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ABSTRACT

This paper presents the findings of an experimental investigation performed on cement-clay
interlocking (CCl) hollow bricks made using cement and clay, by conventional method. In Thailand,
these CCl bricks are made in different regions by using locally available clay and there is no standard
mix design to prepare bricks. Therefore, CCl brick samples were collected from different three regions
of Thailand to study the influence of locally available clay and mix design ratio on the mechanical
properties of CCl bricks. Mechanical properties such as compressive strength, splitting tensile strength,
modulus of rupture and water absorption were determined. Results show that each region is following
different mix design ratio based on availability of local materials and knowledge. It was also observed
that locally available materials and mix design ratio has a significant effect on the mechanical properties
of CCl bricks. The compressive strength of CCl bricks was observed between 4.22 MPa to 16.40 MPa. A
large variation in the values of splitting tensile strength, modulus of rupture and absorption were also
observed for different regions. This study indicates that there is an urgent need to establish and enforce

standard guidelines for codes for CCl brick manufacturing process in Thailand.
Keyword: Compressive strength, tensile strength, water absorption capacity, interlocking bricks

1. Introduction natural soil bricks because they have been

In many developing countries especially in the  identified as low-cost material. The technology uses

rural, natural compacted soil has good insulation  the available soil on site, which can be stabilized

and fire- resistant properties [1]. It is, however,  with a small amount of cement or/ and lime

vulnerable to weather especially during rainy
season and soil material can expand and loose
cohesiveness, particularly with cement plaster.

There is an initiative to produce bricks by using

depending on the characteristics of the soil so as to
improve the engineering properties of the produced
bricks. Soil can be improved and used as a building

material for various types of structures by adding



substances known as stabilizers, and the product is
called stabilized soil [ 2]. A properly stabilized,
consolidated, well-graded soil that is adequately
moisturized, mixed, and cured will provide a strong,
stable, waterproof and long-lasting building bricks.
Regarding soil, Walker [3] assessed the influence of
soil characteristics and cement content on the
physical properties of stabilized soil blocks. Both
saturated strength and durability of cement
stabilized soil blocks were improved by increasing
cement and impaired by clay content. He
concluded that the most ideal soils for cement soil
block production should have plasticity index
between 5 and 15. Soils with a plasticity index
above 20-25 are not suited to cement stabilization
using manual presses, due to problems with
excessive drying shrinkage, inadequate durability
and low compressive strength. Reddy [4] studied
the use of steam curing process and showed that it
can lead to quick production of stabilized soil
blocks. Venkatarama and Gupta [5] studied the
various characteristics of soil-cement blocks using
highly sandy soils. The results indicate that there is
2.5 times increase in strength for doubling of
cement content from 6%. Saturated water content
of the blocks is not sensitive to cement content,
whereas rate of moisture absorption greatly
depends on the cement content. Pore size
decreases with increase in cement content of block,
whereas surface porosity is independent of the
cement content. Stabilized soil cement blocks have
been used for load bearing masonry structures in
many parts of the world like India. More details on
stabilized soil block technology can be found in

other studies [6-9]. Mortar is used in normal brick

construction in order to create continuous structural
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form and to bind together the individual units in
brickwork. In normal bricks, mortar and bricks
provides the high strength in brickwork system.
Many studies have been done in perfecting the
performance of the brickwork [10-12]. The higher
demand of construction of buildings gives reason to
find ways to fulfill and to solve the problems
related to the construction. Interlocking bricks is an
alternative system which is similar to the “LEGO
blocks” that use less or minimum mortar to bind
the bricks together.  Interlocking bricks was
introduced to reduce the use of manpower, hence
fulfill the requirement of Industrialized Building
System (IBS). Interlocking brick system is a fast and
cost- effective construction system which offers
good solution in construction.

In Thailand, cement- clay interlocking ( CCl)
bricks made of locally available clay are widely used
to construct low rise residential  buildings
throughout the country. These interlocking bricks
are manufactured locally in small factories located
in different regions of Thailand. At present, there are
at least 700 brick manufacturing plants in Thailand
[13]. These plants are located mostly in rural areas
and these plants are owned by successful farmers
or entrepreneurs who have gained experience
through working in other brick plants. Many of the
rural brick owners use clay dug from their own land.
According to the geological map of Thailand, the
sedimentary and metamorphic rock distribution of
Thailand is quite diverse ranging from mudstone to
sand stone and shale [14]. Many studies have
reported that change in clay contents cause change
in mechanical properties of bricks [ 15-16]. In

addition, there are no standard guidelines or

reference codes in practice to prepare CCl bricks.
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Therefore, each CCl manufacturing plant is using
different mix designs. These mix designs are
developed based on the availability of local
materials and knowledge. For example, some plants
use only cement and clay to produce CCl bricks
whereas some plants also add stone duct or sand
to along with cement and clay to produce CCl
bricks. The change in mix design proportions directly
effects the mechanical properties of CCl bricks such
as compressive strength, tensile strength and water
absorption.

As per author’s information there are limited
research studies on the mechanical properties of
clay- cement interlocking bricks manufactured in
different regions of Thailand. Hence there is a need
to hasten the effort to determine the effect of
locally available materials and mix design ratios on
the mechanical

properties of clay- cement

interlocking bricks.  To achieve this goal, an
experimental program was planned to determine
the mechanical properties such as compressive
strength, splitting tensile strength, and modulus
of rupture and water absorption. CCl brick
samples were collected from different three
regions of Thailand to investigate the influence of
locally available clay and mix design ratio on the

mechanical properties of CCl bricks.

2. Experimental Program

This  paper presents an experimental
investigation on the mechanical properties of
cement-clay interlocking (CCl) bricks manufactured
by small factories in different regions of Thailand.
The main objective of this study is to investigate
the effect of locally available materials and

different mix rations on the mechanical properties

of CCl bricks such as compressive strength, splitting
tensile strength, modulus of rupture and water
absorption.  Further details of experimental
program are discussed in the following sections.

2.1. Cement-Clay Interlocking Bricks

In this study, CCl bricks were collected from
different provinces or regions i.e., region A, region
B and region C of Thailand to investigate the
effect of locally available materials and mix
design ratio on the mechanical properties of clay
brick blocks. According to the geological map of
Thailand, the soil stratum of Thailand is
comprised of different types of sedimentary and
metamorphic rocks as shown in figure 1 [16]. In
this study, each region was selected to represent
different types of sedimentary and metamorphic
rock thus different kinds of locally available
materials. The names of regions or provinces are
not given in this paper to avoid any conflict. A
short about

description sedimentary and

metamorphic rocks of each region is also
provided in Table 1. The mix design ratio followed
by each plant is also shown in the table 2. The
CCl brick samples were collected from brick
manufacturing plants located in each region and
nominal size of CCl brick samples are given in

Table 3.



Table 1
Soil stratum details [16]

Region A Siltstone, sandstone, claystone and
congiomerate
Region B | Mudstone, limestone, sandstone, claystone
and congiomerate
Region C | Semi-consolidated and consolidated rocks

Limestone, dolomitic limestone, chert and
dolomite
Mudstone, siltstone, sandstone, and

limestone

@inemnszonalve
GEOLOGICAL MAP OF THAILAND.

Figure 1 Geological Map of Thailand [16]
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Table 2

Mix components of different regions to prepare

CCl bricks
Cement 164.0 660.0 534.0
Sand - 570.0 380.0
Stone dust - 380.0 126.0
Red clay 1636.0 190.0 760.0

3. Manufacturing of bricks

In this study, the cement clay interlocking
bricks were collected from different region of
Thailand. These CCl bricks are usually made using
locally available materials such as clay, sand and
stone dust along with the cement as a binding
agent to enhance the strength and durability of CCl
bricks. The manufacturing process of CCl bricks is
essentially comprised of three steps. In the first
step, the large size clay boulders are broken into
fine pieces by using mechanical grinding machine.
In the second step, the fine-grained clay is mixed
with cement and water using mechanical concrete
mixer. In the final step, the cement-clay mix is
placed into the aluminum molds and pressed
either by hydraulically or manually operated
machines. The typical samples of CCl bricks
collected from different regions are shown in the
figures 2-4. The nominal dimensions of CCl bricks

are shown in figure 5 and summarized in table 3.
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CCl brick sample (Region C)

|- wW- |
I Li 1

Figure 5

Typical detailing of CCl brick

Table 3

Detailing of CCl bricks
Dimensions Region A Region B Region C
(mm)
L 250 200 250
L1 200 150 200
W 125 100 125
H 100 100 100
d 35 20 30
AxB 20 x 20 30 x 25 25x 25
CxD 10 x 20 10 x 25 10 x 25
Bearing Area | 285 181 287
(BA) (cm?)
Weight (kg) 4.95 3.02 5.01

4. Mechanical properties of CCl bricks

The mechanical properties of cement- clay
interlocking ( CCl) bricks such as compressive
strength, modulus of rupture, splitting tensile
strength and water absorption were investigated
by performing standard tests on CCl bricks. A
detailed description about test methods is
provided in the following sections.

4.1. Compressive Strength

The compressive strength of CCl bricks was
determined following standard test method for
compressive strength of masonry prisms (ASTM
C1314-14) [17]. As the interlocking bricks contain
frogs and projections. The net loaded area is
more than 35% of the bed face, the frogs and
projections were removed by cutting. The ICC
bricks were tested in universal testing machine
(UTM). The load was applied at constant speed
0.5 mm/minute. Three samples of bricks were
tested for each type and average results were

used. The compressive strength was determined



using equation 1. A typical load setup is shown

in the figure 6.

CS=P/A (1)
Where;
CS = Compressive Strength (MPa)
P = Maximum load (N)
A = Net bearing area of CCl bricks (mm?)

Load

Steel Plate l
[

CCI BRICK

t L {

Figure 6 Loading setup for compression test

4.2. Modulus of Rupture

Flexural strength, also known as modulus of
rupture, or bend strength, or transverse rupture
strength is a material property, defined as the
stress in a material just before it yields in a flexure
test. In this study the flexural strength of CCl
bricks was determined following standard test
methods for sampling and testing brick and
structural clay tile (ASTM C67-03) [18]. The load
was applied at constant speed 0.5 mm/minute.
Three samples of bricks were tested for each type
and average results were used. The modulus of
rupture was calculated using expression 2. A
typical loading setup for flexure strength is shown

in the figure 7.

R = (BP/WH XL /2-x) 2)
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Where, R is modulus of rupture (MPa), L, is the
distance between the supports (mm), W is the
net width (face to face distance minus voids) of
the specimen at the plane of failure (mm), H is
the depth (bed surface to bed surface distance)
of the specimen at the plane of failure (mm), and
X is the average distance from the mid-span of
the specimen to the plane of failure measured in
the direction of the span along the centre-line of

the bed surface subjected to tension (mm).

P

|

CCl BRICK

T

| Ly |

Figure 7 Loading setup for flexural strength test

4.3. Splitting tensile strength

In this study, the splitting tensile strength of
CCl bricks was determined by essentially
following standard test method for splitting
tensile strength of masonry units (ASTM C1006-
07) [19]. The load was applied at constant speed
0.5 mm/minute. Three samples of bricks were
tested for each type and average results were

used. A typical loading setup for flexure strength

is shown in the figure 8.
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]

Figure 8 Loading setup for splitting tensile
strength test

The splitting tensile strength was calculated

using the following expression.

T = 2PAIL,H) (3)

Where, T is splitting tensile strength (MPa), P is
the ultimate force (N), L, is the split length, in.
(mm), gross length minus the length of any voids
along the failure plane of the bearing rods and H
is the distance between rods (mm).

4.4. Water absorption capacity
Water absorption capacity ( percentage by mass)
after 24 hours immersion in water of CCl bricks
was essentially determined following the
standard test methods for sampling and testing
concrete masonry units and related units (ASTM
C140-11a) [20]. A typical setup for brick immersion

is shown in the figure 9.

Figure 9 Immersion of CCl bricks in water

The absorption capacity of the CCl bricks

was calculated by using following expression.

A = (100/W, )W, — W, @)

Where, A is absorption capacity in percentage (%),
W, is saturated weight of specimen, (kg) and W, is

oven-dry weight of specimen, (kg).

5. Results and Discussion

In this study, CCl bricks were collected from
different provinces or regions i.e., region A, region
B and region C of Thailand to investigate the effect
of locally available materials and mix design ratio
the mechanical properties of clay brick blocks. The
experimental results are summarized in the tables
4-7 and graphically shown in the figures 10-13. Test
results and findings of this study are further
discussed in detail in the following sections.

5.1. Compressive Strength of CCl bricks

Comepressive strength of CCl bricks were
determined by applying axial compressive load
under static loading. The experimental test
results are summarized in table 4 and compared
in figure 10. As it can be seen, the highest
compressive strength is recorded for CCl bricks
collected from region B due to the highest
amount of cement and clay contents compared
with others. On the other hand, the lowest values
of compressive strength were observed for CCl
bricks collected from region A. This is associated
with the factor that CCl bricks of region A contains
a lowest amount of cement as compared with
other regions. The compressive test results of CCl
bricks collected from region C shows moderate

values compared with regions A and B. According



to the Thai community product standard
602/ 2547, the lowest compressive strength of
clay bricks is 7.0 MPa [21]. By comparing with Thai
community product standard, average
compressive strength of region A bricks is found
lower than standard recommendations, however
compressive strength of region B and C is found

higher than recommended values.

Table 4

Test results of compressive strength

Bricks Compressive strength (MPa)
1A 5.23
2A 2.84
3A 4.59
Average 4.22
1B 18.52
2B 14.78
3B 16.08
Average 16.46
1C 7.41
2C 11.60
3C 8.48
Average 9.16
20 1B
@®©
o
= )
Z 15 .
[J] NINT e
510 i) i
Z
% AN E:E :E:
3 2A A 23!
S
@)
Region A Region B Region C
Brick Types

Figure 10 Compressive strength test results

5.2. Modulus of Rupture
Modulus of rupture of CCl bricks were

determined by testing three brick samples of
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each regions under three-point bending loading
scheme. The experimental test results are
summarized in table 5 and graphical comparison
is shown in the figure 11. In contrast to the
compressive strength, highest average modulus of
rupture (i.e., 1.94 MPa) is observed for CCl bricks
collected from region C. The modulus of rupture
of region C bricks is found slightly higher than the
region B (only 7%) which may be associated with
higher amount of red clay in region C bricks as
compared with region B. Modulus of rupture
(sometimes referred to as bending strength), is a
measure of a brick's strength before rupture. Since
red clay is cementitious material and a higher
amount of red clay may cause large bending of
the bricks prior to the rupture of bricks thus
resulted into higsher modulus of rupture of brick.
The lowest values of modulus of rupture is
recorded for CCl bricks of region A. The CCl bricks
collected from region B showed a moderate

value of modulus of rupture as shown in the

figure 11.
Table 5
Modulus of rupture
Bricks Modulus of Rupture (MPa)

1A 0.77
2A 0.72
3A 1.06
Average 0.85
1B 1.73
2B 1.98
3B 1.67
Average 1.80
1C 2.06
2C 1.56
3C 2.20
Average 1.94
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Figure 11 Flexure test results

5.3. Splitting tensile strength

Splitting tensile strength of CCl bricks were
determined by testing three brick samples of
each regions under single point loading scheme.
The experimental test results are summarized in
table 6 and graphical comparison is shown in the
figure 12. Similar to the compressive strength,
highest average splitting tensile strength (i.e., 0.29
MPa) is observed for CCl bricks collected from
region B. The lowest values of splitting tensile
strength is recorded for CCl bricks of region C. The
CCl bricks collected from region A showed a

moderate value of modulus of rupture.

Table 6
Splitting tensile strength
Bricks Splitting tensile strength (MPa)
1A 0.25
2A 0.18
3A 0.22
Average 0.22
1B 0.24
2B 0.32
3B 0.31
Average 0.29
1C 0.23
2C 0.25

Bricks Splitting tensile strength (MPa)
3C 0.20
Average 0.23
= 0.40
a
<
£ 0.30
D
c
o
®0.20
o
K7
@
+ 0.10
D
£
& 0.00
Region A Region B Region C
Brick Types

Figure 12 Splitting tensile strength results

5.4. Water absorption capacity

Water absorption capacity of CCl bricks were
determined by immersion method. In this
method three brick samples of each regions were
immersed in water for 24 hours to determine
saturated weight. The experimental test results
are summarized in table 7 and shown graphically
in figure 13. The highest average amount (i.e.,
13.0%) of water absorption was observed for CCl
bricks of region A. This is indicating that region A
not well lowest

bricks are compacted  (

compressive strength is also verifying this
assumption) thus having large voids inside due to
the absence of sand particles. Large air voids in
CCl brick tends to absorb more water.
Consequently, CCl bricks collected from region B
and C showed quite close values of average
absorption capacity of 10. 0% and 10. 1%,
respectively. The lower water absorption can be
associated with well compaction due to the
presence sand as shown in table 2. According to
the Thai community product standard 602/2547

[24], the maximum water absorption capacity of
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bricks is 288 kg/ m’. By comparing with Thai
community product standard 602/ 2547, water
absorption capacity of all collected bricks is lower
than recommended values, however water
absorption capacity of region A brick is relatively

close to the standard values.

Table 7
Water absorption test results
Water absorption | Water absorption
Bricks
(%) (kg/m?)
1A 15.15 265.0
2A 14.50 253.0
3A 9.340 160.0
Average 13.00 226.0
1B 9.830 167.0
2B 10.39 171.0
3B 9.840 164.0
Average 10.00 167.0
1C 10.02 174.0
2C 10.34 179.0
3C 10.07 178.0
Average 10.10 177.0
7000 B Saturated Weight  [] Oven Dry Weight
6000
25000
S
‘= 4000
Kol
‘G 3000
S 2000
(]
= 1000
0
1A 2A 3A 1B 2B 3B 1C 2C 3C
Brick Types

Figure 13 Comparison of absorption test results
5.5. Failure modes

All CCl bricks showed a quite similar failure

mode in each type of test such as compression,

flexure and splitting. Under the compression test,

the bricks were mainly failed due to the crushing

of cement and clay as shown in the figure 14. An
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inclined crack in the middle region of CCl bricks
were observed in the modulus of rupture test as
shown in figure 15. This is mainly due to the
reason that under three-point bending loading
scheme, the brick tends to bend after load
application. Minor flexural cracks were observed
at the tension face of brick prior to the final
inclined rupture of the brick. A straight crack line
was observed in the middle region of CCl bricks
in the splitting tensile strength test as shown in
the figure 16. The strain crack line is indicating the
pure compression in the brick during splitting

tensile strength test.

Figure 16 Typical failure of brick in splitting

tensile test
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6. Conclusions

This  study reported an experimental
investigation on the mechanical properties of
cement- clay interlocking (CCl) bricks collected
from different provinces or regions of Thailand
located over different geological stratum. Standard
tests were performed to determine the water
absorption, compressive strength, modulus of
rupture and splitting tensile strength. Based on
experimental results; following conclusions were
drawn;
1. Experimental results indicate that use of locally
available materials and mix design ratio has a
significant effect on the mechanical properties of
CCl bricks.
2. In general, mechanical properties of cement-
clay interlocking bricks collected from region B
are found superior than cement-clay interlocking
bricks collected from A and C provinces. Only
modulus of rupture of region B brick is found
slightly lower than region C.
3. Further studies should examine more precise
mechanical  properties of cement- clay
interlocking brick blocks considering uniform mix
design ratios along with uniform properties of
individual mix contents.
4. There is an urgent need to establish and
enforce standard guidelines for codes for CCl brick
manufacturing process in Thailand.
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ABSTRACT

This research focuses on the application Program Evaluation and Review Technique (PERT)
and Critical Path Method (CPM) in high-speed Internet installation for telecommunication business.
This study applied PERT/CPM to use in the management of the project to install speed Fiber to the x
(FTTx) at the NGV stations PTT Pathum Thani. The use of such techniques made the project as
planned and effectively and also made note of the status of it resulted. The project manager could
control the timing of resources to operate effectively and made the project successfully. The use of
techniques PERT/CPM and QM for Windows Version 2.0 to calculate and build networks made note of
the relationship and the duration of the operation of the telecommunications network and Internet
services. Which is part of the relevant acts characterized and coordinated effectively by using activity
on arrow and the main node. The QM for Windows Version 2.0 software could calculate accurately
and reliably. It took approximately 3,120 minutes, or six and a half days. The project could probably
be completed within a specified period of seven days up to 98.98% . But the use of fractional
number of a day was found that the project to install speed fiber to the x (FTTx) at the NGV Station
PTT Pathum Thani lasted eight days. It took more time for a day and a half.

