41 2.01
Place caption beneath the figure. Leave one
blank line before, and one after the caption. Do not

indent or center the caption. Only black and white
illustrations or graphics are acceptable. Photographs
should be submitted and scaned as high quality
photos. Do not submit poor-quality photocopies. If
you use half tone (gray-scale) illustrations please
keep in mind that there will be some loss in quality
due to reproduction

4. Conclusions

From land movement studies using Continuous
GPS Technique at tide gauge station in
Phrachunlachomklao Fort results that this station
clearly subsides 2 -3 mm./yr which is higher than
CGPS Permanent station at Chulalongkorn University.
The preliminary horizontal land motion in north, east
direction are -0.28 + 3.63 and 27.87 + 4.35 mm/yr,
respectively. Vertical movement (not included vertical
motion from Sumatra earthquake) is -27.89 + 5.59
mm./yr which this movement can be used to calculate
absolute sea level change rate for this station.
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Development of Self-Propelled Anti-Aircraft Artillery

for Royal Thai Marine Division
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Abstract: This paper present the research to maintain the old armament. We take the anti-aircraft gun
M61A1 Vulcan which is installed on the fighters, normally work using hydraulic system, but was
modification to work using electrical systems and installation on the 2.5 tons truck (GMC). The main
objective to modify this gun is for the air defense mission of the Royal Thai Marine Division. The testing
results using real ammunition, 75 rounds, found that all of the systems could work effectively. The

ammunition average speed is 1,050 m/sec and the average speed of firing is 1,050 rounds/minute.
Keywords: Vulcan Gun, M61A1, Gatling Gun, Anti-Aircraft Artillery
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The Routine Test of Distribution Transformer

According to TIS 384-2543
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AraAgy: N1sveaeuUszdmdeuwdasini, wan. 384-2543

Abstract: Because current transformer manufacturing industry has grown rapidly. They are imported from
abroad. In the production of transformers . The most important thing is to test the transformer. To attest
to the quality of design analysis . And quality of the construction or production. Transformers used in
distribution system that created or produced , too, is to be tested to determine the properties of the
distribution transformers that meet the standards or requirements or not. And to check the system and
devices. Transformer that can be used safely. Robust to various circumstances That may occur Therefore,
this article offers routine testing of transformers used in power transformers sold as standard TIS 384-2543

topic of routine tests are detailed in the test, as shown in the article.

Keywords: Routine Test of Distribution Transformer, TIS 384-2543
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mafuusaugs AuivldendnAtNorminal Tap) ite
eilalududrudszneulunsiuameaniy
anderneielyen Tasasshmeiens 3 wla (nadli
Junfoutasanuna) udwhnismeaaiy
2. SRR UTNS UL S U
nsfdundiouvasaunnaszyiinisinaiay

PN 3 Wla wadviinismeeae waslunsalindu
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yapwUaanianad 97) EVIAAIANNAIIUNIY VB9

YNAINVINED9(U7 al-a2 uaz bl-b2)

2.2 M3INANEATIEIULIWIU wazaTIVERURYENE
wd w%nmma%n%ﬂ (Measurement of voltage
ratio and check of phase displacement)
AMTINDATIEIUINUIUTOU Wunsiamen

BNINAUTNNIUTOUTENIN  UARIAUTIAUGIUATUAAIN

WS IFN Ingyinisnageunnuivresnisldanuvewn

W\IaLLaxLaﬂLﬁ@%ﬂ%ﬂﬁwmamaau‘imﬂ%’m%‘adﬁai’m

dns1duntlaulad(Transformer Ratio Meter) %3avi

nsUounssAumaRTILEs waallianiilmesinan

WU TUN S AT UE A TLF

AUIUMENIIEY  (Ratio) adilaannnisnadauiian

anuaanmaauls £ 0.5%

2.3 MyiafduiuaudaassuazAnugdevne
Frelnaadiiie (Measurement of short-circuit
impedance and load loss)
L‘i‘]umimaauLﬁammmmqiylﬁaﬂumsﬁwdmaﬂ
(Load Losses, Short Circuit Impedance, Voltage
Regulation Wag Efficiency vomileulafiiinnszua
(Rated Current) msneaeuvilalasdoulssiuaula
AnsuaiifiinwdinAsngg NNAUTIUES Uyl

A158m2995(Short Circuit) 1199 UWITIAUN

2.4 mydadgedevazliiivan (Measurement of
no-load loss)
Wunsnegeuiiernal No load losses uay

Exciting  Current  Ue3milouUaininusfu(Rated

o Y w1

Voltage) nisvageuilalaedoulssiunfinauaring
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A9 NAULSITUIIAEN AU UEHINISUR

N7

2.5 Msnadauussinladianasn (Dielectric routine
test)
awnsauenitenisnaaeuldddl
(1) MYINAIAMNUAIIUNIURLIY (Measurement of
insulation resistance) 3¥NTIATENINYARAN il
- iwiwummml,iqﬁuqqﬁ’wfﬂa’mmﬁuﬁﬁ(HV-Lv)
- ssheanuseRugeiunsitmlioutas (HV-
EARTH)

Y

d‘ a
UN 1 @Ay 2557
- SEMINNVAAINLTISUAINUNT IR INLBLUAY (LV-
EARTH)
AUIZAANINAADUMNIAIAUFAIUN AU

g

Y

FENegaReY vewmeudas Wenmadanuiiuiie
AelunmlowUas  1EANUIUNINAIAIINATUNIURUIY

v

YpandanlalaziliAtey MilANUIULBEAIAIIY
AUNURUIUUBIMLBRUAIILLANIN  ANAUAIUNIY
auuvegaulsarfalialitsaninaniuua il

AN5197 2

miwﬁ 2 Insulation Resistance by Megger 1000 V or 2000 V

NAALIIPUYDIVAAIN ANANAIUNIUALIUM ohms)
20°C | 25°C | 30°C | 35°C | 40°C | 50°C | 60°C
22-33 kV 1000 750 500 375 250 125 65
11-12 kV 800 600 400 300 200 100 50
Gil'ﬂﬂ’jﬂ 3.5 kv 400 300 200 150 100 50 25
(2) MIVARDUAMUAIVIULIITUIINUAEIT DY NTNARDUN UL TIAUGS LAZNITNARDUNIIAU

(Separate-source voltage withstand test)
ausanuanisveaeuld 2 anveizfe
1. Applied Voltage Test 38 High Potential Test
Lf]umiwmauamu‘ﬁﬁ”’mwdﬂwmmmLL‘NQJ
fQWJUGUWﬁ’JﬂLLﬁﬂG?’], ‘UWa’JWLLSQQQﬁUﬂﬁ’]']ﬁ, wmmmw‘h

funsnanuavaunne funsne  nsneaeuwusiailu
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LSIAUAT  LAEYIINISURULSIAUNAADUAINTEAUKTINY
Ya9vsekUaIRIn15199 3 MsnaaaulvinsAwsIsunall
[ a a % (Y} 1 @
Wuan 60 39 LaIanlsIeunadauadngasingd
awuvesvtoudasludiunngg awvdedldidems g
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M99 3 sEAUMIAUIULAZIEEZYntua N ATANd LT LW Ve Iy B

UIIAUEGA wssRunuiinivun szyzvirslueIne

(kV r.m.s.) WSIUNUAILANE | usesunuduwadiiiu \

maslvidilugaanan pAufuTifue wga (mm.)
Fuiitwun kv r.m.s.) kV (peak)

Tahiiu 1.1 3" Y Y
3.6 10 40 60
1.2 20 60 90
12 287 757 1257
24 50 1257 225
36 70 170 315 *
72.5 140 350 630
123 1 185 450 830

