1SA1SIFIONSSUMANS
uKAIneauLdgv Ky

zineering Journal

&

Content

(Front Bumpers Inventory Policy Improvement for an Aufomotive Spare Parts Distributor)
81901811 WNATS)A UAT UTINOUTT YNTAT

(Synthesis of Hydroxyl Radical in Plasma-activated Water by Gliding Arc Plasma)
wgamwiA wgainail uaz ANNgA iGnana

Process)
Fala siaws uaz tsznaa iWeeduniiz

(Appropriate Proportion of Dust Rock in Ready Mix Concrete by Six Sigma)
Arzdt 973501 uaz Asand WILlesiagaed

(Analysis Loss in Combustion System Suction Duct of a Coal-Fired Power Plant by CFD)
AATRT ANATEY UAY EIATU ADIING

Province)
WII97704 1J0ueI AN

o aa

- o o o & o = a o =
4i) 2?5”115[ WUQEJJL{’?ﬂ’W TEINY YEUNITUIY UAS WITEUNNN WNGINE JJ.;‘JL?JEIJJ

(Analysis a material effecting to intensity of sound under variable of frequencies)
2LV BATNARTNE UAY 3NA MAANIM

(Effects of factors in packaging process on volume of Carbon dioxide mixed beverage)
FIAN TUNAIUUY URe Wriaawd lnanAail

under Axial Loading)
ouni]g lauasvie wanwy avUszAng uaz A3z laedem

msUsuUspulauIaMsSaIRUAUAAPAADYODAUBUKHLN SHSUWDaIHLNEBUEOUOTHAENUSUGIKDHTD. .......cevvv... .

msébins1:HouyaloasonBalutWaNEUNA0ES:UUWENAINTNAGDOISN. .....ocv..rereressereesssessssesssssesssssssssesssasessssssssnsess

msAnnwaanssumsanrsovoviuiBouwonIdouuindnna 3.5% IasitaulaamsiBoudosasaiBouInuWans....
(The Study of Wear Behavior of Hardfacing layer on 3.5% Cr steel by Flux Cored Wire Arc Welding

0doUNIKV:ANYODRUWUTUAOUNS AWEUIGEDIQEIBBNBBNN . evvveseersseressesssssssssssssesssssssssssssesesssssssssssassssssssssessssssess

ms3lns1:RAUgNIIAgBoDINS:ULTsUEMARTBWATHoLIsPIWWANURUGIEWamM&aaSUoDIKAIBOAUDLU........

msdhaopmsinagovthldauiia:n1ssnAddobUNAUSOUUDIAULN DOHIAWDDN.........cev.eeeeeeeeeesesesssseseseessseeessesesaseees
(Simulation of Groundwater Flow and Saltwater Intrusion around a Storage Pond in Phang-Nga

Ms3IAS1AUSINNYODIAQRIWACOMANUITUUODIEEDATNSIUBSUNUADADTUTIFED. ......oocceev e ereseseesssssenssneees

wans:nugebJodeiuns:usumsussaiidousunasindovaunidouwauyoIRaMSUoUlqoonTid....... ..

wans:nuyovingobiioassvIacionsasdsvdamsrngisvuoviaFuauBiuudmealdnssulspIuIudINU. ...........c......
(Effects of Instrumentation Devices on Load Transfer Measurement of Deep Cement Mixing Piles

15-27

28-35

36-46

47-65

66-79

80-85

86-98

mswauuns:uualuayumscdaduloahnsumsusus:auus:guhuepiniiopwha NstiFinu sineiusu Sohdaidevsie...  107-120

(Development of a Decision Support System for Weir Sluice Gate Level Adjustment Case Study: Mae

Chan, Chiang Rai)
ey Guna T ansd edNna N1ang udnlszidsy 7ira ergmed uaz wauw ualns ey



Note for Authors

Paper submitted for publication in Engineering Journal CMU should consist of the following sections: Titles,
Authors Names and Address, Abstract, Introduction, Materials and Methods, Results and Discussion, Conclusion,
Acknowledgements (if any), Reference, and Appendix (if any). Articles should be as concise as possible and must
be written in either Thai or English. Authors are requested to follow the Journal’s style and format and should refer
to current issues as a guide. Electronic template of manuscript in Thai or in English may be downloaded from
<www.eng.cmu.ac.th>. Details of style and format of the required manuscript are;

Text format: The manuscript should be prepared using a word processing software such as Microsoft Word or
Latex. A4 size paper is conventionally accepted. Margins in page set up must be set as follows;

Top Margin 3.0 cm. Bottom Margin 3.0 cm.

Left Margin 2.5 cm. Right Margin 2.5 cm.
There should be 3 sections. The first and the third sections are single column format for Titles, Authors Names and
Address, Abstract and References. The second is two 7.6 cm wide columns formatted with section separation of 0.8
cm. for the remainder of the paper.

Font, Font Size & Typeface Angsana UPC font type is required for Thai text and Times New Roman font type is
required for English text. Font size [Pica] for various text functions are tabulated as follows.

English Manuscript Thai Manuscript
Font = Times New Font = Angsana UPC
Text functions Roman
pica Size | Typeface pica Size Typeface
++ ++

Title 20[CT] Bold 26[CT] Bold
Author and Co-authors 11[CT] Bold 14[CT] Bold
Address of Correspondence 11[CT] Normal 14[CT] Normal
Abstract & Reference Heading 12[CT] Bold 16[LRJ] Bold
Section Heading & Number 12[L]] Bold 16[LJ] Bold
Subsection Heading & Number 11[LJ] Bold 14[LJ] Bold
Abstract & Main Texts 11[LRJ] Normal 14[LJ] Normal

+ CT = Central Text, LJ = Left Justified, LRJ = Left & Right Justified

Text flow: To ease manuscript preparation, some general comments are described here. Paper should not exceed 16
pages in length, including figures and tables. Charts, photographs, graphs, diagrams and tables should be of good
quality and sharp. All lettering, graph lines and points on graphs should be sufficiently large. Photos should be put
into a text stream using a high resolution scanner. All illustrations should be provided in camera ready form and
numbered consecutively. Tables should not duplicate results presented elsewhere in the manuscript, (e.g. in graphs).
Equations and complex expressions should be carefully prepared.

Units: The SI system should be used for all scientific and laboratory data. If it is necessary to quote other units,
these should be added in parentheses.

Reference: Only reference cited in the text should be listed in the reference section and should be presented in a list
of references following the text of the manuscript (list by sequence of appearance). The full reference should be
given in a numerical list at the end of the paper. In the text, authors should refer to references by a number in square
brackets on the line (e.g. Terdtoon et al [1]). Reference should be given as follows;

[1] Ma, F., Hanna, M. A. Biodiesel production: a review. Bioresource technology, 1999; 70: 1-15

[2] Tippayawong, N., Kundhawiworn, N., Jompakdee, W. Long term durability tests of small engines fueled with
bio-ethano/gasoline blends. International Symposium on Renewable Energy, 14-17 September, Kuala
Lumpur, Malaysia, 2003.

[3] Suksamai, S. Particulate contamination control using filtration technique. MEng Thesis, Chiang Mai
University, Chiang Mai, Thailand, 2003.

[4] Heywood, J.B. Internal Combustion Engine Fundamentals. McGraw-Hill, Singapore, 1988.

All correspondence should be addressed directly to Editor.



Engng.J.CMU.(2019) 26 (2), 1-14 ONsAISIAINSSLMANS

UK1oNe1de1Baviny
) Engineering Journal
Chiang Mai University

Y U IS A ' % v Y 4
ﬂﬁﬂi‘uﬂgmiﬂinmﬁimmuaummﬂawmﬂumuﬁm
o v Y o v A Y ¢ =
mmmﬁmmﬁu121%14%7’3139z‘lwaamaummmm
Front Bumpers Inventory Policy Improvement
for an Automotive Spare Parts Distributor

a 4 % ¢ v )
1NAY ININTZNA™ AT UITINUN WHYAS
Artitaya Tengtragul* and Naragain Phumchusri
a a a s o a @
MAIFIAINTTVYATIHNT AMSIAINTTUATAT PWIAINTUNHIINGIAY

254 ouunan In 12939 I walyu iy ngamnuriiuas 10330

Department of Industrial Engineering, Faculty of Engineering,
Chulalongkorn University, 10330, Thailand
*E-mail: artitaya.teng@gmail.com, Tel.: 08-6371-2072

% |
UNANED
av o Aao s A o v I A Y v [ Y o v  Yu o [l
N1UIYRVUUY ﬂflﬂi%fNﬂLWE]ﬂiﬂﬂ?\ﬂﬂﬂﬂﬂﬂﬁfﬂmﬂﬂﬁuﬂ1ﬂ\‘1ﬂaﬂ"llﬂﬁﬂu%u1/iu1 AINTUNINIINUIY

g
v

9,

2 ' g = 9 @
%umuaz"lwamuﬂummwuﬂﬁ

~ a a 4 X & v Ao o a
Nlszansamuingavu galagiuusEnasaanylszauidyriauninng
wmnnuldludumuesemsswnadunuan uadudiuesremsnduiiaindaieonu l)aui lvaumaiaiie )
\ , Y o = ) ' A a A A ) oot
VNFInm denaliszauanuiane lvvesgndianas Tyrumartinavinmsiilsinavesdumanas imunzawy