Keyword: Construction Fiber to the (FTTx), PERT/CPM, critical path, project management
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ABSTRACT

This study was aimed to study the basic properties and the carbonation depth of partially
replaced concrete with fly ash, granulated blast-furnace slag (GGBS) and limestone powder in ordinary
Portland cement (OPC). The results showed that the water requirement of paste with fly ash was lesser
than that of OPC paste. While the water requirement of paste made with GGBS and limestone powder
was higher when compared to that of OPC paste. Additionally, the setting time of paste with fly ash
and paste with GGBS was higher than that of OPC paste, while paste with limestone powder was lesser
when compared to that of OPC paste. Moreover, the slump of concrete with fly ash was higher than
that of OPC concrete whereas the slump of concrete with GGBS and limestone powder was lesser
when compared to that of OPC concrete. The compressive strength of concrete with fly ash and GGBS
was less than that of OPC concrete, especially when replaced in large quantity. Also, the compressive
strength of concrete with limestone powder was close to that of OPC concrete. The carbonation depth
of concrete with fly ash and GGBS was significantly higher than that of OPC concrete. The carbonation
depth of concrete mixed with limestone powder was close to or little higher when compared to that
of OPC concrete. The carbonation depth of concrete in water curing condition was lesser than that of
concrete in air curing condition. The longer carbon dioxide exposure of concrete resulted in a greater
carbonation depth than that of concrete with shorter carbon dioxide exposure. Finally, it can be
compared the basic properties and the carbonation depth of concrete with fly ash, GGBS and limestone

powder with OPC concrete.
Keyword: Basic properties, carbonation depth, fly ash, blast-furnace slag, limestone powder.
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ABSTRACT

This paper presents seismic behavior of precast concrete (PC) load bearing wall panels widely
constructed in Thailand through experimental and analytical programs. A quasi-static reversed cyclic loading
test was conducted on an % scaled PC load bearing wall panels to investigate and evaluate cyclic responses
of the wall. The analytical program was verified with the experimental results using PERFORM3D. The PC
wall specimen and the cast-in-situ foundation was connected using welded, short reinforcing steels. The
connection was later grouted using nonshrink grout cement to achieve a structural integrity. The
experimental results obviously indicated that the specimen could develop large strength and stiffness.
However, after reaching its peak, the force-deformation of the wall was dramatically dropped and the
specimen was failed. Analytical study also shows a good agreement with test results. The results reveal that
the wall could be constructed in low seismic hazard area by considering that the walls behave within elastic

range.

Keyword: Precast concrete load bearing wall panels, quasi-static reversed cyclic loading test, earthquake,

nonlinear analysis
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ABSTRACT

A mathematical phantom is a simple method to simulate the organs of the human
body. A phantom can simulate organs such as the chest, lung, bone, and muscle. The
information for this phantom was gained from real organs captured by computed
tomography (CT) images. The purpose of this study was to create a human thoracic
phantom. The image data of the simulation phantom images was compared to CT images
from the database: Radiopedia. Thirty-four slices of CT images were referenced. The
simulated organs were similar to the organs in the CT images. The line profiles and the
intensity value of the simulated images and the reference images were compared. The
qualitative evaluation of profile and intensity value and intensity value of lungs, heart and
bone were not significantly different (P<0.050). The intensity of blood vessels was
significantly different (P>0.05). The assessment of three experts in human anatomy on the
simulated image and the database image were moderately similar. In conclusion, the
phantom simulation images were similar to CT images from the database. Therefore, the

phantom may be used to test algorithms in medical image processing.

Keyword: Phantom simulation, phantom, chest, computed tomography image.
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WUUA9Y LU 11515890 (Image Filtering) N3
WU9EIUNTN (Image Segmentation) N15goUTIUNIN
(Image Registration) kagn1sa319n1nlung (Image

Reconstruction) [4]-[6] tJusu n1sUszulananIn
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3. milanzidayaninidiass

3.1 MIWATILANIMTIUFU I8

MyAATEATUTIadunsageuauAdY
Ya3tayanInmenIsiUTeuisuaAlusindig by
(Line Profile) WagAIAINLTUUDINTN (Image
Intensity) S¢¥INaAMNYUAINI1ANEEIUNTIBNAY
AMNAIINFUToYA i

3.1.1 mziamlusinaiFaan

drnaniildanngiudeyaseulail
Radiopeadia.org [9] WagAININNAITINADIAIY
TUsunsuudvuay lussduieadu (eleavangludiu
Posonildnwuziniloudu) urinAlusindlaeldsd
TUsunsu Image J viesdu 1.46r [11]

3.1.2 M3INAIMITUYDIN N

dinawdldaringrudeyassulay
Radiopeadia.org [9] WAEAIWIAINNITT1ADIAY
TUsunsuudinuay lussauieanu etorsnieludu
PosaniianwurAAIEAU N1IAAIAINLTLYDININADE
TUsuN3Y Image J 11059u 1.46r [11] fvunavuin
Hufiaulalunisiad surmaunine 14 finea
ANEY 14 finea wazddnuuznsainay Tarads
(Mean) wag Ardruidsauuuinsgiu (Standard
deviation:SD) Tuauay laun Usn, wila, nasaiden
LaznsEQNAUNEs L MnANIANATUYRIALRAY
voedayanInyudiIuT1antgfisuiuaInain
gudeya lneldadi T-test

32 msnageunisuseulananIw (Image

Processing Test)

wasnsulasdoyanimuninaeadifiugs i
AMAMARDUNITUTZINANANIW fE 3 35115 Leln
N195150301% (Image Filters) N15WUITBYANIN
(Image Segmentation) kazn15a5 190 Wl (Image
Reconstruction) Inefiseasisennisnagey sl
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Aeunisvaaey Yinsladssunau (Add noise)
Tunmvudugime Tasuiindasumuuuaimiugiu
s19me wliau salt & pepper [12] AmunAALd
Yo3dasUnIuiY 0.02 Fududriisinuaaiiud
“zgz:ywmiummwuamﬁ‘mﬂizmaﬁ’aﬁqmw

LAIAFDUNITNTRININ A835N1TVN AN
AudA (Unsharpened mask) [13] iiienadauinnin
Wudismeansailiiinanuautnvesninla
aitldaziidnuae 2 I7 vuaderfunwsugn
39N

3.2.2015MAa0UNITUUSTaYaN I

WA INuAINTIINIY W1UsEUIAKE 1AunIs
nageunfaiidennisutadayaniniiosldlunis
nAFou 2 383 Kl

3.2.2.1 nrsuwvadeyaninlaeldisnasg
Thresholding [14] tnauusfayanimiu 2 nau fae
15115904 Otsu ARINAIEUUITBY AN N UAIU
51918 Wudeyadnvasidunmduinase

3.2.2.2 nsuuateyaninlagld Multilevel
Thresholding [15] lngfmunAduiungudayuann
A1 n = 20 IngA1 n Ao A152AU Threshold a1
ARUATALUAIINNINTEAUAIALTNNN (Grayscale
image) T unniliAua1didu indexed (Indexed
image)

3.2.3msnmaeun1sasnaming

drn1wyudliusienie uuszulanalaely
TWsunsuuinudy lunsvaaeundeiiidonnisadns
awilul e

3.2.3.1 nadaun1Tas1anInini lnonisasng
AluLILUEI897 (Sagittal) WagluILUIMEunas
(Coronal) Tnsmsihdayanmuuniuuau (Axial) 1
34 A wdasesuaraineniniva dnwausidu

Toyaneauiia [16]
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3.3 MTUATIZVNIMTIANIN

idayanmvudIusNeiuTayareInINaN
grudoyais 30 am wdszdiuaundieves
AU TYITVRININYUAIUTINY FIUNTIeN
Wisuilsuiunimaingruteyaseulatieaiun
Tnofidenvaiifinnundsngyiuneinamans
3 viu Tneflinausinisussdiu fateluil

inauainsUsTIEY

38U 2 = dwnisadurglurudiusianied
mnAdefumRINg uTeyaNNTIgR

sEaU 1 = dwndsedergluvudiusianied
ANUARUAMAINIUToYARUUUIUNGNS

52AU 0 = Awnseiezlurudiusianielud

ANUARIEAUAUAMAINgUTRYE

4. Wan1sNAgdeu

4.1 WansAATIENIMIIUTUI

4.1.1 msiamlusinaiFaa

NnhegrstoyanisinAlusindidaduvegui
1 Wiufugui 2 ldnadeyauanadunsimiiuends
Arrud LT Az RinwaTidun 598U fauang
Tugui 3

160

—nINSudoNa

—NTNIANRDY

- NN~

JUN 3 nymluansAlusiisigaduiieuiusening

Toyazuil 1 uay 2

4.1.2 M5InAn TN
HANTIAAIANUTLYBININTB U UTEN TN
1909 TUNNFIUTBYANT 34 aUnTaUARIALRRYAY

LEASlUANT 19N 2
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715199 2 ALRAYAIAIULTUVDININIG 34 AW 9

o

U3 Uan la aendon wagnseandunad

U

Y AWUEU
ANFIUTDYA .
379Ny

Uan (t-test=0.000)

0.00+0.00 0.00+0.00

P19 (t-test=0.029)

126.51+2.25 128.00+0.00

yaanLaen (t-test=0.078)

125.95+4.62 130.37+13.47

o

NILANFUNAS

(t-test=0.000)

231.54+10.00 | 254.91+0.39

4.2 HanITNAaaUNTTUIEIRNANIN

4.2.1 IANITNAADUNITATINNIN

nsnageumsiindssuniudlulunmsians
YIWUAINTINEY IAARIAVII-AIVUA N SNwale
YesdIsUMUARTUAGERUNNSENE A MEBLeNaLSE
Aoufnes wavdlodiiunisandssuniudiedsnms
Unshaped mask #adwsiildanunsnandssuniuuy

amuaviliiureuinglunwlddaaunnnidu

Add noise Unsharp Filter

A A

gﬂﬁ 4 n. LEASHANISIANEISUMUILAN waY ©.

WANINANITIIN15NT89TTEA Unshaped mask

AsnaaeunsNdssunIunlUlunninass
YosjuduTNg lAAAR-AUUAIN Snvy

YRIAITUNMUANATUAAYTUNITENYAINAIULBNYLSE
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ABURLADS Lazllam I iunISandasuUNIumIEITNNg
Unshaped mask Haanws#llaanuisaandasuniuuy

amuailiiureuinglunwlddaaunnndu

4.2.2 HaNIINATOUNITHUITOYAN I

Muttilevel thresholding

Thresholding Imaging
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ABSTRACT
A multi-objective evolutionary algorithm based on decomposition (MOEA/D) is an evolutionary
meta-heuristic which uses the concept of solving problems with many objectives simultaneously by

classification problem into various subproblems. This paper applies MOEA/D algorithm in conjunction
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with the bisection method for solving line balancing and allocation problems of multi-skilled workers

whom some are disable on parallel assembly lines under four objectives, i.e. minimize cycle time,

minimize the number of stations, minimize different workload between workstations, and minimize

index of task-unrelated. The experiment results show that MOEA/D obtains better performance than

the Combinatorial Optimization with Coincidence (COIN) algorithm in terms of convergence which is

the main concern of algorithm comparison. Although, its spread and CPU time are inferior to COIN.

Keyword: Mixed-Model Parallel Assembly line, Disable Worker, Line Balancing and Worker Allocation,

MOEA/D
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NARFsaNLUUTUIuTINInTgUssasd aneld
YaymUsznndl 2 Fefiuundalunisuddagmilaenis
WawnansesitnaukuuanIngUssasaluniouiu
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Wugnssu (Genetic Algorithm) wagld3gmutiuni
(Tchebycheff  Approach) lun1sAalaenafAinay
wuuIniRgUszasd uaziilensumulatuaistu
fmunvzinan3edinouaInaluaistugaiie 11
Andonmnguimeudiaiian (1 Frontier) Tngldnis
AuuaAIAULDILss (Fitness Assignment) PN
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nasuuuuliignAseud1 (Non-dominated sorting)
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| MN1sUVLanI R uugNTIR (Good Offspring) lugavasiarsthuiin i dsiiasan |

¥

mnsduidenyeinafswewasmahvininsmnsasndudnnuinmue wagihiudSeua inguszase

a o A1 wve o a o ' da v a o ' o 1o P~ d41vvd
EUENaGﬁW]’Wm@U‘LuﬁlﬂV\inﬂﬂUﬁmiﬂﬂ?GW@‘U?;UQH‘VIG] m1am‘Nmﬁau‘;uqmﬂaﬂmmswuﬂuqquﬂmuuq

| Yfulpsmannigauaziesngaluuias ngquszasvensyying |‘—
¥

p=p+1 Tai

=91uafnnhvn

1
| Ianssmaufimunvesszrnsluniuasdubogiu |
— 1;.]' + ]
GGl G=911UALUBLSTUNAMUR
e
ihanssnouiogluaiueisiugaieumeire uiiifiaalas mammunairuudas #2635 Non-dominate sorting
v
JUN 3 Tuneaun1sinaIy MOEA/D
15199 6 Aneavtn 4,; luusazgaaidiadndn Wi 3 ad RSN UITIAUYDITUIULAY
Ap Ap1 Ap2 Ap3 Apa wilnaulvinunnaacdwdmdnlaenisduegedasy
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Jui 4 ﬁmummaammaﬁmﬂﬂﬁﬁwmi
NAFUT MBAITMNUAAT p laeal  p = {1,...,10}
ilearanguuszanston AumTed 9

Tuil 5 MNIsduden 2 anseA1naUIINEN3I
Fnoufleglulszrnstes lnsandsdmautudosls)
g1ty Faruiteifesduiivan 4 ansednaulaeuys
panIuAnTIAIADUTEIT I 2 ARST WATARSS

ANMDUVDINTNINY 2 dR59
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fuil 6 vansimuansadneuiidulalaonis
N1SAdUAIENUTIZNING 2 ANTIAINBURUY 1
fuia (One-point Crossover) dsazldanssdmeou
JuUgn(Offspring) 2 &A3 4 mmgﬂﬁ 4 wagyinnis
FRUUYUANTIAINBUIUGN A383T Mapping
Relationship 909 Goldberg wag Lingle [14] anugy
7t 5 Wiolldedunuddaluansamneuiimgiu

1A89EADWININIANSIANNDUTDITUINULAT LN

M15NN 8 ARTIARDURHAUYDITUN LA NTINUYRRAAT U N INan SRt Ing Useasn

/1p String %umu 20 %’mu WHNITU 6 AU fi 1z 13 fa

4 1 [3101392016121851748197111151426] |[632145] | 14333 | 6 | 0.146 | 0.538
5 2 [2318112019814131541295161771610] |[162435] | 15833 | 6 | 0.067 | 0.538
A3 3 [1141216198310172075181421315196] |[[563142] | 15333 | 6 | 0.208 | 0.538
Ay 4 [4861220514153121820137111691719] |[345621] | 14833 | 5 | 0.165 | 0.571
As 5 [5111171412931887154201021916613] |[361425] | 15333 | 6 | 0.121 | 0.455
A 6 [3151798112141419713510616122018] [[362145] | 15333 | 5 | 0.164 | 0.500
Ay 7 [1110146128219201595161711813743] [[231546] | 15500 | 6 | 0.062 | 0.571
Ag 8 [5181511201334101997117812161462] |[642135] | 15000 | 6 | 0.030 | 0.455
Ao 9 [1487152136101712539181619201114] |[325641] | 15333 | 5 | 0.145 | 0.500
Ao 10 [2159121013867318541712019161114] |[315246] | 15333 | 6 | 0.132 | 0.500

M13°9% 9 naNUsEINTYRENAEYINMTHRUAIABY L p Wiy 1

|1]2][3]a[s5]e|7]8]9]10[11]12[13]14]15[16]17[18]19]20

$

Offspring 2

Offspring 1 (11| 4 |12[16|19| 8 | 3 (10

A | {Ap1.Ap2,Ap3,Apa} | String Fuau 20 Fusu wifnau 6 Ay
A [0.5000.5] 1 [310139201612185174819711115142¢6] [[632145]
Ay [0001] 2 [1141216198310172075181421315196] [[563142]
Az [000.50.5] 3 [4861220514153121820137 1116917 19] [[345621]
o [0.50.500] 7 [3151798112141419713510616122018] [[362145]
Ay [00.500.5] 9 [1110146128219201595161711813743] [[231546]
EUECIERTITIT
1 3|14|5|6|7|8[9|10(11|12(13|14|15|/16(17|18|19|20
String 3 (11 12|116|19| 8 | 3 |10|17|20| 7 | 5 |18(14| 2 [13(15|1 |9 | 6
String 7

JUN 4 Tupeuiimuansadineulauds One-point Cross Over
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1]2][3]a[s][e]7|8]9|1o[11]12]13][1a]15]16[17[18]19]20
Offstring 1 |11 19| 8 s |16[17] 1 [18[13]| 7 [a ]| 3
Offstring2 | 11|10 12| 8 19|20 5 [18]1a] 2 [13]15[ 1 [ 9|6

(n)

Offspr'mgl|5‘16|17‘1‘18|13‘7

Offspr‘mg2|5‘18'14‘2‘13|15‘1

dauivianisasAtanisdinou

_______

10(11|12|13|14|15|16(|17|18|19|20

Offspring 1|11 9 |12|15(19

o
o
-
o
-
a

20| 2| 5 |16(17| 1 |18|13| 7

Offspring 2(11|10(17| 3 |12| 8 7 |19|20

16| 4 | 5 |18|14| 2 |13|15| 1 | 9 | 6

Y
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lnsisualuidazinguszasdvesansadneuiuan

o
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o P
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v °

7uil 8 innsuesiiala (Normalization) @1
HanduingUszasAveansesdmouveinguussyng

goguaran3sAmauTuan (Offspring) Muaunisn 14

*

f_ fi—z;
i = _nad__»*
z]Ma%—z!

e z; Ao min{f;(x)|x € P}

(14)

z" @ max{f;(x)|x € P}
Tae? z; = (z3, ...,25),2{1‘1‘1 = (z}%4, ..., z2%%)

0 o IuIngUIzaIAaLe

A ° = = ' su o ¢
guil 9 vnmswipuiitsuaileiduingussasd
YoanTaA1nauIuUgn (Offspring) AuAtlandu
TngusrasAneglugamaiaivin 1, Aideiansan

TnensimuaA1ANLTsLsI(Fitness  Assignment)

ad

A1835muTL N (Tchebycheff Approach)‘ﬁ

ANUNTAAIUINAINANNITN 15 Dz AD A"
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il fiC0O = 271}
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An1defaIsuIwarRIunIsUasTatanalunsay

noUszasdaluygauivatdlsdivinvesudas

e

TnguszasAlugaraisimin A, imdaiansan

2. madlsndumnudnd g(x|p, z*) Tagd
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g(x|2p,z*) = {Ap: X £} vovan3sdmauiugn

(offspring) ~ ¥4 2 an3s wazansAmeuiaglugaen

1<i<4

gadmdn 2, Amdaiansan

3. sl tumudend g(x|dp, z*) Tu

Y A

Uo¥ 2 vpsanssAmauIugn  (Offspring) ¥4 2 @nsa

1Y = o

AuanseAmauiieglugaiatsiimin A

Y
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fAa15uanInsely TuunauiiA1infninee
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Ap String g(x|Ap,z*) | Selection
A4 1 1
M Offspring 1 1 (W) Good
A Offspring 2 0 (tlaunin) Best
q. BINISWNUNENSIAIRDULATANHINTU

TagUszasAveIanIeAInauIUgNARNAn

q

(Best

[

Offspring) aslugamigannin (4,) NMAITN
ANUANSIN 11 kagynIud 10 wionld@mnin agldiin
MIWNUNARSIAIRaULaL IR IUTUN 11 18

P9 10 9N1SAUINTINIUIATILALI IR

du 3nmdwesesavvasinuiulunisduidionya

dradeslundudsyyinsges 3nuuduidenyn

v a

PafsslungulszvInsgeeimasiaIsu iy

FuufiAuInld 1deinturiinasiTeuiiisy
willauiudun 9 udagihnseuaTngUszasAves
ansedrnovlugaiiguladuainguszashvasansa

AIRaUIUANTIA 5ﬁam%qﬁmausq'uqﬂﬁﬂdwmums’mﬁ

Y

o '

12 991NN UENSIAIRBULaLATIHINTY

v a o '

MOUTTAIAYRIANTIANNDUTLY

9 Y

(Offspring) ﬁﬁiuﬁgﬂ

Aradniinfigulauug vinisusudseruniian

q

wazlegnlunsiaz ngUszasRvaslsevInsvianue

M3NA 11 MIunuiansemneuiasilinduingusseasns
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Guil 11 Fansaninp = P vl &laiwi Iifvue
p = p + 1 iiadsuluimuiansadnauluiym
goetinlu Tnenduluvanlududl 4 uddindu Wid
virluduil 12 sio