T 550 1050
245 g 360 850 1600
\ 395 950 1800

W NMIITUTeITRideIn1ssEAuNsauIugulunsdifiavudwinsdaal

o

1) “10 kV r.m.s.” “30 kV peak” wag “25 mm.” aUa6U

2) “34 kV rm.s.” “95kV peak” waz “140 mm.” mUa1aU

3) “150 kV peak”

4) “200 kV peak” uag “330 mm.” aud10U

2. MISVARDUANLAINURBLSITUAT NI LAY
(Induced over- voltage withstand test)

Wun1sMageUatINsE NI UV,
auauaswdwa%umawmam, AUIUTENINIADYALAY
sEninamlavenain msneaeulilaetouussudi
dnwazadulndifsstundumetinniian fruiganiy
auaTmuaiissne faglivliAanssuarudivgn
(Magnetizing current) snniiuly MsvadeuaTdaiy
LmﬁuﬁﬂauﬁaﬁqmwhﬁLﬂ%lmi“fﬂémblé'ﬁua&hﬂﬁialﬁm
avane  aunseieusunegey  IneAuses

v & a o o Mo a |
WﬂaaUl’lLUumaq 60 UM Vlﬂ’J']ﬂJﬂhJLﬂuaaﬂLW"l“U@ﬂ

AMUATIAVUALEIanLS T UNAdEUAIRE19TIEY VN
audldlunsvagsuiidnunnniasawinvesnanudd
fmualieunagisanfidesnsussiuildlunis

ogoululumuaunisii 1 Tneazdesdnailunis

negauliteunin 15 Jui

Time of test = 120 X f—r seconds (1)
t

Tagd

a v

2 AMUINNANA (Hz)

o))}

f,
f

. Ao Audldnaaey (Hz)
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AUSUNUTANUARIAARDUYBINISNAFBUARI LS

mM3ni 4 laldszynasianueaiamdeuliuansin
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mMsnaasutiulifiinusivasnnuaaInnaau

I18N19

LNANIAIINAAINLAADY

1. (n) ANugaudeiavun

(v) ANugaydevesdiutoy

+

+

10% VpIAMUANLAIVUA

CTRE

= |

15% 'UENWJ’]QJQEQL?{EJ‘UENH’JUEJIE]?J

winzalaenaugadevianie

1Y I a sal o
G]E]QVLM FAULNEUNINATUR

2. sasnauuseiuvaliiflvan | + 0,50 veesnsiduingals
3. BUNLAUTAN TS
WinABuRLALS > 10% | & 7.5% vesrnfiudals
winABuRiLALS < 10% | & 10% vesrnfindsls

4. nseualiiluan

+ 30% YBIANTNLIILD

vaess  inasinnuaaneasuiiasiwinadndiseylilunised 4 iduluaudennassewinendniug@e

Tudumaurean1stony n1swan wiensvnaoy
dmsulsendlng  nmsiviuasuatsaznisini
dugilma - daldvinsimualinmveaeulszdmile
LLUaaﬁi’mmauaﬂmﬁaﬂmﬁmmgm uen. 384-2543
fmusudaie  Tihnseaeurladidnninvesiniy
wiloutasselnerladidnssndulumumsnsd 5

A5197 5 AleBdnesnvesitiuntanlad

TEAUUTITUGIER Aladianasn
(kV) (kv / 2.5mm.)
35 20
11 25
22 30
33 32

35

3. a9d
unanuilaesuney
ysiaUaalnin

ANunlalalagdne

M30UE18ANNTININAFRUYTET
dtevaeligiagAnyviofu iRl
AN5ANIIVENT8ALBEARI
mufasguimun iliaansaujinundelda
wdfoutadluifinldogagniosislunsuanuaztigsn
niowdadlwihsudmsldnuludnuugaeg ol

28197
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WS ueuUseansninvakelsansisadunazsia

The Comparison of Solar Cell Panels Efficiency

A19133AINTTUINAN AEAAINSTUAERNS WINeFLTeaNAY
19/1 QUUINYTINYL WURVILDIANNG LUANUBIUUL NTANNUMIUAT 10160

sin_chirasak@yahoo.com

undnga: unaraAteilunisfnyuasUisudisuundsaifivad 3 ofin vun 40 i Ae 1) waduuunEniAe:
2) WwadluunanTw uar 3) Wwaduuuanezueiiladaney ieunsAnwiuazsiunudeyavesvadusiazuia
welutagtunslinwdinumauniluvssmalnefetulsafiwadlinmdouwmivansuniu . 3eléinismve
foyaveussloansivaduazynmsfnymaasinmandinasiiudsing fddyuedsarsivadusiazsda 91nnams
naasunuIlunsieidsliihnssuanssnnumdlsaniiad waduuusdniAnsemddld 1178 $ad waduuy
wAnTmTeiddld1.60 Y wanaduuunezueilataroudietddld 17.10 fod azdudeRansangainua

Inesau waduuuezuesitaddreursduwadivanziunsldauannian
AIEIALY: \WAAWUUNANALD, [WAWUUNANTIW, WaalUUIINazIosiaTanau

Abstract: This paper is to study and compare three types of solar panel Size 40 W is 1) Single crystalline
silicon solar cell 2) Poly crystalline silicon solar cell and 3) Amorphous silicon solar cell. To study and
collected data from each cell type. Nowadays the use of renewable energy in the solar cells are much
more widespread. So the solar panels collect and study the properties and variables of the solar cell
types. The results showed that the DC power from the solar panel. Single crystalline cell are paid 11.78 W.
Poly crystalline silicon solar cell are paid 14.64 W. and Amorphous silicon solar cell are paid 17.10 W. So
when considering the overall results. Amorphous silicon cells are cells that are suitable for most

applications.

Keywords: Single crystalline silicon solar cell, Poly crystalline silicon solar cell, Amorphous silicon solar cell.
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1.Uni

= o

Solar Cell 3e PV ffaisunsulunansetng wu
Wwaduaweniing \wadetes viewwad photovoltaic &9
Anafidifiinandrin Photovoltaic Tnswenesnidu photo
el uas way volt muneds useulnd desudn
LA IMLNEDINIEUIUNSRAAINH 1IN ANIANATENUVBILES
Uu'"imqﬁﬁmmmmmhmim?auwﬁmmmuﬁu

nasulnilalagnsawuaanuAnillagnAunuuawe

U aa 1839  uswaduaserindndilignadeumn

wnseidly U am 1954 Fefimsussviiead
wasoriing  wagldgnihluldiduunasdendsnulitu
afedlueinie e U aa 1959 dath asulai
waduasoineildonlutlagtull o 3 Usuam
Fastoluil

1 Wwaduaserindfiviianddneu vdaudn
e (Single Crystalline Silicon Solar Cell)
ﬁ%@ﬁiﬁﬂﬁ’ﬂu%‘a Mono crystalline Silicon
Solar Cell wagwilandnsau (Poly crystalline
Silicon Solar Cell) anwauzluutudanou
LL%@LLazUNmrwé’ﬂugﬂﬁl (Nuwag)
\aduae1fingfiiienn ezuesNada
Cell)

Snwasduiduunadiies 0.5 luaseu Winidn

A8U (Amorphous  Silicon  Solar

W wagdseAnEaamiiies 5-10% dlugy
#1 ()

o o A

3. lwaALAIR 1 AINYINAINATAIANIDUY LTY

wavdon 915ilud, weadloy walaslsa
wazaeUed Suiow lawmalus Wudu s
gilandniied (Single Crystalline) wazwdn
591 (Polycrystalline) 1@aduaaifingdivia
anunadey o15ilus aglviUseansninas

19 20-25%
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(@)

