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ABSTRACT

Research project entitled performance evaluation of sugarcane grab loader was
aimed to study the working capacity and economic analysis of the machine. Three types of
sugar cane grab loader were used in this study namely, front end loader, rear end loader and
three wheels self-propelled grab loader, respectively. The key performance indicator were
working capacity, fuel consumption, percent of the contaminants, break-even point and
payback period. Based on the test results the working capacity of the three type of machine
was 30, 32 and 39 ton/hr, respectively and the fuel consumption was 14.8, 10 and 11
/hr, respectively. The percent contaminants was found to be 4, 3 and 3, respectively. The
economic analysis showed that the break-even point of the machine was 1959, 2005 and
9425 tons/year, respectively. The operation cost of the machine was 36, 29 and 32 Baht/
ton, respectively. Considering the working hour per year of the machine as 500, the payback

period of the three type of machine was found to be 0.95, 0.91 and 4.1 year, respectively.

Keywords: working capacity, sugarcane grab loader, percent of contaminants
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Abstract

The main purpose of this research is to study the power consumption of turning
machine with key parameters in turning process, in order to, a guideline to reduce the power
consumption as a one method of energy conversation. Firstly, two statistical analysis by
using 2! fractional factorial design is applied to screen four factors and two levels for each
factor. There are Turning speed as 770 and 1,800 rpm., Feed rate as 0.15 and 0.35 mm,,
Depth of cut as 1 and 3 mm. and Approach angle as 75 and 105 degrees. Secondary, General
Linear Model (GLM) is used to find out the suitable level of each parameter. and Finally, the
result shows significant factors effect to power consumption with 95% confidence interval
level are Turning speed and Depth of cut which the optimal level of each factor are 1,170

rom. and 2 mm. respectively.

Keywords: turning process, design of experiment, power consumption
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Abstract

The objective of this research was to assess the water footprint of rice in Supanburi
province in year 2016. In this research, the data was collected by the field research technique.
Moreover, the WAPF software was used to assess the water footprint. The researcher collected
the data which were distinguished into two types. Primary data was the filed collection
from interviewing the 35 farmers. These data consisted of the area of rice production, rice
data, and the amount of fertilizers. Secondly, the secondary data was recorded within
the software. These were the volume of rainfall, Reference Crop Evapotranspiration (Eto),
and Crop Coefficient (Kc). The results indicated that the blue water footprint (Wblue) was
1,246.48 m3/ton, the green water footprint (Wgreen) was 694.9 m3/ton, the grey water
footprint (Werey) was 877.16 m3/ton, and the total water footprint of rice was 2,818.53 m3/
ton. Furthermore, the yield of rice was average 0.8 ton/rai. From above results, the water
footprint of rice in Supanburi province differed from other areas. Therefore, this research had
presented the factors that made the differences and suggested the ways to reduce the water

footprint of rice in Supanburi province as well.

Keywords: water footprint, rice, Supanburi

[

1. uni

Tutfaqu wareuszimaialaniids
Usraufudamaniiviinden weiinennnis
\WasuuUaawessssuyd wu Tt urudvlm
gunlnsziln vy uasfnannisnseyiives
UYWE WU N13V818FIVDIYLTULTDY RECIETITRIER
Usens wazanuivinlaiteanisal

Joymenundmenstn  duduilym
dauandeufivarsUsznaldlianudidey
fosann Ysinanilulaniivunamnnnia 70
WosWudvasiiuilan urfiiiosUsvan 2.5
WedGusiiiuidauasiivoonin 1 wWeddud
wihituiiansnsnthanldgulnauilnald (1] dad
mau%ms%’mmam%’wmmﬁ’lﬁmﬂuﬁmﬁ’ﬁiy
Iumi%’mmi?qmé’aﬂuizﬁugﬁmmazizﬁ’u

21Sd1S3ANSSUANENS SIBUVAASTYUS

I

ana Tuvurd Uszwalnenidauudgdgm

Aeafunineinsiegeiides lidremduy
ﬂam'nfwm%ﬁa Jayvannsiy ﬂzy,mmmmawfw
s?fqmwu'wmum’wqﬁgqmﬂ%’gl,l,azmmamm
ToaaiudsanudiAglunisualatgymaieg
wiand Wy 1T wa. 2560 masguialduseg
MsznsUdIsEamInnens ke
\AswgiauardInuWAsR atuil 12 (na. 2560-
2564) \ileUfulgasEAvBammnsuimsdnnis
n$nennsthmesyuvegnadiu

msdeadill  ddmdnnisiewmes
snaurt arlifietaglunsnaunuuims dams
ningnsiindmfe wdnnTBmESANGLY
yangis mssuamUsanstiihwesnssuay

nsuanduaazesans  Tutagdulagnuunld



a1 evnafietaelun1TIUNUNITUIIS
Famsninensin  FsnsUszdiuAniomes
vﬂmwéjuﬁ Y VNERYS083AN TN NTIVES
Foyaviinanistiiluusosnansasiviousiay
Aonssy iitenaunun1sdnassiinay  319unu
nsihetasendauasvinzan wazduns
atfuayulviosdnsiinisdifiunuogisdsdu uas
Tutagdudinaususewnsgiuleealela
I0vIATEIU 1S014046: 2015, Environmental
management -- Water footprint -- Princi-
ples, requirements and guidelines Uiiﬁ;@ﬁﬂu
DUNTULMIFIUNTIANTAUNAAEN SO 14000
Werdunuamenisdarinsessesnisidiivie
Teweianiu  vuiiugiunsUssduinsdie
NAR AU
PNNANISANBIUBY  Hoekstra
Chapagain [2] Tuasd w.a. 2540 - 2544
Uspinafiiadovoamslitigean 5 Sufuusn

3317

@Eodudndrusaduiulszeing) Touwn ansg
a a a a a U = o %
261501 391d e Tudise warsade anuaneu
¥ [} 1 ygo’ [
ndayaning1y  mslduivesUsenalnedu
Jusu 3 vadlaniiAniewmesnansusiade 2,223
anuiAfiunssonusel 099 NUsEnAansy
DLSNN WAL USENADRNANIALRAY 2,485 WAy
2,332 Qﬂmﬁﬁmm@iaﬂusiaﬂ AU AT
lanAnemesHanTuiaiesiodnuiulseyIng
Ya3UsEmAlneliAILINNINARABTBIlaNNINGa
Jowawvy 44 Fahdwlvgignin Tuldusslew
Tunageanvnssununs lnewde 2,131 gnuian
[l A oa < [ 1 Y
WNSFAUNDU ARLUUDATIEIUNINNINSBEAY 95
YBIAIDADSNANTUNLRAENINUAVDIUTELNA
YDNAINT  1897UN15I98U89 Hoekstra way
Mekonnen [3] laauayuin sewmesiansum