1% o 1 a o A o x a
AUANABINT 1INMIEITNUNNVTENsAANE 1T Msnensainuuue Falianudanaings (MAPE

v o

v I A § 1o 4
38%) nazlimstanududinenasdises (Safety Stock) ‘17’1“111?11ﬁqﬁqmmu,ﬂ3ﬂmuﬁ%minizmﬂmmqﬂmﬂ

1% v &

o q Y & a 9 { 9 4 o Y 9 '
mldfSunaaunninaandeadamny (Inventory Target) Lﬁa1,471smmmmmmmﬂwmﬁauqﬁq 5.2
4

o A T

aw I 1 1 Y Y 1 o L4 =1 1
NuUAReRTUHLUNeenY 2 dau mumﬂ‘lﬂmmummuuummaamﬁ‘wmﬂﬁm TaonfSouneuszring

an o o A = A A 11 an oy oA 7 = o an s a g A
’J‘ﬁﬂ’liﬂﬂﬂuuﬂ‘]_]jﬁﬂ’]lﬂaﬂlﬂa@uﬂ@ﬂ1\j\11ﬂ ’J‘ﬁﬂi‘]_lL‘SEJ‘]_ILE‘)ﬂG]fTWLum%EJmL‘]J‘LII?Im/l UAZITUDNF—LAIUNUT FIUNTDI
I 4

o a (2 3 a Jd v a J
HumsdsvlgauTenredumaendsldianumingay Taekhimsinszdanyuzvesdud jluuvesglasduag

Qg

Y v

gUmu saudgaseuvesu Tewredagiuinisdiulye Tagldlsuuvesdudinendindessamny (Inventory
v 1A 1 . < v W a a as g
Target) uazﬂ'mJﬁm15aqlumiimﬁmuﬁ'ﬂﬁ'uﬂgﬂﬁﬁ (% Allocation) 1Wluaa3ailszansnImuedIsNsnanoy
9
uaznaimslivilge TasnfSouiounuseauiorssdounasaumiaeuunsaudauRous Ay 2559
Ao ' S Y A s a ¢ A Y A1 o o A
WANITIVYNUIINITNYINTUAIYITNTUDNF—IUNUT 39 ARIMA a218a U UNA 1NN ULAZIUIUAD Y
) dq v - =1 To ¢ o q Y Y 4 A Yy o
vouteyasonueN lduanannusvuednudnyuzveglasn lvaudimniiemsndenlsiudaiuny
1 H 1 v 4
tanwamanaoueglunuaineensn1d Tns MAPE<20% uaz lduTeutensndaiiinz auunngsdu Ao uleiie
. o = a o A v = a o A v g
Base Stock Level &3 ldiSunadumnindiiidesianuanas TaelitSinadusinendindessanuanadnin 5.2

o o 1 a Yqy 1 Y { ' ' '
mide 4.0 Hou nazsnianuausa lunmsiadsdumliungnd laemdsuaazinousgszning 81-100%

1 Received 4 September 2017
Revised 25 December 2017
Accepted 22 December 2017



o.IAvAas:Na na: U.WUAS

ABSTRACT

The purpose of this study is to improve the “Front Bumpers” inventory policy for an
automotive spare parts distributor. Currently, this company has many items with too much inventory
which lead to sunk cost and some items with insufficient stocks and inventory shortages, leading to
low customer satisfaction. The current policy has to be improved and we have found that the Naive
forecasting method that the company currently uses has a very high error of 38% MAPE. In addition,
the company’s Safety Stock is not taken into account of demand variance. Thus, the company’s
Inventory Target is currently as high as 5.2 times of monthly demand.

This research is divided into 2 parts. The first part is to identify the forecast method that can
provide accurate result. Moving average method, Holt’s exponential smoothing method and ARIMA
are compared. The second part is to improve inventory policy by analyzing product demand and
supply patterns. The result of the research is evaluated by comparing inventory stock and percent
allocation (i.e., the ability to satisfy customer’s demand by company’s stock), before and after
implementation of the new policy, using the real demand from January to December 2016.

The result shows the Box—Jenkins (ARIMA) provides the lowest and acceptable error
(MAPE=<20%). The inventory policy that is most suitable is the Base Stock Level which can reduce
the inventory stock from 5.2 to 4.0 times monthly demand, and can still provide acceptable
% allocation of 81-100% for all products considered in this research.
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ABSTRACT

This research aimed to study the synthesis of hydroxyl radicals in form of plasma-activated
water by gliding arc plasma. Initially, plasma experiments were conducted to confirm the occurrence of
hydroxyl radical by using optical emission spectrophotometer, and then compared the use of distilled
water and microbubble as raw material for the synthesis of hydroxyl radicals. Then, the existence of
hydroxyl radicals in the form of hydrogen peroxide was studied. Finally, the factors that affect the
synthesis of hydroxyl radical from are investigated by using fractional factorial experiments. Plasma
measurements show that the peak at 310 nm occurs, meaning that the gliding arc plasma can synthesize
hydroxyl radicals. It was found that the use of microbubble as a raw material could better synthesize
hydroxyl radicals than distilled water. In addition, the existence of hydroxyl radical in the form of
hydrogen peroxide is likely to decrease with time. Finally, the factors that affect the synthesis of
hydroxyl radicals are amount of sodium bicarbonate, gap between electrodes, argon flow rate, and
oxygenation ratio.
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ABSTRACT

Hardfacing weld is a technique which mainly improves and extends the useful life of
engineering components. The purpose of this research is to study wear behavior of hardfacing layers on
3.5% Chromium cast steel by Flux Cored Wire Arc Welding (FCAW) process. The automatic welding
process and semiautomatic welding process with one and three layers was performed. Austenitic
stainless steel and martensitic hardfacing wire were chosen to weld as the buffer and hardfacing layer
respectively. These results showed that there is no defect in the Heat Affected Zone (HAZ) and other
regions. Semiautomatic process showed higher abrasive wear resistance than automatic process due to
more martensite content and higher hardness. Moreover, the abrasive wear resistance of three layers
hardfacing was better than one layer hardfacing because one layer hardfacing was more diluted from
buffer layer than three layers hardfacing. The best condition in this research is semiautomatic process
with three layers hardfacing.
Keyword: 3.5% Cr steel, Hardfacing, Abrasive wear, FCAW
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ABSTRACT

This research was aimed to search for an appropriate proportion of using dust rock as a
component for ready-mixed concrete manufacturing. 5-step six sigma was applied as the research
methodology. The research was started from defining a problem, that is, finding a way to combine
dust rock as a component for ready-mixed concrete manufacturing in order to improve quality and
reduce the concrete margin cost. Then, the data was measured and collected for evaluating the
effectiveness of materials as well as material weighing system. Next, causes of the problem were
analyzed through brainstorming among involved persons so as to design a cause and effect diagram.
Each factor was taken for drawing a Pareto chart afterwards so that the biggest causes affecting the
problem were identified. The hypotheses were statistically tested to prove whether or not those causes
brought about effects indeed. The factors with statistically significant effects were improved through a
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full factorial experimental design for examining appropriate values of the factors. Lastly, the
experiment was controlled. The post-improvement result indicated that the cement margin was
diminished, with the deducted cost at 67 baht/m3. In other words, the cost was decreased 6.13% of

total cost before the improvement.

Keywords: Six sigma, dust rock, ready-mixed concrete
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Source DF Adj SS Adj MS F-Value P-Value
Model 80 24992.1 312.40 106.77 0.000
Linear 8 23829.6 2978.70 1018.04 0.000
A 2 8917.0 4458.50 1523.79 0.000
B 2 3499.4 1749.69 597.99 0.000
c 2 458.1 229.06 78.28 0.000
D 2 10955.1 5477.57 1872.08 0.000
2-Way Interactions 24 743.2 30.97 10.58 0.000
A*B 4 159.6 39.91 13.64 0.000
A*C 4 30.4 7.61 2.60 0.042
A*D 4 296.3 74.07 25.32 0.000
B*C 4 19.4 4.85 1.66 0.168
B*D 4 230.8 57.70 19.72 0.000
C*D 4 6.6 1.66 0.57 0.688
3-Way Interactions 32 270.4 8.45 2.89 0.000
A*B*C 8 85.1 10.64 3.64 0.001
A*B*D 8 126.9 15.86 5.42 0.000
A*C*D 8 26.8 3.35 1.15 0.342
B*C*D 8 31.6 3.95 1.35 0.231
4-Way Interactions 16 148.8 9.30 3.18 0.000
A*B*C*D 16 148.8 9.30 3.18 0.000
Error 81 237.0 2.93
Total 161 25229.1
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ABSTRACT

