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ABSTRACT

This research studies the germination behavior of brown rice for the development of
automatic germination prototype for high efficiency. It can replace the culture of a community
enterprise. This system consists of a heat and moisture content generator, water tray, brown rice tray
and water tank. The automatic germination control systems included water filling, soaking, curing,
leaching and controlling the temperature and relative humidity conditions. The germination of
jasmine rice 105 was compared between the automatic germination and the community enterprise
system in order to analyze the appropriate germination conditions and germ length at 24 and 48 hr.
In addition, it also considers the economic dimension of the germination system. It was found that
the germination time of 48 hours had optimum conditions for temperature control and relative
humidity control at 35.25+0.66 °C and 53.29+2.40% RH, respectively. This has a significant effect on
germination percentage and the germ length was 80+6.76% and 0.83+0.041 mm, respectively. They
were higher than that of other germination. Moreover, the economic analysis of the germination
system found that the germination capacity of brown rice was 540 kg per year. This system provided
16,956 Baht per year and 75,600 Baht per year of the electricity cost and the profit, respectively.

Furthermore, the payback period was about 8 month and 15 days’ appropriate investments.
Keyword: Brown rice, germination, germ length, temperature and relative humidity control.
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o fmuasnimonidenaenorgnisldau
9.75% [sW1MsNFUNN 179 (Lvw)]

e Suamulunsadieduluussuuinigsen
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e yad19In 10% veadunulunisadeduluy
FEUUINZ0NWINAY 1,740 UM

e AUN3sN®ITEY 5% veaRuvulunisasng
FULUUITUUIIE8N 870 UM

o Adunuinngdes 3 kg deadanisimizen
(@ndee 1 ke Wukdu 35 umke) ldd1andes
Wiaue 580 ke./D Wudu 18,900 U

® SAndnfugTINGeNeNgInIITIINGes
5 w1 AnlulRu 175 vm/ke.

e dunvuszuuinigsanldiidaluiln
1,254 Im¢ %58 1.254 vilg  anlndvuieay
2388 v [17) Andnlwivisdy 16,956 vivsied
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[18],[19]

Ruawusel = 17,400 CRF (9.75%, 10)
= 17,400 (1+1)")/ (1+)-1)
= 17,800(0.0975(1+0.0975)"*)/ ((1+0.0975)"-1)
= 2,801.429 v mmsl
yarwnsgl = 1,740 SFF (9.75%, 10)
= 1,760/ ((1+i)-1))
1,740 (0.0975/ (1+0.0975) *-1)
= 110.492 v msial

A58 = 17,400 x 0.05 = 870 U nsial
TuRuamusel = (Ruamulunisadreduuuy
sruumesen + Ruawmulunisguasnuwsned + A

sunuinndessed + Arluihsed) - Gadwinse

V) = 2,801.429 + 870 + 18,900 + 16,956 -110.492
=39,416.940 U

o915 UINITINIZI0NRIURULUUSZUULIE
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Ao Paenanmizen 48 Halus (2 Jusenisiiz
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Alansuay (175-35) = 140 UM 3 lAHARDULNUIIN
AT IEAULUUTTUULNNZ DAL UUEAludRnaUliaAn
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ABSTRACT
The purpose of this research was to reduce defects from grinding process of PTCA Guide Wire
production by using 2 factorial design of experiment method as 0.05 significant level for determine the

optimal parameters that effect to diameter size (.061°%* mm after grinding is defined by QC

0,003
department. The controllable variables of grinding machine are pressure angle and sand paper. 2
Factorial was practiced in this research with 5 replicates. The result shows that factor affecting on
diameter are all of main factors and interaction factors. The optimal levels of factor are pressure 6.50
angle 10.07 and Extra-fine. Twenty additional samples of PTCA guide wire were collected after all
factors were established and it were tested by using T-test, the hypothesis is samples are equal to
0.061 or not. The result shows that these samples are equal to 0.061 at 0.05 significant level. All Factors
are implemented to currently production, the defect was collect from the same initial period of this

research. The result shows that the defect before and after are 108 and 13 or reducing 87.96%

respectively.

Keyword: ptca guide wire, design of experiment, 2" factorial.
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ABSTRACT

The control system of solar-energy conversion into electricity incorporates a PV panel served
as DC power supply and needs a sensor sensing solar-array DC current. The control scheme utilizes
the average of solar-array current for seeking a MPP of the PV panel. This paper presents the average-
current estimator which computes the mean current flowing out from a DC power supply and also
reviews the first-order sliding-mode observer which evaluates an instantaneous current that issues
from the same DC power supply. The proposed estimator and the previous observer are formulated
in order to further supplant such a sensor. When the PV panel is displaced by a single-phase rectifier,
performance comparison between the estimator and the observer will be facilitated. Simulation and

experiment results point out the closeness of the estimated and measured average currents.

Keyword: Average-current estimator, sliding-mode observer, DC power supply.
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ABSTRACT
The paper presents the comparison results about the energy saving of separately excited DC
motor. The conventional and optimization methods are concerned for this comparison. The

optimization method is applied to calculate the appropriate field current for loss minimization or energy
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saving. The experimental results show that the drive approach using the optimization method can save

the energy consumed by the motor to 85.92% in maximum.

Keyword: Separately excited DC motor, power loss, optimization method, loss minimization.
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3197 2 nansAnailSeufisulesiduinisussndandsnussni Hinuiuiuiinsmanuiige

speed T P Foeaau WA NN Weddusnts
' Usendha
(N-m) (W)

% | rpm @A) | v (V) | B(W) | 1) | A | v (V) | B(W) | 7 (%)

WA

80 | 1880 19.69 | 030 | 161.40 | 17430 | 11.03 | 0.08 | 4555 25.70 76.61 85.25

100 | 2360 0.1 24.71 0.30 | 202.60 | 21795 | 11.34 | 0.08 57.88 30.68 80.54 85.92

120 | 2832 29.66 0.20 | 220.00 | 22246 | 11.33 | 0.09 70.93 35.62 83.27 83.99

80 | 1880 39.37 | 0.30 | 163.50 | 190.91 | 20.62 | 0.11 | 64.63 51.43 76.55 73.06

100 | 2360 0.2 49.43 | 0.30 | 205.10 | 239.10 | 20.67 | 0.11 82.13 61.39 80.52 74.33

120 | 2832 59.31 0.19 | 220.00 | 253.47 | 23.40 | 0.12 | 100.63 | 71.27 83.22 71.88
80 | 1880 59.06 0.30 | 16590 | 208.18 | 28.37 | 0.13 79.29 77.16 76.54 62.94
100 | 2360 0.3 74.14 | 0.30 | 207.30 | 261.90 | 28.31 0.14 | 100.69 | 92.09 80.51 64.84
120 | 2832 88.97 0.16 | 220.00 | 304.76 | 29.19 | 0.15 | 123.40 | 106.93 | 83.20 64.91
80 | 1880 78.75 | 030 | 167.80 | 227.42 | 34.63 | 0.16 91.66 | 102.89 | 76.54 54.76

100 | 2360 0.4 98.86 0.30 | 209.60 | 286.50 | 34.51 0.16 | 116.38 | 122.81 | 80.50 57.13