215a1S3AINSSUANENS S1BUVAASTYYS

vasgusiaalulan  Fedusiuainnisldunns
NATILATNND0Y  ASUTEUI 3.8% VDY

L2 : I3 ‘:4' 24 [ % =
Joimasansufettesiunislidlunsiseu
96.2% Vo0WD3 ANV launsauo iy
WgIUaInUnans R mUnelunaIn  FakU 9
20U 91.5% VOINAATUNNNNITNEAT LAY
4.7% Jundasusignamnssy

117 duiduiiviasugiandrfgyves
Useinalve ilesarndusimsndnuwazdusd
deoonfidAey An1sdsesndiilne Tul 2558
USuay 9,795,763 fiu dyaen 155,912 a1uum
weUsz 4,613 auniegansys [4] Tul
2558 WANIANAIY i’]’mi’quﬁmﬁﬁULfJu%’wi’m
a4 & A a v a A
Miefimzdgnuinianuazlvinandnuiniian
fAa efwizugnd1idiuiu 1,077,052 13
WoAuliel 631,710 19 warlinandnanuiu
732,395 ¢y [5]

a 1 6 ng '3 14

N13UTELUUATIBDLADIWANITUN VDIV
Tudsgwmalnedudunisuszifiuailaesiuia
Useinevsounawaiiuil Gedavingnssausidu

d’lj d‘d ¥V U [} v

wanuiinisizygndaundudududug
Tuwanianats wadeludinnsanfdulseiiiuen

3 ‘: I3 14 .«.:4' U U
JowmesianTuivest Nz Ugnludmdn
inlinsdnassduienisinizugndnienaly
WNEINDVIDVUINUTLANTAN

Y 5 a o 5 dydu 6 d‘

MUY UITERSINITgUTEasALie
UszlliuAiamasiansuivesdinugnluie
g Ao ) a oA v a ) HURY
funfminanssays welitinnsdnassuile
aguianelasiinUszansnmesan

ad & P
2. ngefiineates
2.1 20masHANIUN
LUIARIOWRTHANS Y SuAnAUlaY




A1ERI19758 Hoekstra kA ARLY YU AN
10T A, 2002 owIANGLY vaneds U3ana
ifildlunssvaunisndnduduazuinisia
MensaLasn1edon Tasduanuiinmuiian
NATINTOINNTURBUAADAN ST UBIN1THER
duduazuinis Sudiedugnuiaiunsaed
yi3egnunAdismsionusiat (6] Sviawmesransu
annsoutseanidu 3 Ussuam deil

1) 'Jal,ma%v;lmwéjuﬁ%ﬁﬁu (Blue Water

a

Footprint, Wblue) 189 USinanhuuiiniu
waztildAu Wy thuea tvadsemuy figmiin
TUle

2) owmesAnIuATe (Green Water
Footprint, Wgreen) #1884 U%mmﬁmuﬁgﬂ
inlUld

3) JeweANIUAIN (Grey Water
Footprint, Werey) 118 Usinanhazenndin
TWrzdrauhdevietidmindslmduihaanuan
UINIFIU

fregrereasssiulandmiunsldih
TunsuanduainonuIgndniug WU Wan
dundnlnly 1 wdedddih 910 Ans wandeta
endiou 1 & e 2,500 803 Nanenssaeusll
4\ 14 7,850 ans wamtladn 1 430 (500
fiaaans) W 175 803 uaznAnveauvdewma
1 Alanda W 530 803 [7]

nsUszfiuanemesdaniuilunia
NWYRINITIUVDY  Mekonnen ey Hoekstra [8]
o1l ddnnuasusiegnamnssy [9] 16
uansIsnsAeeiRNE W ImLATiART N
msLW’wUQﬂﬁ‘W%é}/ﬂﬁ (Total water footprint
of process of growing crop or tree, WFproc,

crop) fegunIsRelull

21Sd1S3ANSSUANENS SIBUVAASTYUS

W’Eproc, crop = WF, proc, blue + WF, proc, green (1)
+WF, Proc, grey
WUy e
WFproc,blue = Yy . (2)
WF _ CWUgreen (3)
proc,green — %
(O(X AR)/(Cmax B Cnotura()
W’Eproc, oray — Yy (@)
WU Ao Usmnaudwingls (gnuienunssials)
AR Ao dnTnsiasiadluiuiiinizdgn
(Alansumals)
« Ao dndlIuNISTLANEITY
max A9 AU UTUNINAAVOIA TN YT
gousuld (Alanfudegnuieiiuns)
& v ¥ a a
Crotural A8 AMUTUTUANSIIUVIAVDIATY
(AlanusiagnuiAiiuns)
Y Ao USinaunandansieunnnzUgn

(Rusiols)

Hoekstra wag Chapagain [10] 19348
USU10uAN0LR D SNANTUNTDINIALNEATNTTY T
HANSITENUI Ay 17,373 gnuaen

1 U a0 1 % 6
LWRSADAY UxNanTANYINGU 4,393 aNUIANINS

U YV =

fosu ugnSNUANAU 2,545 gnuiAnung

1w v a0 |

osu U1dlAwiiu 2,291 gnuienlunssenuy

€

s

& a 1 | U 3 U U
U1V UANINY 1,388 ANUIANIIATADAU

L% & L L3 ! U
JurSsdiAindu 255 gnuiAfiunssiediu uag
goelANYNiU 175 gnuiAfiunsaasiy

=

2.2 msugndludmingwssays
Nndoyavesdtinnuasegia (5] wuih
Fandinanssaiys luwaiunviavue 10 §wne &

& A v a o A v O
Lu@V]LW’WUQﬂﬂJ'TJ LATNANANANFITINN 1 AIUU



Tumeidoadsl  mafideldFenitufidmiy
yhmside fo sunefifideflumamelgnuas
Tinandnuniian 7 8une liuA suneursandh
gUNOIDIGNITUYT  NNBIANUIIUIUIY
Sunedesiives Sunegves snnemIUsTIud