JUN 1 UaAULaao I INAWUURIGY

2. N
2.1 ¥anN1SINUVRSwaILYan

lasvadnfidenuniign lown seasofiduvosans

=< o o

2 o o = =~ -
NFIUT ﬂ’]ﬁﬂﬁﬁ]ﬁu’]ﬂi’]ﬂ?gﬂﬂﬁ;ﬂLLﬁ%iJll’]ﬂ‘Vl?!G]UUIaﬂ

Ao Faneu Jsgniiunadiagaduatering laetiddneu
wogeuazidunaun svliugns  aunseiailndu
NAN  9INTUTNUINIWATEUIUNSENSTUENS FaUWND
v | A& A a a o I3
as9segreiou lnadlaiuaisiieneanasa aviduans
= o o a < ° Yy a g =
Asnihaliadu ( msziliimedidnaseudedivsey
avu ) waziilomuansideluseu anduansieiiihviad
( mwthlviihdmeleagaduszquin ) feliy @Wewans
Asstiafikazidunnsaniu LANToERDNBUTY
lnnadsveuvaduaioiindviinddnou enaliusaiu
WHUNNAUYSEmMBENNTE AuMUn 200-400 TumTou
(0.2-0.4 131.) R USULAIReTTULNsTuATn1su b

v

e unTASUasIEidnwazadeinalaia

¥ '
v Ao

Toufisunawnniign  dudnalwivihundadudalane

g &

WuiuRaduaseiing o AsssAugivihainansis
Fah Wy Fdmeu (Silicon), wnaldey  e1dlud
(Gallium  Arsenide), dudey  wedlWa  (Indium
Phosphide),

Telluride) wazpoUiUes duden lawalus (Copper

uAALIE wawaelsa (Cadmium

Indium  Diselenide) Jwsu  Fadleldsuuaseriing
Tneasefazdomdunmeiliih - wazavgnuendu

Usggbriihuinuazauivelidnusssulninnvamsass
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Ypuwaanaseing  Wethdalnihveswaduaseniing

soiniugunsallndinnszuanss nsvualninaglnadig
gUnsalwantu vilvanansavhenld Teandiead (Solar
Cell) JudsUszAugnssumi electronic fiasatuite
\Hugunsaldmiundsundssuuaseiindlsndu
wdsowldh Taemstharsfeind wu 8dnou dad
sgnitanuasiinniigauuiulanuiriunssuiuns
madngmand iendnliduusiuunsuians uasiiuiid
LAIANNTENIUULMNLEE  Sedvesuasiitleynieues
wdsnuusznouiiSeniy “Ineu” (Photon) agenewmn
winulifuBianasou  (Electron) Tansfsfuhaud]
nEanunweNvznstlanesninaNusAgaves
ovman ( Atom ) wawiadeuiiliesnidasy dufuile
difnaseumdeuiinsuissagiliAnlnihnszuanss

T FandAgynldilearswad laun a1sgdneu (Si)
Faduarsviafertuildvidnlunouinmes waze3eq
aa A 6 aa I = |2 a a ° a

diannselind Fameutluarsdeliiluie dnsthunan

lanswadliiuegraunsvaemsiedsnngn Ay

A A 1Y a 1Y) ° s s
waziledeoliuazuizuanadnnisvhauleansived

Front elestrode () Surlight Sunlight
Sunfight =

L
Anti-reflection ¢ oat ing\ it
4

KR

h-ype silicon (P+)—*

P-type silicon (B-) —w

Back electrode (+)

— Current

JUN 2 nanmsviheleanivad

2.2 ausulifnazfuysiddyve wwaduaaniing
2.2.1. AT UVDIE
nszualnl (Current) azdudndlnenseiu
AsdiveLas veneAIIieANITITe UAsgs

&

nszuaflannaduasenfindfazasuluvae

39

Juii 1 Bemew 2557
userulnd s elanunuaglaiuusiumuanuduueauas
wnntin enudiesiasiliindunasguforuduves
wasiimuuiulanluanmenmaUasalussusiean
wamenuasIafisssuimealuanmitasonfinddeann
Fuiilan Fesrnuduveuassdayindy 100 mW s
A3.93. 30 1,000 W #lo A5.1uas Felavindu AM 1.5
(Air Mass 1.5) uazduaserfindviug 60 ssmiuiiu
lanAnuNYalas avdlainnudsedna 75 mW 6o
P54, 30 750 W dlo As.ms JeiiAvindu AM2 nsdl
vounaduaseindtuazlda(am 1 5)dunsgu
Tun15InUsEANSANUD LN
2.2.2 gaumngil

nszudll (Current) %MLLUimuqmmﬁﬁ
wWasuwlasly Tuvaziusesulnit (hah) szanaadlo
ounniaetu ddlasadendanng 1 °C ffiadu agvin

Y Y
Tauseulnihanas 05%  warlunsdlvoaunasas

WENOMINELATFIUAINIMUAUTEANEAINVDIUKIUES

ofindfe o gamall 25 °C wu Mvualiiung

uaseinglinsesuluinimeanla  (Open  Circuit

Voltage %38 Voo) 7 21 V o gaumgl 25 °C fiae
$318A0I wsasuluinNagldanuNaaseing wle

gelaildsiefiugunsatlniln o gaumgi 25 °C azwiiu

a '

21 V fgaumgiigendi 25 °C wu gaungil 30 °C 2w

Y Y

Tusstulnivewnsnaseindanas 2.5% (0.5%x5°C)
Tufo ussuesUNILATETing? Voo 9zanas 0.525 V
(21 Vx2.5%) widsiiles 20.475 V (21V - 0.525V) a3y
¢ \flogangiigetu usadulrihiazanasdadinarili
Maalwihasanuesuniaefindanasmeaindeniinun

feanandeiu  Aeuidldazidenldieadussuaseiing
wiosrilsianaemiiRvessiissylilususazelinge
1 Manesguerls Wemnasgnildiusnmsdiuviols)

s

wuknrtaniieszydn madiihgeeld 80 dnd 7



M5ANFIVINSISITIULGED  euIneanskasinalulad U7 1 ad

AMULTULAS 1,200 W #ia 1319195 a4 geungil 20 °C
vuzsnvlianilsseyilinasinihasanld 75 Jad
AMUTULET1,000WHBANTINUAT kALRUNANIINTTIY

25 °C U7 AznuukenszyIlrnndelud 80 w ag

q

Tifdslwiennd anamedana gnagldunsdasian

AfanetamuaailunsidenluureunazInnn e

2.3 WAIUKEDTING

wasuuaseing undinuazealivhufise
To q Sussilidsnndonduiy waduasending 3
\Hudsszivgmdlaavseladvianilefigniiunldnds
Wit iesan awnsaAeundsaunasenfinglinu
wasulnilaloense  Jegtuludsenelne  finane
mhenu  hnmsindueaduaserfinditeldauly
anwazaeg Aulanlasunasudmlnganuasending
TneileAnmunadmndluuuaduigudnasesanay
fndsnuuasenfingannsznulaniaeiadeysyanm

v (Y] 1%

TNBUNAUGDINFATRYRY

U

178,000 auauing wazay
35 legussemAlandzgandundanuuaonfingll
Uszanueray 43 uagdsulAundugusTeniAUTEIIm
Yoway 22 vendsriunaseniing Usmwelnedaagly
Funtsfiindsnunatoiingannsznuiiatanuduves
$dmdntuarUszanas 4.7 dlatedsetaluasenisns
RS weUszun 16.92 Lngaﬁiamimmm ;qu
aunsathunlgusylevilaegeluilitumunlagende

gUNTAILUTTY NEWIURUUAY ﬁgﬂugﬂmaqmm%ﬁm

LarNs I wadLaIa1nng
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3. N1923NLLUY

3.1 nseanukuulaseadng

|l
LJOIE
OO!