120 | 2832 118.63 | 0.15 | 220.00 | 358.24 | 33.11 0.17 | 14257 | 14258 | 83.20 60.20

80 | 1880 98.44 | 0.30 | 169.20 | 246.87 | 39.88 | 0.17 | 102.51 | 128.62 | 76.54 47.90

100 | 2360 0.5 12357 | 0.30 | 211.80 | 311.26 | 39.70 | 0.18 | 130.22 | 15353 | 80.49 50.68

120 | 2832 148.28 | 0.17 | 220.00 | 362.53 | 40.90 | 0.19 | 159.47 | 178.24 | 83.19 50.83

80 | 1880 118.12 | 0.30 | 168.90 | 260.57 | 45.33 | 0.19 | 11239 | 15436 | 76.52 40.76

100 | 2360 0.6 148.28 | 0.30 | 210.40 | 321.43 | 46.13 | 0.20 | 142.65 | 184.23 | 80.49 42.68

120 | 2832 17794 | 0.18 | 220.00 | 37754 | 47.13 | 0.21 | 17471 | 213.89 | 83.19 43.35

80 | 1880 137.81 | 0.30 | 170.50 | 278.10 | 4955 | 0.21 | 121.41 | 180.08 | 76.53 35.24

100 | 2360 0.7 173.00 | 0.30 | 212.60 | 350.67 | 49.33 | 0.22 | 154.14 | 21459 | 80.62 38.70

120 | 2832 207.60 | 0.16 | 220.00 | 457.11 | 45.42 | 0.23 | 188.77 | 249.56 | 83.19 45.41

80 | 1880 15750 | 0.30 | 171.60 | 301.44 | 5225 | 0.22 | 130.71 | 205.99 | 76.46 31.66

100 | 2360 0.8 197.71 | 0.30 | 212.00 | 368.95 | 53.59 | 0.23 | 164.84 | 245.67 | 80.48 33.41

120 | 2832 237.25 | 0.17 | 220.00 | 467.24 | 50.78 | 0.24 | 201.83 | 285.21 | 83.18 38.96
80 | 1880 177.19 | 030 | 171.40 | 31282 | 56.64 | 0.23 | 137.77 | 231.56 | 76.52 25.98
100 | 2360 07 222.42 | 0.30 | 21210 | 386.91 | 57.49 | 0.24 | 174.89 | 276.39 | 80.47 28.56
80 | 1880 196.87 | 0.30 | 174.90 | 343.74 | 57.27 | 0.25 | 14526 | 257.29 | 7652 25.15
100 | 2360 +0 247.14 | 030 | 218.20 | 441.09 | 56.03 | 0.26 | 184.38 | 307.11 | 80.47 30.37
80 | 1880 216.56 | 0.30 | 177.30 | 370.42 | 58.46 | 0.26 | 152.33 | 283.02 | 76.52 23.59
100 | 2360 H 271.85 | 0.30 | 219.60 | 467.65 | 58.13 | 0.27 | 193.38 | 337.82 | 80.47 271.76
80 | 1880 236.25 | 0.30 | 177.10 | 387.61 | 60.95 | 0.27 | 159.16 | 308.76 | 76.52 20.34
100 | 2360 +2 296.57 | 0.30 | 218.80 | 493.10 | 60.14 | 0.28 | 220.02 | 396.72 | 74.76 19.55
80 | 1880 25594 | 0.30 | 177.00 | 404.78 | 63.23 | 0.28 | 165.69 | 334.50 | 76.51 17.36
100 | 2360 h3 321.28 | 0.30 | 217.80 | 505.72 | 6353 | 0.29 | 210.29 | 399.26 | 80.47 21.05

80 | 1880 14 27562 | 030 | 176.20 | 418.40 | 65.87 | 0.29 | 171.94 | 357.44 | 77.11 14.57
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UNANED

ATl dunmsegitenudnuus sty ieuresaaiusrUsANSeuRTdn v ve el
nslnassfuilismiumesludidnsindmivszuisanufouliiiugunsaididnnseindlasldssfouis
wamansveslvaldsiuiu (CFD) sUuuuvesmaaiuszuismuiouildlumsiinsesidnuanislvauaz s
fremanuieu aunsudnildlunisuidamusznouludie aunsanusieides aunslumudy wazaunis
wauddlunsiesgidnuuznslvavesvedlvauaznisaiomanuou Mnran1sAnymUIIEnYUETeq
dosmslnanelugaaiuszusaudeuiifvnadnuariuauaivanniwhliinui nmsaemanufoud
wnnmi dmaliiusyavinmnisemenuouldFadtu utegdlsfnuasnuinavesauibiianasued
Arudunneseufiageiy Mnuantsinwtanasoluduiusuulumsiinnsigeaiudolflunisdmiugy

WiehlUldluszuussueemudouliitugunsaldidnvsetindla
Ardnfsy: ASUsEUIEALSeu luganisvharudumemestudidnesn wamansvedlvaladiiuam

ABSTRACT
In this paper, a numerical study on the heat transfer characteristics of various heat sink
configurations coupled with thermoelectric cooling module for electronic cooling applications is
investigated. Effects of flow channel configurations on the heat transfer and flow behaviors are
considered. In the numerical model, the main governing equations of continuity equation, momentum

and energy equation are used to analyzed the problem. It can see from the result that the number of
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a9

fins and size have significant effects on the heat transfer rate which results in thermal performance

enhancement. However, the pressure drops also increased. The result obtained from this study are

expected to lead to guidelines that will allow the optimum designing heat sink coupled with

thermoelectric for electronic cooling applications.

Keyword: Heat sink, Thermoelectric cooling module, CFD
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SLanNTeilnd HANTENUVBINITEAIUSBULAS
nszualiinseusednsainnsianuduveunes-
Tudidnm3n [4] AnwinismiAriangauiianves
wosludianainlunisszuigainuseugunsal
Bidnnsednd [5] AnreriuuiavesgunsaluaniUden
AuSouilnunauveas oev A UL UUIWeS-
w5830 wansenuveenisTaassiufinisaiom
ANNSau [6] Anwnssrutenusaumesludian-

psnaevomasiulanou NanTENUYILTIRULNANA

'
a

eliTumesiudidnnsn [7] Anwuigafunism
audeuvesvedtnaululunderfiddesnisliva
WAF7 [8] ¥NTIATIERLaEIAaDLABITUSTUY
SEUNYANUT BULUULNBS LB LEnAS AT U UYie