WAYEILNBANNYN ANUAIAY

M5 1 91T ;- LileTinzUgnuasnanan
5188100 I ingnssaiy3 Yumnzuan 2557 [5]

odi NANAR
GUIhD) wzdgn (#w)
(l5)
vstandn 204,110 | 154,919
WIRIaNTIUYI 190,847 | 138,746
LALUNUIIUIY 172,503 124,720
doafitioq 154,066 | 117,090
21199 140,345 | 102,171
FRUTEIUR 126,445 92,811
augn 122,615 88,651
ADULAAY 97,651 76,571
WupIng | 96,705 64,986
AT 1,131 293

3. e niuauIlag
Tumsdeassd WunHTefnededisa
lWznal (Case Study) FalTuUnOUAITITEAM

WaNN15U94 Vin [11] lnsuuadu 6 Tunausse
Tuil

o '
v

JUN 1 AMNUAAIAINNITINY TUNITIVY
ASIULANINUAAININNISITY  AD  AIDLADS

Wansuvivestluwnimingnssauyifewinla

215d1S3FAINSSUANENS S1BUVAASTYUS kY

Uil 2 Hennsalfinw mdeyaiingites
ada [ a v g.JI dyd =
wardTinTeiteda Tun1sideasailitunisng
waznsdrsluaiuniivun - Feiidela
° e o & ° aa
ivuavaulAnsdifinwasil fe 1) wagunenil
nsunzdgndludmingnssayiuavedluwn
YaUseu AN 7 908 louA g1nauisaniin
FUNBLLDIGNITUYT S UNDIAUUVIUNUIY
g1NeARINURY  dUN0gNeY  SuNerIUTEIUA
WAL UNDENYN 2) ANBINNAUAIBENS FaNT
Andennauiiegdlunisidensell Wulua
wanve Gosset [12] Aavinanabidn d1uiungy
Mo uUIAENIgaTiazinn1siiaszivingay
T 9 A9 uIu 30 AU Aelun1Id8luassl 3

o A

nsidenAnuwInguiiag19aInnensnstuwe
& o

NUN 7 DWND 91LNDAE 5 AU I35 AU ATNIS
Aidulavinisidenngusdiegsluiudoyadae

e

W|NsRenuuuANazaln (Convenience Sam-
pling) \eansuUssanauazszazna st
3) Anwilaglivoyanisimnzugnlugiad 2559
war 4) Weyausinahduadsnadouluas
Ftaanssny, aduUsyavinislithuesdn
(Crop Coefficient, Kc), AU slvsdie
91989 (Reference Crop Evapotranspiration,
ETo) lneldams Penman Monteith [13] 271
Tusunsudumaudesmstiiienisugnin
(Water Allocation in Paddy Field, WAPF) \Ju
TUsunsuddaguildnrhdulnonsuradseniu
fingusrasdiiodaglunsiumaiudosnis
hwosmaneugndnluasaussnu dudns
Tuguii 1

fufl 3 nmawSewdvteys Tuduneud
nagdeliinmseieniudeya  Tnsuusdeys
poniu 2 Usenn lelvianansnthunUszidue
ewmesiawsuvivestily Fedaluil




Il Wotes Moo i Paddly Feeld 210033

3 i -

manuil

o r o]

[Frimsirerme 12 | wiims il [esterdurtenitioy tonm) - * Uiywebaprei Tdmam

Teswrrmain e - oo P 5 7 Uit 4 PR vy

ot ooy Wy il b g 1 _'I i i

e rbasar iy e il avenmad o (o) Panardutn ko —

[ E. = (| [s= N | | - T T+
Vit Grarranburihil P | Ao |
| d‘ by T b s Tl rind) I .I |

ey PRI T S —— e niminashting

Il’.u'\m e _'_l l I-I Jrﬂhr"rﬂu __'JI ] _;l T A AT T

i L alian vl = - e naa | 14 ] a| | 7 e ECI Engnuaring Conpulnm inc:)

A, i i 1 'l i) - *‘ - o — T

ol (il =] || | et N I | | || bgiesriad md e

Frrmanihuttennis 1 1 Dok (1) = —— R DR L

= bt | T e | | | ol e 5 O S

il b wn sk (s = - i 2 WA "

Vel oLt wilnandn fum | - = da- i ey

= il i~ ﬂ!‘ o i Ly L i .I

———— sk (el - s - ) — shal P e

s s s (sl [ =] || et shou - T07E E] e p———— ol

RN A PREET ey e I__.I ey - iy (el L mm&;ﬂ

—l
)

vy B e Tl (el =]

b gl v e (s =

bl i (o) = AT AU TR I | T Humin

v cs'

Tayantanannig

1) Yeyaugugil As
aﬁuﬁﬁu%yjamﬂamuﬁﬁa Tngnsdunnuwal
INEAIATIL 7 8uneeaz 5 AUSIUIUSITIAY
35 au Wi deyaiufinzugnine deyadnn
Wnsimgdgn deyanisimleuulas deya
AaudRvesRukazUTINslde

2) deyamiunt fe Toyatilavuiinlily
NS laun %’agaﬂ%mmﬂfmu Andulsyans
nslgvhvesdnarAUsuImnisd e it
91999 Iﬂ&ﬂ%@jm Penman Monteith

fuil 4 mafudoya doyalunisite
adilBuAvTufindaudidounnsiay  duieu
51AL 2559

i 5 Vsmdiuwerinsgideya Tagld
IUsLmimﬁflmmmméfaqmiﬁ’lLﬁamsﬂqﬂ%’n
(WAPF) 189n50aUseniu

il 6 #3UnaNTIdeLaz I8y

21Sd1S3ANSSUANENS SIBUVAASTYUS

3. NAN133Y

Han1TITENUIN inwasnsdluglue
fuifatagnssuEieudgninulfeitnms
uwiuthauuarfenldlonilunisugndn

grey)
WinAu 5

At MIAMIUAIBNETANTUNEN (W
lun1sideaselifmualvien C

max

fadnsusiedny  lagNa1sanaInUSuiaues
lulasion (N) fiffegludefinumsnsldlunns
wzdan Tagldenuinsgiumudsenianme
NITUMTALINFONLIINR atufl 8 wa. 2537
[14] Fesmueliienlumsn (NO,) Tl 5
fadnSusiedns uaziwualie C, Wiriuaug
iesanuateyaiivanzay  mundnnsves
Hoekstra wawatuy [15] ety wansidemuin
Tunsazdnnaiinneinassaniuiiadses
nsUgnin fauanslumsnsd 2