LI
LI
LI

Inm/n
InNN
I

U]
U]
Immin

3U# 3 uandlassadrslunisiadaundloansisad

3.2 fAIUANNTTISIUUALADS
vithiifundanuanussleanisadudiagg
asguunreIIIMIMUANMIIAUUsEadlmaudane
\Husesiinaseusziuussiuresuunneifianasiile
Uszqauusaiufienufoin1sudaNazngan1sUszqin
WITNTVITINAE

LUALABS  AN¥ENaadldauas

vhienlnezunsuuandluguil 4, 5 uaz 6
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U 4 YAPIUANNISIITALUMARS YIWTITISU

o s s s & a
WaNWUﬁﬂﬂLLNﬂI“IJa’]ﬁLﬁﬁﬁa sUWiﬁ]LﬂUl’ﬁULLUWLﬁai

Rt €23
Voltage Rof Actvation R3S _JCt )
Levelf I
7 |ne a2 J_czz
== ) s
L4l EIne
1 by ¥
Optonal LI = Actvaton =l
Equalize
Switeh % Solar
High Y. - Panel
Set 0 I 12/24 Auto
Low. L =
Set

Comparstors  Flio-Flop _ Oscllabor
SOLAR CHARGE CONTROLLER

LOW VOLTAGE DISCONNECT

Ooubler =~
(c) 6. Forrest Cook 1997 -
WM

Voltage Ref _ Comparator QOscillator Tripler Swikh F2 .
ct £z Q4 ° * alqyzauto
u (|14
D8 D900 DM| D12 o =
Cl =
Tens TTew e[ fre 02
R20 = = = r o~ * bc
R32 ST D? cis - Load
o o N g 12/26 Auto
of On
LB B POﬂ HeatSink  U4UG Q2
= st el Ootional a_/
\/\l = Pushbution
: Control E1p
R21 €20 fa (| oo Es
Oon -
o104
GO

JUN 5 1995AIUANNISIITILUALABS

i
PVARRAY ¢ I
.
| P MCU QUTPUT PROTECTION
= POWER DRIVE CONTROLLER & POWER DRIVE
,
[
L ¥ T .
1 REVERSE CONNECTION TEMP SENSOR
! o PROTECTION CIRCUIT
- o .
ﬁ i ‘ CURRENT SENSOR  §1

i
|
|
i {
1 LIGHT SENSING FUSE []
|
BATTERY

6 UADNLABYUNTUNSTINIIUTBIYAAIUANNITYIST

a

sUN
U

.:4'
LURILAD T

41

Y

Juil 1 Aemew 2557

4. NanN1INngadY

3UN 7 uananisiafaiton1snaaes

JUN 8 LanIT¥EEURINNTARALNENITVIAGDS

) gunsailsi oc
g (DC Load)
‘ L]
X 4
iaInIuRNMIYTEY
(Charge Controller)
wndasuasnseualwvh
' (Inverter)
uHdLgaEwAsfinG y e
(Solar Array) (? (? J

— %

(Battory) >

unsailvivh ac

3U7 9 uansnssieavsuaslyaiugUnIainee

Tumsisuarinsaunddsandivaduaziasmsaedn
fugunsalsneuedlsanfiadiiasulindldun1ivad
WUURERREN (Single Crystalline Silicon Solar Cell)
I 40 ImR  2.waauuunansin (Polycrystalline
Silicon Solar Cell) www 40 A 3.igaAUUUIINGDY
Nosiladamau(amorphous Silicon Solar Cell) vuwn

40 Jnd dsluguin 7-8 nusaleansiwadazseidnniu
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LPTDIAUANNTUTEUUAMBT DU ST AT UAMDI YA
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Comparative analysis of energy absorption of thin walled tubes with

various section geometries subjected to bending
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Abstract: This research was aimed to study the energy absorption of thin-walled various cross—sectional
aluminum tube subjected to bending. The analytical approach included experiment and finite element
method. The various cross-sectional shapes were square section, hexagonal section, octagonal section
and circular section. The walled thicknesses of tubs were 1, 2 and 3 mm. The mesh convergent of finite
element method was 6 millimeter. Then, the comparative analysis of energy absorption between
experimental results and finite element results at thickness 1 mm was good agreement. In analytical
results were concluded that the walled thickness of tubes increased, energy absorption increased. The

parametric study of various sectional tubs was found that the energy absorption of the square section was
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the highest, hexagonal section, octagonal section and the circular section was the lowest, respectively.

Finally, it was also found that the sectional shape deformation was effected to the energy absorption.

Keywords: Bending, Tube, Energy absorption, Finite element, Thin-walled tube

1. uni
Tutagdugdfmgainnisyuvessaguddiulvg
fnagiAnduiidiuntuazdudiavessasud B
Tnssasrananil sgdasldsunisoonuuy Feiudsudy
wdesiilnsiaiiwesummusiifimudaondogauasd
ANHENINTAN IR ATUNS LGSRl FpRnuuuTwed
w11 udulasad it euannsalunisgady
sl fiFondn “Fagedundann” Gaeiiviinfigadu
wsuaaifiannsyviuavanmmdemevedassainmdn
asemmmulfiuTnes Tnefagadundenu shasfadald
Usnassumtiidlesuusdunun uaslassasanudnadle
Suusein Fudsddaiidnu wu denldwuwe U ¥ila

Yan uazngRnssuardeomeedasesna Husu

¥
av A= aAu

fatiu TuanuideilfadlitngussasAiioiinsnes
WiguiiguAnsgadundsnuveienidarainvany
melausewin lngldisnsnnaswaz s ivludiofiuud
o o v @ a a aal [
Tanltuegiifloy nan1svaasuaskan1aisinludiie
Suudazgnideuiisuiu emanugndes wagaIy
wiug 9911591899 IRRNRLAD 8IS I luALeE

s [ & [ L a ¢ Y aql s
WUA 189910 UL UNRIUINITIATIZ9A 20735 L Lug
LOALIUA LaANWIAILUTTNEATY AD NATBIVUIAAIIM
MR 2-3 Tadns  uaznaaguseanudeniy

PUNPAVDMID

2. N

“nrIgadundau” Ao AINNAINITOVBITUAIY

lassaine Mvimiilunisgadundsnuaatnunnssyiiu

47

Tassadliiuunaieanastosiian inelilflaseaing
ndnineademe fadu lumsmensaadundasny
nelulasadne ansanilaannngauganiideau
(power balance) na13in “Mdsunisueniiuinsgii

whiumasnumeludmgadundenu” fsil
Eext = Eint

e Mdsuneuen E,, Ao

E,, =Fu+My

loefl F foussnieuon M Asluwud U Aeanunia
LAABUTINULUILAY UAZ I/ ADAIUSATIYUVBIUNY

wyu dmsu Mmasnuneludadundsu B, awise

mlalagauufin“nasnunisludidundanu oy
WAATUALLEUNTHUAY (hinge line) UBIAIFUNRIIU

Wintiu” feaunsi (3) fe

E., = L(Maﬁfcaﬂ +N,é,,)ds+> j M, [y, ]dI’
!