AUTOU LHUDLUUT AN NALAAENSYBITLUUTN

anuiulagldnguinisaemaruiounuuniads
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[9] AnwsesadouisiBeiiauieatuussansam
voalugamesTudidnninlneldsndedunnsnaiu
[10] ¥n1snsiaszdideianieatudnuasnis
fremanudoutasvosauulaufinvedvdei
dveansiuavuindn lduvudiassnisivanuu
Juthuwvvaudfdiednszinseemarudou
IINAITNUNIUBNAITIUI T AR LN U7 T
nsdnenseemauseulnewedludidnasniiie
Tdszunemnuseugunsaididnvnsedndiduduauann
wingalsinny nsdunesludidnainsauiuynasy
svunmnudeuiionaninfudmiuinluldssuny
anueuliiugunsaididnnsedndiuivesuin
W elildynaiuszuianuseudimuizaulagld
sufusufuveunesludidnssnitotlunamingy
dwmsuszuigauseulidugunsaldidnnsedngd

v
LR Y

Ay uITedddldyadunisesniuuiiiofinw

Adiabatic

wall

Adiabatic

wall

Adiabatic

‘ ‘)\ wall

Inlet

Outlet
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‘Uisﬁw%m‘wmsﬁﬂﬂfwLsﬁumaqﬂqﬂﬂ%'uwmamm%auﬁ
THsmiuauduveanesludidnasnaieseideuds
Wenavlagldseifevisnamansveslraidsiiuan
(CFD) Imag‘uLLUUﬂuaamﬂ%mzmamm%fauﬁ'ﬁwaaaﬁ
Wanun 6 sUsuy waziduuuu 3 44 wafi laain
nsfnuiannsailuldifiessnuuugnaiuszue
Audeuiimunzaudniunisiaudounazay

@ 1 (v a & a ¥
Wusiuiumasludianmsnle

Thermoelectric

Heat sink

-

120

bty

U7 1 wuudaesesnsusyuisaudeudmsuianudusiuiumesludidnesn

2. WUUIARINARAAERS

2.1 uuyaIae9

Ul 1 uanauuudiassvesAusEUIBAINSoY
dusurhanudusintumesiudidnnsn lunsanw
Tldsuouitidnaiesudouiinamanivos

TavBefulas (CFD) Tun1531Aseiuuudanandnis

Trauuududawiiediaszinisaremanudounas
’5?1‘19&13ﬂ’]ilﬂ/ia‘ﬁLﬁﬂ%ﬂiuﬁﬂﬂ%‘U%UﬁEJﬂ?’]lI%I’eJ‘LJLLU‘U
#199018ldan1ardans (Transient) lnsa3uszuie
AnuFeureauTaehanTanegiidoniifvus
120 x 40 131, ANUARUITIYINAY 12 1. lagmnue

gnsinisinaveslvanasiduluaiinivdrgaaiu
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FEUNEAUSDULYINAU 1.15 ARS/UT JUIALEURNY
Audnanaveatesnsinaiimaduazeenvesvesiva
Twawihiuiiiy 7wy, svuelfituiondlaeseu
1933nA3UsTUIEANNToulidnsgayidenelasy
Ausou (Adiabatic) 4ii 9991AAITULANA 19V

NN TVRI0INIALAYTBUSNLIUNUT A INTIAUFIY

q U

51

¥93yAATUsTUIANLTBUTiAmualiiln1s uaIw
Wuandudurewiumesiudidnainlaedonmgl
Asiiiy 5 °C lumsfinuadstasutauuudiaos
A3UsTUNEAMSpUTdnwaIzaensInaunnsneiy
U 6 UuY 1T IeaslBunTaIYnAIUTEUIBAIN

SouudazuUUITUARIRIUN 2

116

820

17.50

Hoa

120

e

(m)

: B ‘ ‘
I 5 - 2 |
)
(n) )
‘ 106 ‘ 5 i _ o
1] : Hoooooooy
{: ‘ %: - L/\M_/\\_/\_f\_/\ J

(%)

|
17.50 il

E
g

(@)

1750

8.20

JUN 2 dNUIEUDIYRRATUTEUIEANLTOUNY 6 LU
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YAATUTFUIEANTOULUUN 1 UAg 2 WaneAagy

= o w I3 = %
7 2 (1) wag (V) mNa1RU LWUYAAIUTEUIIAIUTOU

' v
a

=

gnudndusazlddmsundninduiiomesludian

o
a

3nuuusaAnfifldeglutiagtiu varivuui 3 - 6
LanIIgUT 2 (A), (1), (@), waz (@) mudu Wuys
ASUTTUIEAIINT BUT 0ONLUULT 0918094
wWisuieuUsganiammsagimaiuiouiuyaasu
ssuigASeULUUSARY esanidesinvesiiui
YDIYAAST UTLUIEAINNT OU TUNITO0NRUUIY
muualanwazlassairunideuduyaniuszuiy
anufounuuiuuaUSuAsudnvsvestasnnslva
wazJULUUYRIATUTEUIEANToun e luLANeNe iy
TaggUuuuil 3 - 6 uanafaguil 2 (a), (9), (), wae (@)
szanuuulitasmslamiiousuwuud 1 Tneuuud
3 LLaméﬁ’agUﬁ 2 (A) 951 NATUIIN AT ANIANTS
Ivavesvoslva LUUfl 4 ua 5 uansiagud 2 (1) uay
@) auany azeenwuulivesnisluaidunuu
Fnuwninsmuiiamianislvavesvediua uevsaos
wuuiiyunislvaiiuansnaiy drunuudl 6 uansdsgy
7 2 (@) afasunuusiutasdadudeinuaue
wazluiianmadieldudesnisinavesedlva yn
A3UsTUIIAISaue 6 uwuuariiamanislunanii-
panvesveslnavastfusutdedtulanedvuin
vur1Augnane 8.2 uu. lun133naesasiiviun
qquﬁuazmmﬁamﬁ fRasuasarlindngainu
Lounsii
Tun1531As1Ev LU a0 99z A vuas aule

youln faseluil

- Li‘;lumﬁlm’]zﬁmw%"mj (Transient)

- mslwadunuutiutau (Turbulent flow)

- yadlnasamalaile

- laiAnAusaliunaa

- lalfnAanudurnuinoduiass vt auels
YoeyAA3UsTUIEALSauiuYadlianaoidu

- LiAansuHSadEAuSou
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mng‘uﬁ" 2 4an9YRIN15laTeIYnAI UTTUY
AuFouLuUang q Taeguil 2 (n) idudesnislva
wuvaduLaEiiAsuIIWIL 2 und lunndesnisiva sy
7i 2 () \uresnsinawuumaieuaziasusiui
12 un 5UT 2 () Wudeanisivauuuaduuasiindy
F1uau 1 uad Wneazdas uiulniauwndneg uy
ASuvan U 2 (9) 1ugesnisivanuuaduinesn
Duuomdn 4 won wasiiadudnuazanundsady
vuas 3Ui 2 (1) Wudesnslvauvvaduinendy
WOWAN 2 wn wardindudnuarAmdeuiuiaduuy
a9 53U 2 (@) 1udesnislvauvuaduuazdedy
duau 2 ued negnuuseendu 7 seu luyndamns
nslva

2.2. aun13van (Main governing equations)

aunisnanidsznoulumiaunisuessuia (mass
equation) TULUUAL (Momentum) @UNITNE Y
(energy equation) hagni1sivanuuy uy
(turbulence) uanagasieluil

aunsreLiis (Continuity equation)

opu,
L =0 1
ox. W

1

aun1sluuRL (Momentum equation)

g o __ P, 0 65’4&7’ — piLit, |(2)
e I

1

aun1snasnudmsuvedlva (Energy equation)

_oT 0 or
pu; ——=—— LB - (3)
&, ox \\o o )&,
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AUNTNAINUA M UVDILT S

2 kxa—T =0 (4)
ox, \ " Ox,

1

aumsmutiutau (Turbulence kinetic

energy, k)
ox; 0x, o, )Ox;
w  Ou, \ou
+4, o + o _ pe (5)
ox; Ox; |ox;

aUNIINITUNT (turbulence kinetic energy

dissipation, &)

aﬁjﬁzi 1|8
axj axj o. )0x.