Fuil 12 flevinswauianiedineunsuniy
aﬁ’mw{]zymsiamzlﬁivuam%aﬁmauﬁgwmmaﬁ
Uszvnslutaiuestutlagdu fontufinnsandn
G = Genaretion w30l a1lulin1nun 6 =G +
L,p=1uwazndvluisnluduil 4 uddn ¢ =

Genaretion Wnuluviludui 13 e

2
o o a o

Ju] 13 1NansamaaunIvaalulaeLstugaving

LIMAIRDUNATNAALAENITAINUAAIATLT ILTI A

q

n1snsdaaidusuuldgnaseudy Jaastiednduen
udeusalaiuia3e (Dummy Fitness Value) w3n1s

Wiguieualanduluusias ingUszasddngnaseudn

oo 1 o

=) = ! LA & &
w3elil ArignaseuiAennAilnduingUssasddu

[ [

AmauNkgnIMsafisuwin ldaflantuingUsean
Tnutaeanin lneanseainautuazdainduansa

o

d ° ' o = i ° o
qmaU'ﬂQﬂﬂiaUﬂ’]LLax@%a’l ‘U'V]'s;‘j\?ﬂ']'] Im&lmm@‘u%fﬂ
g
v

Do

'
@

° - t . 'Y o
gaazegd1auil 1 (1 Frontier) Lawe usididneu

e =D

Uulignasenitazgninegludiduifeadu

AUAITIN 13

wanansadi 1 (Offspring 2) lugaeeisiniin A,

U

A, | String Fuam 20 Huau NN 6 AU fi Ll fs fa
Aq Off 2 [11101731287 1920164518142 131519 6] [345162] 16.83 5 0.092 | 0.68
Ay 2 [114121619831017207518142131519 6] [563142] 15.33 6 0.208 | 0.53
A3 3 [4861220514153121820137 11169 17 19] [345621] 14.83 5 0.165 | 0.57
Az 7 [31517981121414197135106 16 1220 18] [3621405] 15.33 5 0.164 | 0.50
Ay 9 [111014612821920159516 17118137 4 3] [231546] 15.50 6 0.062 | 0.57
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M319 12 MmadSeuiieulagldgaadiaiminfiduls (auiindngu 16 A;)

String

g(x|2p, 2")

Selection

A3, 3

1

A3 Offspring 2

1 (Weunn)

Good

3971 13 fhegensAnAiudans fmenisnsdadisusuulignaseud

String Objective Dummy Fitness
fi f fa fi
Offspring(1.1) 14.333 6 0.066 0.538 2
Offspring(2.1) 14.333 6 0.085 0.538 3
String 3 14.000 5 0.084 0.538 1
Offspring(4.1) 14.333 5 0.057 0.500 1
M1519% 14 Jggmshegsildlunisvaaes
Linel Line2 Total Worker ratio
No. | 9% Unavailable
Problem Model | MPS Problem Model | MPS | Worker | (High : Medium : Low )
13 (4:8:1) , (2:8:3)
P1 5-15 Buxey 29 2 1:3 Sawyer 30 2 2:3
18 (5:11:2) , (3:11:4)
20 (6:13:1), (5:13:2)
P2 5-15 Tonge 70 3 2:3:1 | Warnecke 58 3 2:1:1
29 (9:19:1) , (6:19:4)
33 (10:21:2) , (7:21:5)
P3 5-15 Arcus 83 3 2:1:2 Arcus 111 3 1:1:3
48 (14:31:3) , (12:31:5)
30 (9:20:1), (7:20:3)
P4 20-30 Scholl 297 2 1.1 Arcus 83 3 1:1:3
43 (13:28:2) , (11:28:4)
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(Tovisdu & 16 Jgywnges) Feazvinsseuiiisy
AUudane3fun15U35392U (Combinatorial
Optimization with Coincidence : COIN) Waiulag
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o
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ABSTRACT
Mixed-Model Parallel U-shaped assembly line balancing problem under many-Objectives is known
as NP-hard problems. Hence, to optimize this problem, heuristic approaches need to be developed.
This research proposes a decode method and a Multi-Objective Evolutionary Algorithm Based on
Decomposition (MOEA/D) for solving the problem by optimizing four objectives simultaneously, i.e.

minimize the number of workstations, minimize the number of stations, minimize different workload
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between workstations, and minimize work unrelatedness. The experiment results show that MOEA/D

has better performance than BBO in terms of convergence. However, its spread and CPU time indicators

are not better than BBO.

Keyword: Parallel U-shaped assembly line, line balancing, many objective optimization problem, multi-

objective evolutionary algorithm based on decomposition.
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$udt 1 a¥adidaaimin A, negldilaidu
Fundnduanfigile (Simplex Lattice Design) 34
2 UASIUUNINFVUIAYINAU 1LV UIAAIE
whwiin (P) x ﬁwuaui’mqﬂizmﬁﬁy’wm (0) Fam319
2 oY% A, =1VpEP UAE A, >0
WSRAIN {O/H,.../HH/H} 9218 (0/2,1/2,2/2} faifu

Agaivtinazdule Ao 0, 0.5 waxl

A5 2 v A, Tuusasigadnaiainn

Ap Ap1 Ap2 Aps Apa
1 0 1 0 0
2 1 0 0 0
3 0 0.5 0.5 0
4 0.5 0 0.5 0
5 0 0 0.5 0.5
6 0.5 0.5 0 0
7 0 0.5 0 0.5
8 0.5 0 0 0.5
9 0 0 0 1
10 0 0 1 0

Fuit 2 fsusadiades (M Wfuusaziondn
da9t1uiin Tasidenainszeguisseninege
(Euclidean Distances) v atgnArgdratiminiiaula
(A) Fuamadrsininenay () ImgAuInaIn

aunisy 10
dpj = Z?=1(/1pi _’11'1')2 VpEPVjEPD#] (10)
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Jut 4 Svuseaagsiunivnisisnsan
(Initial Point) A28n15A1MUAAT P lagAT p =
{1,2,..,P} Lﬁaﬁmumﬂzjwﬂimmsiaaﬁ%v‘hﬂﬁ
Waummeu fanns1sd 4

$ufl 5 duiden 2 anseA1naUINNAUUTEYING
dovlumsiadl 4 Tne 2 anssdneududioslidiiy

$udt 6 mswaanssmeuidulalaens
dduaneiugiuy One Point Cross-over lgaduany
WUTTENIN 2 ARSIAMBULUY 1 fuvils Wagyinng
FdouuTNAnIAINaUIUgn (Offspring) lagld
Mapping Relationship U84 Goldberg lasLingle [13]

$udl 7 AumAiledFutngusrasdueanss

ARBUTURNMINNTFOUUTUUA?
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Yuhl 8 virn1suesdala (Normalization) A1
Handuinguszasdvesanisdnauvenguuszvng

gouuazansIAInaUTLan MuinliIInNaun1sh 11

F_ fi-7
fi= zzmd—lzz‘ (11)

e z; A9 min{f;(x)|x € P}
2" @ max{f,(x)|x € P}

-:4'
0o z; = (2, ..., 25), 2 = (£, ..., 2

¢ ¥ o

Tngrsunisuesiialad sewihnisuiuusedunn

'
= [
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gxl2p, 2z = "RG0 - 71} (12)
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min{f;(X)}
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1. thanflaiduingUssasdinunisusidalaud
UYBIWIANTIAMBUTUGN wazanSeAmauiagluign

o

Ansdmiln 4, ﬁﬁwé’qﬁmimQmﬁuﬁwmaﬁmuﬂ

@

vosusas Tnquszasdlulenddrsimdn A, fif&s
WA

2. AT UNUTAN g(x|Ap, 2*) V09ERI
Fnpuiugn 1 2 ands uazandsdnoufiegluiman

gamin A, Afdeiiansan

A543 AnSeARRUISHAUYDLYRAIR U TN NAnSaun AN TuingUssasd

Ap | String Task priority 24 Tasks il fa fs fa
A 1 [15895241814207 641111316 172321 10 122 3 22 19] 9 | 6 | 0042 | 0357
A 2 (2322241898 1511916 12417357 10 14 21 2 13 20 11 6] 10 | 4 | 0047 | 0412
A3 3 [1914422212015103 131245692372 1218 11 17 8 16] 9 | 7 {0016 | 05
A4 4 [1918221224151147 1122116913817 106 3 20 5 4 23] 10| 6 | 0094 | 0412
s 5 [1810162011272217 12413521 233824 14 19 9 15 16] 10 | 4 | 0056 | 0474
X6 6 [895102222013211824156 141711916 127233 11 4] 10 | 5 | 0.061 | 0545
A 7 [9118247211543582222023 1116 14 12 19 6 10 17 13] 10| 7 |0082 | 0375
g 8 (2210931915821 1422074121317 186 23 1 11 16 5 24] 10| 6 | 0079 | 0375
2o 9 (152122316 922114122452017 713188 110 19 14 3 6] 10 | 5 | 0059 | 0444
Ao | 10 [11174321122013159192352422276 116 10 8 18 14] 9 | 7 | 0029 | 0.400
3374 ardeimeunguUszannseasiifdsiiansandmiumsianndiney
ﬂ.p g Task priority
AL | A2 | A3 | A4 | A5 | A6 | AT | A8 | A9 |AL0[A11|A12| B1 [ B2 | B3 | B4 | B5 | B6 | B7 | B8 | B9 |B10|B11|B12
vt |5 e o] s |||l 7]6|alu|t|B]w|7]|Blalw|2]2]|3]2]1n
30 3 jwofw|el2|ajolns|o]3 3] 1]a|ls5]|6|9|n]7|2]2||1]|17|s]1
o | o (19| 2i2|als|1|e|7|w]|2|alwe]o|3]|s|7|w0]6|3]|0]5]|a]|2
6| 6 8|95 tw0]|2|2|o||lajwla|ls|e|w|17]1|19]6]12|7]|25|3]|11]4
Tl ol lalis|al3]|s5|8|2|2|n|n|1ulw|w]2l19]6]w0]17]13
3. fansanilaidumudianilludedl 2 ves  fndidedneutufesddtesnimieieurin anu
am?aﬁwmaujuqﬂﬁy’a 2 aps fuarssimeudiegluion  m9197l 5

Araasdmidn A, AdIRsUIIANImsely Tu
AsRNUReNdn AITUAIIN

1
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duidenuuudasy uanhanseinausugnianieuns

s -

Alanduingusveasd ununanseineuiiogluiene
dhalwin 4, PANFINIITUT ANUAITIN 6 LaZIIN
Jui 10 weglufnan agldfnnisenuiansefineu

Tprdnaludud 11
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M5 5 MINNTUAMDUNANER

P String g (x| Ap, z*) Selection
1 1 0.667

1 | Offspring 1 0 (doanin) Good
1 | Offspring 2 1 (Wnni) Bad

ANT199 6 Msunuianssimeuiugn adluandtnsmin (A,)

Ap | String Api Task priority 24 Tasks {fi, 2 f5r fa}
A, | Offsp. 1 [0100] [191442221201013218241569171816127233115] {9, 4, 0.06, 0.55}
A3 3 [005050] | [19144222120151031312456923721218 11178 16] {9, 7, 0.016, 0.5}
A4 a4 [050050] | [1918221224151147 1122116913817 10632054 23] | {10, 6, 0.094, 0.412}
A 6 [050500] | [89510222201321182415614 1711916127233 114] | {10, 5, 0.061, 0.545}
A7 7 [005005] [ [911824721154358222202311161412196 1017 13] | {10, 7, 0.082, 0.375}

Ui 10 YINNTAUEONYATINALIVBUIAAIEN
miin A, Aifdsiansavihduinuiimun way
nsiSeuliteua1inguszasAvesiIneuIugniia
Aulwatrafssiiduunlaanisma i dumudiml

A o a ' ° = ~ i v
wilaufutunoui 9 uivzinsisuiisualagly

Y Y a1

waAddminvetgnt1ufssiguls d1andnen

v
d o

Fraufe ety Tiinsunuiianseminounazan
InquszasdlumntnaAssiigule
Tudl 11 vimsUSuUssAniigauagiios fign

Tunsasianduingussasdvasuseans 61 p < P
fmun p = p + 1 udlinduluvienluduneud 4
wid p = P 1 luiluduneud 12 de

Fuit 12 tharssfaeurmunvesssanslule

weistudagtiu Tuiludssmnaiuduluaiue

Hudaly 81 G < Genaretion Tifvun G =

G+1,p=1 waznduluvsnludunoud 4 us

81 G = Genaretion 1% TUylududl 13 sio
Fud 13 YransadmounanuavesUszansiue

Walstugavne A uNRNaAlagNSAUAA

ANUTIuse (Fitness Assignment) #2835 Non-

dominated Sorting ANUAST 7

M15197 7 ANTAINUAAIAININLT LT (Fitness

Assignment) ¢n&35 Non-Dominated Sorting

Objective Dummy
String
filfz fs fa Fitness
Offsp. 1.1 | 9 | 4 | 0.060 | 0.550 3
Offsp.2.2 | 9 | 5| 0.040 | 0.250 1
Offsp.3.1 | 9 | 4 | 0.015 | 0.438 1
Offsp. 4.1 | 9 | 4 | 0.056 | 0.400 2
Offsp. 5.1 | 9 | 4 | 0.061 | 0.400 3
Offsp. 6.1 | 9 | 4 | 0.035 | 0.400 1
Offsp.3.1 | 9 | 4 | 0.015 | 0.438 1
Offsp. 2.2 | 9 | 5| 0.040 | 0.250 1
Offsp. 9.1 | 10 | 4 | 0.072 | 0.286 1
Offsp. 10.2 | 10 | 4 | 0.062 | 0.333 1
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ansad 8 Jaymildlunisneaes
Linel Line2 -
No. ° 3 ! ° g ! seummanan Generation
- m:u'm amqaﬂqu - m«:nu amqaju Gui)
3u NSWAR Ju NSHAR

P1 Michell_21 3 2:1:2 Jackson_11 2 31 30, 36, 42 500

P2 | Warnecke 58 2 2:1 Wee-mag_75 3 1:1:1 100, 120, 144 1,500

P3 Scholl_297 3 3:1:2 Arcus2 111 2 1:1 5400, 6480, 7776 2,000

P4 Arcusl_83 3 2:2:1 Arcus2 111 2 1:1 9200, 11040, 13248 2,000

5. ASNAABININABUNANDS

5.1 N1599AKYUNITNAADY

nsufdgminisdnaunadiaued fifeld
faeg1lgmilunisnaassdnuiu 4 gun leed
f\i’wmu%umuasﬂwzm 11 f9 297 Fuau uazusiay
Yaymuvstlymeesq sondu 3 Jaymdesnuseu
AINSHAR FIA13197 8 (SAuTeAY 12 Jgymges)
Tneundanesfiy MOEA/D wldlunisundam waz
Wibuiflsuiudanesfiunianszaiedvesdaddin
mugiimans (880) Fadusane3iudiiiuszansam
Tumsuidamanuaed dWedunsusaduaussaus
Tunsuitaymnisinaunaves MOEA/D

Tnowsnfimesvesdanesfiufildlunsudtam
wanafannsed 9 Flunuideiiluasdmunsiuiy
Usgwnsiildlunismaaeavindu 100 Usswng [14]
widanaifiy MOEA/D ai’ﬂuaumawizsmﬂiazﬁﬁuaﬁj
Auiuinreringuszasruazdadinlun1suurinls
dmitn sefusiuiuresUssnsiiduialduas

o

TndiAeafu 100 Ae 120 Fausiuiuvesszannsly
ATedesld 120 W 2 Sanesiiu Tnsludiuves
BBO 2¢01AuN159NWEN Lazdlntuluy Sinusoidal
[15] k@ Reciprocal Exchange [16] ANua161U F991n
UATevee Ma [15] way Jitmetta [17] wanslaiiu
Paunsalduiledymiisnvasindidoeiuidls
BRANUIRERU G R ﬁgqﬁwwwﬁma%?jw] 289 MOEA/D

LU 91UIUYDLINUNLALILALSDEaLIUNISAINUA

Sruuadslunmsduendiafes sufsiannunag
WHulunisiueduves BRO Tuldunannsnaasd
WU Full Factorial Design 3147u 2 Replicate Wie v
wiladnduenivilvsanesfivansadumainauly

urazdymlaegradiusyansnin

A15197 9 WI51TLMBSVRITANDIY

MOEA/D

Population size 120

Neighborhood P1-P4: 9

%Replace neighbor P1-P4: 0.3

BBO

Population size 120

Migration method: Sinusoidal

Mutation method: Reciprocal exchange
Mutation probability: P1-P4: 0.1

%
o o o

5.2 §a%inaussousyeveane i

v
o o

ftinanssauzlunufgIeaneiiy azuen

J19anasiiulaqivinguatneuiiangauilanu

UszAnSamanindu lnedddanuguuuureslgm

¥ v v
A v aa o v Sy =

A Inguezasanlgluanddedivevan 5 fwin &

v
[%

Kumar and Singh [18] ladiaueld 3 @137a fe
1) NM13giingnquAtneuinizaungagangla

(Convergence) ldUsgiliuinnguAneundanasium

=

lasianulndifsadungudineuiiiuizauiian
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wiaaunntdeswitla (@ndilng 0897) 2) ans
nsa18sa (Spread) iunsvadingudineuiinng
nszaefinanazainanefiodla deiladadl
1nd 0 uansinguatmeuiiufinisnszaredaogng
athiase uaz3) dnsndruvesdnouilignaseuiy
\isuiundudneufidanesfiumle (Ratio of Non-
Dominated Solution 1: Rypsy) tud1uaninly
fneuiimldanuaidudineuiiogludinoud
wanzauigniiuiasdndusnsdiuminlade oy

'
[ ° =

Auatmauniule wazluauided lawiudn 2

v
v Ao A

fTIn Ao 1) é’mwﬁau%nﬁwauﬁlﬁgﬂﬂiaui’wLﬁe’m
ﬁunzjmﬁwauﬁﬁﬁqm ﬁqﬂ (Ratio of Non-Dominated
Solution 2: Rypsp)3dlduansinlusimaudiniuils
ﬁu’wmLﬁuﬁmauﬁagjhﬁwmauﬁmmzauﬁqmﬁ

wnasafndudasrdruinlailaisuiudinouna

'
a a

ﬁqm (A109 Ryps; WA% Rypsy B0l 1 Baf)
waz2) anlunsAumAIReU [19]

5.3 Han1snnaed

wmm’iﬁaﬁlﬂumiwmaaqLLﬁ{]ﬁymﬁaaﬂNs’ha
TUsuNTU C++ Uszulanamuasuiimes Intel®
Core™ i7-6500U CPU@2.50GHz RAM 8.00 GB 1o
nansvnaesildwanslunnsed 10

Sruruanieu (N,) 71 MOEA/D mdaauwle
iy f5nudfisusiuagiindt BBO nndgm Wiuld
ndymaunaian P1 seunainsuan 30 wazdam
mumimy' P4 59UNAINITWAR 11040 TiAn N, V83
MOEA/D wouni1 BBO waztvinAual Optimal

uauanil (N;) MOEA/D @u1saAURIAINDU
Tadiiguwin BBO wiudsaiuuazaninlulagmauin
na19 P2 soUlan1snan 144 uazdymauinlng
P4 59ULIAINNTHER 9200 Aodidulruaniiiesnin
BBO @auans Whfiuesduin MOEA/D Taussauwi

[ '

aud1aiini1 BBO Tunsuilgymvuialug et
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noudainsnszanedliniaualiaihiaveunwe
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MOUALBIGNALADENITINLTINULUIAANITNAARUY

LY

wamed lnedingUssasrlunisinaunanivun 4

Taguszasd laun vilvidduiuannauidesian

a

uuanldesian ANULANAIIYEINITEIY
sevinsaninuiidiosian wagvinliauduiug
vosowiilifsudostuneluandauiariesiign
wiouainauedanaifiunismearfivanzauiian
WUUIBNSRI TN suuurane IngussasAlaegn

nann1saun (MOEA/D) tiveldlunisundm
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(Biogeography-based Optimization: BBO) Fadu
FaneTfuiiiuszavsamlunmsudtyminsinauna
a18n13Us¥N0U Wul1 MOEA/D Haussauzlunis
witlminds B8O Tunnuuwiadaym fdludusiuu
an1dery d1uruannid nsgiingngudinoud
wanzasfigauuunisin uazdmeuiivilfdudinou
flogludimeuiinunzauiigniiuiaiafousanun
widagldnawndymuiundy Jsagulain MOEA/D

Wudanesiiunilsfiannsalduddymnisinauna

v

INA17 FINTTUIUNITAUNIAIMOULUIENANTAN

noUszasAne 4 lundeusiutazyinisiseuiiieu

fudane3iun1snsyeivesdiliinmugiiaans

M135797 10 wan1svnasstun1sundemifieeng

a1en1susenauUseinnillaegeduse@nsnin

Problem P1 P2 P3 P4

No. of Tasks 32 133 408 194
(Linel-Line2) (21-11) (58-75) (297-111) (83-111)