M50 2 ANdeLmaTNansuYRdeveIn1sUgnt i luusazdne

. Wereen Wiise Worey WF Yield
(m3/ton) (m3/ton) (m3/ton) (m3/ton) (kg/rai)

vrsUasi 657.55 1,198.04 792.03 2,647.62 830.00
Hag 741.70 1,304.59 1,017.13 3,063.42 730.00
LANUIIUIIUIY 767.15 1,358.33 849.82 2,975.30 730.00
a0fitiog 558.89 1,165.41 771.64 2,495.95 900.00
gvos 566.00 1,117.69 1,028.92 2,712.61 960.00
A3UTEIUR 789.19 1,226.29 811.12 2,826.60 750.00
aun 783.82 1,355.02 869.42 3,008.25 700.00
\ade 694.90 1,246.48 877.16 2,818.53 800.00

a & L ¢ A & o v o &
wazdA1aLma AN UIRAETINTITINnIAGall
0LMOSNANTUNAUIIY (Wblue) Henvinfu
1,246.48 QnuIANLUATABAY 10LDTNANTUN
A7 (Wereen) dewiniu 694.9 ganuiAnlans
1 LY I3 ‘;/ el a 1 U
Rofu 0IWRSHANSUVAIN (Werey) TRy
877.16 anUIANIATHOA UazAIBWMDTHANTY
lngsiuvensugndniingu 2,818.53 gnuan
wnssedu Awanslusun 2 uaglvinanindn
Ay 0.8 Fusials

AMANLRGS

e N

Wgey  WF

Wamaen Wioale

JUN 2 JeimasinnIurivastn
Tudaminanssuys

215a1S3AINSSUANENS S1BUVAASTYYS

ANHNANITIVYAINAT? w&:ﬁ%’slﬁﬁwmi
Wiguigun1Useiina1IemasHanIuNes
P & A & v
luwaiundu As nsvandnlulssmelng
[16] n1sUgndnluwnalsenulasenisian-
Aseeuka U 8Aaataun-Urdn [17]
waznsugnimluwaiuidainuiu [18] fuuans

Tums19n 3

P3N 3 WSsuiguAnawesansuvilue

17 (D]
A I

WUNDU
Y Wgreen Wblue Wgrey WF Yield
fi | ¥ | ¥ | ¥ | (Y| (ke
ton) ton) | ton) | ton) | rai)
Ej‘Wiiiu‘Uﬁ 6949 | 124648 |1 877.16 | 28185 | 800
Uszinalng 559 942 116 1,617 | 260
[16]
lan 438 438 438 438 438
nuiey
[17]
Y 1,470.33 788.49 | 2,258.82 | 147
(18]




nsingdan wasveznamlidlunisinizdgn
< ! = & Ao [ A a
Jugniluwaiundminanssaysivsunmny
unn GedawalaoassiuuSanarn Wy,
= < v A ! Y = ] PRl
Fududadeiilidaunsantunule Jedanalvian
TN Uvestaslume

Uadeians Aie Usunauiaauiiiusunu
a9 Wemnimingnssauusteegunlunianais

Y 9
a o

fidnvnsduiiuiinugy fuhideaosduasnn
LA T inanssaySiwnrausenIuagnIsuys
Tasansdniuaztigednw daalilifinisug
wrauilumsvidn uazdmaliuSina Wy,
fUsanniiese wassiudsliinisuauaay
ihinfulunmsmizdgninnveanunang
Haduflany Ae Usnaunslale Lilesan
Tutagtu mawzdgninvesnunsnsdiulng
feunslieinilognseiilos dedsnaioaniniu
lvauiUsunadunseinglesas viliinunsns
Feafinafinuiinunsliveoddeiies ua
danaliuSunas W

srey
o o aa a A o o
LSU@QQW’J@QWiimuﬁﬂJﬂiﬂqugﬂﬂJqﬂLll@LVlEJUﬂU

oISz Ugndiluy

USunaui3vefieiiun [16-18]

Yadefia Usuranandesels esan
Uinamandnaols 1Hutladefidsnansznune
W Wblue , W

green

grey ANNEUANT UTI
HandnealsdusuimasavdmaliaUIunn
Jawmesianiuvianas warlumiendusu win
USunaunaninaelslivsuiadosazdanalian
TeumeANTTUS NN G

Hadiivh Ao Uinaunnufeulusssuni
fedamad ETo way Ko vilvidhasosdinnglie
WiannninUnA Ssvnen ETo uwag Ke HuU3unasge
agdananonamednniuiliiiuungs
Kipviaty

21Sd1S3ANSSUANENS SIBUVAASTYUS

LuMIMsMIaAUTInanome ST
Tumangugndlusfiuiifinanssays
anansavilavianeds wu

1. 91AKANNTITE WUIUTUI W,
a1usaanadld lagaslviinunsnsanyTuin
msleduaand Tnsduasuliinnglie
i viseligauvsdtislunisingsiulvmsoy
TunsUgninn iteannslideiadl deazannsa

anusuiae W, LATEINALA8SINYDIIDLADS

grey
Wamsuvianag

2. asanasuliinunsnsiinisldiuan
fuginidaumnzantuiud  uadliuande
finasge derniedevemananvoingusion
fianUszana 800 Alansumels Feanunsaimun
nyedaasulivIudnandnd1auinnilu

Jaquula

5. d3d
neiTeadailingusvasdifiossidue
Jewpsaniuvivasinivgnluaiuiifants
anssauys Tudael wa. 2559 Taeiusausiy
toyalagliimaliansiTenmawy uazAuIn
A1 rewnesansuilaelilusunsudiuin
ardesnisiniienisugndn (WAPF) dsldua
Meite dwelul  AnewmeswanIwiEthEy
(Wie) HAAU 1,246.48 gnuianiunssasiu
aama%ﬂmw'%/uﬁﬁﬁsn(wgreen) LAWY 694.9
arey)

fAwiniu 877.16 gnuIANIIATHBAU uazen

anuIAARTsBY JeLmasNANTUNAIN (W

TN NIWlaeTINveINITUgnTIvinfY
2,818.53 gnuiAnunsieafy wazlvinandnina

dl U ! 1 d! a o dl % 1 1
iy 0.8 diusals BenHanNTIReNlanuina
JowmasanTurIvest U unTIIngnssauys



fAgeniiuiiduy ifesnain 5 dadendn fe
annfionna Usnaninfafu Ysinanisliie
YuNunIng USunamandnsals wazuTuiu
arufoulusssund uenvnivnedideldiaue
wAMeNsaaUTIIanomesHANT uivest 1
Tuilufidaninanssaygs Ao nsanuununis
THgvonnunsng waznslifugdnafdany
wanzaufuiud el duanEnfiuindu

6. NAANTINUSENA

eeideatull Eunugavyuain
unInendesivigilaveasnsal  Tunszusy
sgUius quuszaausuay taerudliney
AENITUNNTIFYUNIYA

LONET81984

[1]  University of Michigan., 2006. Human
appropriation of the world’s fresh-
water supply.