€ J

gl ow Ou, \ou g
+Cu = —+—L | L -C,p=— (6)
I”’k[ax. 6x[]8x Py

J J

e
2
= pC, = (7)
r>

2.3 Goulyvauis (Boundary conditions)

HTIAUENVBIYAASUTTUIEANNTBY

T=T (8)

constant

HilalAYTOUYAASUTEUNEAI NSO

I _, 9)

53
finnadn
T:T;N’V:V:ﬂ (10)
fivnsen
P = Pou (1 ]‘)
2.4 MIMTINIINSATINZE
M599 1 TSNS
. _ | eumgliveath | AAURANaTe
JuNIA |
Im19een (°C) (%)
23x10° 14.820 -
33x10° 14.818 0.0134
4.5x 10° 14.817 0.0067

Tunis@nwinsad 1al9TUsunsYy ANSYS /
FLUENT Tunisdnasaiaziiasigiseliouinideiiay
Tny AvuAnIAgUNTUTVIAGALUUAINLING B
(Triangle) 7iflanlAa (Curvature) ssuanslugudi 3
Fadugunsaiiugruilidunpsguamnsotinue as
vuilymitdgusndudeuldduazilinisgidm
fmoutduliogresimsnazivszdniaim ile
Us2LiluANQNABIYDINITANUIMHARIADY NN
FrurunIafingvildlaonisdudiuaureansa g
WUIINISITIIWIUATALYINAY 2.3 x 10, 3.3 x 10°,
waz 4.5 x 10° Weauaaiaedeuilndidesiuis
Yaldifienaaeuaiauuugfilaainnissians
flesnduiuvenindmanonadnsvesdamda
WERIFIANSIT 1 AsMsIuIunIaTisanieany
wnavilalaen1sinnuasiiwegugivesvetiva
ﬁwmaaﬂ%mmﬂ?U'ﬁgmemﬁ”au 91151991 1
meqmqﬁmawaﬂwaﬁmqaaﬂﬁuauwm"ﬂamﬁﬁ

YUINVBINTA 2.3 x 10°, 3.3 x 10°, way 4.5 x 10°



54

AUETU FenuiiAmauRanaindosazuesnin 2.3
x 10° wag 3.3 x 10° 1infu 0.0134 uag 3.3 x 10°
WAy 4.5 x 10° 111U 0.0067 4 s1asLdus A1y
AANALARDUYBY N3ATIENNTLNRTANAINTY 1 Fatuis
donsrwiuniadl 3.3 x 10° Wuafimanzanlunis
FuITIA ARy TngAauRtaas 7 19lunns
Uszananaldnuiguszutananais (CPU) su intel
xeon x5550 9MUIU 2 @ 2 (8cores-16threads),

$i28AN37 (RAM) Manius 24 Anglud

JUN 3 dnuaiznInveaLuuinges

lun1sdnaesagimualilusunsuduiindeya
A1997 wusiuluanaaan (Transient) 7 lda1nn1s
$1a0e8TUsUNTL ANSYS / FLUENT vldndsannii
muuaioulunazveuwavestymisuduseuses
ué LﬁaamﬁuﬁmﬁmLﬁu%yjaﬁlﬁmﬂﬂﬁﬁﬁaawu
grsanalasisantsnnsamaanlunissraeds
Uszyndl#38n15anuu1nve4 time step size 1iladl

NsgidAnaUeEwaliled LARIIINITIN 2

AITNT 2 NTAATUIAVDY time step size

. o Time Number Max
a1y
4 step of time iteration per
l
size step time step
1 0.0001 1,000 40
2 0.001 1,000 40
3 0.01 10,000 40
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ne5T 2 Wunsnisanauiaves time step
size dvsululddmsuuuusiasais 6 wuu Tae
WS udud Time step size ViU 0.0001 7 50Un13
AR 1,000 58U MNNadNSSgidnmAmauseng
ewfloulonsu 1,000 seu udalifan Time step size
A9UYINAU 0.001 wazlyAwIsiadn 1,000 58U 9N
Wil au Time step size iy 001 wazlddun
Medn 10,000 50U NTBNAANT LY 1T aN1I2AIAT
(Steady state) lusgninesn1sAuIazunuaans
afiaz 100 seunsiwalnedenlumin Solution
-Calculation Activity-Autosave (Every Time Steps)

Pnduimuan1siuiinteyai 100 seu

3. WANISNARBILAZN15IANSal
NWiseiiauonanisinesedouitidaiaas
sesudouiinamanivedlvadeduna (CFD) wile
AATIERNIsaBImMAINS auas ANz s lrad
\Aadulugaeiusruisarudeuntsldanizdang
(Transient) Iumﬁﬂwm%@ﬁ%LLU&LLUU%TW@@W;@@%‘U
sEUrEANNSauT I dn vz Yansinaunnm 19y
U 6 WUV WaINNISANYIlAenIsIUSsuTigU
mmm‘”uLLazqquﬁﬁ'mwaﬂmwaaluaman

LUUINADING 6 WUU LEASAIAISIN 3

AT 3 gUNHAUALAIAIUAUVDIYAATUTE LY

AMUSOU 6 WU

wuudiees | T, (°O) | AT, Q) | AP (kPa)
il 25 8.24 1.3150
U 25 8.22 0.1120
A 25 9.53 11.893
N 25 10.07 3.1660
9 25 10.18 16.082
2 25 8.56 1.8990
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9IM15797 3 WARIQUNNTUAZLIIRUANAT B
%JENLL‘U‘Uﬁi’waaaﬂqﬂﬂ%izmamm%@uﬂg& 6 WUU lng
msf\i”lam%ﬂ"mumsl,ﬁqquﬁ%dluaﬁwmﬁwmﬁu
il 25 °C LLazqmuqﬁwﬁfﬂﬁﬁ’mLﬁuwhﬁu 5 °C 91N
miﬁﬂ‘mwudwaGmﬂuaqqmmﬁﬁwmLﬂi’h—aaﬂ uay
WIIRUANATENYBIYAATUTTUIYAIUTBULARLLUY
Tfuadiuananety Imaﬁwamwaqqquﬁﬁmwﬁﬂ—
0DNUBILUUTIABINT 6 WUUALDETEWING 8 — 10 °C

YAASUTLUIEAMUTOULUU (N) bag (V) Fednasiig

'
1o

ﬂuaqqmmﬁﬁmqLﬂﬁw-aaﬂ%ﬁmmqmﬁ 8.2 °C ypuzil
YAATUTFUIEANTOULUY (1) Uag (3) IwinarIses
oaumgiifinadin-eengeandl 10.1 °C

ﬁnﬂgﬂ‘ﬁ" 4 LLamqmmﬁfﬁmqaaﬂﬂuawmﬂ%

szureausounuUsne aniuladgamngiivedlua
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]

waoLduiinieenveIYAAsUTEUIBAIINTOU (3) 3l

2OUNNTNEN LazYAASUSTUIEAINNSU (1), (A), (R),

3 U q ]

=

(n), uae (v) dgumgiasdunuidu neflgnaiu
SPUI8ANsoU () amnsavingamadla 14.82 °C
YARTUTTUIEAINTOU (1) vingungidla 14.93 °C
YA UTTUIEAINTOU (A) vigungiila 15.48 °C
YAATUTTUIEAINTOU () viemngiild 16.44 °C
YAAIUTEUIEAINTOU (N) gumngiile 16.76 °C
warynAIuTEUIEANTaU (¥) ignmgila 16.78 °C
MnuanIsTaestananiannsoagulddigaaiu
sEUteANou () fuszdnsamnisianudu
Tiruvedlvandeiduldnniignunsiussiunnasou

Aflenasigareitui

20
) 15
c
@
@
z
=
“Z
& 10 A
=
@
)
=
q?
S
&
&,
5
0 T

f U A

v

N R P!