¥
&

We N Aeduuviaviaaveddunsiuda S Asituiia
voshpadunasny |' Aemnuemvesdunisiiui y
Aomnuiudapwendumsiuin K, fio 8nsins

WU £,, Aedninistn M, Aelumudsn N, fe

wsida  uar ), z[Zj%tz ABlLLIUAGAUUIZUIY
n

B

ANIATEATIINANERN aedl T Ao wag o, Ao

4

ANUAUAATIN dasaulsiddalumFnuias

(1)

2)



MIATIVINSITBLULNED  uInemanseazmalulad Un 1 avud

2.1. usedndngAvsoussdnEuay muneds usebnass
WSV IATUUAANITIEYMIY LAlUU19ATILTITN
IngFeviiAwinAuLsiUngagn

2.2, MIQAFUWAIY  MUETe AMNAINUNTUY

o o=

a1nsagaduldnaennIsyUNTELIN MSeLURI Beinla

'
=

NMITITIUAlANTmsEnIusedanldiuyudniives

=

B wIelaseaing wilumeauUadawusdilildng

Uszanaanausstamds Tunsmeainisgadundsny

(4)

0}

Yoeian MNNITUNTERNINTIA talagldaunisn 4
XS

E, =P

mean
e E, Ao NAsugatuvedlaTwEsg,

a

bbIILNRY,

Pmean
S e AOYUTAIVRALATIATS
AUn3devinisAneilassasienielausedin lae
Suduain D. Kecman. [1] l¢@nwnalnanuidenie
YosenthindmasurTiueeliusen denalnai

o A

Henmegazusznausmeidunisiiuegiui  (stationary
hinge) wazdunsWuLUUNAS (rolling hinge) lnena
NNTIATIEAITUAASAUNITAUFURUTTEWINLULLUA
flugudn SJ. Cimpoeru and NW. Marray. [2] lauana

o |

aumiﬁlﬁmﬂmimaaqswdwﬂ,uLuwﬁﬁ’uymmaw

Audsumeldussn Inonsmeassaziansaviediaen
FEWINANUNTNAUANMUNUILDUAIN 26 WAIINATT
AT1ENEIN15LUS B ULTIBUAUENNI VD D.
Kecman,[1] wag T. Wierzbickic et al.[3] la@nwinaln
Anudsnigaesientidadinasunieldusein lne
nalnlgRansandunisiuiiietu Tau @unisiwuwuy
08 UL AU SWULUUN LR LEUNSWULUUNGS ua ,
nan1siasiziazuantdulunudduyuda T
Wierzbicki and MV. Simao.[4] ladnwinalnaiiu
deneaesanenauniglanssan laenalnaziiarsun
Lawwé“ﬂwmsmiqw%nmwﬁﬁmaaﬁawﬁﬁu NaN1g
Baszizuanaluluuudiuyuda TH. Kim and SR.

Reid.[5]  lawwurnalnaduidenievasriantings

a v A

1 @Ay 2557

Audsumelfuseinann T. Wierzbicki et al[3] Tngls
wugiidumsiuiuandseently fe dunsuLUUIY
n9euaziduniuuUUIUTatn wadldannsiese
LUUINABINNARRAIERSAEinn1SIUS B UL TiBuUAUANS
79889, M. Elchalakani et al. [6] lauansaunisnaln
ANUdEseveionaunglanswn laglafiarsady
n1siuuInamidaLagn1sgudTeuduniIsiuny
WA Snuazvaudunsiui Taauuiidudunsa

wazldiinstanazuada dusuislunisimsienazeis

(@NFa9U @ruNanlaannITIAT T sSeuisu

48

AUNITNAADY @IUAMUEINITAIUNITSULTINTZUNA
vasisasudtunuennsiansanlasiasaduiueg
U 1wu Anwinisidenigianizlaseaiunin [7]
AMSANEINSIELMIEAINNTVUVDIATUNANHTIUISLUY
A19°) [8], 9], n1sAnwIlATIAs19Na9L UL Double -
Hat ay Top - Hat [10] n1s@AnwINSidemevaLnl

TAsasaeud [11] 1WHudu

Somya Poonaya et al [12] ladAnwin1siAsig
noANIIUANUEEEYDBnaNn1elakIINIEYIRIY
wwawny wan1sanwazstiunisiuseuiisungingsy
AMULAYNI8VBIVDTTNINNITNARBILATNITINED
Ao ImesAe s lnlumiledud Somya Poonaya et
al [13] levhmsseudisuviedifivdhsavainnans
MYlALTINARIULLILNULAZLTIAA LABAITIIABINI
ADNNILABSAETINlUAEALUA HANITIATIZYNUIN
neglausinaniuuuinnuieniidnguisnauagli

DY

nAsUgAdugedn sesasnventhdaguuuamvisy vie

U

' '
a = [

nihdnsUnniagukazentda JURMABUNA1UA

3
futlosian  drunneldussdaviontdngudimasy
wisugatugegn sesamndurenthdngunnivas
viewthangUuUnivaey uagvieniidaguasnaumdsy
Q@%Uﬁ@ﬂﬁﬁﬂ Somya Poonaya et al. [14] la@nwin1s

Wisuisundenugaduresvieniidavalgindey



MIATIVINSITBLULNED  uInemanseazmalulad Un 1 avud

neliusedn Tngn1sdnaespeuiamesmedslnludied
wudegnied fanildlunisinsznluminmies
HAaMTATIEinuIenthdaguinauasliAma

ARTULINNIVIBWUAMAEL VIDNNWREY WaryIDFE AL

U

'
Y ¥ o

findanugadurian Somya Poonaya [15] la@nwInTs
Wisuifigunsgadundsnuvedasiasisguieaniy
ToussnanuuuILnuy laen1391anamNAsuRInesaIe
Wiwludiediwud agiliiumdninisr nanisfine
wudwiawﬁﬁmgﬂmmﬁlauiﬁwé’qmu@m%'umrm’h 19

Y

idngUuUnmae vievthdaguisna uasviedindes
Tndssugadusingn awadu S. Poonaya et al. [16]
lavinisAneinalnaudenigvesienauntauis
Aeldusesin nsitearuvauaesdiu Ae nsnnass
warmangud] Inedinisvaaes lavinisadaganeaes
A1UNENN15989 SJ. Cimpoeru and NW. Marray. [2]
dielivionauaiunsafunseialiegiaiies druisnig
ngud) Wasunalnauidemeve sdunisiuda
USNUNTIAALAZIEUNITHUAIA UL LA ULABLEUATS
WusvzgnauuAbidudunss FBlunsinseiasl4is
AR MSURANITIATIETREINASIUSBUiguan
lunudadsedelunmguldiunisneaes wazyiinig
Wiguisuauduiusvensivluudiuyudn
FENINNGEIUNITNAADY

¥
1Y

IS
YU

A9t AINNSANWINUNNLITDI VINLAINUT

inguszasAednwinsgadundenuveviendvi

q

aavarnratgaelausida Inggusramidai@ne
Usgnausme nihdngudvhen wihdasunnmaey win

@

fnguuunmasy waznihdnguinan@dnnumieul
al

$fin) Feuddeliesiidnwaziduie Wunisiaunde
HONINNUATHTINIULN[13] ﬁazﬁﬂmmwwmsam%’u
WaMU ASUUSINsEIINLLLILAULaE LS ISR Tng3EnIs
$ranwnsreuiunesdeslwludodiuud uienudded

TuAsn1snaase wWiavinisusuiesuluswnsululug

49

a v A

1 @Ay 2557

waluud(Validate program) wagisnisvaasle

AATIEMIINISUTEULTEUNANITAATUNT I UVR VD

o

nihdingusneg Aenuvu 1 Tadwns nieuvialaiuieu

Tan?