[2] Hoekstra A. Y. and Chapagain A. K,
2007. “Water footprints of nations:
Water use by people as a function
of their consumption pattern,”
Water Resources Management.
21: 35-48.

[3] Hoekstra A. Y. and Mekonnen M. M,
2012. “The water footprint of
humanity,” Proceedings of the
National Academy of Sciences of
the United States of America. 109 :
3232-3237.

[4]  awauddisand1ilneg, 2559, “afifinis
devandnvadting,” daunaugdaan
413lne. 2: 1.

(5]

[7]

[9]

[10]

215a1S3AINSSUANENS S1BUVAASTYYS

o w a

AUnuULATYININITINEAT, 2558, d0R
msmwmwawszmﬂ‘lwa U 2558.
NTHNN: SUNNUATYFAINTN AT

Chapagain A. K., Hoekstra A. Y., Savenije
H. H. G, and Gautam R., 2006. “The
water footprint of cotton consump-
tion: An assessment of the impact
of worldwide consumption of
cotton products on the water
resources in the cotton producing
countries,” Ecological Economics.
60: 186-203.

Leahy S., 2014. Your Water Footprint:
The Shocking Facts about how
Much Water We Use to Make
Everyday Products: Firefly Books.

Mekonnen M. M. and Hoekstra A. Y.,
2011 “The green, blue and grey
water footprint of crops and derived
crop products”, Hydrology and
Earth System Sciences. 15: 1577-
1600.

dArinanuAsegNIgnaInnITy, 2557,
sessasmslivienawmasransuy.
[oaulay] Wdslaan: http:/fic.nf.
or.th/waterfootprint/index.php/
component/content/article/
79-studybasic/75-footprint23
(31 Wewn1AN 2560)

Hoekstra A. Y. and Chapagain A. K,
2008. Globalization of Water:
haring the Planet’s Freshwater

Resources. Wiley.




[12]

Yin R. K,, 2003. Case Study Research:

Design and Methods. SAGE Publica-

tions.

Gosset W. S., 1908. “The Probable

Error of a Mean,” Biometrika. 6: 1-25.

[16]

Chapagain A. K. and Hoekstra A. Y.,

2011. “The blue, green and grey
water footprint of rice from produc-
tion and consumption perspec-

tives,” Ecological Economics, 70 :

[13] Monteith J. L., 1965. “Evaporation and 749-758.

) LY L3

environment,” Symp Soc Exp Biol. [17] SsgJainisssudlea, 2555. 20masuausun

19: 205-34.

Y837 12TuNuNlAsINISa U kAL

[14]  UsenARMenIsUNITAIINEoULd Unsednenlannssiiiea. Useygiaa-
atiufl 8 (. 2537), 2537. fwua NFINANEATUNITUNN, UMIINL1SE
mmgm@mmwﬁﬂmmaﬁﬁwﬁaﬁu. NWATANEARS, NTIVINUNIUAT,
FIUNINYLUNY. LAy 111 Aoul6M. [18] Chatpanyacharoen W., Hungspreug N.,

[15] Hoekstra A. Y., Chapagain A., Martinez- Anurugsa B., and Taweesuk S. 2015.

Aldaya M., and Mekonnen M., 2011.
The water footprint assessment
manual; setting the global standard.
Earthscan: London, UK.

21Sd1S3ANSSUANENS SIBUVAASTYUS

“Water Footprint Evaluation of
L.Tha Wang Pha

District, Nan Province”, Thammasat

Oryza sativa

International Journal of Science

and Technology. 20: 21 - 28.



14 o 1 3 o/ g 2 o A <
N158519.A509808N19UaNLUUTUARAIRINN DA LULAYUIALAN
Construction of A Small Semi-automatic Orthogonal Cutting Blade

Plam Chopper

Us1laume wuwey' Tnyad wdiiow” 150 Taudnds® asod afuiuned’ uwasfinfne Augnee’
promote.p@enrmutt.ac.thl, paiboon.y@en.rmuttlac.thz, voraya.vv@en.rmutt.ac.th3, surat.t@en.rmutt.

ac.th’, kittipong.k@en.rmutt.ac.th®

UNANED

Urduinfuluiinasugiadidganusaudlalgmnisuauaaundanululszmealnauas

<
[ (% [ [

HumwzUgnuazUSinanisugnganmslsena sagwmniin1susmsiamsiuinisimgdgnuidy

Y

=3}

% =

Jedstimevihauegaiusransnmilelrliuinamandnnuieanis Ashduiigndaiiuiuasge
Aevddlutlgmiagtuiidosnislunsdesameuazihluliussloviuddululsonidesnniaies
dindosfifoualvgindouiidurlufufignundulddiun femmuadandrlasimsiigndsyasd
Tunseenuuuuarataedosesmediludndanieslufvuadniaunsodsuuaiauls
NN36R WU ANEITaUNILUTedlusn Sruaululin sr8199319N1560 wazyNUBINIHNNIUIEY
dnglud manasouUsraninmusnaionhlnemsdaiminuas favunaresasnsdanaidy
uansnaaodlavasuiifeelul wissdadosmeunduiildannsesnuuuuaradisdudivunaniig
1000 fiadwms 813 1000 faduns g9 1000 Hadkuns AuEseulun1sda 100-1000 sousounii
ruuludin 2-6 Tu szaen1sleu 0.5-3.0 faduns uazyuidenisleu 0-45 031 ANUEITOUTDT
NuialAlAvUTInGIER 3,881 nSuseundt wun 31.38 adluns Aorisiseulunisda 1000 seu
souil arumuessURaawinildnnmmeassdaanauieanuiisevvesnisindanfiuiy

ANLSITOUN TN UTBIUAATL LT UAINAlAEA TN UTB YN SFaVNeUNEY

AdAgY: U8y, 130RAUIAN, LAvNIen,

12248 919156U5831N1AIBIMINTIUGARINNT ARz IAINTINAIERNS UnTivendewaluladsvuinasyys