JUN 4 9aun U TIvN9eenUDIYAATUTTUNLANUTBURUUAN 9
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()
2 30e+01 2.32e+01
220e+M 2.22e+01
2.10e+01 2.12e+01
200e+01 2.02e+01
1.90e+01 1.92e+01
1.80e+01 1.82e+01
1.70e+01 1.71e+01
1.60e+01 1.61e+01
150e+01 151e+01
1.40e+01 1.41e+01
1.30e+0 1.31e+01
1.20e+01 1.21e+01
1.11e+0 1.11e+01
1.01e+01 1.01e+01
8 06e+00 9.06e+00
B.DBe+00 8.05e+00
7.08e+00 7.04e+00
£.07e+00 6.03e+00
507e+00 5.02e+00
Ie] ?—
(m) ()
231e+01 231e+01
221e+01 221e+01
211e+01 211e+01
201e+01 201e+01
1.91e+01 1.91e+01
1.81e+01 1.81e+01
1.71e+01 1.71e+01
161e+01 161e+01
151e+01 1.51e+01
1.41e+01 1.41e+01
1.31e+01 1.31e+01
1.21e+01 1.21e+01
1.11e+01 1.11e+01
1.01e+01 1.01e+01
9.06e+00 9.08e+00
8.05e+00 8.08e+00
7.05e+00 7.08e+00
6.05e+00 6.08e+00
5.05e+00 5.08e+00
?—'- el ?_
() (@)
2.45e+01 2.31e+01
234e+01 2.21es
2.23e+01 211e+01
213e+01 201e+01
2.02e+01 1.91e+
1.91e+01 1.81e+01
1.80e+01 1 71e+01
1.70e+01 1.61e+01
1.5%e+01 151e+01
1.48e+01 14101
1.37e+01 1.31e+01
1.26e+01 1.21e+01
1.16e+01 11101
1.05e+01 1.01e+01
9.40e+00 2.07e+00
8.32e+00 B.07e+00
7.24e+00 T 0Te+0D
6.16e+00 B.07e+0D
5.08e+00 5.07e+00
$

JUN 5 gaungilnelugpasusyungauTau 6 wuy

mﬂgﬂ'ﬁ' 5 wanan1snseemgungiluyaasy
szunpanuseunsazlung sziuldindesnisinad
waneanuag i lAnnsUsAuArmenisivavediva
waoulauanansiy Seilduaniasuanudeuls
Tiwinfu Tngaziiiulsinymesuszueeuieuiidves
Asluauuus Uit 5 (@) uazgud 5 (@) a1u1se

= 3

wanild suausouldd §avingumngduesuii

N40ONVBIYAATUTTUIEANUTOULA 14.82 °C uay
14,93 °C mud i yarsuszuisnnuioudifivents
1waLLUU;51Jﬁ 5 (@) gﬂﬁ 5(n) LLasg‘U'ﬁ" 5 () @130
wanAsuaudeuldlid Sailiaamgiveaii
M11400NVRIYAATUTEUIEANTOUTTAT 16.44 °C,

16.76 °C, wag 16.78 °C anuanfu
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) a v a = a
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(n) ()
1.48e+03 2.54e+02
1408403 2378402
1326403 2200402
1280403 2036402
1.16e+03 1.86e+02
1076403 1696402
5800402 1520402
8100402 1340402
B8.28e+02 1.17e+02
7 450402 1.008+02
663402 8308401
51er02 6500401
4980402 4876401
417e402 3166401
3340002 1.45e+01
2520402 2686400
1700402 1.88e+01
776401 3706401
5476400 541601
768401 7 13e+01
[pascal | o 4
(P) ()
33603 1188704
3160403 1126404
29703 1066404
| 270e403 9830403
| 2608403 9308403
| 242es03 865403
223403 8086405
2.048+03 7. 42e+03
1862403 5608403
1676203 5176403
1.480+03 5550403
1302403 4520403
| 111003 4290403
| 926ee02 3670403
7408202 3040403
5.54e+02 2420403
367602 1790403
1.81e+02 1.16e+03
5156400 5300402
-1 81e+02 -8 72e+01
[pascal ] '!ij [ pascal | *=
(3) @)
T6terDs 1850+03
152404 178e+03
1440404 1.68e+03
1.35e+04 158e+03
1276404 1476403
1186404 1376403
1100404 1276403
1.01e+D4 1.16e+03
290403 1.08e+03
B.4da+03 8.51e+02
7800403 BaTer02
8750403 7420402
5800403 8380402
5.08e+03 5.33e+02
4216403 4280402
3.38e+03 3 2de+02
2520403 2190402
1.67e+03 1.15e+02
8250402 1.00e+01
-2 18e+01 -8 46e+01
[ pascal ] [ pascal]

B |

-

JUN 6 anuduvewetinanisluynATuTEUIEAUTOUNT 6 WUU

9N3UT 6 uamsmnuiuvesveslianeluyneiu
srureATfeui 6 uuy andiuldiidnusvesos
n1sluavesyaniuszutsAuToud unnseiuaz
dsasteruiuiiAntunelugneiuszuieaufou
Tneyarsuszuisnnufeudiitesnisinadudeunasdl
nswasumanslvauuudundu asvinliAnanudy
AnAseuTiganinnnusEUIAmouiiideanisiva

a o o '

AladudauLiladanNSUNURRIFUATENIN9UD

=

Ivakazfiinsunndy wazazmiulaingnnsussuie

9

mwdeuiifivesnisiuanuy (n) duanduguil 6 ()
finnududouliuinviliminmnuduanaseusil
U 1.315 kPa, YAR3UsTUIEANTRUTITv0sNsIva
wuy (@) Fauandugui 6 (@) iugesnisivadill
Fudouiuiaiviinmudunnaseuwiniy 0.112
kPa gnATUsTUIBANTauTiTidaInTsIrauuy (A) i
wanslugui 6 (a) dasuvunadnlunuaving vinls
dnvanensivavesvesiavasiiu JaviliAnaiy

AuAnATENIINAU 11.893 kPa YaAsUTTUNEAILTEY
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(")

775601
7.33-01
690601
6.47e-01

| eoseon

561601

| s1get

| 475e-01
| 43301
3.90e-01
347001
3.04e-01
261601
218601
1.76e-01
1.330-01

4.70e-02

420003
(mis]

e

(@)

8.97e-01
8.47e-01
7.97e-01
7.48-01
6.98e-01
6.48e-01
5.98e-01
5.48e-01
49901
4.49e-01
3.99e-01

e

A6 € L WL
af agiae gl

BE BU pe S
& H

ar
e WU B e
2¢ BE hg Be
J6 #6 NG BE
28 3¢ e

sk Bk N B8
ag g he e
e BY B W
af ¢ af Be
LU T 1
2 B e e
B BE se b
he el by be
JE L SR sE
aF a¢ e ae
#8 Se sy G
g g ag bt
€ Ne Se Je
AF BE BF B¢
e Wb D6 Sl
Ak Bel we NE

2 pel ae

ne
3
.