The numerical model simulation was applied in this research for 300 MW coal-fired power plant
combustion air system suction side. The purpose was power saving of station service in form of pressure
drop reduction. The numerical result of original system showed significant pressure drop regions which
were flow measurement instrument, 90° mitered elbow and inlet elbow respectively. After modification
each section, it was found that the maximum pressure drop decreased by replacing the flow instrument
measurement from orifice airfoil type to be average pitot tube 60 mm diameter because the original
installed obstacle at section area flow path up to 65%. The average pitot tube could reduce system
pressure drop 72% and save fans power about 42-54.5 kW. The results of modification both elbow by
fillet and installation guide vane did not have any significant effect with the overall pressure drop after
modify in CFD modeling.
Keywords: Airfoil, CFD, Combustion Air, Pitot Tube
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Average Velocity Head (mmWG) vs Reynolds
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Plane Mass Flow Rate (kg/s) 165 170 175 180
1.Inlet 1 —Plane 1 | AP dospvudn (Pa) 14.75 15.62 16.51 17.42
2. Plane 1 — Plane 2 | AP gilnsalindnsimslua (Pa) 159.57 169.33 179.38 189.71
3. Plane 2 — Plane 3 | AP 4030 90° (Pa) 27.96 29.65 31.39 33.19
4. Plane 3 — Plane 4 | AP mudinanigugii (Pa) 4.53 4.80 5.07 5.36
5. Plane 4 — Plane 5 | AP m1udh Reducer (Pa) 3.65 3.86 4.08 431
6. Plane 5 — Plane 6 | AP mudhiaaunaogi 1 (Pa) 2.40 2.54 2.68 2.83
7. Plane 6 — Plane 7 | AP maisinauniogi 2 (Pa) 1.72 1.82 1.92 2.03

39U AP (Pa) 214.58 227.62 241.03 254.85
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Mass Flow Rate (kg/s) 165 170 175 180
AP Orifice Airfoil Type nou (Pa) 159.57 169.33 179.38 189.71
AP Average Pitot Tube via4 (Pa) 8.59 9.1 9.62 10.16
AP #d3-nou -150.98 -160.23 -169.76 -179.55
% AP nds-nou -94.62% -94.63% -94.64% -94.64%
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Mass Flow Rate (kg/s) 165 170 175 180
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AP wi&a91nuiy Guide Vane 29.20 30.90 32.70 34.60
AP feunazndinniy Guide Vane (Pa) 1.24 1.25 1.31 1.41
%AP fouazdanniin Guide Vane (Pa) 4.43% 4.22% 4.17% 4.25%
AP viga91n Fillet (Pa) 26.80 28.50 30.20 31.80
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AP wi&a91nity Guide Vane uazauyw (Pa) 28.60 30.30 32.10 33.90
AP feuuagvasninidiu Guide Vane uazauyw (Pa) 0.64 0.65 0.71 0.71
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Mass Flow Rate (kg/s) 165 170 175 180
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ABSTRACT

This study aims to simulate the existing and future conditions of groundwater flow and saltwater
intrusion around a storage pond in Na Toei mining area, Amphoe Thai Mueang, Phang-nga province.
The pond was designated to be a water supply storage reservoir with a production capacity for 4 phases,
i.e., 24,000, 48,000, 72,000 and 96,000 m?/d pumping rates. The 3-dimensional groundwater model,
Visual MODFLOW 2011.1, was used to simulate groundwater flow and saltwater intrusion. The results
show that the existing groundwater levels vary between 0.0 - 7.0 meters with groundwater flowing from
North and South direction into the Bang Thong stream located along the pond and eventually draining
into the Andaman Sea. The existing saltwater intrusion is at minimum. For the future condition, with
24,000 and 48,000 m*/d pumping rates, groundwater levels around the pond are approximately 1.0 -3.0
meters higher than the existing condition due to the water level in the pond was kept at 2.00 meters
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higher than the existing groundwater level. On the other hand, with 72,000 and 96,000 m?*/d pumping
rates, groundwater levels around the pond are extremely lower than the existing condition leading to the
expansion of the intruded area around the pond. For all simulation cases, the saltwater intrudes
approximately 500 - 1,000 meters along the shoreline, and it also upwardly intrudes and disperses
through Klong Bang-Tong into the pond. The salinity concentration around the pond varies between

100 - 500 mg/L.
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3. nquiuazmsilszgnaliuuusiass
3.1 nyudaes MODFLOW

Tulsunsy Visual MODFLOW 1054w 2011.1
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=
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q

meldan1nznlinsasuuilainiunai (Transient

conditions)
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a e ey ke
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vs. Observed Head : Time = 365 days
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ABSTRACT

This paper analyzes the properties of material types that reduce the sound intensity by simulating
differential equations with finite element method. This paper focuses on the performance of concrete
and wood materials by simulating both types of materials for test room design under variable frequencies
of source from 1,000 Hz to 20,000 Hz. Moreover, the simulation results compare with OSHA standards.
The simulation results show that the typical human sound frequencies of no more than 5,000 Hz can be
achieved. If using concrete materials can reduce the sound intensity than wood. The efficiency of
concrete and wood decreased by 58.45% and 51.70%, respectively.
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ABSTRACT

The beverage industry has focused on the volume of product water within packaging because it
affects the amount of waste that occurs in the packaging process. This research aims to study the main
effects and interaction effects of factors of the volume of product water within the can. Five factors were
studied, which are the length of vent tube, the level of the CO; diaphragm valve, the level of the drain
valve, the pressure inside the tank, and the product level inside the tank. The researcher applied the
experimental design technique of the Central Composite Face-Centered (CCF) design type to investigate
the effects. The results showed that the length of vent tube had significant effect on the volume of
product water. Moreover, the significant interaction effects were the interactions between the length of
vent tube and the level of the drain valve, the level of the drain valve and the pressure inside the tank,
and the pressure inside the tank and product level inside the tank.
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Std Run Factors Mean
Order | Order | A | B | C | D | E |Volume
1 25 -1 | -1 -1 -1 |1 |253.73
2 5 1 |-1|-11]-11]-11261.39
3 27 -1 1] -1 ] -1 |-11]256.35
4 22 1 1 |-1-111 |256.97
5 8 -1 -1 1 | -1 |-11]258.86
6 19 1 |-1 |1 |-1]11]253.13
7 24 11 1 |-1] 1 |25848
8 17 1 1 1 | -1|-1125242
9 26 1| -1 -1 ] 1 |-1]253.89
10 14 1 1-11-111 1 |256.58
11 9 ) I I T I I | 1 | 25493
12 29 1 1| -11|-1125226
13 18 A1 -1 )1 1 1 ]261.22
14 23 1 |-11]1 1 | -11]25295
15 10 -1 1 1 1 | -1125923
16 30 1 1 1 1 1 | 255.17
17 3 -1 0|0 | 0 |258385
18 21 1 O[O0 ]| 0| 0 |251.64
19 16 O [-1]101]0 1|0 |25221
20 28 0 1 00| 0 |254.73
21 1 0[]0 ]|-1]01]0 25098
22 32 010 1 0 | 0 |256.24
23 15 0] 0| 0]|-1]0|25509
24 2 0]0]| 0|1 0 |252.17
25 7 0] 0| 0] 0 |-1]257.65
26 11 0O]0|0]O0 1 |251.72
27 4 0] 0] 0] 0|0 |25259
28 6 0] 0] 0] 0|0 |25248
29 13 0[]0 ]| 01| 0| 0 |25247
30 20 0] 0] 0] 0|0 |25258
31 12 0] 0] 0] 0| 0 |25256
32 31 0[]0 ] 0] 0|0 ]|25252
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ABSTRACT

This study aimed at investigating the effects of installed instrumentation devices on load transfer
measurement in deep cement mixing (DCM) piles under axial loading by series of numerical analyses.
The configuration of the installed devices focused in this study is cylindrical bar on which the strain
gauges are attached, before embedding into DCM piles during construction. The numerical study
showed that, the stiffness and size of the instrument device have strong effect on the load transfer of
DCM pile. Although insignificant effect on the load-settlement curves can be seen. The greater of
stiffness ratio and area between the device and DCM pile are, the larger error of load transfer calculation
is seen. The findings of this study are used to establish a guideline for the selection of an appropriate
device material and its dimension in order to control the allowable measurement error.
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ABSTRACT

Weirs and canals are applied in water resource management system in the upper northern area
of Thailand. GAE PHAI is a weir controller who is elected from local villagers. GAE PHAI estimates
the water level and adjusts the weir sluice gate levels for providing the water to agriculture areas. The
levels of sluice gates are adjusted from the estimated water level and traditional rules by GAE PHALI
However, with the climate changes, the hydrological characteristics are lucidly changed. GAE
PHAIs’experiences may not be enough to adjust the sluice gate levels correctly. Thus, this research
proposed to develop a decision support system for weir sluice gate level adjustment. The study area is
Mae Chan, Chiang Rai. This research started with surveying of weir and canals system to analyze the
volume of river water of the present method of water resource management. Then, with the community
cooperation, the decision support system of water resource management is developed. The proposed
decision support system consists of 1) water level monitoring stations, 2) a flow through weirs model,
and 3) a website to show the suggested sluice gate level results. After the deployment of the decision
support system in the study area, the results show that the proposed system is practically used, the water
level data is reported accurately, and the sluice gate levels suggested from the system can reduce the
water volume error for farming irrigation.
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ABSTRACT