Cycle Time 30 l 36 ‘ 42 100 ‘ 120 ‘ 144 5400 ‘ 6480 ‘ 7776 9200 ‘ 11040 I 13248
Number of workstation (N,,)

Optimal 11 9 8 26 21 18 48 40 33 30 25 21
MOEA/D 11 10 8 26 22 18 49 40 34 31 25 21
BBO 12 10 8 26 22 18 49 40 34 31 26 21
Number of station (Ng)

MOEA/D 4 4 3 9 8 6 14 12 10 9 8 7
BBO 4 4 3 9 8 7 14 12 10 10 8 7
Convergence

MOEA/D 0.081 | 0.145 | 0.205 0.026 0.019 0.014 0.000 0.024 0.073 0.000 0.028 0.000
BBO 0.131 | 0.969 | 0.265 0.116 0.045 0.050 0.844 0.105 0.101 0.065 0.217 0.024
Spread

MOEA/D 0.534 | 0.879 | 0.802 0.869 0.802 0.924 0.990 0.973 0.936 1.018 0.797 0.893
BBO 0.582 | 0.778 | 0.832 0.754 0.643 0.792 1.065 0.755 0.981 1.155 0.946 0.894
Ryps1

MOEA/D 0.639 | 0.333 | 0.583 0.483 0.376 0.531 1.000 0.637 0.100 1.000 0.773 1.000
BBO 0.250 | 0.208 | 0.100 0.345 0.440 0.464 0.382 0.376 0.619 0.438 0.063 0.882
Rypsa

MOEA/D 0.923 | 0.400 | 0.857 0.286 0.211 0.299 0.160 0.221 0.061 0.533 0.944 0.211
BBO 0.077 | 0.600 | 0.143 0.714 0.789 0.701 0.840 0.779 0.939 0.467 0.056 0.789
CPU time (s)

MOEA/D 3790 | 36.25 | 31.73 | 524.47 | 533.78 | 485.12 | 1340.59 | 1354.20 | 1293.84 | 628.23 | 619.02 | 593.93
BBO 16.87 | 16.96 | 17.26 | 242.02 | 232.81 | 233.46 743.24 721.63 677.63 287.58 | 268.61 | 263.93
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nUsvasdresifeiidunsinyinansenusoninisurunnaueiuasnisusugslufatuse
anuSseunanyusarluandSavesiaiuauunuss Inglufeiuiildiduumnuennea NACA 2412 Radadniu
YAfTUANLNURILUY 3 Tufauiifsasinisvyunazanugs 160 waz 190 mm audy naaeuyafaiuay
aeluglusdauuuudamemuday 1, 2 wag 3 m/s INBuUAsuIUINATINET 3 WUIA Ao 80, 100 wAs
120 mm wazinisusuyaludeindu o°, 1° 2° 3° 4° uas 5° nanismedounuIIASITEUNI TR ULAE
Tuusdadiafiumnniy Lﬁ'aﬂ%“mgﬂuﬁaﬁmﬁu 0°, 1% war 2° wariiAmaniasas Lﬁ'aﬂ%“mgﬂuﬁqﬁmﬁu 3° 4°
way 5° lunnuaauslufeiuiasnnanuien idiinnudian 3 m/s suinaruenvedluiiu 80

mm JANEITOUNINLUENER 759 rpm uazawInANeTIvestuiwiy 120 mm Fluwuddngsgn 0.13 N-m
Adndsy: Aauauunuds auanmen yuludsiu anudiseunsmyu luwudde

ABSTRACT

This research aimed to study the effects of chord line size changing and angle blade pitch
adjustment on rotational speed and torque of vertical axis wind turbine (VAWT). The turbine blades
used in this study were airfoil type and were in accordance with the NACA 2412. They were installed
on three-blade VAWT set with radius rotation and height of 160 and 190 mm, respectively. The three-
blade VAWT set was tested inside the open-type wind tunnel with the wind speeds of 1, 2 and 3 m/s.
Then, the chord line size changing to 80, 100 and 120 mm and the angle blade were adjusted to 0°,
1% 2° 3° 4% and 5°. The results showed that the rotational speed and torque were increased when the
angle blade pitch was adjusted to 0° 1° and 2°, and they were decreased when the angle blade pitch

was adjusted to 3° 4° and 5° of all chord line sizes and wind speeds. In addition, 3 m / s wind
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speed in 80 mm chord line size has a maximum speed rotation of 759 rpm, while 120 mm chord line

size has a maximum torque of 0.13 N-m.

Keyword: Vertical axis wind turbine, chord line size, angle blade pitch, rotational speed, torque.
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ABSTRACT

This research aimed to investigate mechanical and physical properties of thermoplastic natural
rubber composites reinforced with rubberwood sawdust, affecting from plastic types, wood sawdust
contents and coupling agent contents. In manufacturing the composites, a twin-screw extruder was
applied to blend mixture components. The composite pellets were then molded in a compression
molding machine as composite panels. From results of experiment, two-way analysis of variance
( ANOVA) indicated that the wood sawdust contents and coupling agent contents significantly
(P-value < 0.05) affected tensile strength, modulus of rupture, modulus of elasticity, compressive
strength and modulus, hardness, water absorption and thickness swelling. Increasing additions of wood
sawdust from 30 wt% to 50 wt% into the composites resulting in the tensile strength, tensile strain and
modulus of rupture decreased, but tensile modulus, modulus of elasticity, compressive modulus,
hardness, water absorption and thickness swelling increased. Likewise, additions of coupling agent both
maleic anhydride- grafted polyethylene and maleic anhydride- grafted polypropylene positively
improved the mechanical and physical properties of the composites. However, the addition of too
much coupling agent reduced the mechanical properties. The optimal coupling agent found was 4 wt%
for the tensile strength, compressive strength, water absorption and thickness swelling. Furthermore,
the composites with polypropylene and wood sawdust showed clearly higher tensile, flexural,
compressive and hardness properties than the composites with high-density polyethylene and wood

sawdust, when compared to the same composition rate.
Keyword: Composites, thermoplastic elastomer, natural rubber, analysis of variance.
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nWaaRAnwe e HAUAIUNUILLLES 1A V1160
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woAlwsHAu 1nTA 1100NK Afidianuudausefieign
AN 36 MPa nanlaausem lee1sia 1in (unww)
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snuaulolasiussun 8-10 wt% d93ndounain
USEN Sigma-Aldrich 91118 (Missouri, USA)
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15199 1 gasdiunauvesianiisUsenavgnssssunimeslunatafinuasdifeslisnams,

Thermoplastic natural rubber | Rubberwood
Sample code | R30H70 (Wt%) | R30P70 (Wt%) |sawdust (Wt%)| MAPE (wWt%)| MAPP (wt%)
R30H70W30 70 - 30 - -
R30H70W30M2 68 - 30 2 -
R30H70W30M4 66 - 30 4 -
R30H70W30M6 64 - 30 6 -
R30H70W50 50 - 50 - -
R30H70W50M2 48 - 50 2 -
R30H70W50M4 46 - 50 4 -
R30H70W50Mé6 44 - 50 6 -
R30P70W30 - 70 30 - -
R30P70W30M2 - 68 30 - 2
R30P70W30M4 - 66 30 - a4
R30P70W30M6 - 64 30 - 6
R30P70W50 - 50 50 - -
R30P70W50M2 - 48 50 - 2
R30P70W50M4 - 46 50 - 4
R30P70W50M6 - 44 50 - 6

2.2 MInATIeAlnTIa NGy

ndesganssAUdLinmsounuudadInsIn
(Scanning Electron Microscopy; SEM, i;u Quanta
400, FEI company, Oregon, USA) laisnlaaienn
lassafanieluvesianidasenaueesssunidines
Tunanafinuazdidesls ilediasivsinisdainng
sewistidenlfiuasiuvindnediues wazgngunely
1A59ase agalsAniunaunisdesniy SEM Usiia
At fiuanindeaadousenase

2.3 mTIATISINNAGH

N19ILATIENHANTENUYBIUTUINAITAAY
Usunaiidesldl uaznisiindunsisen (nteraction)
sgrisasdeuivtidesliideautfivnanauaz g
NEAMNUBITANLTIUTENBUEIIETTUYIALNDT LY

nanafnwazdaylids1amisi audunisiaglynng

NAFDUAIULUTUTIUEDING (Two-Way ANOVA) i
seduaudietiu 95% (=0.05)

2.4 013NRFoUaNURNNAAUASNINAIENIN

N1SNAABUNITAY LeMIAIAIT LT auTaFa
(Tensile strength) Auedan1sas (Tensile
modulus) kagA1AINLATEANISAY (Tensile strain)
\unsmegeufiufoRniusnnsgiu ASTM D638-99
Tneld3usunnaeulszinnd 4 Fedivun 19 mm x
115 mm x 4 mm wazanusafildnagaunisis fe
5 mm/min ’Lummzﬁmsmaaumié’m Lﬁammmm
waus3m (Modulus of rupture) LaZAINOARANTS
#a (Modulus of elasticity) {iun1snaasuiujva
MINNIRNTFIU ASTM D790-92 Tpardunisnaaausn
WUU 3 90 Fe¥uarunagauiivuia 13 mm x 100

mm x 4.8 mm U19995U%U31U (Span distance) &



112

28 80 mm waranuiildnaasunsdn fe 2
mm/min WWudeafunsnaaeun1sda iilenien
AULTILT98n (Compressive strength) LAz A1
wegaan159n (Compressive modulus) 1Jun1s
naaeuAiUfTRANLIATIIU ASTM D6108-97 B9
%umuwmaauﬁmmm 6 mmx 6 mmx 12 mm lag
auaildnnaeuntssn fie 0.5 mm/min wenani
TuNINAGDUNITAY N1TAA LazNITEARILTUNITIAY
1Hadoamaaavausinianasunyseasd (34 NRI-
TS500-50 U8 USEN uuns duangiius 31in
aunsUsINg Usenelne) uazddunislukedidl
MIAIUANUNANE 25 °C
nsvegeuausdeiiunisineldgunsalin
A21uuTe Durometer WUU Shore D (ﬁ;u GS-702G
Y83UTEN Teclock corporation 9111m Nagano,
Japan) Tun1snaasudfURn1uu1nsgIu ASTM
D2240-91 %q%umuwmaauﬁmum 30 mm x 30 mm
x 6 mm uaznsvhigumgiivies 25 °C
nManadeUaNTRnIsgatuinuas Manes Lo
WLUEﬁL%uﬁmiQm%’Uﬁﬂ (Water absorption) uay
Wostdudn1snesda (Thickness swelling) tIunns
UJURAUNI95514 ASTM D570-88 Fetuaunadey
Faum 10 mm x 20 mm x 6 mm ABUASNAZDULN
Fusuiiogrsluauiigungi 50 °C 1 iutaan 24
Falus mntuhtunuiedsluduhmindenios
FiRdneaiifianuaniden 0.001 ¢ wazinvuinay
wudaenediflesidneaiifianuaziBen 0.01 mm
ndsntuiiueuiiegislluluinigumgiives
25 °C \Juszoznan 24 $2lus dleasuandismue
tusuiegedaiminuaz tnvuiaauudn
nds LﬁaﬁmammLU@%L%uﬁﬁﬂWﬁam%’Uﬁnu,az

Wasiduaniswassi faaunisi (1) way (2)

W
——1%100 (1)
w

1

Msgadui (%) =

v

We W, way W, An dintnasun1suddn (g) uag

UuinnaIn1Tuin (g) MuaIRy
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o t
ASNBIF (%) = ———x 100 (2)

t

1

v

1o t, ey t, A AURUIABUNITLYUY (mm) ey

ANURUINAINTIUT (Mm) AIUEIRU

3. Wan1IVARRLAzaRUTIEN

3.1. MyUATIElATIaTINGgIMINg Y0 ITan
L1 99Usznou

lassad1edugiuine1vesianidausenaueng
sysumAmesimanafnuazdideslionm uaneds
Ul 1 Tnssadangluvesiandassnaudifldunay
yesmedLefiduanuvuLugaaSussetidonls 30
Wt% (U7 1) uag 50 wi% (U7l 19) fgnguiAniu
Wudununn uavgwileuinfandaseneuiiaiuuse
Fedidenldl 50 wi% fuuinvesgwguLaztoeing
wvnfwLuw%ﬂ%‘waﬁLM@%LLasﬁLgavaﬂﬁslwgﬂ’j’rﬁ’aqL‘%d
Usenauiliaiuussdetidoslsl 30 wid

Tnseafedugiuingrvesiandsznauii
drunanmomoaTnsiAmaTuussieidesls 30 wide
(Ul 1A) waz 50 wid (Uil 19) Flsidtudn awily
naingnIukazYeIsEnIananelulas@eves
fandeUsznaviiiaiunssinetidesls 50 wio &
wnnnirfandsenauiiieiausaietidoslsl 30 wio
downnntidesliiauannsansBaneilidsy
wiindwedwed viliidomndides i dudiunaly
fanidwssnoudiudy daalyigniulatosinesening
wianiutunailude Wuieasu Ashor [12] ndmadae
1 wanafnuarliuFeuiaileuthiudaiu ddlalaninse
wawfuldiueeed [13] Anfuniafiusyavsnmns
Sainzuazanudniuldserinedidesliuazuming
wodiesindesuTuusssnensiivansanIu [13, 14]
waziileifinansgauaiin MAPP U3unas 4 wide Tudan
\FaszneuiifdunauvesedTnsfiduiesuusedined
deulal 30 wi% (U 19) uaz 50 wtd (UM 12) uang

Tdiu Usgansamnsdanizseninadidesliuay
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wayian S uusainTutioyas

WelFguiieulassadaduginervesdanda

Uszneunildiunauveanadioffunnunuiiyugs

v

ieunssenetdeslal 30 wi% (UM 1) uay 50 wid

[

(3UM 19) AuTandeUsznaunildiunauvesnadlngi

YORIAITEV AL WE
A - >

A

HUTAI 329551 N

- = L4 a g
_ /\,\\ \EL@Jmn%waaLuai_
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AuaSuwsnieTidesld 30 wt% (JUN 1) wag 50

Wt% (§UT1 13) wudmidsinaidesliivindu laswasn
neluvesianidaseneunildunauvaanedioiiau

v
= '

AUNUIU UG INTURATUNINNTILAEY BRI

serinaumindnedwesuazdidoslilngniniands

USTNaUNNd IWNANVDINDE INTNA Y

\

U7 1 lassadedaugniineninnasveny 1500 wh veeianidasenaunidiunauvemedionaumnumnwiugs

iuusadeaeslsl (n) USanau 30 wt% (R30H70W30) () USuneu 50 wt% (R30H70W50) Lag

=]

Jaunauvas

woalnsRauEsLLs et EeulsT (A) USunad 30 wi% (R30PTOW30) (1) Usunal 30 wid% waziiiy MAPP 4 wit%

(R30P70W30M4) (1) USanew 50 wt% (R30P70WS50) tiaz(n) USunnd 50 w9 uazidisl MAPP 4 wt9% (R30P70W50M4)
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3.2 M5UATIZHANNEIFIuaNTAN 9nalaY
NNNIGNINYDITANTIUsENOU

HaN1IMAFBUANULUTUT @M IURANTENY
ﬁumﬁmmmiﬁjmuLLaw%mm%yt,?{aalﬂwiaauﬁ’ﬁmq
nauazyIMEn YR AR deseneuiifdiunanes

WadloNauAIUNUILUGLASLIIAIe UG Y

LanaRaguT 2 man1snaaeuneadAuanaliiug

@

USuuaisgmiviinansgnued1afideddgy

o

(P-value < 0.05) #9A1IAINULTILTIAT ATAIIY

1Y '

L3R A1NORFAN1THR AANLTILTITA AN
uogdan1sda Anuuds Andefidudnisgaduth
uazAnUosiduinanosi wuReafuliinaiides
lfinansenuegaiiiuddgy (P-value < 0.05) siann
audAmenauazmsnientn luvugfinisiinduns
Aseseminsansdmunartidesliifnansenuagied

v o

WedAy (P-value < 0.05) LaNEANBATANITAR AN
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WaQdaN18en A1AINLTY AUBsIduANITRAd UL
wavAndesidusinsHe

SUN 3 LARINANTISNAFDUAIULUTUSIUEDIN

U

2

lunansenuveaUsinauasanIvLazUsuuUEesld
AeauURAvanauazINIenInvesTandaUsenauiil
drunauvanedlnsiiduasuuseniedifosld 49
v e & a ] a = =
Wi MuTuaaservkazUSiuUid eyl
nansynuagaiitedfgy (P-value < 0.05) sioauun

o

NINALAZNIINIEAN Bnyiuaesiduinisgadu

o

divsunatdesldinansenuedislalivedfy
(P-value > 0.05) UBNINNLNUFIEI N15LARSUAT
ﬁ%aﬁwdwmiﬁ_jmvLLaz%L?iiaaiﬁﬁwaﬂiwua&mﬁ
Wod1Agy (P-value < 0.05) AOAIANULTILTIAT AN
AIULATEANTTAY ANAULIUTISN AINDRSEN1TEN

ALY LarAUesuAN1IgAd UL

Twe-way ANOVA: Tensile Strength

Source DF 55 M3 E. B
MAPE content 3 4.0526 1.3508¢ 16.02 0.000
Sawdust content 1 5.2136 5.21365 61.82 0.000
Interaction 3 0.2146 0.07152 0.85 0.478
Error 32 2.6987 0.08434

Total 39 AZ2_1795

Two-way ANOVA: Tensile Modulus

Source DF 55 M5 F P
MRPE content 3 2713.2 904.41 1.36 0.272
Sawdust content ¥ 3818.7 3818.69 5.75 O0.023
Interaction 3 6958.0 232.66 0.35 0.78%
Error 32 21255.3 664.23

Total 39 28485.1

Two-way ANOVA: Tensile Strain

Source DF 35 M3 F B
MAFE content 3 2.7484 0.8161 2.49 0.078
Sawdust content 1 17.5300 17.5300 47.85 0.000
Interaction 3 0.7786 0.2595 0.71 0.5%56
Error 32 11.7722 0.367%

Total 39 32_R293

Two-way ANOVA: Modulus of Rupture

Source DF 33 M35 F E
MRPE content 3 10.31z22 3.4374 3.63 0.023
Sawdust content 1 31.0735 31.0735 32.78 0.000
Interaction 3 0.2555 0.05852 0.09 0.965
Error 32 30.3342 0.947%

Total 3% 71.975%5

Two-way ANOVA: Modulus of Elasticity

Source DF 55 M5 F P
MARPE content 3 162352 54117 33.07 0.000
Sawdust content 1 171819 17181% 120.86 0.000
Interaction 3 45421 15140 10.65 0.000
Error 32 45494 1422

Total 39 425085

Two-way ANOVA: Compressive Strength

Source DF 55 M5 F e
MAPE content 3 5.6784 1.89278 3.42 0.02%
Sawdust content 3 5.4317 5.4316% S.81 0.004
Interaction 3 1.7214 0.57380 1.04 0.38%0
Error 32 17.7152 0.55360

Total 3% 30.54é6

Two-way ANOVA: Compressive Modulus

Source DF 55 M35 F P
MRPE content 3 133273 44424.4 65.83 0.000
Sawdust content p 64653 ©4655.5 95.32 0.000
Interaction 3 40257 1341%.0 1%.3% 0.000
Error 3z 21583 674.8

Total 3% 259782

Two-way ANOVA: Hardness

Source DF 35 M5 F B
MAPE content 3 69.15% 23.053 38.79 0.000
Sawdust content 1 133.627 133.627 224.85 0.000
Interaction 3 14.550 6.517 10.587 0.000
Error 32 18.018 0.594

Total 3% 241.353

Two-way ANOVA: Water Absorption

Source DF 55 M3 F P
MRPE content 3 20.1246 6.71153 33.75 0.000
Sawdust content 1 9.78%5 9.78952 49.23 0.000
Interaction 3 5.8637 1.95458 9.83 0.000
Error 3z 6.3634 0.19885

Total 39 42.1512

Two-way ANOVA: Thickness Swelling

Source DF 35 M5 F B
MAPE content 3 9.2599 3.08665 38.70 0.000
Sawdust content il 9.333% 5.33390 117.03 0.000
Interaction 3 5.45854 1.83180 22.97 0.000
Error 32 2.5522 0.07976