3.49e-01
299e-01
2.50e-01
200e-01
1.50e-01
1.00e-01
5.04e-02
6.00e-04
l[mis ] .

()

1.47e+00
1.39e+00
1.318400
1.23e+00

|7 115600
1.07e+00
|| osent
| 9.02601

| 8.20e01
7.38e-01
657601
5.75¢-01
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ABSTRACT

This paper presents an optimal zero-sequence selection for two-phase SVPWM extended linear

modulation for five-leg inverter supplying dual two-phase induction motors independently controlled.

Optimal zero-sequence selection can reduce peak of duty cycles for five-leg inverter. The selection

affects to extend linear range of total modulation index, which is higher than 100 percentages. In this

paper, modulating functions of five-leg inverter and independently dual two-phase induction motors

drive are presented and analyzed. All simulation results can be verified by experimental results.

Keyword: Five-leg inverter, two-phase SVPWM, linear modulation, two-phase induction motor.
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ABSTRACT
This paper presents harmonic elimination using active power filter for non-sinusoidal voltage
source system. The instantaneous power theory (PQ) with positive sequence voltage detector (PSVD) is
used for harmonic detection to calculate the reference current. The Pl-controller is applied for
compensating current control and DC bus voltage control. This controller is used with PWM switching
technique. Moreover, the Matlab Simulink is applied for simulation in the paper. The simulation results

show that the active power filter with Pl-controller can provide the good performance to eliminate the
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harmonic for all loads in non-sinusoidal voltage source system. In the paper, the performance index is

%THD of source current after compensation. In addition, the %THD after compensation can follow

the IEEE Std.519 - 2014 and IEEE std.1459 - 2010.

Keyword: Active power filter, Instantaneous power theory, Positive sequence voltage detector,
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Clarke transformation
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0.547 A

0.5 /

ol Il‘lll-l‘- - . . . .
5

10 15 20 25 30 35 40 45 50

Harmonic order

JUN 7 wasaumadlihuweniiv

81
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el ¢ fp 8mn1d9UN191U (damping ratio)
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PI controller plant
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PI controller plant
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V s*+A4K, s+ AK,,

dc

N1509NKUUAY K, Waz K, v09diniunuiile
gliign1siigududszanssendtanadnyuiy
fnvugianizveafsnduaislou 7.(s) Aunau
nuINdnwazanzveilaiduatslouduiuaes
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= 44_ signals o~ transformation 1
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Ve YT | e o1 P | pP+P, —Xp N af -volt.age 1
+ — PI controller ; dei 4| calculation !
B } Part I11 : Controller ! i LENID }
: Part II : Harmonic detector

JUN 11 szuuimdnensueinmieiasmaseniinuuuvuiu

o A9 ANUDEITUYIF (natural frequency)

o v o 4 a0 e 44
‘UENG]’JFI’JUF‘!@JLLN@UUﬁIWWN ‘lNllﬂ’]WHﬂUT— $43]

s

#sanlienaunaIaAdeun an1usedsi (e,) i
AU 2%
T #Ao 97978119719 (settling time)

Muua il 3 Jud

4. p1sIassdatunIsalazafusIENa
A1531809ENUNNTAINSAINE1SH B TNUDII9TT

nseeindnenfinfifiotsaunluunainud aeld

TUsunsu Matlab Simulink TneszuulniiniiRansan

Tun1sanaseaniunisainandlanasufn 11 a1ng

Y Y

v
=1

mananUsznaulumediunig o fadl

daudl 1 uvassrouseduluilaaiuina
fidnvauziduwnasdnousdugaund awisausuen
gan AU wazyulala vinldarunsadinun
%THD,, vokssduluinfiundsdngldniuaim
fo9n1s laenvualiussaulndndauin 100 V.
A1ud 50 Hz Lilesannuseiulniidanandouini
WU ENE1USUNTAS19TEUUENSARIS LU U AR

Yana1nd nsildsukUasruinnsssuliinuasy

arudldfinadenisnsiasuansueidndaeis
PQ+PSVD syuuliindananseduluanlaiifudadu
o 29951 3ensuaarunaniiniszlnandidu
wisienszua Funienivooynsuiufadiuniu)
\i0991n luunauifensuinisiidansyua
g15UNNVDIIIITNTOIANTILDATNUUVIUIY 39
Fenldlnannslninfineliinnssuassuednly
syuulnih

Fauil 2 nsnsrasusisuedn vuthfiduan
ANTERABNNBY (il,, i, i,,) MIETD PQ+PSVD

FIUTl 3 SEUUAUANMTINALYBNTINTOITES
wan?in Laun N15AIVANNTLRAYALTEULATUIIA
Ualnnss lngldmauauilesiudumatinnisaing
WUU PWM

Fauil 4 19950509818 uanTiLuvvUILT
vt figenseuaunveiiiefdnensuedniiintuly
syuulaldi

ANNITITLADTAN 9) Guaﬁsuulw%ﬂugﬂﬁ 1119
wansl3luns1ed 2 Faduaniildainnisesnuuy

A o o v A ° ¢
W']MVlu']Lﬁu@iﬂuWTan 3 WAN15A1RDIADUNITEU



84

AT 2 ANITIRLABTAN 9] VOITEUUNTNRITAN

W15 me3 Amsdmesild
y =100V, 50 Hz
1. szuulwi L =0.01mH
L,=3mH
2. WA sisean i R, =62,80,1200
L, =300 mH
Vi =430V
3. 295naMamendl | C, =100 mF
L. =18 mH
4. eudinisaing f.=5kHz
5. fhmuauiiledmiunis | K, =399.7991
AIUANNTEUAYALYY K, =4.4413x10°
6. meuauiiledmIuns | K, =114.6667
AuAuLsIuTEL AT K, =152.9351

nsdnensueinuandldfesuil 12 uaz 13 9103y
Fenanldensaegressuulainlung o« Samanis
ﬁi’ﬂaaqamumizﬂugﬂﬁ 12 WJunsaln1snsiadu
gsueiindeds PQ Tldfidane3fiu PSVD a'augﬂ‘ﬁ'
13 1Hunsdlinisnsiaduesueiinale3s PQ+PSVD
Tnelivandursesideanssuaaunadniseivand
Wusmileaihvooynsufufimumu anuasians
danunisaiveanansd danaledn usegulaliag
uwasdwauaiidnwasdadealidusuled Tned
f1 %THD, . Wiy 10% Tudrausniausiingn 0
0.1 ¥ lifinisdeluan vinlilufinszuasnsuedn
ATy Faefieesdaudingn 0.1 § 0.2 3unft finnsde
Inand1dszuu Fendn “davnaunIsumire” §U
el i, ﬁé’ﬂwmzﬂmﬁauwmmﬂﬁ'ugﬂl%ﬂ
Wuieadugudyn i, laefl %THD,, ves
nszualiifiunassrefianiafu 26.90% waza
PF winfu 0.952 agalsiniunignaanisse SAPF
drgdazuu Turaanaiiaud 0.2 83 0.3 Jundt wie
SuNI1 “YmdInIsvalre” fanluaniiloanunse