215a1S3AINSSUANENS S1BUVAASTYYS




Abstract

Palm is important crops that could solve an energy shortage problem in Thailand, had
a high planting area and also had high volume grow in nationwide. Therefore, a management
of a palm planting area should be effectively done for a required productive amount. High
cutting palm branch amount was one of current problems that were required to degrade or
utilize but it was difficult to operate because of a limit of a large cutting machine movement
in a planting area. Such reasons, this project aimed to design and construct of a small
semi-automatic orthogonal cutting blade that could adjust the cutting parameter such as
a rotating speed of cutting blades, a cutting blade number, a cutting clearance and a palm
feeding angle. The machine efficient test could be performed by a weight measurement
and a dimension measurement of a palm cutting scrap. The summarized results are as
follows. The dimension of the palm chopping machine that was designed and constructed
was 1000 millimeters in width, 1000 millimeters in length and 1000 millimeters in high. The
machine could operate under the rotating speed of 100-1000 rpm, the cutting blade of 2-6
blades, the feed distance of 0.5-3.0 millimeters and the tilted feed angle of 0-45 degrees.
The cutting speed that produced a maximum chip production amount of 3,881 ¢/min and
the average chip morphology of 31.38 millimeters in thickness, was 1000 rpm. The thickness
of the cutting chip that were obtained in this experiment were decreased when the rotating
speed of the cutting plate was increased. Furthermore, the increase of the rotating speed of

the cutting plate directly affected to increase the palm chip production amount.

Keywords: plam, plam chopper, cutting scrap
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Abstract

Shallots peeling machine is designed and developed to reduce time, workforce, and
irritation to eyes and skin of workers. It is used in small to medium enterprises that process
shallots for sale. Prototype machine includes frame, peeling tank, polishing disc, force driving
set and controlling system. Electrical Motor with 0.5 horse power serves as driving force. The
machine works by using internal rotation of wired sieve to polish and remove outer skin of
shallots. The test revealed that the machine is efficient enough to peel the shallots an a the
peeling efficiency was 75.08 % with rotational disc spinning at 70 rpm. At the feed rate of 3
kg of shallots per time. it can peel 52 kg/day of shallots. In term of economy, the prototype

is an interesting alternative for investment in small to medium enterprise.

Keywords: shallots, shallots peeling machine, shallots peeling efficiency, small to medium

enterprises
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Abstract

The objectives of this research are to study the removal efficiency and kinetics of
Microcystis aeruginosa TISTR 8305 and Oscillatoria obcura TISTR 8245 by photocatalytic
process with TiO, thin films photocatalyst under low intensity UVA-LED light sources of 12
uW/cm?. The results of algae removal by photocatalytic process showed that the highest
removal efficiency for M. aeruginosa TISTR 8305 and O. obcura TISTR 8245 was 83.31%
and 73.87%, respectively for initial cell density of 10? cells/mL at 180 minutes. Finally, the
kinetics of photocatalytic process for algae removal could be explained by the first-order
reaction equation. The first-order reaction rate constants in the photocatalytic process were
0.0099 min'! and 0.0074 mint with initial cell density of 102 cells/mL for M. aeruginosa TISTR

8305 and O. obcura TISTR 8245, respectively.

Keywords: eutrophication, photooxidation, sol-
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Two-Wheeled Self-Balancing Vehicle based on Inverted
Pendulum Mechanism
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Abstract

This article presents Two-wheeled self-balancing vehicle based on inverted pendulum,
which has high sensitivity and stability using dynamic sensor, gyroscope, and static sensor,
accelerometer to determine tilt angle of moving situation and staying situation, respectively.
Both tilt angle sensors of proposed vehicle are controlled via Arduino board. The Arduino
board gets a changing tilt angle of two-wheeled self-balancing vehicle from RATE Gyroscope
and Accelerometer in order to analyse signal to drive motor for self-balancing and movement
of proposed vehicle. In term of measurement procedure, the measured output signal
results of RATE Gyroscope is linearly direct variation with angular velocity. Furthermore, the
accelerometer’s output signal results is non-linearly direct variation compared with tilt angle
of two-wheeled self-balancing vehicle. Practically, the proposed two-wheeled vehicle is
examined balancing test depending on external force. When the external force is not exist,
proposed two-wheeled self-balancing vehicle stays still at balance position. In other way,
when the proposed vehicle is executed by the external force execute, the proposed vehicle
becomes tilt from balancing axis cause both sensors detect tilt angle and sent the output
signal to Arduino board to drive motor of proposed two-wheeled vehicle for being balancing
position again. Finally, Two-wheeled self-balancing vehicle based on inverted pendulum
offer low-cost, low-profiles and light-weight alternatives to commercially two-wheeled

vehicle and also suitable use as a personal vehicle presently.

Keywords: Two-Wheeled Vehicle, Inverted Pendulum, Arduino Board, Gyroscope, and

Accelerometer
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Influence of Harmonics Voltage on MOSA Current Extraction Methods
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Abstract

The most common monitoring method of metal-oxide surge arrester is based on leakage
current measurement, particularly, the component of resistive leakage current. Nowadays, there
are several analytical methods used to extract the resistive leakage current. These analytical
methods need both current and voltage signals. However, in fact, electrical system voltage
contains harmonics and because of these harmonics, it may affect the accuracy of resistive
leakage current extraction methods in different ways. The calculated results may be in error
or incorrect. It can lead to erroneous evaluation or fault assessment. This paper compares
the extracted results both amplitude and signal between three different methods; improve
compensation method, harmonic analysis method and current orthogonality method. The
results have showed that voltage harmonics not affect resistive leakage current amplitude.
However, they have an effect on current waveforms. The waveshapes obtained from different
methods are not the same. Current orthogonality method gives the most accurate results
because its algorithm calculates current on all frequencies and includes non-linear behavior

of metal oxide material.

Keywords: metal-oxide surge arrester, resistive leakage current, resistive leakage current

extraction methods, harmonics voltage
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1. Introduction

All high voltage equipment is vitally
important in power system so they should
be monitored and protected. Metal-oxide
surge arrester (MOSA) is one of a significant
protective device used to protect other
electrical apparatus from surgevoltage.
Nevertheless, metal-oxide surge arrester is
subjected to the environment conditions
and overvoltage when it has been used and
these may result in degradation [1]. Thus,
performance monitoring and evaluation
of metal-oxide surge arresters is needed.
Several off-line and on-line monitoring
methods used to detect and assess surge
arrester’s conditions such as V-I characteristic
curve analysis [2], visual inspection, thermal
image, and partial discharge test [3]. Typically,
the most common method is based on the
measurement of leakage current. As leakage
current, especially, the resistive leakage
current, is well known that it is directly
related to the degree of surge arrester’s
deterioration [4].