Black dot is one of major quality problems in plastic injection process. The methods used to solve
this problem are several different ways. This research aims to determine appropriate reduction black dot
method in different conditions including price per unit and production volume per session. This finding
could provide properly process and cost for each plant type. In this study, expense before process
improving to decrease black dot by removing and polishing screw was 72,500 baht per month (include
machine costs, overtime, shipping costs, equipment costs, etc.). Six Sigma approach; Define, Measure,
Analyze, Improve and Control (DMAIC) was used to improve reducing black dot method Cause and Effect
Diagram, Cause and Effect Matrix and Failure Mode and Effect Analysis (FMEA) were used to select
factors which affected to black dot defect. 2" Factorial Design was applied for determination significant
factor impacting black dot. The result showed removing and polishing screw can reduce black dot by 50%.
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This process was appropriate for high unit price and mass production. Second method was purging, adding
chemical for screw-barrel cleaning process. The process could reduce black dot by 25%. It was suitable
for low unit price and low production volume. After applying the black dot reduction method and
calculating the cost efficiency to appropriate plant type, the total cost of reduction valued 148,000 baht per

year.
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RPN Pareto Chart of Factor
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Factorial Fit: Blackdot versus Sc i ging, Crusher HopperMethod

Estimated Effects and Coefficients for Blackdot (coded units)

Term Effect Coef SE Coef T ®
Constant 0.019544 0.000252 77.45 0.000
ScrewPolishinh -0.008312 -0.004156 0.000252 -16.47 0.000
Purging -0.001763 -0.000881 0.000252 ~-3.49 0.003
CrusherMethod -0.005638 -0.002819 0.000252 -11.17 0.000
HopperMethod -0.000538 -0.000269 0.000252 -1.07 0.303
ScrewPolishinh*Purging 0.002662 0.001331 0.000252  5.28 0.000
ScrewPolishinh*CrusherMethod -0.000413 -0.000206 0.000252 -0.82 0.426
ScrewPolishinh*HopperMethod 0.001213  0.000606 0.000252  2.40 0.029
Purging*CrusherMethod -0.001412 -0.000706 0.000252 -2.80 0.013
Purging*HopperMethod 0.000113 0.000056 0.000252 0.22 0.826
CrusherMechod*HopperMethod -0.001663 -0.000831 0.000252 -3.29 0.00S
ScrewPolishinh*Purging* -0.000463 -0.000231 0.000252 -0.92 0.373
ScrewPolishinh*Purging*HopperMethed  0.000237  0.000119 0.000252  0.47 0.644
ScrewPolishinh*CrusherMethod* -0.000588 -0.000294 0.000252 -1.16 0.261
HopperMethod
Purging*CrusherMethod*HopperMethod 0.000313 0.000156 0.000252 0.62 0.544
ScrewPolishinh*Purging* -0.000037 -0.000018 0.000252 -0.07 0.942

CrusherMethod*HopperMethod

S = 0.00142741 PRESS = 0.0001304
R-5q = 96.68%  R-Sg(pred) = 26.70% R-Sq(adi) = 93.56%

Analysis of Variance for Blackdot (coded units)

Source oF Seq S5 Ady SS Ad) MS F
Main Effects 4 0.00083419 0.00083419 0.000208SS 102.36
ScrewPolishinh 1 0.0005527¢ 0.0005527¢ 0.0005527¢ 271.30
Purging 1 0.00002485 0.00002485 0.00002485 12.20
CrusherMechod 1 0.00025425 0.00025425 0.00025425 124.79
Hopper¥ethod 1 0.00000231 0.00000231 0.00000231  1.13
2-Way Interactions 6 0.00010801 0.00010801 0.00001800  €.83
1 0.00005671 0.00005671 0.00005671  27.83
1 0.00000136 0.00000136 0.00000136  0.67
etk 1 0.00001176 0.00001176 0.00001176  5.77
Purging*CrusherMethod 1 0.00001596 0.00001596 0.00001596  7.e3
Purging*HopperMethod 1 0.00000010 0.00000010 0.00000010  0.05
CrusherMethod*Hopperiethod 1 0.00002211 0.00002211 0.00002211  10.85
3-Way Interactions 4 0.00000571 0.00000571 0.00000143  0.70
rging*C; 1 0.00000171 0.00000171 0.00000171  0.24
nh*Purging*HoppezMethod 1 0.00000045 0.00000045 0.00000045  0.22
heC 1 0.00000276 0.00000276 0.00000276  1.36
Burging*CrusherMethod*HopperMethod 1 0.0000007¢ 0.0000007¢ 0.00000078  0.38
4-Way Interactions 1 0.00000001 0.00000001 0.00000001  0.01
ScrewPolishinh*Purging*CrusherMethod*HopperMethod 1 0.00000001 0.00000001 0.00000001  0.01
Residual Error 16 0.00003260 0.00003260 0.00000204
Pure Error 16 0.00003260 0.00003260 0.00000204
Total 31 0.00088052
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Difference = p (1) - p (2)
Estimate for difference: -0.015
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Test for difference =0 (va not = 0): ZI = -2.37 P-Value = 0.018
Fisher's exact test: P-Value = 0.026
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ABSTRACT

This research presents about the effect of ion interference among sodium ion, potassium ion,
calcium ion and magnesium ion on the oil recovery mechanism, which is the exchange between ions in
displaced brine and ions adsorbed on sandstone surface. The experiment is performed by varying
proportions of cations in the displacing brine into 5 ratios, i.e. 1:0, 4:1, 1:1, 1:4, and 0:1, and measuring
the recovered oil amount from the different brine formulas. The result shows that when the concentration
ratio between calcium ion and magnesium ion is 1:1, the highest oil recovery of 45.25% is obtained due
to the least linkage between oil and divalent cations at the sandstone surface Meanwhile, the brine with
the ratio between sodium ion and potassium ion of 1:1 can displace the highest quantity of oil at the
recovery factor of 40.11% due to the smallest impact from the limitation of each monovalent cation
adsorption, which results in the greatest cation exchange mechanism. Moreover, it can be found that the
ratio between sodium ion and calcium ion of 4:1 in the displacing brine will establish good effectiveness
of both ion exchange mechanism and carboxylate complex reaction, therefore it can yield the highest
value of oil recovery at 38.38%
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ABSTRACT
This research aims to study the appropriate parameters for breakdown of pesticide by plasma
activated water technique (PAW) which generates by hybrid plasma system. Plasma Gliding Arc system
combined with the production of nano/ micro bubble solution to synthesize *OH Radicals in H>O> form
that causes higher concentration. *OH Radicals are the key of this process. Researcher selected
organophosphate group of pesticides that the most common use for fruits and vegetables, that is
Chlorpyrifos. There are 3 factors in an experiment consists of 1) the flow rate of argon gas at 8-12 L/min
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2) the power at 80-600 W 3) the time of discharged at 20-30 min ,full factorial designs at two levels and
3 center points was applied in order to test the curvature of the proposed plasma system.

The results were analyzed by gas chromatography (GC) with Flame Photometric Detector
(FPD). The results showed that genearated Chlorpyrifos pesticide solution had decrease from 10 mg/L
to 0.25 mg/L which means breakdown of pesticide efficiency is 97.5%. Finally, we could obtain the
optimum condition for breakdown Chlorpyrifos pesticide solution which is 12 L/min argon flow rate,

600 W power and 30 min discharging time.

Keyword: Hydroxyl Radical, Plasma, Pesticide, Design of Experiment
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Estimated Effects and Coefficients for ppm

coded units)

Term  Effect Coef SE Coef T P
Constant 1.6938 0.03666 46.21 0.000
A -1.1875 -0.5937 0.03666 -16.20 0.000
B 0.0625 0.0313 0.03666 0.85 0.414
C -0.9625 -0.4812 0.03666 -13.13 0.000
A*B  -0.6625 -0.3312 0.03666 -9.04 0.000
A*C  0.1125 0.0563 0.03666 1.53 0.156
B*C  0.4625 0.2312 0.03666 6.31 0.000
A*B*C -0.7125 -0.3562 0.03666 -9.72 0.000
Ct Pt 0.0062 0.09225 0.07 0.947
S =0.146629 PRESS = 0.825
R-Sq=98.49%  R-Sq(pred) = 94.22%
R-Sq(adj) =97.29%
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Analysis of Variance for ppm (coded units)
Source DF Seq SS Adj SS Adj MS
Main Effects
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A 1 5.6406 5.64063 5.64063 262.35 0.000
B 1 0.0156 0.01563 0.01563 0.73 0.414
C 1 3.7056 3.70562 3.70562 172.35 0.000
2-Way 3 2.6619 2.66187 0.88729 41.27 0.000
A*B 1 1.7556 1.75562 1.75562 81.66 0.000
A*C 1 0.0506 0.05063 0.05063 2.35 0.156
B*C 1 0.8556 0.85562 0.85562 39.80 0.000
3-Way 1 2.0306 2.03062 2.03062 94.45 0.000
A*B*C