AIVANNTELATAY i, WdAlNALALIRY @, wand

MIFANFIFINTIUANENT U INYNRBASUASUNTILSR

U7 14 atuf 2 hou ngunIAN - BAN WA, 2562

fdnwugafeeny i, AIgUN
rQnantd1gn PCC Aty

Aol i

o sa

% = Ao <) L3
nevaansvaeddianuasidugulel

o
v '
= =

unduileifisuiuneunisuaive neil %THD,
1840381505295V uedndae35 PQ #iladl
Fane3fiu PSVD ety 6.61% dadudiiigenin
UYONNUAYeY IEEE Std.519 -2014 wazA1 PF Wiy
0.993 TudiureInTain19M57193U815u01ENA2873
PQ+PSVD ilfin %THD,, NaIn15vaeiiu 2.91%
wazA PF AU 0.996 21nNan1591889a01un15al
Teeeansdl uansliiiudn e %THD,, Ag9aIn1g
oLgeaziAuInsotey AUadundnaInNanIInIu
AsTUILNSAIINAT i, Belunsdnisnsanduens
wfinde3s PQ liifidanesiiu PSVD viliAnAy
ARIAAEBNTEINISAIUIN i, 1H0991NN15AIIIN
nsvuasnedalihusulnih s var dademnld
Tunsdiuan fedu n1sunlugaunnsesdniunis
n13dussueiindeds PQ Feiin1suseynaldanu
sruffudanesiiu PSVD Fwilvussiulndildlunis
fuamnszuadadeddnuazdugladlidades
wansladagudain v angudgiaiangnd
Funaldin delddanesiiu PSVD azdsmalidayao
wsasulaliinanaa (v v, v) AldlunisAuim
nszuasadaiidnuundusuledlaidaden n1suvag
A1 v, v, v andSunaauaduusunaliuy
wnuueariud (v),v}) Jabilinansenuanarude
\Wenveussiuunasing daalinisnsiaduensued
833 PQ+PSVD finsduimnszuasnedeiiinng
andes dmiun13iidnensuelindle19asnsaeiias
WONTINKUUTUIY NAVBINITUAIYIAUNNTDIRINET?
il %THD,,, firnanas 910 6.61% 1Uu 2.91%
wazAdana1nduariiegnielédefvunves IEEE

Std.519 -2014



MFANTIFNTIUANERS UININY IS LATUASUNTI SR

U9 14 20U 2 HoungunIAUAN — A9MIAN WA, 2562

L L
0 0.05 0.1 0.15 0.2 0.25 0.3

L L
0 0.05 0.1 0.15 0.2 0.25 0.3

5
2 . . . . y
Lo |
Eorlr0 “M'\WMM‘N{’M\W
B . . . | .
0 0.05 0.1 0.15 0.2 0.25 0.3
5 : : : : :
R e TATAYAVAYAVAVAVAVAY
& . . \ . .
o 0.05 0.1 0.15 0.2 0.25 0.3
; : : ! | )
PF05 / 0952 0993 1
| |

n I
0.05 0.1 0.15 02 025 03
time (s)

start load start SAPF

3U7 12 nan1sdnassanrunisalindnersueiinme
AmuAuiile n3finsnsiaduesuelindlgis PQ

lifidaneasyiu PSVD

W T e

0 0.05 0.1 02 0.25 0.3

0.15
time (s)

start load start SAPF

U 13 HaN153889dIUNSAINTIRasUaTinne

U

o e~

fpuANiile NIfin1IRNTIITueIsNetinmeds PQ

TAUSanesNy PSVD

-3.29 0,2‘91 0,2‘92 0.2‘93 0.2‘94 0.2‘95 0.2‘96 0.2‘97 0,2‘98 0,2‘99 0.3
d' ° ¢
E‘U‘V] 14 NaﬂWﬁﬁna@ﬁaﬂrIUﬂrﬁmﬂqiﬂ’JUﬂll

ATTLEYALYY

85

uBNINE WAN19TIRDIANIUNITAIVDITLUY
muauussiulaliaswhefmmuauitle Tuguil 15
dunaladn danruquitleauisanivauen V,
Tinssnuan ¥, Aldesnuuul lagldiiangidn

Useanu 0.35 w1l

432
Vi

431} / i

I _

V. (V) 428f 1

427 b

424 s s s s s s s s s
0 0.05 0.1 015 02 025 03 035 04 045 05

time (s)

JUT 15 nansdnaesaniunsaininiuns

NG RN

158 UUANITAULATIAIVESURTNA287D
PQ+PSVD d@1115Un15A19n81510nv8919950504
Aawenfinuuuruiyluunanud 18vin1ssians
anunsallunsaifiunasanousssulninammaiinns
LU§wuﬂaaé’ﬂwmzmwﬁmLﬁaamaagﬂé’ﬁgﬁgw 1oy

¢

wU9IN1sTaadn U Isalbluanude bown a9usn

A I

Faudnan 0 9 0.3 Junil Ao Frafiunasdnousay
amladdnuaglaidades S %IHD, Wiy
0% Y29figeanandiian 0.3 89 0.5 Juit Ae Faeil
urassgusefuaatgnvardnder Tasian
%THD, , wirfiu 5% LLazﬂquﬂﬁwﬁmmma’] 0.5 B9
0.7 3ud e Frefiunasteusesuanaidnves
dmdeanniu & %THD,,, fiAniniu 10% lag
FansldlnanduasasSeanszuaannaiiniszlvand
Wudnnderdideoynsududadiuniu wagld
ANSTASANY 9 VoITTUUTIRISANF 11519 2
FaLAY Han15I1aeIEnIUNISUAINaILEARI LA