Total 3% 26.6414

JUN 2 HamsneaeuaNulUsUTINaRIslunansenuresUsnaEsanIuLarUTinabeslieaudinieng

WaENINENMYRIanTalsEnaunidiunauremedionauanumLugLasILTIsUGog Ll
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dunavesmediefidunumuutuguastidosls
pg1edalau leiTouiisuiisnsdiunauiyinfu
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winnianediefiauanuuiwiugs fuanstoya
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nsiiutidesl i dudiunanlutandszney
gresTsnmAmeslunaafnuasdidosliifiutuan
30 wt% LU 50 wt% dnaliir1nanuudausafiauag
AIAULATEANITAENAY INTIEANANNNTANISIEY
sUsgwivfmivesiidesliuasiumindnodiues
anas naemauMsANTdes W sRndy daalv
n1s8nda a gavnanas [9] agslsfimundunudn
Auagdanisiedianiiudu eidutidesliiy
drunavlufagdeUsznavanniu e ndidenlss
Aupgdagendtesssm e sluwanadin feduns
At Aol dudunadlumindweduesifuty
Junsusuupanuudaniwesiandelsenavedn

Hvledfy [9]

'

mwwumuugq
Two-way ANOVA: Tensile Strength
Source DF 55 M5 F F
MAFP content 3 2985.140 98,3800 234.87 0.000
Sawdust content 1 88.031 &8.030% 208.05 0.000
Interaction 3 6.671 2.2236 5.26 0.005
Error 3z 13.540 0.4231
Total 39 40g.382
TWD-WE)‘ ANOVA: Tensile Modulus
Source DF 55 M5 F B
MAFP content 3 139880.0 4e60.0 6.90 0.001
Sawdust content 1 33887.2 33887.2 50.35 0.000
Interacticn 3 3033.5 1011.2 1.50 0.232
Error 32 21599.4 €75.0
Total 39 7T72600.0
Two-way ANOVA: Tensile Strain
Source DF 35 M5 E i
MAFF content 3 31.074 10.3581 26.60 0.000
Sawdust content il §3.781 8&3.7813 215.14 0.000
Interaction 3 17.4458 5.8161 14.94 0.000
Error 32 12.461 0.3894
Total 39 144.765
Two-way ANOVA: Modulus of Rupture
Source DF 55 M5 F B
MRFF content 3 559.4%4 186.4%3 126.00 0.000
Sawdust content 1 €68.727 €8.727 4g.43  0.000
Interaction 3 z.183 0.728 0.49 0.691
Error 3z 47.366 Ll.480
Total 39 §77.769
Two-way ANOVA: Modulus of Elasticity
Source DF 55 M5 F 15}
MAFP content 3 2424455 830815z 305.0% 0.000
Sawdust content ) 39592 89592 33.82 0.000
Interaction 3 4625 1542 0.58 0.831
Error 3z 34765 2649
Total 39 Zg03440

Two-way ANOVA: Compressive Strength

Source DF 55 M5 F B
MAFF content 3 240.324 80.107% 3%.35 0.000
Sawdust content 1 59.952 59.951%5 28.82 0.000
Interaction 3 45.797 15.2655 7.5% 0.001
Error 32 g4.325 2.0102

Total 39 410.3%7

Two-way ANOVA: Compressive Modulus

Source DF 55 M5 F B
MAPFP content 3 Zl04z0 70140 133.01 0.000
Sawdust content 1 438125 43%125 832.71 0.000
Interaction =5 91507 30502 57.84 0.000
Error 32 16875 527

Total 3s 757927

Two-way ANOVA: Hardness

Source DF 55 M5 F B
MAFPP content 3 238.672 79.557 €9.63 0.000
Sawdust content 1 126.328 I26.128 -332.15 0.000
Interaction 3 l8.862 6.287 5.50 0.004
Error 32 36.560 1.143

Total 35 22.222

Two-way ANOVA: Water Absorption

Source DF 55 M3 F B
MAFF content 3 3.83736 1.31245%5 11.46 0.000
Sawdust content 1 0.45251 0.452381 3.95 0.055
Interaction 3 1.81581 0.60527 5.28 0.004
Error 32 3.66637 0.11457

Total 39 9.87235

Two-way ANOVA: Thickness Swelling

Source DF 55 M5 F B
MAFPF content 3 1.44805 0.43203 4.54 0.009
Sawdust content 1l 2.57742 2.57742 24.28 0.000
Interaction 3 0.45%387 0.l64dez 1.55 0.220
Error 32 3.38682 0.10615

Total 39 7.91419

JUN 3 mamanegeuanusUsUTINaRIslunansenuresUsinaasanivkarUsinatibesliveaudiniena
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ﬂ’]i@yﬁﬁ@jmuﬂy’wﬁm MAPE uaz MAPP TuTan
Balsznevesssumameslunanainuastiaes sl
A1150USUUTIAANLLT USRS AL R ANSA
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Aunud aanuudeussiadianfinyszuna 59% uaz
89% diuTandeusznaviifdunanvestidosls
30 Wt% WA 50 wi% A1UE1EU wavtindufu
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ananguiy WelAnaisgaiutdudiunay 6 wo
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faniisszneuiifdiunauemedlnsfidunartidos
147 30 wt% wudnfAAuATEANIIAIanaIUTEINN
34% \lolAuansgaiusiin MAPP Usinas 2 wid 1y
dunay deidululedn dnduenamsiiiudy
drunauiivuinanas ilesanniinisifnaisgaiy
nauny virliAuaIn1san1sganiveaiani s
Usgnauvanas
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31NN193ATILNNIERAN UM HaUI1Ng I
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LLaﬂugﬂﬁ 50 LAy 59 WAASLALTIUAI871 AR
uausedn uagAmogdantsdn susiy Sefiudu
28197 ALAU LﬁaLammi@mmﬂuéauwau JEETRE
a138AuTlA MAPP USunas 2 wt% 1Judunanluy

o a | '

Tanueuseneunddiunanvesnedlnsiiaunuii M

a

AnuLdeuseiaiiatu 74% way 75% luvmgiian
uagdansiaLiindu 92% uay 69% dmiuTanids
Usgnouflaiuusadedideslsl 30 wioe uaz 50 wtd
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dealiluanavesnanadniinnisideuan [15]
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Tensile Strain (%)

Y

12 4

1l o 0 wt% Coupling agent
- 2 wt% Coupling agent
4 wt% Coupling agent

6 wt% Coupling agent

0 wt% Coupling agent
2 wt% Coupling agent
[N 4 wt% Coupling agent

6 wt% Coupling agent

wt% Coupling agen
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2 wt% Coupling agent

1 M4 wt% Coupling agent
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S5 24 i
© 1 0 wt% Coupling agent (n)
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§. 1 6 wt% Coupling agent
© 12 4
Y
[e] -
ER
_g -
3 4 4
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_ 1600
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Anuuigandy WelmAnnsidesuindu (16, 19]
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ABSTRACT
The purposes of this study were to determine the trends of flood peak discharge for 25 major
river basins in Thailand. The annual maximum momentary discharge data from 447 gauging stations
with more than 10 years of continuous records were collected from Royal Irrigation Department. The
trends of discharge data were analyzed using the TREND model comprising of three methods; linear
regression test, Spearman's Rho test and Mann-Kendal test with a significance level of p < 0.01, p <

0.05 and p < 0.10. Results revealed that using Mann-Kendal test showed no significant trend in 305
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stations and significant trends in 142 stations divided into increasing and decreasing trends in 61 and 81
stations, respectively. The results of trend analysis using Spearman’s Rho test presented no significant
trend in 302 stations and significant trends in 145 stations divided into increasing and decreasing trends
in 65 and 80 stations, respectively. Finally, the use of linear regression test showed no significant trend
in 360 stations and significant trends in 87 stations divided into increasing and decreasing trends in 39
and 48 stations, respectively. In conclusion, from all 25 river basins in Thailand, the increasing trends
were found in eight major river basins, while the decreasing trends were shown in eleven basins. Three
river basins indicated a similar number of stations showing same results of increasing and decreasing

trends, and three major river basins did not show statistically significant trend.

Keyword: Trend analysis, TREND model, flood peak.
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ABSTRACT

This paper presents a synchronization method and the power control by using a grid-flux-
oriented control (GFOQ) algorithm for a two-level back-to-back converter fed doubly-fed induction
generator (DFIG) system. Here, the synchronization process and power control with toque/speed modes
of the generator are controlled by a unique rotor current control. Based on the GFOC algorithm for the
regulation of the stator magnetizing current, the exciting component of the rotor current is fully
controlled, and the variation of the subsynchronous, synchronous, and supersynchronous speed is
controlled by the torque component of the rotor current for the stator power control. The excellent
performance of the proposed GFOC algorithm with DFIG drive is verified through the simulation results

considering the DFIG as connected/disconnected to ac mains, and torque/speed-control modes.

Keyword: Doubly-fed induction generator (DFIG), grid-flux-oriented control (GFOC), synchronization

process.

1. Introduction Regarding the synchronization process and the

Doubly-fed induction generator (DFIG) systems
are extensively applied in wind power conversion
due to the desirable synchronous generator
operation at a lower cost [1]-[6]. Moreover, the four-
quadrant power control is able to operate with the
25-30 % back-to-back converter installation of the
rated generator power. The flexible operation with
the variable speed and constant frequency under
the subsynchronous, synchronous, and
supersynchronous modes has been attractive in this

system.

power control for the DFIG systems, there are three
main groups of vector current controls for the rotor-
side converter [11,[6]-[10],[ 11]
1) The stator-flux-oriented control (SFOC), 2) The
stator voltage oriented control (SVOC), and 3) The

as follows:

grid-flux-oriented power control (GFOQ). In [1], this
scheme uses the stator-flux vector reference frame
to independently control the active and reactive
powers. However, this proposed control requires a
low-pass filter to estimate the stator-flux position
which leads to small offsets/dc drift and saturation

problems. The SVOC is used for the DFIG in [6].
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This method needs to calculate only the stator
voltage position, which is easy to be directly
estimated by measuring the stator voltage. Because
the stator flux position is not respected, the SVOC
may not support the synchronization process. In
[11], this algorithm employs the grid voltage to form
the virtual grid-flux position for the control of the
stator-flux vector without the stator-flux estimation.
Among these literatures, they are still unclear about
the synchronization process, which is very important
for the starting operation in order to further control
the overall system.

A few literatures have been reported and
analyzed the

comprehensive  synchronization

process with the power controls. In [1], the
synchronization with the SFOC method is carried
out by a direct on line starting operation. The
extraction of the reactive power leads to the inrush
stator current and the poor power factor at the
utility erid. To discard such the drawbacks, the
synchronization before the grid-connected process
based on the SFOC method is proposed in [6]-[10].
However, the Pl controller is consumed in this
process. It affects a slack dynamic response and
adds a complicated controller design. In [11], the
GFOC algorithm based on the mathematical
synthesis of the stator- flux position is firstly
presented for the synchronization process, whereas
the SFOC algorithm is separately applied for the
power control operation. Based on two control
algorithms, it does not involve a simple software
implementation approach.

In this paper, a unique one-stage model for the
synchronization and power control in a DFIG system

based on a GFOC algorithm is proposed. The

133

different characteristics of the proposed GFOC
algorithm are summarized as follows:

1) One- stage GFOC algorithm for the
synchronization process and the power controls
simplifies the procedure of the implementation and
the controller design from [11].

2) Unlike [6]{10], the estimation of the stator-
flux position using the low- pass filter is not
necessary. The problems of the filter saturation and
the dc drift can be accordingly overcome.

3) The better is

dynamic  performance
achieved without delay of the achievable stator-flux
position when compared to [6]. Additionally, it can
be ensured that the inrush current stator current
does not appear compared to [1].

According to the salient features, the dynamic
and steady- state simulation results are
demonstrated to verify the performance of the

proposed control algorithm for the DFIG system.

2. Dynamic Model of Doubly-Fed Induction

Generator

The configuration of the DFIG system is
shown in Fig. 1. The stator of the generator can
be directly connected to the grid whereas the
rotor circuit is connected to the grid through a
back-to-back converter, which consisted of rotor-
side converter and grid-side converter. Thus, in
order to analyze the performance of the
proposed GFOC algorithm in the next section, the
space vector voltage and flux equations of the
DFIG in synchronous rotating frame can be

expressed as [1].

. di
V=Ri+—+jo A
s s7s df Jss (1)
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Unique current control

Unique synchronization

Fig. 1 Synchronization and control diagram of rotor-side converter with GFOC algorithm.

-~ dA ~
V=Ri+—+jo,/
7 rr dt J sl (2)
As :LSZ +Lm: (3)
Zr :LVZ‘+L7M;; (4)

where R_,R, are the stator and rotor resistances,
L, L. are the self-stator and —rotor inductances,
L, is the magnetizing inductance, and @, ,»,,®,
are the synchronous, rotor and slip angular
speeds, respectively.

The electromagnetic torque of the DFIG is

given by

T, = %I)p (ﬂ'dviqs - qsids) (5)

where T, is the electromagnetic torque and P, is
the pole pairs.

The active power and reactive power of the
DFIG, where the power loss in stator side can be

neglected, are calculated by

P = %(vdsids +vqsiqs), (6)
0 = %(vqsids _vdsiqs) (M

where P,Q. are the active power and the

reactive powers, respectively.

3. Proposed GFOC Algorithm

In this section, the proposed GFOC algorithm
is applied for the rotor-side
converter to achieve the synchronization and

power control processes. It can be shown in the

g-axis ®

Fig. 2 Space vector phasor of the DFIG with
GFOC.

block diagram of the GFOC algorithm (see the
rotor-side converter control), as shown in Fig. 1.
With the unique synchronization for beginning, as
shown in the red dash line border, one of two
block diagrams is to estimate the magnitude of
grid voltage |vg| and grid-flux position @, , called
“Grid flux Estimator”, and another block diagram
is to calculate the correct rotor position (6, ),

called “Rotor position Estimator”. Using grid-flux
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and rotor positions, the correct slip position (,, )
is then achieved to further use for the reference
frame transition in “the unique current control
(UCQ)”. In the UCC, as shown in black dash line
border, it is to control the rotor current for
synchronization and power control process
corresponding to unique synchronization process.
Besides, the grid-side converter has the
conventional control scheme [12] to regulate the
dc-link and exchange the power between the grid
and generator.

A. Unique Synchronization Process

In order to always be synchronized with the
grid all of the operations, a unique
synchronization with GFOC is realized in this
paper. Fig. 2 shows the space vector phasor of
the DFIG with the proposed control. The grid
voltage vector is aligned to of the rotating
reference frame and perpendicular to the virtual
grid flux vector, which is located on the with the
grid flux position. For the synchronization process,
the stator flux vector controlled through the

magnetizing stator current can be obtained by

Therefore, the induced stator voltage vector
v can be synchronized with the g¢rid voltage

s

vectorv, as follows

|Vg| Ve Ve 0 Vag T Vas =0. 9)
0,=0,=0.+0, (10)

where 6,,6.,0, are the stator flux, the rotor
position and the slip angle, respectively. The

correct slip angle for a unique synchronization is
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calculated by the virtual grid flux position @, as

follow

(11)

From (8)-(11), the correct slip angle 8, is
directly provided by the virtual grid- flux
position ¢, that leads to the one- stage
algorithm  for  synchronization

process, grid

connected/ disconnected and stator power
controls. Thus, the stator voltage vector v, is
completely synchronized with the grid voltage

vectorv,, and it can be shown the control block

at the red dashed line in Fig. 1. In addition,
the rotor current components iy i, , which
produce the induced stator voltage and

electromagnetic torque, respectively, will be
described in the next section.

B.  Unique Rotor Current Control

Initially, the system is not connected to the
grid, the stator current is still zeroi, =0. Based on
steady-state conditions, from (1)-(4) and (7), the

d-axis rotor current can be written by

2 L

Iy =—— +
dr 3VLQS

gs"m

. (12)

lms

From ( 12), for the unity power factor
operation, the reference stator reactive power
Q. is set to zero. Thus, the d-axis reference
rotor current or the reference exciting rotor
currenti, , which is proportional to the induced
stator voltage, can be determined by the g-axis

grid voltagev,, as the following
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From the above equation, it can be seen that
the exciting rotor current i, is constantly equal
to the stator magnetizing current vector i,
which produces the stator flux and aligns with the
virtual grid flux. For this reason, the value of stator
voltage is directly controlled by the g-axis grid
voltagew,, .

After the system is synchronized and
connected to the grid, the stator power can be
delivered to the grid by the command torque

rotor current i; which is determined from (5)

r

and (6), as the following

= T (19

From ( 14), it can be observed that the
reference electromagnetic torque T, , which is
commanded by the torque control or the speed
control algorithm [12], is proportional to the
reference torque rotor current i;.. In Fig. 2, when
the torque rotor current i, is activated, the stator
current vector i, appears at g-axis of the
reference frame causes the DFIG to supply active
power to the grid. Overall, a unique current
control is shown by the purple dashed line in Fig.
1. That means the proposed GFOC algorithm is
controlling for the synchronization and the power

control process in one-stage, based on only the

grid-side.

4. Simulation Results

The simulated dynamic and steady-state
performance of the proposed GFOC algorithm for
the two-level back-to-back converter fed DFIG drive
is carried out using MATLAB/Simulink software. The

testing procedure of the proposed system consisted
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of the grid-connected/ disconnected
synchronization along with torque control and
speed control modes under the condition of a rotor
speed variation of 1200 to 1800 rpm. For the test
system, Pl controller for the current controls of
rotor-side and grid-side converters are designed

following [1]. The convenient parameters of the

DFIG can be shown in Table 1.

TABLE |
DFIG Parameters, which is produced by

Lucas Nulle, Germany

Variable Parameters Value
V¢»V,  Rated stator and rotor voltage 380,127 V
l.s,pmk Rated peak stator current 2.1 A
Pv),med Rated stator power 1.0 kw
T‘,,mted Rated electromagnetic torque 6.3 Nm
Rs Stator resistance per phase 79 Q
Rr Rotor resistance per phase 8.8
L;,L, tator and rotor inductance 0.78 H
Lm agnetizing inductance 0.70 H
Pp Number of Pole pairs 2
N.\' : Nr Stator and rotor Ratio 1.732
Back-to-back converter and utility grid parameters
Vs fé Utility grid voltage and frequency 380/50 V/Hz
Vae Nominal dc-link voltage 180 vV
Coe Dc-link capacitor 1625  pF
S Switching frequency 4 kHz

A, Operation of Doubly-Fed Induction
Generator System with torque control mode
Fie. 3 shows the simulation results for the

proposed GFOC in the torque control mode. The

dynamic  and state

of the

steady- performances

synchronization process, grid-
connected/disconnected, and stator power control
are reported in Fig. 3(a){d), in terms of the

reference rotor current along with the
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actual rotor currents , the three-phase rotor current
along with the rotor speed, the stator and grid
voltage, and the stator current, respectively.
It can be described in four scenarios as follows:
1) In period [ (t = 0.02 - 0.10 s): The speed of
the generator is initially in the subsynchronous
speed at 1200 rpm. At t = 0.02 s, the reference

exciting rotor current is changed by a step

Synchronization Connected to
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command from the lacking induction to the rated
value according to (13), whereas both the reference
torque rotor current and the actual torque rotor
current are equal to zero. Therefore, the actual
exciting rotor current is linearly conducted until its

rated value at
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Fig. 3 Simulation results for the proposed GFOC algorithm with torque control mode. (a) Rotor currents.

(b) Three-phase rotor currents and speed. (c) Stator and grid line-to-line voltages. (d) Phase stator current.
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Fig. 4 Synchronization and power control operation
of Fig. 3. (a) XY plot of the rotor currents. (b)
Trajectory of the stator and grid voltages. (c) Phase

stator and ¢rid voltages and its position angles

Fig. 5 Disconnection operation of Fig. 3. (a)
XY plot of the rotor currents. (b) Trajectory of the
stator and grid voltages. (c) Phase stator and grid

voltages and its position angles.
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t =0.03 s. This leads to the corresponding increment
of the three-phase rotor current. The stator line-to-
line voltage is then induced and completely
synchronized into the grid voltage, whereas the
stator current is still zero.

2) In period O (t = 0.10 - 0.18 s): The stator

terminal is directly connected to the grid at
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rotor current and the three-phase rotor current can
be

the

regulated at the rated value. Hence,

stator voltage fully becomes the

grid voltage with the negligible stator current

at 2% of its rated value, without the effect

of the inrush current. This can confirm

the smooth grid-connected of the proposed

t = 0.10 s. It can be seen that the actual exciting  system.
Synchronizatlmi Connected to . .
) 1" Process Grid Torque Control Mode | Disconnected from Grid
2 25T | — L
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Fig. 6 Simulation results for the proposed GFOC algorithm with speed control mode. (a) Rotor

currents. (b) Three-phase rotor currents and speed. (c) Stator and grid line-to-line voltages. (d) Phase

stator current.
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3) In period [] (t = 0.18 - 0.54 5): The
electromagnetic torque control begins by the
sudden step up of the reference torque rotor
current to the rated value, which leads to a
constant electromagnetic torque according to
(14). Meanwhile, although the rotor speed is

changed from subsynchronous speed (1200 rpm)
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to supersynchrnous speed (1800 rpm), the actual
torque rotor current is still kept constant, as
expected, unless the phase sequence of the

three- phase rotor current is inverse. In

addition, the desired stator voltage and

current  are  maintained by the torque

control mode. This is pointed out to the
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Fig. 9 Simulation results of power control for DFIG using SVOC [6]. (a) Rotor currents. (b) Three-phase

rotor currents and speed. (c) Stator and grid line-to-line voltages. (d) Phase stator current.

stable performance of the proposed control
algorithm.