1 2.0306 2.03062 2.03062
Curvature

1 0.0001 0.00010 0.00010 0.00 0.947
Residual Error
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Pure Error
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Total 18 14.2695

F P
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ABSTRACT
This research focused on developing semi-automatic forming of sago with pork filling balls
machine in order to produce spherical sago balls, reduce production time and labor cost. This machine
was developed for industrial and semi-industrial production scales. The prototype consisted of main
frame, flour filling unit, sago filling unit, sago forming unit and two power transmission units. The
power transmission units were 1.0 horsepower for flour filling unit and 0.5 horsepower for sago forming
unit. The machine operation started from filling sago powder and filling pork into the container.
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Subsequently, the sago powder and the pork filling were compressed through a double-layer pipe where
the outer layer conveyed dough and the filling was in the inner pipe. The results showed that the optimal
ratio of starch and water was 1:1. Later, the filling and dough were delivered to sago forming unit, which
was designed into two pieces of semi-circular mold of 28-mm diameter to press and compress sago ball
into spherical shape. The research found that the most efficient speed of the forming unit was 15 rpm
and the production rate was 1,842 balls per hour. The working capacity of the machine was 1,481 balls
per hour with 20 percent damage. The increasing of sago forming speed to 20 rpm and 25 rpm reduced
the actual capacity of the machine to 1,048 and 328 balls per hour, respectively. Power consumption of
the machine was 0.88 kWh. Lastly, the engineering economic analysis showed that the payback period

was 60 days.

Keywords: Sago pork, Sago pork forming machine, Flour, Prototype, Working capacity
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Particular Amount
Fixed cost
- Purchase price, P, 25,000 Baht
- Salvage value, S =10% P, 2,500 Baht
- Useful life of the forming, y. 5 years
- Interest rate 10% / year

1) Depreciation, D = (P,-S)/y:
2) Interest, I = (P, +S)i/ 2

3) Total fixed cost, Fc = (1)+(2)
Variable cost

4,500 Baht/year
1,375 Baht/year
5,875 Baht/year

- Assume working/year 180 days

- Regular working hours 8 hours/day

- Capacity of machine 1,481 seeds/hour

- Ass.ume repair and 10 Baht/day
maintenance rate

- Power consumption 0.88 kW-hour

- Labor cost for operation 300/day

4) Repair and maintenance cost,
10x180

5) Power consumption cost,
0.88x3.5x180x8

6) Labor cost, 300x180

7) Total Variable cost,
V.= #)+(5)+(6)

1,800 Baht/year

4,435 Baht/year
54,000 Baht/year
60,235 Baht/year

8) Total operating cost, 66,110 Baht/year
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ABSTRACT
In this work, we study an unreliable production system that produces a particular product subject
to sudden obsolescence. The purpose of our work is to determine the optimal lot size that minimizes the
total expected cost during product lifetime considering machine breakdowns and repair time. The
numerical results show that failure rate, mean repair time, and obsolescence cost have significant impact
on the optimal lot size. The managerial insight obtained by this research can support the manager in
making decision concerning the production lot size more properly.
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ABSTRACT

The objective of this study were to find appropriate parameters of Plasma Activated Water
(PAW) for hydroxyl radical (OH") and growth inhibition of microorganisms. Box-Behnken design
(BBD) was applied to determine parameter of factors in experiment. The independent variables were
expose time, argon gas and oxygen mixture while hydroxyl radical and E. coli reduction were dependent
variables. As a result, the optimal parameter were expose time 20 minute, argon gas flow rate 5 L/min
and oxygen mixture 2% of Ar gas. The optimal parameters leads to approximately 10-30 ppm of
hydroxyl radical and 0.62-0.98 (70-80%) Log CFU/ml of E. coli reduction. In addition, the optimal

parameters was used to treat with chili and can reduce approximately 0.69, 0.72 and 0.82 (70-80%) Log
CFU/g of microorganisms with treatment time 5, 10 and 15 minute, respectively.
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C 9.83 0.64 15.33 0.000
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B*B | 1.63 0.94 1.72 0.095
C*C | 6.04 0.94 6.40 0.000
A*B | -1.75 0.91 -1.93 0.062
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B*C | -1.17 0.91 -1.29 0.207
S =3.14, R-sq=91.66%
R-sq(adj) = 88.87%, R-sq(pred) = 83.26%
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SE T- P-
Term Coef Coef Value | Value
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A*C 0.08 0.02 3.82 0.001
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S =0.07, R-sq=91.67%
R-sq(adj) = 88.89%, R-sq(pred) = 85.08%
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ABSTRACT

This paper proposes an optimal integrated neural network controller (NNC) based on maximum
power point tracking (MPPT) technique and voltage regulation (VR) for a PV charging system with
lead-acid battery through the constant current and constant voltage (CC-CV) charge, denoted by NNC-
CC/NNC-CV. The proposed controller is optimized through the hybrid multi-objective genetic
algorithm and back-propagation algorithm (AMOGA/BPA). By means of this optimization, the number
of system parameters is significantly reduced while maintaining high MPPT and VR accuracy. After
determining the NN parameters using the AIMOGA/BP, the performances of charging control against
rapidly changing ambient solar irradiance and module temperature are evaluated in terms of the tradeoff
between transient response, stabilized MPPT and VR accuracy, charging time, and energy utilization
and charging efficiency. As results, the proposed charge controller outperforms the non-optimal NNC
and on/off controller. Furthermore, validation of charging control under weather variations (i.e. fine,
rainy, and cloudy), several criteria are assessed to verify the performance of the proposed NNC.
Keywords: Charge controller, MPPT, MOGA, Neural network controller, PV charging system.

ABBREVIATION Table 1 (cont.) List of abbreviations
The full meaning of abbreviations used in Abbreviation Full meaning
this study is given in Table 1. SoC State of charge
STC Standard test condition
Table 1 List of abbreviations VRLA Valve-regulated  lead-acid
Abbreviation Full meaning battery
PV Photovoltaic TS Taylor series
MPPT Maximum power point SAE Sum of absolute error
tracking 00oC On-off controller
P&O Perturb and observe
IC Incremental conductance 1. INTRODUCTION
NNC Neural network controller Due to the severity of the global energy
FLC Fuzzy logic controller crisis and pollution, a photovoltaic (PV) energy
NFC Neuro-fuzzy controller has become a promising renewable energy source
MPPT-NNC | MPPT based NNC since it is considered as an essentially
MPPT-FLC | MPPT based FLC inexhaustible and profusely available energy
MPPT-NFC | MPPT based NFC resource, and environmentally friendly. In rural
CC Coulomb counter or off-grid connected area, the PV system plays
BPA Back-propagation algorithm more and more important role in electricfication,
GA Genetic algorithm especially the stand-alone PV charging system.
PSO Particle swarm optimization Basically, the efficiency of this system is mainly
NNC-GA NNC optimized through GA decided by the charging efficiency [1]. To obtain
NNC-PSO | NNC optimized through PSO the maximum efficiency of the PV charging
Constant current and system, the PV generator is necessary to operate
CC-CV Constant voltage at the maximum power points (MPPs) that can
VR Voltage regulation also sufficiently supply to the battery.
AMOGA/BP | hybrid MOGA and BP Unfortunately, the locus of the MPPs strongly
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varies nonlinearly with the environmental effects
resulting in inconsistency of terminal voltage of
the battery, then achieving the MPPs is not
always guaranteed. Therefore, an efficient charge
controller along with an appropriate charging
scheme is necessarily required to operate the PV
panels at their MPPs, consequently, deliver to the
battery for a limited daytime. The various control
approaches based on the MPP tracking (MPPT)
techniques have been applied to the PV charging
system through a different charging scheme

which each has its own advantages and
disadvantages [2]-[15].
For the conventional MPPT charge

controllers with a fixed step size control
command such as, the perturbing and observing
(P&O) [2]-[4], the incremental conductance (IC)
[5] and [4], and their modifications [6]-[7], are
commonly applied to the PV charging system in
practice due to the simplicity and ease of
implementation. They provide the fast transient
response under rapidly changing weather.
However, the relative high ripple voltage causing
wasted energy into heat and the MPPT
inaccuracy as well as oscillations at the steady
state need more improvement.