q

Y v [ ! [ < = < Y
diuidudiulngfeimaninies unluiag

a a

pafidon Naviduussleadlunisandgmivesimin

Y

Y94lA59a51e gavineuIdeldaiauinisiiasea

sUsmthdinvewgadundsau Falagdiulngaglive

DY

wihdngUdndeunazvionthdngunan wnduviendh

Y

dngusunindsuwasvionindagunniniey unlidy

PN ANIULe

ad a ¢
3. /NI ATIEH
BIeTgimAINIsadundsuveientfagy

PAINNANENLALTINA UTenaumelsnIsnaasanasis

[

Inlusefuus fedl

3.1 F/NMARY
3.1.1 M3PugUBUNL whmsaihdununegaeu lag
1§¥anegiiilevvuin 1 adwasuniuduviedfinida

FUGRIGIE

Y

warihudumhdagunnay  Jvuaduseuuvesmi

nihdingunninden  vidnguLUamaey

fin 320 Taawes ANNE1I 1500 JadAs waznswiau

JUN 1 Juauicmedusumenisiy
3.1.2 MsAnAsyAnNAgaY Usenaueie vienidinidngy
wanvaegnIbivugnsesiuitEetng druinuuu

o v

TNATFAALIATDMAROULIIR AI5UN 2



MIATIVINSITBLULNED  uInemanseazmalulad Un 1 avud

o

FUN 2 SnUMEYANARRULTIRANULATBINAROULTIAY

3.1.3 TuUABUNTIINARBY UNFUINULIINUUIATBITUNS
a03t19 ldinandadslifuinsomageuwseis U
TUsunsuAmuANLATolITINALA R UNAINIULLIAT FIE
AUEY 10 Tadwnsseunil unseisdunuineiy

\dugUednan1s Asgui 3 udrduiinuanismeaes

\

JUN 3 Juaudesueg1ea1isilliesaintsnn

3.2 3Bn1531aeslagnauiiames
Tuisnsdranslasnsufinnes iilevin1sgadu
winuvewetifivihdagunainvans axliislnludied
wud loeldlusinsy aunAa(ABAQUS) dnwadzdaymn
LfJULLUUﬁNamam%‘?fmLﬁ]u(Explicit dynamic) Tagn1s
fravsazaianuuiiasdiimiioutunsmaass fagui
4 Usznousslununaaeuiiinddagudmaen win

Y Y

ansuvnndey nidasuidavdsy wagntidngy

L] L]
v a1 <

wnay laeyng widaazsdvienaufifanuudaunss
(Rigid body) sgduanuiterdugnsesiuiansdng uag

agauuwiielluiing dadunuidnvasdeguld

(Deformable  body)  maanymluiilofieaiy
(Homogeneous)  wazAmauTiRTagi1AunAAnNI

50

A o A

1 @Ay 2557

(Isotropic) dnwagiedwudidueduudiudenuiashell

element) SUAWMABNAIUA(SAR)  waziiaulvvauln

Y

(Boundary  condition) y19NaufIVUILTULITINAAIL

wuaRe NAnasie819919(Quasi-Static) 10 fadlunsee

=

Wil nspihiuuvagey vienausua1gndney

U

¥
a

Fnwaznsdudardunisdudawuuiuiafuiuii

(Surface to surface)TENINMBNANTUTUIIY hATATT

dudaditea(Self  contact) veIRITUIY LuilAN

Fuuseansanudsnniu wazldlanisiansansesteu

1IN

A57 10 Hadwnsaeni

Fununaaou

gaTessuFunY
U 4 uuudraedusunsunouinessyisllu
BRG]

3.2.1 n191IN15gLd1veaadiuud (Mesh
convergent)
NsANYIMIANGLUNVBUFIUA LAgN1TMIYUIATBUER
wudvszauasiiatosnim ilelinavesdinisge
Fundanulifnansgnudensivdeundasmesuunnied
wiud Fauansluguil 5 Wumsuansmnuduiusseming
YIAVBABAUUATUNITAATUNG I FNUTIVUINLEE

s a = S o = a a
PUURALIUAINLASULADYTAINNVUIA 6 UAaLUng, 5

v v
(YR

adns  saruluanud

o

yiFndenldvunneduugd 5

pd)}

R GIGE



MIATIVINSITBLULNED  uInemanseazmalulad Un 1 avud

1750

1700

1650

1600

E

WIILRAAY (HINW)

1550

1500

1450

MNAMDTNEGIANAT)

Ul 5 Mmnsgigiivunmedudiang s
suawiwﬁwﬁmgﬂﬁmﬁﬁmmwwm 1 Jadung
3.2.2 ausultAvesiag Yaqiltidusaiiden Afany
nwduiiU 2,700 Alansusegnuiiiuns 9evin1s

neaeulaglduInsguves BS EN 10002-1: 2001 (E)
ww3esiionnaeuiililunismanaiu@tie

Universal Testing Machine Model: AG — 100KNI M2

yesantumanuaviannawisUsemdlng  Ingvuin

Junedauaiguil - 6 wagmInAdeULarFUIINAINY

o

= % a \ wa a a o
LAY @I\TEUV} 7 aau@mauummaﬂ@@ﬂl:uﬂllma’] [3VERL

LEAIANTIIN 1

40

—_
4ﬁzo _‘

00

§U17'i 6 VUINTAAMILNINTZIU BS EN 10002-1: 2001 (E)

= o A

1 @Ay 2557

3UN 7 uanansmauandR Tan veaImaaa UL esa
WaTaN B IUIINTIEENIEUIATVDITUI Y

Nagdau

A19197 1 uansnanURvesegiliily

AN | AndeAuegdd | Ay | A | Sewa

U (GP) 137 WAL A5tn
(Mm) AN NG
(MPA) (MPA)

1 38.34 139.75 142.57 11.69

2 46.74 118.17 123.31 18.25

3 41.79 111.01 119.04 20.11

51

a 4
4. HaN13ATIEh
NTIATIEIsuTisuNSgAtuNEI U IiaH
Ao v oo v @ aa
vinddagunarnuateaieliusein laedsnng

N9aaar sl uAAUA At




a v A

MIAITIVINSISTWBYUUNELTD  AuIneranswazmalulag UN 1 atun 1 @Ay 2557

4.1 nswSeuiisunisnnasanulinludiaiaiuud
MsSeuisunanisnaasdwazranislnludied

a a

WUA A89IAURUT 1 HAALURNT %8L'f]‘hlﬂ’1'ﬁ

Wiguiiguseninaussaniuszezieuvesie luviewi
fingUaanay vienthdingudimaey vienhdnguvnden
vienidnguudavdsy uay viowdagulanay i
uandlusuf 8-11 azwudndunnlifuvonsmszming

mMsnaasdwaz liludiedwusialndAeeiuann

2500

2000

1500

a_w

1000

- - = Wludodud

1s30a (H2611)

500

— NMINAADN

0 20 40 60

szazuoU (Nanns)

2000

1500

1000 — MINAad

IRY)

(

TeXtato}

500 Al

0 20 40 60 80 100

(NP
FTUTUBU (Haatuns)

- - - 'Wludednmua

JUN 8 nan1swSsuiisusenininsnaasiaslnludie

Auudvewmthinguinay

80

100

auAvsImTAnFULUAEEY

JUN 10 wansieuiisuseninnisvaasuazinlud

3000

2500

2000

1500

- = = Illuderanma

159(1I0Y)

— Minaand

1000

500

0 20 40 60

1o a
FTHZUDU (VaalNAT)

80

100

2500

2000

1500

MINAav

us3aa (HId)

1000

500

0 20 40 60 80 100

szazIRM (Naams)

a 3 v o a A
LQ@LNU@‘U@Q%H?W@]EU&M&H@J

Tudauatialnalfesiu

71 9 mansiSeuiisuseninanisnaaswaylnludie

ean
[
=

Auudvemthingurnivnaey

52

9 11 nan1swWseuiieuseninansnaaswas lnlug

war3uT 12 azdunisuannsiuSeuiieunday
anfusgninmanisveassasalnludiofiuudvesn

- - = l'ludieranmg Y

MIFR NUTINFINUYATUIINNARDIUAZIINTT bl




MIATIVINSITUBYUUNELTD  AuInemanswazmalulag Un

a

1 atufl 1 Asneu 2557

2000 -

1500

1000 -
500 -

a4
EOGEH]

a o

M mnaaes

B Blludioranima

wmamqwﬂ"ﬂ(mﬂu—mm)