The total leakage current is given
from two components: resistive current
and capacitive current. Various analytical
methods such as improve compensation
method, harmonic analysis method and
current orthogonality method used to
extract the resistive leakage current from
the total leakage current. These methods

need both current and voltage signals. In

(Il 01Sa1SIAONSSUANENS S1BUVAASTYUS

fact, electrical system voltage contains
other frequency components (3, 5%, 7",
etc). These harmonics have an effect on
total leakage current which is used as an
indicator to assess MOSA’s condition [5, 6].
Moreover, as the different methods have
dissimilar algorithms to decompose resistive
leakage current, voltage harmonics have
great influence on the extraction methods
in different ways. The calculated results may
be different or inaccurate and in the end it
can lead to the wrong assessment of surge
arrester condition.

This paper attempts to clarify the
influence of harmonics voltage on resistive
leakage current extraction methods and
offer guidance for choosing the extraction
method which is suitable for the measured
data, different conditions or limitation of

each algorithm.

2. Current Extraction Method

In this paper, total leakage current
was extracted by three analytical methods
consist of improve compensation method,
harmonic analysis method and current

orthogonality method [7, 8].

2.1 Improve Compensation Method (ICM)
Voltage and total leakage current of
surge arrester were extracted to DC and each

harmonic component as following,



oo
vi(t) = Vy+ D Vsin(kot + o) (1)
k=1

i) = I+ OZO: lesin(kodt + ) (2)
k=1
where
V, is DC component of voltage (V)
lo is DC component of leakage current (A)
V). is k harmonic peak value of voltage (V)
I, is k harmonic peak value of leakage
current (A)

oy is phase angle of voltage (rad)
By is phase angle of leakage current (rad)
® is angular frequency (rad/s)
The capacitive and resistive leakage current

can be calculated by (3) and (4),
/'C,k(f) = Gk\/sf,k(t) (3)
ik @) = i ( () - G Vg (6) (4)

The constant G, is the compensating
coefficient of k harmonic and its value is
assumed that is equal to a multiply of
a constant obtained from fundamental
frequency (G;) which can be obtained by
solving (5),

)
[ 06,0 Gt =0 ()
0

where
Vie (t) is k harmonic of voltage that 90°
phase shift with respect to V, (t)
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is k harmonic of resistive leakage

current

ik ) is k harmonic of capacitive leakage
current

it () is k harmonic of total leakage current

2.2 Harmonic Analysis Method (HAM)

Referred to voltage and leakage
current that applied to MOSA, the equations
of both signals can be presented by (1) and
(2). In addition, this method suggests that
resistive leakage current is in-phase with
terminal voltage and capacitive leakage
current leads terminal voltage by 90 degree

which are represented, respectively, as

oo
it=> I cos (koot + a,) (6)
k=1

o0
i) =l+ > hsin (kot + ay,) (7)
k=1

The total leakage current can be given as,

oo
i) =ly+ ) I sin(kot + o)
t 0 Elrk k
(8)
o0
+ > I cos(kat + ay)
k=1 K
where
I, s harmonic peak value of resistive
leakage current
/'Ck is k harmonic peak value of capacitive
leakage current




T T
B = f i_(OG.8) +Ci(O)dt = C f i(0%dt (13)
0 0

From (8), sides by

sin(kot + ay) and integrating over a period,

multiplying both

the peak resistive leakage current is

Then the capacitance of MOSA (C) is

expressed as

obtained by,

h = llcos (B)cos (oy) + sin(By)sin(ay)] - (9)

7—I
[ic®iwat
Then multiplying both sides of (8) again c=0 . (14)
by cos(kwt+ ) and integrating over a f’l(f)zdt
i
period, the peak capacitive leakage current 0 c

Is written as, Additionally, i;(t) is equal to the differential

of the voltage signal V (t) and it can be

I = Isin(By)cos(oy) + cos (Bysin(oy)] - (10) expressed as (15)

2.3 Current Orthogonality Method (COM)

, o0
i) = koVsinkot + o, +%)  (15)
This method is based on the orthogo- 2

k=1

nality between resistive leakage current o )
+ Therefore, the resistive leakage current is

and capacitive leakage current. Assume i
P s € gotten as the following

is equal to the capacitive leakage current

when a capacitor is equal to one Farad, and

i) = i(O-Ci(®) (16)

then it can be expressed as follows,

it ) dvi(t) From the methods that are mentioned

C dt

i) (11)

above, the calculation procedure of each

method is presented in Figure 1.
Integrating the product of leakage currents /,(t)

and ic over one period of the voltage signal, 5 Experiment

we get The experiment was set up and perfor-

T

B= [itioadt (12)
0

med for measuring leakage current of surge
arrester. Figure 2 shows the experiment
setting up which consists of power supply,

low voltage transformer, high voltage trans-

From (11), (12) and orthogonal property
between resistive and capacitive leakage former, current limiting and surge arrester. In

current, then (12) becomes,
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( Voltage v,(t) and current i.(t) signal D

I

(Vollage v(t) and current i (t) signal D

I

Fourier analysis of v(t) and current i(t) as shown in
equation (1)and (2)

Fourier analysis of v,(t) as shown in equation (1)

!

!

Calculate v, (t) by shift phase angle 90 respecting to v (t)

Calculate i.(t) by equation (15)

!

!

Calculate G, by equation (5)

Obtain capacitance C by equation (14)

:

I

Obtain resistive leakage current by equation (4)

Obtain resistive leakage current by equation (16)

=

(a) Improve Compensation Method (ICM)

( Voltage v (0) and current i, (1) signal >

l

Fourier analysis of v (tyand current () as shown in
equation (1) and (2)

!

Obtain resistive leakage current by equation (9)

S

(b) Harmonic Analysis Method (HAM)

=

(c) Current Orthogonality Method (COM)

Figure 1 Flowchart for resistive leakage

current extraction

addition, two important signals are measured.
Leakage current was measured by using a
shunt resister and applied voltage using a
capacitive voltage divider. Both signals were
directly captured and shown on a digital
storage oscilloscope.