On the other hand, the intelligent MPPT
charge controllers with the variable step sizes
control command such as, neural network (NNC)
[8]-[9], fuzzy logic (FLC) [4], [10]-[12], neuro-
fuzzy (NFC) [13]-[14], are alternatively applied
to various PV systems. The MPPT-NNCs can
track the maximum PV power (P,,) accurately
with negligible oscillations and have the fast
transient response against the rapid weather
changes when compared to the conventional
MPPT controllers. However, this method lacks
the heuristic sense and works as a black box with
requiring a huge number of trainning data and
long training. On the other hand, the MPPT-FLC
and -NFC are outstanding in stabilized MPPT
accuracy. However, it is noteworthy that all self-
generated fuzzy rules do not contribute enough
for accuracy improvement while increasing
complexity. Furthermore, due to the conventional
FLC design, i.e., generating the fuzzy rules by
human expert and adjusting parameters through
trial-and-error, the optimal performance may not
found.

Considering the MPPT-NNCs based charge
controller [15]-[17], several issues, including a
number of training data, a slow convergence and
local trap of solutions when using back-
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propagation algorithm (BPA) [18], are the
disadvantages. To overcome these problems, in
[17], the system parameters were chosen from the
expert without training in order to make the
hidden layer output linearized, but this limits its
full potential. Moreover, due to a number of
hidden layers and hidden nodes in the NNC
design resulting complexity, a number of
parameters (i.e. weight and bias) tuning through
the conventional BPA may be ineffective.
Recently, to avoid the explosion of complexity,
Wu et al. [19] proposed the novel NNC based on
the tracking control problem. In addition, the
NNC containing only one adaptive parameter
[20] is introduced to simplify the online
computation. Besides, to handle such the
problems, the stochastic optimizations, such as
genetic algorithm (GA), particle swarm (PSO),
and others, are utilized in the NNC design, e.g.,
NNC-GA [21]-[23], NNC-PSO [24]. For the
MPPT-NNC-GA, the number of hidden nodes is
determined by the GA [21], whereas in [22], GA
is employed to optimize the input dataset by
selecting the significant data among the inputs.
Motivated by the aforementioned reviews,
the purpose of this work is to design the optimal
NNC:s for the PV charging system with lead-acid
(LA) battery through the constant current and
constant voltage (CC-CV) charge, denoted by
NNC-CC/NNC-CV. In that fashion, the NNC-
CC-based MPPT and NNC-CV-based voltage
regulation (VR) are designed and derived through
the hybrid multi-objective GA (MOGA) and
BPA (AMOGA/BP). To simplify the NN
structure, the single hidden layer is used in the
design, whereas the number of hidden nodes is
selected through the experiment. All the NN
parameters (i.e. weights and biases) are
optimized through AMOGA/BPA to achieve the
optimal charge controller. The highlights of this
paper lie in the following.
1) An optimal NNC-CC/NNC-CV derived
from MOGA/BPA is first proposed and
applied to the PV charging system through
the CC-CV charge.
2) The criteria of minimizing the tracking
error and reducing the number of NN
parameters are combined into one overall
objective function by means of weighting
method. The total number of parameters and
the computational complexity is greatly
reduced by about 45% and 30%,
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respectively. Therefore,

parameters is much easier.

3) The proposed controller outperforms the

non-optimal NNC in terms of transient

response without overshoot, high stabilized

MPPT accuracy with small oscillations, less

required charging time, and high energy

utilization and charging efficiency under
rapidly changing weather.

To verify the performances of the proposed
controller, the charging control is further
validated under weather variation, i.e., fine, rainy
and cloudy. In the following, the PV charging
system is described in Section 2. The charge
controller design and optimization are presented
in Section 3. Section 4 provides the results and
discussion. Finally, Section 5 concludes this

paper.

the tuning of

2. DESCRIPTION OF THE PV
CHARGING SYSTEM

The PV charging system (Figure 1) is
composed of PV module, dc-dc buck converter,
battery and charge controller interfaces. Through
the CCCV charge, it starts with the CC charge
mode to deliver available maximum energy from
the PV module to the battery without
overcharging. The proposed MPPT-NNC
(NNC-CC) is employed in this stage. Until
reaching the overvoltage level (V},.~14.4 V) or
80% of maximum SoC (SoCy), the continued CV
charge mode completes fully charged, including
preventing overvoltage and heat that shorten the
battery life. The other proposed VR-NNC
(NNC-CV) is employed in this stage. Then, the
integrated NNC-CC/CV as the charge controller
is applied to the PV charging system.

The utilized PV module composed of N-cell
connected in series provides specifications at
standard test conditions (STC), irradiance (G) of
1000 W/m? and module temperature (7) of 25°C,
as follows: 130 W maximum power (P.,), PV
voltage and current (Vpy, Ipy) at MPP are (17.4 V,
7.48 A) and open circuit voltage and short circuit
current are (22 V, 8.09 A). It is modelled by a
single diode equivalent circuit model [25]
described by  5-lumped-parameter.  After
determining parameters of the PV using the
extraction method in [26] through the
experiment, Figure 4 (a), the power-voltage
(P-V) characteristics are established under
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varying G and T, then t MPPs can be determined
(Figure 2).
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Figure 1 The block diagram of PV-battery
charging system.
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Figure 2 The electrical P-V characteristic of

the utilized PV module under varying of solar
irradiance (G) and module temperature (7).

The rechargeable battery applied in this
study is the valve-regulated lead-acid (VRLA)
battery with 12 V nominal-voltage and 50 Ah
capacity which is normally operated through the
CCCV charge [27]. In order to determine the
relationship between the battery voltage (V) and
current (/,) with the current SoC (SoC;) the
equivalent circuit of the battery referred to [28] is
chosen for the simulation. The terminal voltage
of battery is given by,

j, ()

where N; is the number of 2.4 V cell connected in
series and K, K>, K3, and K4 are the specified
constants. To generate the V-1, characteristics by
MATLAB program, SoC; is estimated as

V, =(2.4+K, xSoC,)N +

Ib + K3
SoC, | "? (K,—SoC)N,

SoC, =SoC,_, + ! (%

-K,SoC |, (2
36001, | SoC, f‘lj @



where K} is the charging efficiency, K is the self
discharge rate and f;, is the sampling frequency
updating the rate of controller command.
The SoC and the battery resistance (Rp) against
the open circuit voltage of battery are shown in
Figure 3.

To investigate the charging performance
with an initial SoC (SoCp), the charging
efficiency (n¢») is defined as

N =E,/(E, +E,.). 3)
where Ejis the total energy stored in the battery
during the initial and final SoC (SoCi—So(C))
determined by integral form of work done and
Eros 1s an energy loss due to the battery
resistance. Using the approximation of V(SoC)
and Ry(SoC) in Figure 3, ¢y can be expressed as

e = ! “)
@ | C(ASoC) ( (ES0C)’ ~ ASoC ~2.65 ’
62.5AT £S0C +8.1

where  ASoC=SoCr-SoCi, XSoC=SoCrtSoC,,
[1SoC=SoCxSoCi, ASoC=ZSoC+I1S0C, C is the
battery capacity in ampere-hours (A-hr) and At is
time in second. To measure My, assuming the
SoC at the beginning (SoCy) and C are known the
coulomb counting (CC), Figure 1, is used to
estimate the SoC.

For the implementation of dc-dc buck
converter used as the switching-mode regulator
the maximum charging current was allowed to up
to 30 A, 5% of the inductor ripple current and
conductor ripple voltage were assumed, and the
PWM switching frequency was 200 kHz. The
maximum current output, and voltage input and
output corresponding to the PV module and
battery were 30 A, 22 V, and 144 V,
respectively. The minimum inductance and
capacitance estimated through the method in [29]
were 20 pH and 1.5 pF, respectively. The
prototype board of dc-dc buck converter is
implemented for the test in Figure 4 (b).
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Figure 4 The experimental setting of
(a) V-1(G,T) measures,
(b) converter prototype design.

3. DESIGNING METHOD AND
OPTIMIZATION OF NNC

Before a NN can be used as a NNC, it is first
trained offline to learn a PV charging system
directly. By applying the desired range of
selected inputs to the system, its corresponding
outputs can be obtained and a set of training
patterns are then selected. Once the NN is trained
with the collected data, it can be used to produce
the correct control input as a function of the
desired output.

The NNC-CC and NNC-CV are derived and
optimized through the AIMOGA/BPA (Figure 5).
The original structure of the MPPT-NNC-CC,
Figure 6 (a), abbreviated to NNC-CC(5, Nu.cc, 1)
comprises 5 input nodes including Vey, Ipy, G, T
and SoC; Np.cc-hidden node, and single the
output node of the estimated-duty ratio, Dync-cc
(5). On the other hand, the original structure of
VR-NNC-CV, Figure 6 (b), abbreviated to
NNC-CV(4,Nicr,1) comprises 4 input nodes of
Vy, G, T and SoC, Nu.cr-hidden node, and the
single output node of Dywnc.cy (6). Therefore, the
total number of weights and biases of the
NNC-CC and -CV is 7Np.cct1 and 6Ng.crt1,
respectively.
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Dyye-cc = f(W1(2) x g(wl(l) xX; +b}" ) +b”) )9 (5)

Dyye—cv = f(wz(z) xg (Wz(l) xX, + bg) ) + béz) ): (6)

where Xlz[VPV, IPV, G, T, SOC]T, X2:[ Vb, G, T,
SoC1", W W b”and b\" are (Nu.ccx5)- and
(Ni.ccx4)-weight matrix, and Ny.cc- and Ny.cr-
bias column vector between input and hidden
layer, respectively, W , W» 5@ and 5{? are
Nu.cc-, Np.cv-weight column vector and two
biases between hidden and output layer,
respectively, g(-) is hyperbolic tangent function,
and f{-) is linear function.