= =
9nan Hnoviagn wilvidea

Ul 12 mswSeuliisuserinsanismaaesuazualmlus
LOA-LUUAURINTNGA
Laran31ed 2 wanasogarALLANA1INTAAYY
nas N sneaswaz liludediuug lnelisesay
YasruAaILAduYDedABLYINTUSeas 18 Ve
wnindsudevas 16 veuwUsdsudevas 8 uas vie

NNANTBYAY 7 MUAIAY

M19°99 2 FPEAZANNLANAINITAATUNAIIUYDY

ad adl 4 a ¢ o
Fsn1sneasunazisiludiefiuud Aaauvun 1

daaung
MIQATUNAINU(IAU-LuAT) | Taoaz
Pyetr Twludiawn Ay
nIINa[ad - ,
LAUR LLANHI
2anaw 1045.70 1125.71 7
WAL 1359.06 1132.52 16
wamasa 122350 1139.29 8
ERCI 1682.12 1374.36 18

4.2 NaYdIANUNUN
N8I TUNTIUS BULTIB UNAYBIAUUUN

UIA 1 DadUAT, 2 TAALIAT way 3 NAALUAT VBIUT

a al

Angudmasy mihdasunnivaey nihdaguwlamasy
wagntdnguienay Auanslugun 13-16 asnuinie

ANMUAUNNUTY LSINA VLN

25000

20000

L4

.
_ .
F 15000 es — 1 113
%3 . .
= ]
= 10000 ; Tteiecaee 2
G \ ®eceq,
s RN L R 1
= 5000 1 TSN o mm TN —- -

50 100

syezneu (Naamns)

3UN 13 nasgniuseladuyuiavevieniidngy

GIYGREY

53

12000

10000

ee_ o ..
8000

- ] 111

9

6000

UsIRAHINY)

4000 - e 2 1Y

9

Sl lablnptecccese
-
<
LY

.}

2000 eeee 3y

40 60 80 100

JzazueY (Naamng)

14 maisijLm‘ﬁmﬁugmﬁmmaqﬂawﬁﬁmgﬂuﬂ

€aN
[l
=D,

WAYY

14000
12000
10000 | 3%e

8000

Cene — 1 113

.
6000 |e

1330 (HI0Y)

-—-—2 U

4000 | -
- eeee 3yl

2000 lm

0

100

szazuey (Naamuns)

15 waszninusstaiuyuiaveientdinguuua

LAY



MIATIVINSITBLULNED  uInemanseazmalulad Un 1 avud

a

o A

1 @Ay 2557

12000
10000 ®eeset .
. Ceee,
= 8000 . See
3% .e® LXS
"g 6000 : L
as d rd -
i . - - -
& 400 |& A - . - 2w
.
2000 } / ceee 3l
. -/§—-—~_\
0 20 40 60 80 100
Szazueu (Naans)

JUN 16 waseniussdaiuyuie vesientdngy

WA

)

)
IS,

i

o

A ngay

o

4800

4600

4200

4000
3800
3600

Jmeadl

AARias

wilanias

anian

2

4028.50

4105.01

4190.54

4635.64

JUT 18 mspadundsnuiususmihdavesyie

PAMUNUT 2 TAALUHS

4.3 NM1INATUNAIY 4500
n1sgadundureiontauniininfngusie 8600
a1NMaEAEIARIIAN IINHANITIATIZVRARAIAITUN g w0
o z
' ' v o a a a o Y I 8200
17-19  wud venihdnsudmdsuinisaadundanuy =
' DY = ' DY) { ﬁg 3000
gegn emidnguwdaniey vienthdngunnindey =
Y 9 Y Y aé 7800
wagvientdnsulnaniinisgadundeuiesiign g 600
GHiJﬁ’W’TU ;é Janai “lTﬂL‘ﬁ?;:lEﬂI LL‘]JﬂL‘I’i"E;HﬂI éL“l’i‘éﬂl
1600 dzam 795561 $069.7 8250.51 8563.6
1400 a o o Y ' DY '
g JUN 19 nMsgadundanuiusuimiidinvesie
= 1200
g - a a
% 1000 fnumun 3 adluns
2
ag §00
g? 600 a 6 U U | 4 o
s NNANITIATIRNTAATUNS 1 UYRWBNTNAR
ag | v o a a M va oA
200 199 P19du mrafiausadinsigiladnnsdl fe
0 gAn1saiNsdeUTvemTNdn AR5 3 WU
ANnan Hniadn wilaniaan aian Y
v Y @ U | 2/
P E—— - Lo e APUMLAETYEENNTYUALYINAY AzLiiudnviogUni
AR EUIBLAANITIUAIAIUTIAEUATUUUY BN

UM 17 msgadunaenuiususimidavesie

PANUVUT 1 Dadns

4]

'
A P o o

An SaUsingIuumhenimvaesy Weiguiuninga

DY

sULUamAsL nthdnrnmasy wagntdnguasnaulid
widgy aUTeuimeunthdnsuuuavisuwasmindngy
::4' A d @ < DY)
MAMALUNAIUNULAEINY AzLiuImiidagunn
wignazdegUTIwINnd dunnanauaemingn
nihdasunnvdetazinisindawnnnimidagluua

WIREY $15831NNNSHBNRATUUUYBIALAR ALNUINLN



MIATIVINSITBLULNED  uInemanseazmalulad Un 1 avud

Anyunlamasudadisiuaumdesdns waduuinndy

%

nidngunnmdey detudasuladnvenindngy

L] Ll

@

Finguaue

Y

dvdsuinisgadundasnulddniinia
\loangusramindagdimdsunaznidaguln
wasy Siunilwomidnegluuuia deagsilinng
guinAntuldenn wihdaRnnisiumussaiaunn i
vihdingunndsunayihiaguisna Sedinnsinuniu

L3R LALBE

M13199 3 dnwaznisideguiamtidnvesiie

anunndaamns)

/ -

§

Fmaou

S A

PINNANTIATITNVBINUITET awSeuiieuiu

AMTITeMIULN [13] WU dTeRRIuNnglimwan

v
=1

wifled drwauidedagldegiiden wagiiunanis

naasakarn1sUTuisulusunsulilianugnaesiay

AMUUNYTDDDUINTU INNNANITILATIZNILNUINIL A

1% Nt

JoaguiilnalAesiu Aearlivienddngudimasuiinis

q

o [ '

andundeugegn uagvienthdnguisnauiinisgadu
NHWUAER WAdzUANATUARAaTUYRIAINSAAYY
nduveientdasuuUamdsutazndidagunn
a = & v A Y o o
widen Fadululdidiesannviensassagliirinisgady

nasnulnalAgaiuuin

55

a v A

1 @Ay 2557

5. d3d
miamﬁffuwé’dmuﬁuaWiaﬁﬁwﬁwﬁwmﬂwmﬂmﬂiéf

w3 anansnasUnadedl

5.1. wan1susuigulusunsy wuin MsiUseuLisuna

Tneldi8n1snnasswasdinludiodiuud da1lnaiAes

1IN WATNUIIVUIALOALUUATBYNIIUIBLYINAY 5

fadums aghlimnmsgadundsnuiiadios

5.2. NAYBIANTAUN NUT N EAILRULANTY n39n

Funganuiiniu

LY

5.3 NANSRATUNRIY vienihdnsUdvdealvieinis

Y

1y [ ' o

grdundsnugegn sesasumionthinguuUnmdes vie
windagunnmasLuazieniifngasnannisgady
winutiosiian