4) In period [ (t = 0.54 - 0.72 s): Finally, in
order to disconnect the system in the decrease
the electromagnetic torque to zero. For this
reason, the stator current is immediately reduced
to zero. Meanwhile, the three-phase rotor current

is decreased from the rated value to its excited

value, but it does not impact on the stator

voltage due to the actual exciting rotor current is
kept constant. The utility erid disconnection is
carefully succeeded at
t = 0.60 s without the inrush current, in spite of
the remaining induced stator voltage and with the
existing synchronization.

Fig. 4 shows the dynamic operation of the

synchronization process. The xy plot of the actual

rotor excitation current is changed from the origin
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point to its excited value point corresponding to
its waveforms of Fig. 3(a) in period [J, as shown in
Fig. 4(a). Simultaneously, it can be observed that
the phase stator voltage is induced and swirly in
order to reach the trajectory of the phase grid
voltage, as shown in Fig 4(b), according to their
time domain along with the waveforms of the
induced stator-flux position aligning the grid-flux
position shown in Fig. 4(c). For the grid-parallel
connection in period [J (see Fig. 3), the phase
components of stator voltage are identical to
those of the ¢rid voltage for both magnitude and
position views (see the black line in Fig. 4(b)), in
accordance with the waveforms of Fig. 4(c). Then,
the torque control operation corresponding to
period 0
of Fig. 3 is pointed out by the actual
torque current component that perpendicularly
racks into its rated value, as shown
in Fig 4(a).

Fig. 5 shows the dynamic operation of the
disconnection process. The xy plot of the actual
torque current component is changed to zero,
whereas the actual rotor excitation current still
stands at its excited value, as shown in Fig. 5(a)
and corresponding to Fig. 3 in period . In Fig.
5(b), the phase stator voltage returns to be
enclosed by the ripple while its trajectory is still
synchronized, which is also visible from its
component and position waveforms, as shown in
Fig. 5(c).

B. Operation of Doubly- Fed Induction
Generator System with speed control mode

Fig. 6 shows the simulation results for the

proposed GFOC with the speed control mode.
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The response and performance resemble the
previous results of the torque control mode (see
in Fig. 3). However, after the system is
synchronized and connected to the grid, the
speed control leads to inconstant
electromagnetic torque according to the rotor
speed variation, as shown in Figs. 6(a) and 6(b) for
period [1. Moreover, the stator current is
accordingly increased and proportional to torque
rotor current, as shown in Fig. 6(d). In the same
way, the dynamic operation results from the
synchronization process in Fig. 7 are similar to Fig.
4, except that the electromagnetic torque is
changeable in the speed control process. The xy
plot of the actual torque rotor current gradually
raise from the subsynchronous to
supersynchronous speed with a lower error due
to the linear change of the rotor speed, as shown
in Fig. 7(a) for period 1. Besides, the dynamic
operation of the disconnection process of Fig. 8
has the same results as Fig. 5. As the results in
section IV-A and - B, the proposed algorithm
works as expected and proves its performance in
both power control modes.

Compared with the existing SVOC method in
[6], Fig. 9 shows the simulation results of power
control for DFIG using SVOC method. In term of
the results of Figs. 9(b)-(d), they are well in line
with the proposed GFOC algorithm (see Figs. 3(b)-
(d)). Unless, the dg—axis rotor currents in Fig.
9( a)

currents in Fig. 3(a) due to its SVOC algorithm. This

are different from the dg—axis rotor

can guarantee that the power control

performance of the proposed GFOC algorithm for
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DFIG system is equivalent to the conventional

SVOC method [6].

5. Conclusion

In this paper, the grid-flux-oriented control
( GFOC)  algorithm has been applied and
confirmed for the synchronization process and
power control process of the DFIG system.
A unigue synchronization and current rotor
control process have been explained with
equations in order to directly regulate the stator
magnetizing current, or the exciting rotor current,
for the induction of stator voltage and to fully
control the electromagnetic torque for the power
control process. With this algorithm, all of
operation is controlled by the g¢rid- side
information based on one-stage synchronization.
The dynamic simulation results can verify the
performance operation of the DFIG under GFOC
in the details as follows: 1) the DFIG is smoothly
connected to the grid without the inrush current,
2) The power process can effectively operate with
torque control and speed control under the
variation of the subsynchronous, synchronous
and supersynchronous speed mode, 3) Al

operations are controlled only by the GFOC

algorithm.
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ABSTRACT

The main objective of this study is to design and develop an Aluminum Composite (AC) cutting
machine using computer numerical control (CNC) that is more efficient than the circle saw. Since most
of the small manufacturing enterprises (SMEs) in Thailand still use circle saws in general. In this studly,
the machine is 1.10 x 1.45 x 0.78 meter and the working space is 0.89 x 1.23 meter. The innovation of
this AC cutting machine is the trimming router bit. The machine is automatically controlled using
Program Mach 3 as a tool to run microprocessor 5 axis breakout board via pararell port. In addition, the
cutting AC pattern is designed by using JDPaint and Artcam. Therefore, this study is to compare the
efficiency of the AC cutting machine between the machine and the circular saw. The results from this

study demonstrates that the machine works more efficiently as follows: less time consuming 50.66%,
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more accuracy 2.08%, less waste during production 26.75%, less aluminium distribution 72.72%, more
safety that the accident less than 65.58% and less noise pollution 17.53%. It can be concluded that
the Aluminum Composite (AC) cutting machine using computer numerical control is good for Thai SMEs
and the cost is less than the import 60.48%. Moreover, the machine is made in Thailand that is easy
for after sale service and maintenance. The machine is still in the examine process before

announcement for patent in Thailand with number 1703000038 on January 10, 2017.

Keyword : Machine design, CNC cutting machine, aluminum composite, trimming router bit, patent.
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ABSTRACT

The development of the innovation of egg incubator at the present still lacks effectiveness in
detecting embryos inside eggs for separating the eggs without embryos from the incubator after the
incubation period of 1 to 9 days and for reducing the problem of hydrogen sulfide (H,S) from the other
eggs inside the incubator in their incubation period of 18 days. The objectives of this research were: 1)
to design and construct the egg incubator for detecting embryos in chicken eggs by using digital image
processing techniques and 2) to find the effectiveness of the constructed incubator. The research tools
were: a temperature and humidity sensor set, an egg turning control system using an electric gear
motor, and a still image camera set. The research results showed that the digital image processing
system displayed in white color when detecting the eggs without embryos and it displayed in black

color when detecting the eggs with embryos during the incubation period of 9 to 18 days. The results
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from the experiment on the temperature and humidity control system revealed that the temperature

value of the system could be adjusted by its automatic system with a value in the range of 34°C-37.8°C

and the humidity value with the range 65 to 69%. And the results gained from the experiment on the

effectiveness of egg hatching of 48 eggs showed that on average, 45 fertile eggs, 3 infertile eggs, O

cracked egg, O rotten egg, and 93.75% of hatchability rate were found.

Keyword: Egg incubator, automatic control system, digital image processing system.
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gﬂ‘ﬁ 2 Arduino Uno Board [7], (1) USB connector, (2) Analog Inputs, (3) Digital 1/0 port
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Process & Control Systems
Using Arduino UNO

< 34°
< 650

Temp ( 34°- 37.8)
rH (65% - 69%)
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RH = P2 100 (6)
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RGB to Gray
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FuiAdeuwnu x-y, (5) LED, (6) YaNemesnauly uaz
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ABSTRACT
This article focuses on the queuing system study in outpatient services, Laem Chabang hospital,
Chonburi. Due to increasing number of patients continuously, the hospital has met a long waiting time

problem for patients. The service procedures are as follow (1) enrollment (2) weighing/measuring



MIFANFIFAINTTUAERNS UWNINYIBLATUASUNTI SR 167

U 13 20U 1 1HpuNNTIAY — lWwgu W.A. 2561

height/pressure measurement (3) history review (4) examination (5) Bloodshed (6) wait after the doctor
(7) get medication, then service completion. Thus work improvement concepts have been developed
and the simulation theory is applied instead of real system. Ten scenarios come from 3 approaches: (1)
combining service points; (2) doctor’s schedule adjustment; and (3) Type 2 patient appointment with
service starting at noon. Experimental results show that the best plan improves efficiencies as follow: the
number of patients receiving the service increases with 10 persons per day; the total duration of the first

patient type is reduced as 45.48 minutes; the total duration of the second patient type is reduced as

23:53 minutes, and the total duration of the third patient type is reduced as 49.13 minutes.

Keyword: Simulation, outpatient, service performance, Doctor’s schedule.
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Two-Sample T-Test and CI: Simu Number Out, Real
Number Out

Two-sample T for Simu Number Out vs Real
Number Out

N Mean StDev SE Mean
Simu Number Out 20 337.95 6.43 1.4
Real Number Out 20 341.00 494 11

Difference -mu (Simu Number Out)-mu (Real
Number Out)

Estimate for difference:-3.05
95%CI for difference: (-6.73, 0.63)

T-Test of difference =0 (vs not =
T-Value =-1.68 P-Value=0.102 DF =35

JUT1 5 HAN1SNAGBULUU 2 Sample t-test
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4. WANISNAADY
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NAY SRV 10 UHUANT BREReNaLResTiTaun
3.30 GHz @15u CPU waz 4.0 GB d1115U RAM Lo
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v Ao
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U3N151a59AUeeNa1NSEUY (Number Out) uas 2)
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\@S98u (Total Time Patient) F9A1613¥avsa s
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a4 da o o ~ (Aw) Type 1 Type 2 Type 3
LLNUL"UQLfﬂElTVlllﬂWﬁimLLuﬁwqﬂﬂqﬁﬂiUUﬁQLWﬂﬁ 1 »
) 1 {]‘\li]‘uu 341 199.26 191.55 226.57
LLUINIY LLa%LLNUL%QN&NVIﬁﬂWiI%LLu’JWWQﬂ'ﬁ'lj%/U 1 340 199.97 190.63 219.28
11071 1 wuIne nedisuazldenninsned 6 2 349 18591 177.34 211.82
3 346 192.78 185.03 218.75
) q 351 185.16 176.59 211.22
M13199 6 NMIAUALKUNTTUSUUTINTIaU 5 351 18513 17655 21139
o - o 6 341 167.78 180.67 195.78
WHUN5H TeazdgauuIeily UseLan
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! ke (1) Wi 8 346 162.94 176.61 185.59
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4 kI (20) udie? vanew © 7 Ao Anadndiafianluusiasiadia
5 wuInedl (2d) Wi
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nanluszuusienun 199.97 wiiidenu Fadfinduan
wmatlagtiu 0.71 widt {ieussiani 2 Thanly
syuuTanun 190.63 uifideny FaanadannuuImng
P29y 0.92 unit fUaeUsziand 3 1daluszuy
fravun 219.28 uiisioau Feamasnuuamnadagdu

7.29 U

A13N 8 AUUANAIYBIHAGNEINLNUNITTITY

Number Out Total Time Patient anaq (W1#)
Scenario oo

WU (AL) Type 1 Type 2 Type 3
1 -1 -0.71 0.92 7.29
2 8 13.35 14.21 14.75
3 5 6.48 6.52 7.82
4 10 14.10 14.96 15.35
5 10 14.13 15.00 15.18
6 0 31.48 10.88 30.79
7 9 44.40 22.29 48.84
8 5 36.32 14.94 40.98
9 10 45.48 23.53 49.13
10 10 44.95 23.24 48.63
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UNANga

mAteiiyausrasilemuuuiaemiseuuimininedeinieseuuiuvuiinadfidaunyiing
npgau TngymuuudtaesimngansenitauuasLouiidafuuuudians ANFIS naasseuLsimdnlig
aeldigaumgiouutisie 70, 80 way 90°C AMuEanTou Fo 20 m/sec wagANLGDITUNINlNY 250 mm
Tassaine ANFIS Usgnaumediudsdunn Ae gaumgilauiou wazlianlun1souunns fMuusiednn fie snsdu
AUTUNANITIATIZINUTY LUUSIaed ANFIS Saumnzaumnniuuudasseufidialag uwuudiaes
ANFIS LUl 8 fianuivangauanndign Inedian R iy 0.9991 wag RMSE wirdu 0.0032 snudadu Tudau
YDILUUINADUDUNING LUUINADIUDY Page (Page model) ﬁﬂ'gmmmsamnﬂﬁqmﬁm%fumsa‘uLLﬁaW%ﬂ"LtJ

TnediAn R Wiy 0.9983 wag RMSE i1y 0.0067 msasu
Addsy: nadfaiun wuudassednmans ssuvauluiledlassinauiudald winlve

ABSTRACT
This research aimed to determine the drying model of pepper undergoing a jet spouted bed
drying process. A comparative study was executed among experimental results and empirical models
and adaptive- network- based fuzzy inference system ( ANFIS). Pepper was dried under drying
temperatures of 70, 80 and 90 °C, hot air velocity 20 m/s, bed height 250 mm. ANFIS input were air

drying temperature and drying time and output was moisture ratio. The results showed that, the
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ANFIS had better capability than the empirical models. The best ANFIS model was model no.8 withthe

coefficient of determination (R?) and root-mean-square error (RMSE) are 0.9991 and 0.0032 respectively.

Among empirical drying models considered, the page model, was found to best describe the drying

behavior of pepper, the coefficient of determination (R?) and root-mean-square error (RMSE) are 0.9983

and 0.0067 respectively.

Keyword: Jet spouted bed, mathematical model, adaptive neuro-fuzzy inference systems, pepper.
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o

N9NT5LNBAST[18] é’qﬁ?uuwmwﬁ%’aﬂﬁmqﬂisaaﬁ
ieAnwinsUszgndliuuudiassadnmansuuy
Loufi3Aanas ANFIS Tunsvinunednsnaiunauiu
mseuwansnlnememadadaauidifiniun Lay
dodunwimslunisiauiniseusianadaigna

Wdiauasaly
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2. WUUTIADIAMAMENS
2.1uvvdraevluguvevaunisieniiing
(Empirical equation)
wuudrassnIsaukiudunissiananisaem

mnufeulazinaaslusEinmseuLis Faazdagly

N1999NLUUTZUUAITOULTSANSY [3]-[5], [13], [21],

[23] wuudiassluguresaunisioufisfa 1u

wuudassniseuusifenldlunis@nwremnie

Fannmamandnuaznald [21] aunisieniizAade

aunsfiairennuuliudeyanisnaassdmiuiand

Tdouursludrsgamgd aruiianuazauiy

Fuimdvosennimeuuianiag (5]

2.2 syvvayanuitedlaseheusuiala(Adaptive
neural fuzzy inference systems, ANFIS)

ANFIS v8unasUszgnduaunany (Hybrid
algorithm) A8mslassineUssaniivunazlunailed
Wadaeiu i laiunsairdesivesusiazisnisun
atuayuiuLarYIvanveIdinvaiayIsnig [14)-
[20], [29], [30] msUFusiuseussuwuuvesdeyaidy
TorvaslasstngUszamidion ualitediinluFosnis
osutemsusuiseuinelufiendensderiierhning
iladlenisuiulusuuesvesuyudiluvioluamn
FovhlU 130] Tuvausiinssnzuwuuiled (Fuzzy logic) §
yaunsaidnslivanaludwmssnsmiiouainudn

Youywd annsnasuienisandulalaainngiled

Layer 1 Layer 2

Layer 3

MFANFIAINTTUFANERNS UM INeSFSUATUNTILSN

U 13 20U LiHoUNNTIAN- LUWIBUN.A.2561

wazannsaldfutoyafinquuadelddfinisiaunan
nsfnaulaluunssngiBeanite (Crisp logic) A18A13
WIBUWBUNUUURUUNN-UaD (If-then) witaidavas
HaggaednfoluanunsaisuuiuazuTunsiangeig o
Feses [30] luwadtediuguilasunisssfuas
Judideufe Tuwmailsduuuad (Mandani fuzzy)
wazlunailedginly (Sugeno fuzzy) aaosisnasd
%al,mnﬁhwé“ﬂﬁwaﬂ"]Lmﬁmeqﬁ%’um’lmﬂuam%ﬂ
(Output membership function) F933ndearunsn
Bonldhsilaitudadurdodenidurasiils (30]

2.3 ssyvaynuiledlnsieususalelAdaptive
neural fuzzy inference systems, ANFIS)

Tuima ANFIS filéFunisiamnanainlunailedsy
wnlu Feliluemadeiaduneunsiindeudiouldo
aunsauansgUuuuveslassaitsoenifu 5 4u [20],
[30] uansfsgURl 1 Usznaulufeduds 2 Suwn x
uaz y uazduus 1 1ewing f laevhlundnufdfien
904 2 flod Aondn if-then armnsauanau [15)-
[20], [29]-[30]

Rule 1: If xis A, and y is B,
thenf, = px+ gy +n
Rule 2: If X is Ayand y is B,

thenf, = px+ qy +1,

W8 py, Gy, 1y, Pay O H8E 1, LUNISIHIRES

NAANS

— X
la— <

=

A

b1

Xy

Layer 4 Layer 5

U7 1 Taseadnsves ANFIS [15]



MIFANFIFAINTTUAERNS UWNINYIBLATUASUNTI SR

U7 13 aUUN 1 1HUNNTIAY — W18 W.A. 2561

Tasea¥1aves ANFIS faguUfl 1 anansnesunels
fasolutl [15)-120), [29]

il 1 wadwsvostuil 1 fuluraruduandn
warfulsn1w yanasdes luduidonisusu

iggogeminnmvualag

O, =H, (x),i=12 1)
%39

0 =u,(y)i=34 @

\dle x w30 y Ao Bumavesmiegen uas A wie
Bi, HNUAIRILUTNI (Linguistic variable) a1y
vostuildefleiduninuduaudn (Membership
function) v1u3eiidenldileiduninuuauidn
LUU Gaussian membership function @131130LEAS

Tuaunns

1 (X)=exp _(X_Zcr)2 (3)
‘ 20

Tagil O uway ¢ Ao lwan15iines (Premise
parameters)

$uit 2 Tudud 2 devidunsmariled (Firng
strength) 91ndadsvasnguaazdonnmiedosludy
fgnivunsie [T FsRemsnaiiuesdyaaiidin

waziduevinasiegaugy

OZJ=W=/’1A,(X)'/'ls(y)'i:1v2 (4)

Ui 3 ynnussgeslutui 39zdunis
AN IUTENINATITIINTBAVDINY U6l

azdofunasiuvesA1wdaindessveannngisen

naanslaantuilin Normalized firing strength

o3.:W:L/:l,2 (5)

A i
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v

Ui 4 ynvhedesilutull Aevedosusumla
fulendumiiegos
W,

0, =Wf=—=—i=12 6)
' W+ W,

A a & o A I
Wow, Av LeVinaveItun 3 wazlp,q.r} 1w
W151Tma% N5 TweslutuiiisanitnisTme sy

nadns (Consequent parameters)

Ui 5 Jutlagiiegmiietdeeiien fvualag S

FauoWne N laAN1ITINAUVRIdY Y I TUITIaNNA

_ A
Os, = IZW,-.f :—ZZ‘:’:,/_/ 0

21n1ATIA519909 ANFIS 1Al es
nangugnimualiiiildeuudas Lovinaiaun
a11130uan U UTO A TITUAUYBNT TN BT

Y 4

< v & I3
Wunaans ludydnwalioming

17

7= (wx)or +(wr ) + w2y o,

)+ )1+ (wr)e,

(8)

= A < a  w a s & o &
%Qﬂ@ﬂ’l’mLUUL%QL&ﬁﬂUW’]ﬁNLG\@?VILUUN@@WS
P1, Qi, M1, P2, Qo BAT T, Wulenves Consequent

parameters

3. JanaunIniuazisn1sidy

3.13a97lvlunIsnnass

¥

TunAdeilaliudaveansnlnsandaiinnudy

SusuUsEan 2.56£0.23 ke/kg (d.b.) [22] 10uTan
He813lun1INAaeIa UL karazgniiuigumngl

o
[

4°CABUNITNNADIDULITILARZ AT W%ﬂl‘ﬂ&lﬁ(ﬂ'ﬂ%gﬂ

o

Wnnfsausliaunsensligamgivinduammg ivies
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midiendnidesdyninisarvuiuredledily
PAUITNVDINITOULI