Elitist preserve — ¥

Chromosomes
Fitness Selection (j+1)h iteration

reponon o8]

Figure 5 Designing of NNCs using hybrid
MOGA and BP
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j* iteration
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big @
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Figure 6 The structure of
(a) NNC-CC(5, Ni-ce, 1) and
(b) NNC-CV(4, Nucr, 1)
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In order to determine the computational
complexity of the NNC-CC(5,Nu.cc,1)/CV(4,
Nu-cv,1) with regard to the multiplication counts,
g(+) represented by Taylor series (TS) at x=u, i.e.,
g)~(—u)+H(x—u)*/3, where p—u/<n/2, provides
3-multiplication, then the nonlinear
transformation of hidden nodes of NNC-CC and
-CV requires 3Nu.cc- and 3Ny.cp-multiplication,
respectively.  Therefore, the NNC-CC/CV
provides  (9Nw.cc+8Np.cy)-multiplication. To
achieve the optimal NNC-CC through the
hMOGA/BPA, after normalizing the input
variables, the N,o-chromosome is randomly
generated which each possesses vector entries
with certain length of genes (parameters) using
Npi-length binary coding normalized within the
specified range [-1, 1]. In the proposed encoding
scheme all NN parameters (w’s and b’s) and
selected parameter set are represented in one
chromosome, tabulated in Table 2(a). The
selected parameters are determined through the
set {0, 1} which is ‘0’ means not consideration
the accordingly parameter while ‘1’ means to
take the parameter into consideration.

During the CC charge mode, the initial
operating point of PV voltage and current
(Vev, Ipy) at time k of the i chromosome
corresponding to the initial Ppy, Pl .= 0, is
(0, 0). The SoCy is 0.1. The chromosomes are
taken to compute the duty ratio at time k+1 (Dyvc-
cc, k1) in order to generate the new operating
point. The differences between the updated PV
power (P and the referenced power at STC

(Pr~130) are cumulatively summed up to
estimate the sum of absolute error (SAE). The
MOGA seeks to maximize the multi-criteria
fitness function (7) composed of the weighted
sum of MPPT accuracy in terms of SAE and ratio
of the initial number of parameters (NPo) to the
current number of parameters (NPier),

cc _ oF . NE., )
iiter Nep o Ngp—k ki 2,0 s
k=1 A ‘Prcf -k cc ‘ NF, CC(iiter)
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Table 2 Chromosome representation for NNCs optimization.

(a) NNC-CC Weights Biases Selected parameters
Variable wee bcc

Gene T VR IRy v bbb {0,1}

Gene No. 11]...I5Nu.cc|5SNu.cct1]...|6Nucd| |6Nwcctl]...|7Nu.cct1] 11]...|7Nu.cctl]
(b) NNC-CV Weights Biases Selected parameters
Variable wey bey

Gene TR N B C I b0, B0 B 0.1

Gene No. |1|--.|4NH-CV|4NH-CV+1|.--|5NH-CV| |5NH.CV|'1|...|6NH.CV+1| |1|...|6NH.CV+1|
where A€(0, 1] is a forgetting factor, Nspis the

maximum samples per an iteration, C; is the FO Cii o Mo (8)
fitness constant and C» is a parameter giving the bier ( 7: A |) Y NPy e

percentage of contribution in the total fitness. The
parent chromosomes based on their high fitness
values are selected to generate the offspring by
two methods. First, the elitism method is used to
retain the best chromosome at 10%. Second, the
roulette wheel method is used to employ by
assigning a higher probability of selection to
individuals with higher fitness values that passes
through the reproduction process, i.e., crossover
and mutation with probability of Pc and Py,
respectively. The BPA is applied to the individual
offspring as the supervised training using the
inputs-output sequences obtained from the
simulations in Section 2. The resultant
individuals refined by BPA and an elite are
rearranged according to the value of fitness.
Thus, the chromosomes in the (j+1)" iteration are
obtained. The genetic process is repeated until
meeting the maximum iteration (N).

For the NNC-CV optimization through the
hybrid MOGA/BPA, the Mpop-chromosome
represented in Table 2(b) is randomly generated.
During the CV charge mode, the initial operating
point of PV and battery at time & are taken from
those of the final value of the CC charge. Then
the initial duty ratio (Dwywc-cv) 1s set to zero at the
beginning. The chromosomes are taken into
computation of the updated duty ratio (Dwwc-
crx+1). The new operating point of battery voltage
(V}*") is generated and compared to Vs to

cumulatively sum up the SAE estimation.
MOGA seeks to maximize the multi-criteria
fitness function (8) composed of the weighted
sum of VR accuracy in terms of SAE and ratio of
the initial number of parameters (NPcy,) to the
current number of parameters (NPcyicer),
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where C; is the fitness constant and C4 is a
parameter giving the percentage of contribution
in the total fitness. The genetic process is similar
to that of the NNC-CC, and is repeated until
meeting the maximum iteration.

However, due to the maximizing problem
(7) and (8), the global solutions may not found
while over rule reduction and accuracy, then the
parameter Ci; and C,; , and Cs; and Ci; are
required to weight the terms of (7) and (8),
respectively, and determined simultaneously
with other parameters in the genetic process by
forming as genes of the chromosome. Therefore,
the high performance can be found for
determining these appropriate values.

From the experiment perspective, Ci, Cs, C3
and Cy vary in the range of 1,000-1,500, 1-10, 1-
20 and 1-10, respectively,

4. CHARGING RESULTS AND
DISCUSSION

Through the test, the commercial 12 V and
50 Ah LA battery has been utilized. To optimize
the NNC-CC, G and T was varied from 50 to
1,000 W/m? and from 20 to 40°C in increments
of 50 and 4, respectively, and Ipy, Vpy, SoC and
the corresponding Dwnc.cc were measured for
each case. To optimize the NNC-CV, V, was
varied from 14.4 to 22 V in increments of 0.1 and
the corresponding SoC and Dayc.cyr were
measured for each case. The train:test data was
set as 70:30. To avoid the local optimum traps of
solutions, A was set as 0.99.

The NN are started with the small network
and gradually added hidden nodes as long as their
performances are not improved. From the
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plotting of RMSE against the number of hidden
nodes at the same epoch of training and testing in
Figure 7 (a) and (b), Ni.cc and Ny.crare selected
as 15 and 20, respectively, then NNC-
CC(5,15,1)/CV(4,20,1) yields 227 (106/121)
parameters which are tuned through the
AMOGA/BPA to maximize (7) and (8). The
number of requiring multiplications for the NNC-
CC/CV is 295 (135/160). The parameters of GA
were set as follows: N=100, Nsp=100, N,,,=10,
Mpop=5, Npi=12, Pc=0.85 and Py=0.15.

0.05

0.03

NNC-CC NNC-CV

0.02

0.03

0.03

45 0'025 15 25 35

Number of hidden nodes (N
(b)

5 15 25 35
Number of hiiden nodes (N
(@

45

H -CC) H -CV)

Figure 7 RMSE against the number of
hidden nodes for
(a) NNC-CC and
(b) NNC-CV
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Figure 8 Fitness and the number of parameters
profile using MOGA/BPA of
(a) NNC-CC and
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196

As can be seen in Figure 8 (a) and (b), the
fitness values increase with iteration and the
number of parameters of NNC-CC and NNC-CV
at the 100" iteration are reduced 47% from 106
to 56 (35-w, 8-b1M, 12-w@, 1-b@), and 44%
from 121 to 67 (39-w), 13-6D, 14-w@), 1-p?),
respectively. Then the optimized NNC-CC/CV
provides 205 (92/113) multiplications reducing
the computational complexity to 30%.

Through the test, the performances of the
controllers were investigated under fine, rainy
and cloudy weather (Figure 9), G and T were
varied from 600 to 1000 W/m?, and 24 to 32°C,
respectively. The measures were recorded every
12 minutes. The fine weather is characterized by
maximum irradiance during the noon, this leads
to an increase of the temperature which is
opposite the cloudy weather, while the rainy
weather has rapid changing of irradiance due to
the thick cloud and rain. The charging control
results by the optimized NNC-CC/CV are
depicted in Figure 10(a)-(c). The proposed
controller is able to complete CCCV charge with
different operating points and charging time.
During the CC charge, the battery voltage (red
line) gradually increases depending on both the
battery current and its SoC, whereas the battery
current depends on the tracking power from the
MPPT-controllers and varies according to the
weather changes.