The voltage source that used in this
experiment is divided into two types: non-
harmonic source and harmonic source. Non-
harmonic source generates pure sinusoidal
voltage and harmonic source generates
voltage waveform which has harmonics.
Moreover, the test objects used in this
work are arresters equipped in Thailand’s

electrical distribution system.
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Figure 2 Experiment setting up

To investigate the effect of harmonics
voltage on current extraction methods,
measured leakage current and voltage were
extracted by using three analysis methods:
Improve compensation method, Harmonic
analysis method and Current orthogonality
method. All results are compared with
tested current. Eventually, the magnitude
and waveform of extracted leakage current

results were considered.

4. Results
4.1 Non-harmonic voltage source

After extracting tested voltage by
Fourier analysis, its spectrum is shown in
Figure 3. It can be clearly seen that main
component of voltage is the fundamental
component. Other harmonic orders are not

significant and their values are less than 1%.

100 10

]

"
un

FrE.CEATAGE OF VOLTAGE (%)
w
=

Figure 3 Voltage spectrum of non-harmonic

voltage source
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* 15t or fundamental frequency is equal to
50 Hz

The leakage current was extracted by
the analytical methods that are mentioned
above. Example results of leakage current
obtained from surge arrester used in 22 kV

distribution system are presented in table 1.

Table 1 the leakage current in case of non-

harmonic voltage source

It _ peasurement = 0-224718 mA
Extraction Methods
Leakage
Current ICM HAM COM
(mA) *
It 0.224549 1 0.224549 | 0.224718
Iy 0.150069 | 0.150069 | 0.150413
le 0.167027 | 0.167038 | 0.168839

* Magnitude in root mean square

From table 1, the magnitudes of
resistive, capacitive, and total leakage current
from each method were not different. The
variation is less than 1.812 pA. In addition,
their waveforms were quite the same. The
examples of extracted current are shown in

Figure 4 to 6.

However, due to very small harmonic
as shown in Figure 3, they affect leakage
current calculation process. This results in

non-smooth waveforms.
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Figure 4 Resistive leakage current waveform

in case of non-harmonic source
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Figure 5 Capacitive leakage current

waveform in case of non-harmonic source
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Figure 6 Leakage current waveform in case

of non-harmonic source
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In case of non-harmonic source,
resistive leakage current calculated by three
analytical methods is mostly obtained from
fundamental frequency. Hence, the equation
of resistive leakage current is reduced to the
same form which comprises amplitude and

cosine of current.

4.2 Harmonic voltage source

Voltage that was applied across surge
arrester has harmonics and its spectrum
obtained from Fourier analysis is shown in
Figure 7.

From Figure 7, there are two important
harmonic orders which are the fundamental
and third harmonics with the percentage of

100 and 10, respectively.

100 100

]
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un
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w
=

Figure 7 Voltage spectrum of harmonic

voltage source

Considering the extracted current in
table 2, it presents the magnitude of leakage
current obtained from surge arrester for 11

kV distribution system.




Table 2 leakage current in case of harmonic

voltage source

It _ moasurement = 0-187306 mA
Extraction Methods
Leakage
Current ICM HAM CcOM
(mA) *
It 0.187227 | 0.187227 | 0.187306
Iy 0.074362 | 0.074362 | 0.078019
le 0.171826 | 0.171827 | 0.170278

Although the magnitude of resistive,
capacitive, and total leakage current were
still in the same order, the waveforms which
acquired by three methods were totally
different. Extracted current waveforms are
shown in Figure 8 to 10.

From Figure 8, resistive leakage
current’s waveshapes gained by each
method were different. Although the
waveforms are different, the value of
important characteristics such as period and
phase are the same.

With regarding to HAM, resistive
leakage current calculated by eq. (9) just
computes only current component which is

in-phase with voltage.
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Figure 8 Resistive leakage current waveform

in case of harmonic source

In contrast, resistive leakage current’s
calculation by ICM needs to compute value
of capacitive leakage current first. It can be
seen from eq. (4) that capacitive leakage
current depends on compensating coefficient
and voltage signal. According to eq. (5), the
compensating coefficient (G,) has many values
and their values depend on frequency.
Additionally, resistive leakage current of COM
is calculated by using eq. (16) which depends
on voltage and the actual capacitance (C).
This capacitance has only one value and its
value is computed from leakage current of
every frequency. Eventually, these different
algorithms result in different results.

Considering Figure 9, capacitive
current waveforms acquired by ICM and
COM are nearly identical. There is a little
different. On the other hand, HAM provided
totally different waveform. To compare the
total leakage current waveforms, resistive

and capacitive leakage current were



combined. Comparison between calculated
and tested current waveforms is shown in
Figure 10.

From Figure 10, it is obviously seen
that HAM has highest distortion. Thus, HAM
is not suitable for leakage current analyzation
when system voltage contains harmonics.
When consider between COM and ICM,
in the power system frequency, the value
of capacitance is believed that is not a

frequency-dependent.
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Figure 9 Capacitive leakage current

waveform in case of harmonic source
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Figure 10 Leakage current waveform

in case of harmonic source
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Therefore, COM would be recom-
mended on this condition. Furthermore,
in fact, harmonic has always existed in
electrical power system and the element of
MOSA has a highly non-linear voltage-current
characteristic. This non-linear behavior will
generate more harmonics than found in
voltage signal. However, extracted current
calculated by COM always includes the
effect of nonlinear relationship between
voltage and leakage current. Consequently,
COM is the most suitable for current extraction

on voltage harmonics source.

5. Conclusion

From the extracted results, in case of
non-harmonic voltage source, the results are
clearly showed that although leakage current
was extracted by different algorithms, there
are no difference between magnitude and
waveform. Thus, all extracted methods
can be used on this condition. By contrast,
current waveforms have distortion when
voltage source compose of harmonics. From
the results, HAM is not suitable for voltage
source included harmonics.

We suggest that HAM is the most
suitable method using for current extraction
in case of non-harmonic source because this
method has less complexity and calculation
process. It is appropriate for a system which
is limited by processor speed and less

memory size. In contrast, COM would be




recommended when it calculates in case
of harmonic source because its algorithm
calculates current on all frequencies and
includes non-linear behavior of metal
oxide material. However, COM is complex
compu-tational procedure. It requires high
performance devices.

Finally, it would be better to develop
computing program or analyzing system
which can select appropriate method on
different conditions based on the quantity

level of harmonic contents.
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2.2 Title Block

The title should appear in upper and
lower case without underlining, centered
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case letters centered under the title. In case
of multi-authorship, group the authors and
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corresponding to the organization which
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