3.2 gUnsaldmiunmas

i3esouwituuuidnadinunildlueised
wansfesUil 2 Beusenoudugunaaiing 4 dwioluil
1) AauLIIAUGS (High-pressure fan) (CRELEC, HB-
329, Taiwan) U9 2.2 KW deiminditeusinad
gsvuu 2) Tnaua1da (Globe valve) Favimeidiusu
anuswesomaniingsyuulildefimanza Tne

o v

ANL5IvRIINmIzgnIRfIeraUlayi (Pitot tube)

Y

edeegfugunsaldmiudszanana (TESTO, 4354,

o a

Germany) 3) gafninaiusounielnily (Electric
heater) wuna 15 kW eyt uiingamailiiv
ornafldidudinanslunisouusiad) nosuus
(Drying column) ¥inanntndnaunuiag (Stainless
steel) YUALAUNIAUENANS 125 mm wazas 800
mm e naeuiiiugainaufouszluaidme
puusTidua Rt aLduR gudnans
63 mmisdondefuvoouLsinsaunuaani
111883 20 3 5) lelmaudniu (Cyclone collector)
Favimiiiuonudnfusioanaineiniaou 6)yn
AIUANEUNAI (Temperature controller) Wuu PID
(SHINKO, JCS-33A, Japan) @edaa1uusiuglunis
AIUAN +1°C ﬂ;mmu@uﬁ%ﬁwmhﬂmﬁaqmmﬁ
YosoInATId moBULT(T1) Juspruaunsyinu
yaayainAILeu 7) n3esduiingumngdl (Data
loggen)(HIOKI, 8421-52,Japan)8)wasluAuilawia K
(Type K Thermocouples) %ﬂﬁmﬁﬂﬁdm’lqmuqﬁﬁ
Fldluiuliniiestuiingaumad siuauiuniuiou

TfuaUnsalvaumIaIaUL UL Inaddinwua Ly

]
v

ane Lietesiunisgayideainuseulviueinie

TR

MFANFIAINTTUFANERNS UM INeSFSUATUNTILSN

U 13 20U LiHoUNNTIAN- LUWIBUN.A.2561

Cyclone
collector
Drying
column
Data logger
T2
. T,
High-pressure PID

fan

0

Electric heater

= - o I3 ¢ g
'E‘U‘W 2 LARILATDIDULAILUULIN AL URLAALUA

Globe
valve

3.3 35m1599a09

=]

mﬁvmaaqauLLﬁa%ﬂisﬁmqquﬁmaammmﬁ
PIUYINBBULIA 3 SEAUNEaIAD 70, 80 way 90 °C
lngldarnugaunvesudaninlng 250 mm a7
sefuAnNgaUasananazdeslianuiimanves
91N1ATUYENINT DB ULAIUTENIU 20 m/s
WeTlvzyliuniianisadessaiaue Tuudas
doulvnsnnass dminvesminlneazgninegis
doiiles (0 q 10 wrd) dmdunsmaassifiednm
JaunaraninIseuLiansnlneiu nnsouwtiay
fduluaunseiinnudureandnlneldideundas
(Funaldarnurailidrad) Tngaruduluaniae
Fenanfierduanutuauna (Equilibrium moisture
content) voandnlnefioulunisnaaesiug Tnsus
avdoulunseunsiaayinnisaass 3 A%e

3.4 UWYUANNITNNALINAIaNSIOUNTAA

sUnuvaNnIsneadamansiouisAadildlu

SITYULANININNTT 1
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AN5197 1 @UNNSNIAAANARSIEURS AR [4], [13],
[18], [21], [24]-[28]

No Model name Model
1 | Newton MR=exp(-kt)
2 | Page MR=exp(-kt")

3 | Henderson and | MR=aexp(-kt)

Pabis

4 | Modified Page MR=exp(-kt)"

ﬂﬁmgﬂLLuuaums'vmmﬁmmamiauﬁ%ﬁaﬁ
VAN ZANEINSUTLATIEANTEUIUNTD UL LA LY
walan1slessiuuvaunsanaosiildidadulagly
TUsunsu MATLAB [21]

3.5 las9as19%89 ANFIS

dmdulnsiadraves ANFISAIFuuAToduans

AN 3

input inputmf rule outputmf output

£

Logical Operations.
and
or

not

3U7 3 Tassaiaves ANFIS

M99 2 WAAI91UIU Membership Function 67

wusdunm

gaumnil (°C) 1281 (min)
Range[70 90] Range[0 270]

3 3

anu

—_

O o0 N o0 o B~AWDN
[C2 G B N = T > S CA RGN
L B N N S O =Y

181

Tnssadaves ANFIS AldluanAdadenldluna
flad@sugeno Susunils fuusBunmildsl 2 f e
gl ULazlIaT wazlewne 1 A1 Ae §nsdIY
arudu feiduaruduaundnidusuy Gaussian
membership function HeAdutervinmiuwuy
Linear kagl¥nszuiunisieusuuunay (Hybrid
algorithm) Taeldlusunsy MATLAB Tun1991a03
31U47U Membership function ﬁ?LLﬂiauwmm%Lﬁ'a
WwuUaesfivnzauuansfmn s 2lunisiden
LuustaesThivuzaufigadu agfiotsmann
FuUszansnisimaule (Coefficient of determine,
RY) Gaagdosfidunnitiian viewdlng 1 uiniiae
warAsINfidevatrAIuAaInAd U dtaeade
(Root mean square error, RMSE) “ﬁd%é})adﬁﬁhﬁﬂ

fign (4], (131, [21), [24] wanafaaunsdi (9)

(MR —MR_ )

i=1 pred i exp,i

RMSE = 9)

idlomR_ Ao snsdmanuiuiilaainnsvnaes

MR, A® 8nsdummRuildanuuudiaes

n Ao Fuutoya

4. WANIINAADY

4.1 uvuTIaeNAanmIanInITOULAINGA e g e
LRSIV UL S AFIUIE AU

31NHANISNAABINISOULTBuEanS nlnefile
1UILATITAMAINITITND 6199 VOIMUUIIA04
vandamand defuivinnuaiunsalunisiiune
ARt ude ArduUsEANSnsFaaula (R) uas
RMSE 1Judmneadaiildidenwuusiaesiiviunzay
[12], [20] #9M1519%1 3 WAALATIZHAIUSUTUS
LLUUf\i’waaqL@Mﬁ%ﬁaﬁuwamimamauLLﬁqﬁqmuqﬁ

70-90°C
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AITNT 3 HANTIAATIZAUUUTIADLOUNSAR

No Model name R? RMSE
1 | Newton 0.9821 | 0.0371
2 | Page 0.9983 | 0.0067
3 | Henderson and Pabis | 0.9882 | 0.0304
4 | Modified Page 0.9824 | 0.0375

MITNA 4 ANITITLADIVBILUUTIAD9)

2

MFANFIAINTTUFANERNS UM INeSFSUATUNTILSN

U 13 20U LiHoUNNTIAN- LUWIBUN.A.2561

Tum157991 3 NUIIMUUTIAD9989 Page (Page

model) HanusnganlunisviTunensiuasuuas

=

AnuBureminineldffianfioamgiouudisi 70-
90°C 1ilosa1nTAn R gafian Ao 0.9983 uazen
RMSE #ingn #e 0.0067 wazA1Am&uRUsvas
wuUSIaesiunaniTaaesa 4 wuu fid1 R ag
Tu34 0.9821-0.9983uaze1 RMSE aglutig 0.0067-
0.0375m151971 4 uaRIAINITITLADSYBIYBY
wuuiaesfigamgdl 70-90 °C

9INM15797 3 UWAEAIT19T 4 FTWUTINANTS
Arunlagldaunisoulianiuuuuinasanig

a s

ALAAAASIDIPage ANUNTAYIIUIENANITIAARLAR

' v
= v v =2

NanAauIslautAIAei k wag n 1IMANUFUNUS
fuduusoumngil aglduvuitassdmsuriunenis
WaguuUasmnururesminingluynaamaiisuuns

Keaunsi (10)

Page model ; MR=exp(-kt") ~ (10)

o o

oA kwag n ilsunnuduiusiduileiduy
gaunnd(T) TugUuvvaumadadulagail
k = 0.003+1.53x10°T  ; R*=0.931

n = 0.888+0.005T - R?=0.811

AN5197 5 HANITIASIZRANUEUNUS ATy ANFIS

M1 Membership function fauUsaune

Temp. Model R RMSE

@) constants
Newtonmodel

70 °C k=0.01186 0.9847 | 0.0381

80 °C k =0.01704 0.9811 | 0.0414

90 °C k=0.02462 | 0.9840 | 0.0350

Page model

70 °C | k=0.003677,n | 0.9986 | 0.0118
=1.254

80 °C k =0.003758, | 0.9965 | 0.0067
n=1354

90 °C k =0.003983, | 0.9987 | 0.0049
n = 1363

Henderson and Pabis model

70°C | a=108, k| 0.9909 | 0.0298
=0.01275

80°C |a=1.091, k| 09877 | 0.0340
=0.01842

90°C | a=1.082, k | 0.9889 | 0.0296
= 0.02637

Modified Page model

70°C | k=0.6806, n | 0.9847 | 0.0387
= 0.01742

80 °C k =0.03867,n | 0.9811 | 0.0422
= 0.4408

90 °C | k=0.3499, n | 0.9840 | 0.0356
=0.07037

a1y | aaumndl 1 R | RMSE
1 3 3 0.9865 | 0.0356
2 3 4 0.9874 | 0.0315
3 3 5 0.9907 | 0.0089
4 4 3 0.9913 | 0.0092
5 4 4 0.9962 | 0.0080
6 4 5 0.9955 | 0.0083
7 5 3 0.9982 | 0.0070
8 5 4 0.9991 | 0.0032
9 5 5 0.9989 | 0.0056
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Tum5199 5 wanINaNTIATIzRaLEuRLSae
14 ANFIS#131 Membership function #3uUsduna
WUURI883 ANFIS wuudl 8 fiddruauiledduninudu
duBndudsdune aauniiindy 5 uay duds

Funm 1181 Windu 4 daumangailumsviungnns

ya i

Wasuwlasnnuduvesnininglaafignnaunnd

] 3 Y

&

oUWTieil 70-90 °C 1ilosanTlen R? gefign Ao 0.9991
LagA1 RMSE #1gm Ae 0.0032 uazNaILATILY
Arwidiiusingld ANFIS 1 8 wuv wudidien R o
U39 0.9865-0.9991 uarA1 RMSE agluyae 0.0032-
0.0356 7151971 6 uansUIsuifisunaileain
wuudaeaeNfizAadiy ANFIS Gsagnudn uuudiaes
ANFIS TinadiasgvlianlndiAgsiunan1smaaedass
11AN31UUUT1a8904 Page Lilpaanilan R? g9

11ANTT WagAT RMSE #n

[

AN57197 6 WSHUTBUNATDILUUIIADILDUNSARNY

ANFIS

No Model Name R RMSE
1 Page model 0.9983 | 0.0067
2 ANFIS model 0.9991 | 0.0032

4.2 1T UNEULUUTIaNAUNANITNAADN
ouUUTILaANIA Y

INHANIINAABINITOURKLUAANS LN
m'%'aqa‘uLLﬁaLLwﬁmaLmﬁLﬁmLumﬁqmmﬁ 70-90 °C
wansfagul 4-6 wudrlugrausndnsndrunisanas
vosrnuiuluwdnnsnlneanasetnesimga Wewwn
melundniinnnufugs ildnsdiemuasesi
wdivenduluegesinga [11], [21] defarsan

a0 W !

§w%waqquﬁau§auﬁ'mmaamwmumsmmm%u
mngﬂﬁ 4-6 ‘wmfwmiaULLﬁqﬁquQﬁqﬂ%ﬁé’mm
msammm%uﬁqqﬂ’hmﬁauLtﬁqﬁqmmﬁﬁ'} GG
danalimianlun1sounrianas dennaenuNanis
auuﬁwﬁmﬁmsﬁmwﬁuq [13]-[21], [24]-[26] 91N
Han1INAaeIzNUINgglouwiidvinalusgns

WnRENsUasULUaIRNTLYRINE NNy
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1 \
\ © Experimental
o8y ****** Page model
\ —— ANFIS Model
06[ \\ b
0: \
s \
04f N |
0.2f 1
o ‘ ‘ ‘ ‘
0 50 100 150 200 250 300
Time(min)
JUN 4 UanamansyiungdnsIduauTus
auwnInlneigaumgil 70 °C
1 A\
3 ©  Experimental
o8l Page Model
A —— ANFIS Model
06f 3
x
=

045

021 AN

o ‘
0 50 100 200
. Time(min) .

JUN 5 UaAINaNIvNNgansIduANUTUNTOULIY

wInlvefonmail 80 °C

o Experimental
***** Page Model
1 —— ANFIS Model

MR

0.5

0 ‘
0 50 _ 100 150
Time(min)

JUN 6 UARINANITYINUNEENTIAIUANUTUNITOULI

WInlneigamgil 90 °C
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W
08l 3
Tosf >
© .
<
a
x
Soa4f :
0.2f
O’ L L L
0 0.2 0.8 1

0.4 0.6
. MR (Exerimental)
E‘Uﬁ 7 memmé’uﬁuﬁ‘iwdwNamﬁwmaamazwa

ANSANUIUINLUUIN@BS ANFIS

WAINFUN 4-6 LanHanlAaINAITAILIN

an o

AUUUIIADIDUNI ABLAZVDIIANFIS d195UnT
W¥unesnsidruanutuasnu A ilndfs e
wnlihilulumadedu Tusui 7 uansanudusiug
SENINHANSNAABILATHANITAIUIUIINLUUTIADS
ANFIS dwsuniseuniianinlneseiaseseuniauuy

Waafufaun G9a1unsalinan)syinuig A

15

5. @yunan1snnasy
unaiTediTngussasdiieAnuanis
UssgndlduuuinaesndinmiansuuuleuisAanay
ANFIS Tun15%1 1188051 89UA 18T UN1 50U LA
wsnlnemewmadaldna Anlun nnasIaUuwi
qmmﬁmaqmmﬂﬁmwﬁmaauLLﬁﬁ?O , 80 wag 90
°C Imaﬁi%'m’mqaLummmﬁmw%ﬂim 250 mm
AMUEIWRIIMAYTEUIN 20 M/s INHANISNARDS
WU AUITIINLUUS I sau S Aauas ANFIS
annsavunesnsauautules dalnddeas
Juwildululumadendy nadasignanudunus
LUUTIaRENRASA AT 4 LUURUNANISNAGBY WU
fien R” ogluyas 0.9821-0.9983 wawen RMSE 8y

Tut19 0.0067-0.0375 Tneluui1aD9909 Page (Page

MFANFIAINTTUFANERNS UM INeSFSUATUNTILSN

U 13 20U LiHoUNNTIAN- LUWIBUN.A.2561

model) HanusnganlunisviTunensiuasuuyas

v =

ANuTUrRINNInglaRgn Naumgiieuusisi 70-90

-

°C \ilpsanian R? qnﬁqm fp 0.9983 wazA1 RMSE

'
o

fran @0 0.0067 Tudruveauuuiians ANFIS i 8
WUU WUl R aglugae 0.9865-0.9991 uagan
RMSE agluting 0.0032-0.0356 lnguuudnass ANFIS
wuudt 8 Aifisruauiledduanuduanidndauys
duns aunilviniu 5 uag MuUTBUNANAT Wy
4 feumunzanlunisiiuienisivdsunlas
AnuBureaninineldffianiionngiouutisi 70-
90°C ilp991niian R? qqﬁqm A 0.9991 wayAn
RMSE ¢inga @e 0.0032 iilei3suifisunuudians
LDUNTABAULUUTIa89 ANFIS Wu11 Luudnassilan

R? gendnuazA1 RMSE BA1dndnuuudnaeeuiiseia

6. nAnenssudsEnA

P

vovouAUUdARUSYYINT A1ATYN

FINTTULATBINARULIAINTTUANANS UMINY DA

uAsUMTIlsal 93nsny Nenudeyanansmaaes
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ABSTRACT

This research aims to reduce waste from the production of defects which are gel or dark specks,
wrinkle and uneven thinness defect along Transverse Direction (TD) of machine that occur in film
blowing process. The research applied Six Sigma methodology which composed for five phases. Phase
| . Define phase, it was found the waste from plastic bags of size 30 x (6 + 2 + 2) inches had the
defective rate due to these three defects totaling 11.03 percent of the production volume. Phase Il :
Measures phase, the accuracy precision of the inspection system were analyzed and found that it was
acceptable. Phase lll : Analyze phase, 22 potential factors affecting these defects were listed by using
brainstorming technique and Fishbone diagram. Next 9 factors were selected to be studied further using
the Cause and Effect matrix. Phase IV : Improvement phase, two improvement approaches were
performed. First, the design of experiments technique was applied to prove for significance of factors
and find the optimal setting. Second, quality procedure and work instructors were created. Phase V :
Control phase, confirmatory experiment was performed and control plan was set up to maintain the
quality level after improvement. The factors, which affect these defect are temperature control,
production speed, and condition of machine. After improvement, the defective rate due to these
defects was reduced from 11.03 percent to 0.39 percent, which equivalent to a reduction of 99 percent.

The improvement leads to the loss saving of 68,527 baht per year for the model under study.

Keyword: Blown film process, design of experiment, defect reduction, central composite design,

polypropylene.
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3.4.1.5 HANITNNADNALNITIATIERHANTT
eV
maﬂ13‘1/1maawamizmuﬂmﬂwquawaaﬂu,am

HIAN1N 4

AIST 4 LIRsNENI1SeNLUUEINUSTEUNAT

Std | Run

A B C D E F Y1 | Y2 | Y3 [val

Order |Order

1 52 -1 -1 -1 -1 -1 -1 0.200 (0.080 [0.198 [0.478
2 17 1 -1 -1 -1 -1 1 0.042 [0.018 0.038 [0.097
3 1 -1 1 -1 -1 -1 1 0.050 [0.008 0.011 [0.068
4 35 1 1 -1 -1 -1 -1 0.070 [0.005 0.063 [0.138
5 11 -1 -1 1 -1 -1 1 0.180 [0.006 0.010 [0.196
6 18 1 -1 1 -1 -1 -1 0.250 [0.033 0.075 [0.358
7 3 -1 1 1 -1 -1 -1 0.175 [0.018 0.057 [0.250
8 48 1 1 1 -1 -1 1 0.031 [0.003 0.021 [0.054
9 16 -1 -1 -1 1 -1 1 0.012 [0.017 0.009 (0.038
10 36 1 -1 -1 1 -1 -1 0.049 [0.027 0.094 [0.171
11 10 -1 1 -1 1 -1 -1 0.070 [0.032 0.080 [0.182
12 19 1 1 -1 1 -1 1 0.020 |0.018 |0.011 [0.049
13 23 -1 -1 1 1 -1 -1 0.040 [0.007 0.065 [0.112
14 6 1 -1 1 1 -1 1 0.081 [0.007 0.020 (0.108
15 25 -1 1 1 1 -1 1 0.080 [0.007 |0.018 [0.106
16 a2 1 1 1 1 -1 -1 0.212 [0.023 0.089 [0.324
17 12 -1 -1 -1 -1 1 1 0.110 [0.020 |0.042 [0.172
18 7 1 -1 -1 -1 1 -1 0.180 [0.036 0.134 [0.351
19 28 -1 1 -1 -1 1 -1 0.100 [0.017 |0.164 [0.281
20 4 1 1 -1 -1 1 1 0.160 [0.012 0.007 [0.179
21 32 -1 -1 1 -1 1 -1 0.110 [0.021 0.071 [0.202
22 50 1 -1 1 -1 1 1 0.230 [0.009 |0.004 [0.243
23 8 -1 1 1 -1 1 1 0.310 [0.015 0.040 [0.365
24 44 1 1 1 -1 1 -1 0.270 (0.020 0.054 [0.344
25 14 -1 -1 -1 1 1 -1 0.311 [0.031 0.100 [0.442
26 20 1 -1 -1 1 1 1 0.130 [0.022 |0.092 [0.244
27 46 -1 1 -1 1 1 1 0.290 [0.001 0.018 [0.309
28 49 1 1 -1 1 1 -1 0.220 [0.036 0.112 [0.368
29 24 -1 -1 1 1 1 1 0.285 [0.007 0.017 [0.308
30 30 1 -1 1 1 1 -1 0.250 [0.029 |0.068 [0.347
31 53 -1 1 1 1 1 -1 0.300 [0.022 |0.089 [0.411
32 41 1 1 1 1 1 1 0.220 [0.010 0.031 [0.260
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AIST 4 LuRsNgN1SeRNLUUEINUSTEUNATY (#19)

33 38 ) 0 0 0 0 0 0.295 0.000 [0.000 [0.295
2.37841
34 40 |2.37841 0 0 0 0 0 0.480 10.000 [0.000 0.480
35 37 0 . 0 0 0 0 0.490 10.000 [0.000 0.490
2.37841
36 15 0 237841 0 0 0 0 0.280 0.000 [0.000 0.280
37 31 0 0 . 0 0 0 0.351 10.000 [0.000 0.351
12.37841
38 22 0 0 237841 0 0 0 0.450 10.000 [0.000 0.450
39 13 0 0 0 ) 0 0 0.330 {0.000 {0.000 0.330
2.37841
40 26 0 0 0 2.37841 0 0 0.390 0.000 {0.000 [0.390
41 34 0 0 0 0 ) 0 0.620 10.000 [0.000 0.620
2.37841
42 5 0 0 0 0 2.37841 0 0.800 {0.000 {0.000 0.800
43 21 0 0 0 0 0 ) 0.035 0.073 [0.142 |0.250
2.37841
44 2 0 0 0 0 0 2.37841 0.058 [0.002 [0.080 [0.140
45 9 0 0 0 0 0 0 0.000 0.000 {0.000 0.000
46 51 0 0 0 0 0 0 0.000 0.000 {0.000 0.000
47 27 0 0 0 0 0 0 0.000 0.000 {0.000 0.000
48 43 0 0 0 0 0 0 0.000 0.000 {0.000 0.000
49 45 0 0 0 0 0 0 0.000 0.000 {0.000 0.000
50 33 0 0 0 0 0 0 0.000 0.000 {0.000 0.000
51 a7 0 0 0 0 0 0 0.000 {0.000 {0.000 0.000
52 39 0 0 0 0 0 0 0.000 {0.000 {0.000 0.000
53 29 0 0 0 0 0 0 0.080 {0.000 [0.000 0.080
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AUNTANNAUNUSTENINERdIUVO AT INLAL
Hadusnee ndsndameniildfideddyeonluuda
AIIBNNTIATIZYNITANDEY (Regression Analysis)
wuUASansLUT9asE (Backward Elimination) 614

waERIlUENN1SN 1

Yall = 0.0270 + 0.0036 A - 0.0156 B + 0.0152 C +
0.0034 D + 0.0583 E - 0.0512 F + 0.0404 A*A +
0.0399 B*B + 0.0426 C*C + 0.0355 D*D+ 0.0974
E*E (1)
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ABSTRACT

A method of power sharing control in the islanding operation of microgrid is proposed in this
paper. The proposed approach formulates the power generation of each DG by the relationship of
power-angle control, in which the magnitude and angle of the generating voltage are adjusted to follow
the change of demanding power. By comparison to the previous work, the new method does not need
the value of line impedance, connecting between DG and the common bus, to incorporate the control
function. The method, limiting the output power and preventing power consumed by the DG, is also
improved. The new method of power-angle control demonstrated that without using the knowledge
of line impedance, the suitable power sharing point in the microgrid could also be tracked within each

DG’ s capacity autonomously. Simulation and experimental results demonstrate the validity of the

proposed control.