Irradiation (VV/mZ)

a8

=—#— Fine weather
—8— Rainy weather
—&— Cloudy weather

30

Temperature
(Celcious)

:00 :00 12:00 14:00 16:00 Time

Figure 9 Varying weather conditions of solar
irradiance and module temperature
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Figure 10 Charging results of the NNC-CC/CV

When the battery voltage reaches the rated
voltage, the switching mode is activated to enter
the CV charge mode. The other part of graph
shows the battery current drops decrease
exponentially to about 1.5 A, whereas the battery
voltage can be regulated near the rated voltage
(blue line) for preventing overvoltage. At the end
of the charge-regulation stage, the open-circuit
voltage of battery was found to be about 12.3 V
correspond to 100% of SoCu, then proving the
success of the charge controller against the fine
and rainy weather except for the cloudy weather.
Furthermore, it is observed that the best charging
time are 9:30-11:00 am.
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Figure 11 Transient response and stabilized
MPPT accuracy of the MPPT-NNCs.

To investigate the transient response and the
stabilized accuracy of the controllers (i.e. the
non-optimized NNC and the optimized NNC)
during the CC charge, it can be seen from some
weather conditions in Figure 11 that the NNC
provides fast response time, but more oscillations
causing more power waste, whereas the
optimized NNC provides the fast response but
reach the MPPs with negligible oscillations.
Furthermore, the optimized NNC performs
clearly better than the other with regard to the
stabilized MPPT accuracy.

In order to compare the energy utilization
between the charge controllers during the CC
charge, the energy utilization efficiency (Musiize)
over time interval [# ,¢] is defined as

t
Nutilize = L:f PMPPT (t)/Pmp (t) dta (9)

where Puyppr represents the extracting power
obtained from the MPPT-NNCs and commercial
on-off controller (OOC). It is seen from Figure 12
that the extracting powers obtained from the
optimized NNC are closer to the maximum
power than the others. It averagely provides
approximately 5% and 10 % more energy
utilization efficiency when compared to the non-
optimized NNC and the OOC, respectively.
Considering the VR during the CV charge mode,
the non- and optimized NNC achieve high VR
accuracy about 99.8% (Figure 13).

To investigate the requiring charging time
for comparing between the proposed NNC and
the conventional NNC and the commercial OOC,
Figure 14(a), the first two controllers complete
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the charge at the end of the day, whereas the
conventional OOC unsuccessfully completes the
charge since there is no energy transfer to the
battery during the off time which results in a
prolonged time in order to complete the charging.
Thus for the ill-condition of weather variations,
the battery does not reach the 100% SoC by the
end of the day with this conventional charging
controller.
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Figure 12 Maximum extracting powers of the
MPPT controllers.
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Figure 14 The SoC against charging time of
(a) the charge controllers and
(b) the proposed NNC under weather variations
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Considering the charging time of the
proposed NNC under weather variations, it is
seen from Figure 14(b) that reaching 80% of
SoCy during CC charge, it had taken about 5.3
hrs (8:00-13:20), 6.25 hrs (8:00-14:15) and 7.5
hrs (8:00-15:30) for sunny, rainy and cloudy day,
respectively. Therefore, on sunny day the
proposed NNC significantly shortens the
charging time by 15% and 30% of rainy and
cloudy day, respectively. In addition, it achieved
full charging at the end of the day only for sunny
day.

To evaluate the charge efficiency (4) of the
proposed NNC against the weather variations
with the SoC at the beginning, SoCo=0.1, ncras a
function of charging time (Figure 15) increases
due to the increasing of energy stored in battery
and SoC gain with the decreasing of battery
resistance. Under fine weather, the optimized
NNC provides the charge efficiency higher than
the non-optimized NNC and commercial OOC,
respectively. The over-voltage produced by the
non-optimized NNC in order to move the charge
through the battery causes dissipating energy
leading to low charge efficiency. On the other
hand, the conventional OOC under the Off state
causes low energy stored in a battery leading to
very low charge efficiency. Obviously, the
proposed NNC, including the others has higher
charge efficiency under fine weather as compared
to under the other weathers, and also outperforms
the other controllers. Minimum charge efficiency
under cloudy weather is due to low irradiance
which affects the generated PV power.
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Figure 15 Charging efficiency of the proposed
NNC-CC/CV



5. CONCLUSION

In this work, the optimal charge controller of
integrated MPPT- and VR-NNC called NNC-CC/
NNC-CV is applied through the CC-CV charge of
the PV charging system with VRLA battery under
rapid weather changes. The parameters of the
controller have been derived and optimized
through the ZAMOGA/BPA. By means of this
optimization, the number of NN parameters and
the comuputational compelxity are greatly
reduced means reducing the search space of the
solutions. In addition, all parameters are fine-
tuned for improving the MPPT and VR accuracy.
From the simulation results, the optimized
NNC-CC/CV  outperforms the non-optimized
NNC and commercial on-off controller in terms
of without overshoot and fast transient-response,
high stabilized MPPT accuracy with negligible
oscillations and less charging time for the
requiring SoC. In addition, it helps increase the
battery lifespan and prevent overcharging and
overvoltage during the CC and CV charge mode,
respectively. Furthermore, tradeoff by several
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criteria, including the validation of the charging
control under weather variations, have been
supported the performances of the proposed
NNC. However, the MPPT accuracy needs more
improvement. In addition, operate less effective
and incomplete charge under cloudy weather is
the main drawback for our proposed NNC which
may cause the PV charging system failure for the
continuous more days of cloudy weather without
reaching maximum SoC. In off-grid areas, a
hybrid solar/diesel or solar/wind turbine electric
generators is alternatively applied. Continuing
with this work, obtaining the optimal NNC with
guaranteed system stability is developed.
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ABSTRACT

This study presents a development of automatic electrode position selection and electrode
integrity determination system for electromyography (EMG) signal measurement. The quality of
electrode for EMG measurement was determined using an electrode-skin impedance. The impedance
measurement system was developed based on AD5933 with frequency range of 5 kHz to 100 kHz and
the impedance range of 1 kQ to 10 MQ. This work proposes an “Auto calibration” system which is
designed for increasing the accuracy of impedance measurement system. AD5933 was controlled by an
Arduino Mega 2560 and measurement results were displayed and recorded by a computer. The
experimental results show that the accuracy of impedance from the proposed system is lower than 2%
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on the impedance range of 1 kQ to 1 MQ at the operation frequency 5 kHz while the range of 1 MQ to
10 MQ results in higher measurement error. Then, the electrode-skin impedance measured from the
proposed system was used to compare with the quality of EMG signals. Results show that signal to noise
ratio (SNR) of the EMG signals from the low electrode-skin impedance is better than that from the high
electrode-skin impedance. The proposed system was applied for electrode position selection and
electrode integrity determination based on a dry 3 x 3 electrode grid.
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inti=1;

if( 0 <i1<7) then
select Rfb and Rcal on range i;
impedance measurement;
if (impedance is on range 1)

return impedance

else i =1it++;
end

end
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ABSTRACT
The objective of research on construction process improvement in segmental box girder of the
Green Line mass rapid transit project (Northern Zone) is to identify obstacles and factors causing
inefficient operations. Time and cost of operations from the original working system were initially
collected. Based on the obstacles and bottlenecks found, a new working system was developed. Then,
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the new system was implemented and data related to time and cost were collected in order to compare
them with those obtained from the original working system.

The results reveal that main factors causing work inefficiency in both time and cost are from
sequential work plan, inappropriate working process and installation methods, and traffic restrictions.
Taking those negatively influential factors into account, the new system was then created by rearranging
working process in association with concurrent steps and critical path. As a result, the new
process can reduce operations from 35 steps as in the original process to 34 steps, and critical activities
from 32 steps to 27 steps. In comparison of the average time and cost between the two processes, this
study shows that the working time and operation cost of the new process can be decreased from those
of the original work process approximately 25.76% and 24.43% per span, respectively.
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ABSTRACT

This paper presents a coupled multiphase computational fluid dynamics and discrete element
method (CFD-DEM) approach to simulate the behavior of fluid—particle interactions and flow
characteristics of fluidized bed. The motion of discrete particles with ellipsoidal particle is described by
dense discrete particle model (DDPM) on the basis of Newton’s laws of motion applied to individual
particles and the flow of continuum fluid by the CFD based on the local averaged Navier-Stokes
equations. The influence of inlet air velocity on the particle motion and collision behavior is
investigated. Here, the motion of individual particle is based on the contact force between particles and
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the fluid force acting on the particles. Simulation results showed that minimum fluidization velocity was
1.65 m s and pressure drops increased with increases in the number of particles. Higher superficial
flow velocities gave rise to larger and more plentiful bubbles throughout the bed which led to higher

rates of mixing. The particles were observed to be well-mixed after 2 s of fluidization. These
observations have achieved a general understanding of phenomena which take place inside the bed

during fluidization.

Keywords: CFD, DEM, Fluidized bed, Multiphase flow
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