5.4 navesgUineAMudee nuindnunesUsanig
gUAUSIAUNTANYDYIBlNARBNITAATUNSIY kAL
viefifinihdaduniseglunuifa szdinnuaunsaly

msdumuussialaanivientdaniisUludnuaugdun

6. TarauaLuL

lunsesniuy  “Fgadundany”  nuaasUves
el nmavessudsiidinm wudh navesna
ity wiﬁmiam%’uwﬁwmﬁﬁu Faigedy
wEsruedarumundidisdy Adlunsesnuuud ud
Aosflianuudassdosnitnnuudusswedlassasnemean
vosguw vy Liesandgadundanu Suihilunis
anAMULAEIEURIlATIETVANIIUIUNEY  Yi3eI
wihfigadundanuaatiiiinnszsyihiulaseaiils @iy
maannnuddesell Wumsianndgadundsnuli
ﬁmi@m%uwé’wmﬁwﬁuuazﬁﬁmﬁﬂLm TnenIsiy
iy uagvinineJagUsenau(Composite material) 1Uu
A %ﬂ%ﬁama@uﬁmé’udw “ flowfiusaldnnin us

Ay liUsyansn1nn1saadundsnuiuiuin



MIATIVINSITBLULNED  uInemanseazmalulad Un 1 avud

7. AnAdsznIA

mamauqmmﬂ%ﬂm%mmmLﬂ%‘lama AMY
Amnssumans uninenduguaestl faduayulild
\A30MAABULIIAN(Tension Universal Testing) siovia4

AUYANARBILTIAR

NF1591984

[1] Dusan Kecman. “Bending collapse of

rectangular and square section tubes.” Int. J.

Mech. Sci. 1983; 25: 9-10.

S. J. Cimpoeru and N. W. Murray. “The large-

deflection pure bending properties of a square

thin-walled tube.” Int. J. Mech. Sci. 1993; 35;

%: 247-256.

[3] T. Wierzbicki. “Stress profile in thin-walled
prismatic columns subjected to crush loading-
Il. Bending.” Computer&structure 1994, 51, 6:
625-641.

[4] T. Wierzbicki and M. V. Sinmao. “A simplified

model of brazier effect in plastic bending of

cylindrical tubes.” Int. J. Pres. Ves.& Pipe. 1997; 71:

19-28.

[5] T.H. Kim, and S. R. Reid. “Bending collapse of

thin-walled  rectangular  section  columns.”

Computer & Structures 2001; 79: 1897-1991.

[6] M. Elchalakani, X. L. Zhao and R. H. Grzebieta.

“Plastic mechanism analysis of circular tubes

under pure bending.” Int. Mech. Sci. 2002; 44:

1117-1143.

[71  H. Huh. “Crashworthiness of front side
members in  an auto-body considering the
fabrication effect.” 12" International  Pacific

56

a v A a

AU 2557

Conference on Automotive Engineering.Bangkok.
Thailand, 2003.
(8]

walled tubes and frusta under axial compression at

A.G. Mamalis. “The crumpling of steel thin-

elevated strain-rates: some experimental results.”

International Journal of Mechanical Science.
1984,26; 11-12: 537-547.

[9] W.J. Kang and H. Huh. “Crash analysis of auto-
body the strain-rate

structures  considering

hardening  effect.” International  Journal
Automotive Technology. 2002; 1; 1: 35-41.

[10] M.D. White. “A theoretical analysis for the
quasi-static axial crushing of top-hat and double-
hat thin-walled sections.” International Journal of
Mechanical Science. 1999; 41; 2: 209-233.

[11] J.D. Reid. “Crashworthiness of automotive
steel midrails thickness and material sensitivity.”

Thin-Walled Structures. 1996; 26; 2: 83-103.

[12] Somya poonaya, Chawalit Thinvongpituk, and
Umpisak Teeboonma, “Some analytical methods
of plastic collapse of circular steel tube under
quasi-static axial compression,” 19" Conference of
mechanical

Songkhla, Thailand,19-21 October, 2005.

engineering network of Thailand,

[13] Somya poonaya, Chawalit Thinvongpituk, and
Umpisak Teeboonma. “Comparison of energy
absorption of various section steel tubes under
axial compression and bending loading,”
21" Conference of mechanical engineering network
of Thailand, Chonburi, Thailand, 17-19 October,

2007.

[14] Somya poonaya, and Chawalit thinvongpituk.

“Comparison of energy absorption of various



M5A15IVINTLSUTEULILED  MuInerdansiazinalulad U9 1 adun 1 dsmau 2557
section steel tubes under torsion loading,” The
23"Conference of mechanical engineering network
of Thailand, Chiang Mai, Thailand, 4-7 November,
2009.

[15] Somya poonaya. “Comparision of energy
absorption of S-Frame Subjected to axial
compression loading,” 24"Conference  of
mechanical engineering network of Thailand,
Ubonratchathani, Thailand, 20-22 October, 2010.
[16] S. Poonaya , U.Teeboonma, C.Thinvongpituk.
“Plastic collapse analysis of thin-walled circular
tubes subjected to bending.”  Thin-Walled
Structure. 2009; 47: 637-645.

57



MIAITIVINSSWBYUUNELTD  AuIneanswazwmalulag UN 1 atun 1 &wnAu 2557

19sAdyIMNsELaTATaALTUAlYUSUALazNNasUA lag Ty
uaamm@amaﬁwumanﬂﬁiaaaaﬂ
Low-Voltage Low-Power Four-Quadrant Current Multiplier

Using Floating Gate-MOS Transistors

uued Ay’ Sszdnd vgadisan
"anudviimnssulnsesna augdmnssumans antumaluladnszaeuinddnarmsainnsy s
OUURABINTY LWRaIANTEUs NN 10520 E-mail: kkmontre@kmitl.ac.th
* mefwimnssuieiesdleinuardidnnseding augimnssumans aminerdemaluladnszeouindmszunsinie

ouUUTEANTI80S 1 1WAUAES NFAMW 10800 E-mail: jewakmitnb.ac.th

unAnga: unAutiiauelnsAdyauiihnululrienssladaseausudLu LA IlTW AT 18IS IAU
wpanIuTawe LU e Udesassgniinlditevilinesndiaueaunsaviheulafuvasgngusedu 0.75 Tian
wasmhauezgnitaansvinumelusinsy PSPICE Tngldnsilimesinalulad@uea 0.18 um 30 TSMC Lite

o

Huun15MNNUVRNDT I1NRANITINAIANILATI9ATTAIAINEANETIR 1.5 % NBuNVNTEwa 8 YA TA1AY

WeusImveeesiuling 0.95 % Weodunnnsvuaduwin 8 pA (peak) asldMmasnuaindviniu 19.9 pw uag &

wuuMIAvve iy IMUIAEAMNAY 180 MHz

A187ARY: 1ITANFYYIUUUULBNIADN 1ITIIANTZLA teansudawmesuuurinaldesasy waswuuliiy

G

Abstract: This paper presents a new ultra-low-voltage current-mode four-quadrant analog multiplier. A
floating-gate technique is used to provide the operation at a supply voltage of 0.75-V for the proposed
multiplier. PSPICE simulators using 0.18 pym TSMC CMOS process are used to show the workability of the
proposed circuit. Simulation results show that the circuit has a linearity error of 1.5 % for the input current
8 WA, total harmonic distortion of 0.96 % for the input current 8 pA (peak), quiescent power consumption

of 19.9 yW and small-signal bandwidth of 180 MHz.

Keywords: analog multiplier, current-mode circuit, floating-gate MOS transistor, nonlinear circuit
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