Keyword: Automatic generation control, distributed power generation, microgrids, power control,

power sharing.

1. Introduction

Nowadays, microgrid is becoming a viable option
for power generation since it distributes the
autonomous energy supply. It provides a solution
to the system where the energy demand is in the
remote area and sometimes the power s
disconnected from the public electricity. The
Distributed Generation (DG) operated by power
electronic converter, such as the Voltage Source
Converter ( VSC) , plays an important role in
microgrid. In addition, the droop control technique
is widely used for power sharing control in the

islanding microgrid. In general, this technique

emulates the power generated by the synchronous
generator where the output voltage magnitude and
frequency are adjusted linearly to the power. There
are studies on droop control with minimum
communication between DGs [1]-[4]. The works on
droop  control  without  using  additional
communication [5]-[7] are also published. There are
studies of the droop [8]-[9] published recently, but
the works need the knowledge of line impedance
to incorporate into the formulation of the control.
Although the power sharing by the droop gains
intensive implementation, it is proven to have

limitations [10]-[11]. The control of power output
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by varying voltage magnitude and frequency itself
creates the residual deviation in the interconnected
system. Angle droop [12]-[14] is proposed to
eliminate the residual frequency deviation;
however, in this method the power is still varied
linearly with the voltage magnitude and ansle by
the droop equation. In addition, the operation relies
on the Global Positioning System (GPS). There is also
a study of GPS synchronized droop control [ 15]
published recently, but the formulation of the
control based on the assumption that the line
impedance is known. The power sharing by droop
is problematic to the system with resistive line
impedance [6], [10]-[11], [16]-[19]. The concept of
virtual impedance [20]-[22] has been proposed and
successfully implemented to overcome this
problem. The concept is actually the reference
voltage modification that introduces the line
impedance into the control loop. However,
choosing of virtual impedance is complicated, it
requires a trade- off between power sharing and
voltage regulation [11]. The power sharing control
by the droop has been used for a long time.
Although this technique achieves high reliability and
flexibility, it has several drawbacks that limit its

application [11].

PO

_

V, X, R, X,

\ L ) Vbus
Voo
DG Line Impedance

Fig. 1 Power delivery from DG to the bus.

In this research, the usage of droop control is
eliminated. The idea of the power-angle control
without incorporating the droop [23] is proposed

firstly, but the method requires the value of line
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impedance to formulate the control function. The

limitation is further improved by this work.

2. Power Sharing Analysis

Fig. 1 shows the power delivery from DG via a
line to its connected bus.

The active power generation [24], P, of the
DG can be calculated by:

P= Wg)'(%sin((ﬁg) (1)
where 1, is the generating voltage, I is the
voltage at DG’s terminal, &, is the angle between
|/ and V;, and X, is output inductance of the DG.
In addition, the reactive power generation [24], Q,
can be calculated by:

Q =55 (%] cos(8,) = m1) @)

The assumption is that the angle §,, is small

and it can be inferred from the above equations
that increasing 8, causes a greater change in
active power than reactive power. In addition, the
reactive power is changed depending on the
difference in voltage magnitude between V; and

V;, called AV.

3. The Proposed Power-Angle Control using
On-demand Power Feeding
By using (1), the relationship between active
power generation and the angle difference, §,,

can be rewritten as:

~ cin—1
6g~sm (

o) (3)

(|Vbus|*)2

To simplify the operation, the magnitude of
voltage at bus |Vpy,|" is used instead of V; and V;
in (1), and it is treated as a constant value, as the
rated voltage on the bus, to determine the
required constraint operation of the DGs. In

addition, by using (2) the relationship between
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reactive power generation and the voltage
difference, AV, can be rewritten as:

~ 0 @

Vhusl®

To simplify further, cos(8,) is omitted due to
the fact that the angle is small.
The power in (3) and (4) can be calculated in

every voltage cycle or updating round by:

Pi — Vmaxlmc;x cos(6) (5)
Qi — Vmaxlm;x sin(6) (6)

where the superscript i indicates the number of
consecutive cycle or round of update. @ is the
angle of power factor. V4, and g, are voltage
and current magnitude detected at DG’s terminal.
In order to control the power generation to
follow the change of demanding power, the
change of power from previous updating round,
AP and AQ, needs to be detected, which can be
calculated by:
AP = pt — pi~! )
AQ = Q' — Q' )
As it can be seen from (3) that the active
power generation has a direct relationship to §,;
therefore, the control of active power generation
by adjusting the angle difference §, can be
calculated with:

8, =61 +sin? (&) 9)

Vpusl)?

The adjusting of the angle difference g, in
this way is the determination to adjust the power
sharing of each DG to the microgrid with the DG’s
constraint. The suitable power sharing point may
not reach immediately, but rather for a number
of updating rounds.

In addition, as it can be seen from (4) that the
reactive direct

power generation has a
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relationship to AV; therefore, the control of
reactive power generation by adjusting the

voltage difference B,, can be calculated by:
AQXg
Vpusl®
The determination of the adjusting of AV in

AVE = AV 4+ (10)
this way is also the same as the adjusting of §, in
which it adjusts the power sharing of each DG to
the microgrid with the DG’s constraint.

Thus, in each round of updating cycle the

reference voltage is generated by:

V@ = (Vi +AavY)sin(wt +65) (11

In order to avoid the exchanging power
between DGs, or the power is consumed by the
DG, the output power of each DG should be
limited to its capacity. From Eq. (3), the maximum
into a

active power P, can be translated

maximum angle &, which can be expressed by:

gm’

~ sin~1
Sgm ~ sin (

PmXg ) (12)

UVpusl™?

In each round of updating cycle, after the
active power is detected, if the value of P is
negative, 6g is forced to increase a small degree
(use +5% of 8y, in this work), and if P is greater
than its capacity, &, is forced to decrease a small
degree as well (use -5% of 84y, in this work). This
creates a constraint of the power sharing to the
microgrid so that the other DGs is perceived the
limitation from the DG and the power generation
is then adjusted in accordingly.

In the case of reactive power, the maximum
reactive power @, is a maximum of voltage
magnitude difference AV,,. From Eq. (4), it can be
expressed by:

QmXg

AV, ~ 2nte (13)

[Vhusl*
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In each round of updating cycle, after the
reactive power is detected, if the value of Q is

v

/ increase a small

negative, is forced to
magnitude (use +5% of AV, in this work), and if
Q is greater than its capacity, V;is forced to

decrease a small magnitude as well (use -5% of

Is AP and AQ
falls within the threshold?
(F5% of &, and AV,

s the generatiofl
locked?,
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AV, in this work). This also creates a constraint of
the power sharing so that the other DGs is
perceived and the power generation is then
adjusted in accordingly too.

A flowchart of reference voltage generation is

showed in Fig. 2 and Fig. 3 shows VSC using the

Settled = True

| §L =gt +§e(§55 |
2 g " gm

[5; =0 -0.055,, |

| Unlock the power generation |

Yes

i _ i
|85 =0 |; -
)
0 <oT=N0 N° Caleulate AV (10).
Yes Yes
—1 —1 i . i-1 -1
V; Vg' + AV Vé = Vg' +AVT - AV,
AV' = 0 AV! AV,
Vi = vi+005A7, ||V, = P{-005A7,
I. ]

Is P' and O within capacity?
AND Is Settled=True?

Yes VLuck = Vm

Lock the power generation

Reference
Voltage
Generator

Fig. 3 A VSC with reference voltage generator.
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reference voltage generator. The proposed analysis
is based on the assumption that the load is balance.
If the system is unbalanced, then all three lines
need to be sensed and the proposed reference
voltage generation may be formulated in the
rotating d-g-0 coordinates, or at least the system
should be separated to be three single- phase

systems.

4. Simulation Studies

The simulation are performed using MATLAB
/SIMULINK: The operation of the network is regarded
as the islanding microgrid. The system is a 3-phase
380V/50Hz. The results are the locked values when
the system is in the stable and steady-state power
sharing point. All values are per unit with base
MVA(IMVA) and the base kVLL(0.380). In order to
compensate for voltage drop on the line, I at the
beginning of the reference voltage generation
should be higher than Vp,s. In the simulations,
V; begins with 390V. In the simulation studies, the
DG is simulated by ‘ Controlled Voltage Source’
which means that there would not be voltage
tracking error in the studies. The effect of voltage
tracking error can be neglected when the error is

minimal [23].

4.1. The Step Change of Load
Fig. 4 shows configuration of microgrid for this
study. Table | gives parameters for systems under

consideration.

Fig. 4 Microgrid system under consideration.
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TABLE | System parameters (step load change)

Quantities Values(pu)

Linel impedance 0.125+j0.166
0.166+j0.208
P=0.75, Q=0.05

P=1.25, Q=0.1

Line2 impedance

Load rating(before)

Load rating(after)

DG-1 rating P.:=0.75, Q,;=0.1
DG-2 rating P.»=0.75, Q,,=0.1
Output inductance 1 | j0.125
Output inductance 2 | j0.125

The load begins by P,=0.75pu and Q,=0.05pu.
The locked values before the load change are
shown in Table I At 0.5 second, the load is step
changed to P,=1.25pu. and Q,=0. 1pu., and the
simulation results during load changing are in Fig.
5(a) and 5(b). The simulation results of locked

values after the load change are in Table lll. The

Active Power (P)

Active Power (pu)

AT S T T S N S
05 1.0 15
Time (sec.)

(a)

Reactive Power (Q)

B

o
=
=
S

Reactive Power (pu)
o
=
&

o
=1
o
o

0.025 |- -

AT S T T N
05 1.0 15
Time (sec.)

(b)
Fig. 5 Results of the step load change, (a) result

of active power, and (b) result of reactive
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results indicate that the approach is able to control
the power generation even when the load is
suddenly changed. In addition, it has to be noted in
Fig. 5(b) that after the load change the reactive
power of DG-1 are greater than its maximum
capacity of 0.1, but the control is able to force the

power down under its capacity.

TABLE Il Results of step load change (before)

Quantities

Values(pu)

Result of DG-1 output

P,=0.421, Q,=0.0458

Result of DG-2 output

P,=0.343, Q,=0.0216

207

Linel3

V}) usl —_

Linel2

V:bus2 Line23 V;msii

>
Py,
: Q3 PL3>QL3

PLl H QLl
Vgl Loadl Vg3 Load3
[DG-1] [DG-2]

Fig. 6 Three-bus meshed network.

The simulation result of the three- bus meshed

network are in Table V.

TABLE IV System parameters (meshed network)

Result of load

P,=0.751, Q,=0.0501

Quantities Values(pu)

Volt. at bus Vpue=1.00392£0°

o

Volt. at DG-1 output V,,=1.0281£2.15

Volt. at DG-2 output vg2:1,027142,05°

Volt. at DG-1 terminal | v,,=1.02342.1.16°

Volt. at DG-2 terminal | V,,=1.0237£.1.22°

TABLE Il Results of step load change (after)

Quantities Values(pu)
P,=0.576, Q,=0.1000
P,=0.659, Q,=0.0431

P,=1.198, Q =0.0994

Result of DG-1 output

Result of DG-2 output

Result of load

Volt. at bus V},5=0.9824.£.0°

o

Volt. at DG-1 output V,;=1.0195£2.71

(]

Volt. at DG-2 output V,=1.026843.78

Volt. at DG-1 terminal | v,,=1.01132.1.93°

Volt. at DG-2 terminal | V,,=1.0203£.2.87°

4.2. Test of Meshed Network
Fie. 6 shows configuration of microgrid for
consideration of meshed network. Table IV gives

parameters for the system under consideration.

Linel impedance - (Connected

directly to the bus)

Line2 impedance 0.166+j0.021

Line3 impedance 0.332+0.041

Line12 impedance 0.166+j0.208

Linel3 impedance 0.021+j0.083

Line23 impedance 0.125+j0.166

Loadl rating P=0.25, Q=0.05
Load? rating P=0.5, Q=0.1
Load3 rating P=0.5, Q=0.05
DG-1 rating P.1=0.5, Q,;=0.1
DG-2 rating Pro=1, Qu=0.2
DG-3 rating P5=0.75, Q,,=0.1
Output inductance 1 | jO.125

Output inductance 2 | j0.125

Output inductance 3 | j0.125

It has been reported [11] that by far, the largest
body of research work done in the decentralized
microgrid control has been for radial network. The
simulation results demonstrate that proposed

method has a capability to control the power
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sharing not only in the radial network, but also in

the meshed network.

TABLE V Results of three-bus meshed network

Quantities Values(pu)
DG-1 output P,=0.455, Q,=0.0978
DG-2 output P,=0.511, Q,=0.0633
DG-3 output P,=0.285, Q;=0.0394

Bus1 to bus2

PL1220'0297 QL12:0.0096

Bus1 to bus3

PL,5=0.175, Q,4,=0.0389

Bus2 to bus3

P ,3=0.036,Q,,5=-0.0271

Result of load1

P.,=0.246, Q ,=0.0493

Result of load2

PLZZO.qgl, QL2200982

Result of load3

PL,=0.491, Q_,=0.0491

V at bus1 Vi1 =0.99612£.0.26°
V at bus2 Viu=0.9939£.0.17°
V at bus3 Vipe3=0.9939£.0°

V at DG-1 output

Vy=1.003£71.35°

V at DG-2 output

Vy,=1.0282£1.34°

V at DG-3 output

Vy3=1.0287£0.63°

V at DG-1 terminal

V,,=0.99612£.0.26°

V at DG-2 terminal

V,,=1.0218£0.18°

V at DG-3 terminal

Vi5=1.0250£-0.03°
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the proposed approach is tested in a down-scale
single phase 220V/50Hz system.

Fig. 7 shows the configuration of the system
of two DGs; all parameters are included in the
figure. The system can be regarded as the system
in Fig. 4. The parameters for the system in per
unit with base kVA(0.3) and base kV(0.22), are in
Table VI. To simplify the operation of the V;
tracking control, the 1 is controlled by a direct
voltage-PWM control loop. The control functions
of both DGs are operated by a single dSPACE
system, but modules of the proposed power
sharing control for each DG are separated.

There are problems related to the
implementation of the VSC-type DG. The
recommendation is given as follows for
implementation of the proposed approach. If
there are noisy environment, voltage fluctuation
by controlling of VSC, and inaccuracy of the phase
angle and peak detection, then the adjustment of
power sharing by (9) and (10) may not be smooth
and desirable. In order to mitigate those effects
on power sharing, equation (9) and (10) need to
be modified by adding a damping coefficient (Cy).

Therefore, equation (9) is modified to be:

. . APX,
_ 8= 851+ Cusin™ (L) (14)
5. Experimental Results (Vbus!™)
, where equation (10) is modified as:
In order to prove that the concept has a ' . AGX
o . . . . AVP = AV 4 Cy, g (15)
feasibility to be implemented in real microgrid, Vbus!
Vocr=560V L, L, , Linel V,, Line2 Ly, L, V=560
- - | -e—’m‘7'—’m‘—
_| A 25mH | | 75mH 1| 5Q 1.6mHL 2Q 9.5mH 25mH I lJé —” g
H 75mH .-J
+ 1
J_ Ch = DG1 i DG2 ::fj;pF +::
( 63 | ATuE L p =300 || Lipaa 8 181mH P,=300W
0,~100Var| | 0,~100Var
M Ve IMHUA Vot $1n Ve -
[Gate Drive, SkHI22B[i—] dSPACE, DS1104, f,,=20kH: [=—=3{Gate Drive, SKHI22B|

Fig. 7 Configuration of the experimental system.
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The value of damping coefficient is between
0-1. For the system without any concerns about
those effects, such as in the simulation study, C,
can be 1. The lower value of C; is more
mitigation of the effects on power sharing, but its
response would be slower. In the experiment, it
found that C4= 0.2 is the optimal value in the

test condition.

TABLE VI

System parameters (experimental system)
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6. Conclusions

This article proposes a method to control
active and reactive power sharing in Microgrid. The
proposed control is based on the power- angle
control with on- demand power feeding. The
presented technique is able to operate
autonomously in islanding mode and in DG with
either inductive or resistive line. The design of the
control function is simple and it guarantees that
there would not be the power consumed by the
DGs. The experimental results show the validity that

the proposed approach can be implemented in

Quantities Values(pu)
Linel impedance 0.0310+j0.0031
Line2 impedance 0.0124+j0.0185

Load rating P=0.613, Q=0.138
DG-1 rating Pni=1, Q,,=0.333
DG-2 rating Po=1, Q,=0.333
Output inductance 1 | j0.146
Output inductance 2 | jO.146

Table VII shows the results of the experiment
in per unit and the parameters in the Table VI are
the same values as in Fig. 7. Table VIII shows the
results of the experiment of the previous work
[23], in the same system. It can be noted that the
results of power sharing are different between the
two methods. This is due to the fact that the
adjusting of V;, AV and &, are different; whereas
the previous work [23] need the value of line
impedance to calculate the adjustment, this work
does not need the value. The adjustment of each
method leads to its own suitable power sharing

point, which is different from each other.

practices.

TABLE VII

Experimental results of the proposed method

Quantities Values(pu)
DG-1 output P,=0.459, Q,=0.016
DG-2 output P,=0.161, Q,=0.128

Result of load

P.=0.615, Q =0.140

Voltage at bus

Vp,=1.0002£.0°

V at DG-1 output

Vy=1.0173£4.10°

V at DG-2 output

V,=1.0182£1.73°

V at DG-1 terminal

V,,=1.0141£.0.05°

V at DG-2 terminal

V,,=1.0041£.0.08°

TABLE VIl

Experimental results of the previous work [23]

Quantities Values(pu)
DG-1 output P,=0.276, Q,=0.003
DG-2 output P,=0.343, Q,=0.149

Result of load

P,=0.6166, Q =0.141

Voltage at bus

Vpus=1.0032£0°

V at DG-1 output

Vy;=1.0110£1.96°

V at DG-2 output

V=1.0296£2.59°

V at DG-1 terminal

V,=1.0109£-0.35°

V at DG-2 terminal

V,,=1.0100£-0.15°
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