G45UN 16 31ASUAINEIT WUIT NISASIIIU

Y Y

s a v

g15U0HNA2875 PQ+PSVD NLdus@IunsnAIuI0



86

MIFANFIFINTIUANENT U INYNRBASUASUNTILSR

U7 14 atuf 2 hou ngunIAN - BAN WA, 2562

| |
%THD, = 5% —— === ~===" %THD,= 10% — ===

200 T T T

V,

-200 ! L 1
0

200 T T T

.4 0.5 0.6 0.7

time (s)

start SAPF

JUN 16 mamsdnassanunsainmsidnensuedin e %THD, , vesusaiulninfiurasdnedniswasuwla

ANTELaSNIBsEnsUInRINTasawenivlignaes
VeautweInsIananunisel Tngfiansanann
Uy v ddnwaziduguleududiings
Wasuulas %THD, ,, vosussfulniinfiundsdng
wazfinrsanangudaa i, Adnvazdusuled
untuiiieifisutuneunisvaiys ynTa9ves
wsesulnirfiunasdreanunainisiasunias
%THD,, laviidn %THD,, woinszuaiiunasing
AENFINITIANSTLUATALTENIA1UTIIVDINIS
Wasuwdasusssulafifiuvasgewinfu 2.89%
2.87% Az 2.91% AI1UE1AU A1NNANITINAB
anrun1salfiladavedisdy aunsadudulasi
MInTIdussuefindaeds PQ+PSVD flaussausdin
Tun1sAIuIMNAINSTLED19BId15UN19A19 R
g13uedndiersasnsesindeweniinlussuulnid
wnaegnensiiuiidnensdaden wiitunaesne
wseiuaEdl %THD, Wasuulasiiutunieanas
A58 UTUFNTIOULAITAITASISUBRNAILIIDT
nseefrdnendinuuuruuluunaiind 16vinas
naasvaussauzlunsdlnaniinisidsundas

Aufviule lngwlanisneaeusduaiudae tawn

' v
= o '

F297inde faudiian 0 89 0.2 3undl Ao Fr9nTzuA
waniifiansan (R, =80 Q) Frafiaedauniiaan 0.2
84 0.3 3uf Ao Fr9fiflnnsifiunszualvan
(R, =62 Q) Lazgaeianudauiiign 0.4 f9 0.5
Jundi fie Prefifinisannsualvan (R, =120 Q) Tag
T¥szuuludAtiundesnousadudndor ddn
%THD,, winfiu 10% wazlda1misndimaseng q
Y935z UUTRNIITUIRINIT1T 2 man1591809
amummﬁﬁ'&nénLLamlé’G‘fagUﬁ 17 Fedunmlédn st
A1U7399RINTINRBIFNUNNTARIAIUANTLOETD
AUALNSTRATALYE i, TRllAnlndlAsaiy i, dwa
Tnszualnihfiuvasds (2,,) Lﬂuﬂ?ﬂ‘ugﬂleuﬂmﬁu
deifuruneunisvae Taeiian %THD, Y09
ALY IINAAOUAENSINTIABEVITU 3.29% B9
AnANNROUNSYAETITAN % THD, Winfu 27.79%
wonand Igvinisnaaeulaenisiiasuudasiuan
Faust 50% 9 150% vesnszualvaniifionsan Tagld
sruulwihiidundssreusesudaden den %THD, ,

WU 10% wazldAmInisIsimesaig 9 10953 UUnd

a

ANS9N 2 HANISNAFBUNINANILENILARISUN 18

U



MFANTIFNTIUANERS UININY IS LATUASUNTI SR

U9 14 20U 2 HoungunIAUAN — A9MIAN WA, 2562

87

|
0 0.05 0.1 0.15 0.2

&

start SAPF

time (s)

JUN 17 samaveaeunisminensuetiniienseualvaninisifsuwlaswuuriuiiviule

2n3Ufanan wut denseualvaniianfistuvie
anasNnszialvaniifiansan 2aesnsesiidauentiv
feanunsavaenseuasisuealinla dwalvinszua
fuvasirefundugUlsiinniudedisutuniounis
vawe lag %THD,, vesnszualiiiifumaadnedion
1N 5% Farrdananegnelinsouvesnsgiu

IEEE Std.519-2014

%THD, ,,
5

X actual data

4.5

3.5

25

2 ! ! ! ! ! ! ! ! !
50 60 70 80 90 100 110 120 130 140 150

load (% ﬂﬂﬂﬂiﬁllﬁiwﬁﬂﬁﬁﬁﬂim’])
U7 18 nan1smaaeuni1sidnensueiin lenszua
Tuaniinisiuasuwlaslusag 50% o9 150% U84

nszwaltaninansan

INHANITNARBUANTIAULNITANTAEITUBNAN
Frun15s1ansdaIuNIsaInilenaLteRY @1mnse
Buduldin reasnseeridanendivuuuyuiuiile
Ynaue faussausdinlusidnensuedndmsusyuy
Tihlunassneusssudaden dudinssualnanas
finnswasunlaiiviyu visanasannnssualwand

NIRRT

5. @3

AIATINTUBSUONAAILTT PQ+PSVD 1TWATAS
nsrTussuednfifiussAvdunaiudadmsuldlunis
Awinnszuasnsddliiulsasnsesmdendin §433
Fanaansaldlanfuszuu i fiundatnowsesu
Jugudaalal w%aﬁmﬁmlmﬂugﬂé’zgzywmisuﬂ
LANSLENUAIIATITUENSUTNAIY PQ+PSVD AT
9anwUU99snTe s us Tz aufuszuudl
fiarsan eswnanuddavesasnsearius kg
FOANTIOAULANITATIVIVNSUBNNVBITEUU NI

PNAFDUANTTOULVDIIAINTDINAILDNNNAULEUD



88

91fgd1aesan U almelULNTN Matlab Simulink

FINAN1TIIABIADIUNITUUIING TN 299558
P A Yoo a o

woniiruuuvwiunlddnaue daussausialunis

o

Manasuaindnsussuulniniunasaewsssudn

¥
=] =

Jon fausinssualnanaziinsudsunvaiingy
wisanasannszualnaniinansan TneRersanain
A %THD,, vesnszualiiinfiunasdngniendsnis
gasefiarasaniodisuiunounissnise wazan
%THD,, A189dIN15¥aLveainadiedaiele
U1MI§1U IEEE Std.519-2014 way IEEE std.1459-
2010

6. AnAnssuUsEAA

3
av o

NuATeillasunuatvayuandrinauneau
atuayun$Ide (@n7.) lasansuSygennigyaun-

Aven (AUN.) @13inendmanswazmalulad

7. 1@Na15891994

[1] P.Indrajit, and J. S. Paul, “Effect of Harmonic
on Power Measurement,” [EEE Petroleum
and Chemical Industry Conference, 1989, pp.
129-132.

[2] B. M. Elham, L. W. Clarence, and A. G. Adly,
“A Harmonic Analysis of the Induction
watthour Meter's Registration Error,” JEEE
Transaction on Power Delivery, vol. 7, pp.
1080-1088, July 1992.

[3] D. E. Rice, “Adjustable Speed Drive and
Power Rectifier Harmonics — Their Effect on
Power  Systems  Components,”  [EEE
Transaction on Industrial, vol. 22, pp. 161-
177, Jan 1986.

[4] V. E. Wagner, “Effects of Harmonics on
Equipment,” [EEE Transaction on Power

Delivery, vol. 8, no. 2, pp. 672-680, Apr 1993.

(5]

(10]

MIFANFIFINTIUANENT U INYNRBASUASUNTILSR

U7 14 atuf 2 hou ngunIAN - BAN WA, 2562

J. M. Ho, and C. C. Liu, “The Effects of

Harmonics on Differential Relay for a
Transformer,” IEE International Conference
and Exhibition on Electricity Distribution
(CIRED), Amsterdam, Netherlands, 2001.

B. Singh, K. A. Haddad, and A. Chandra, “A
Review of Active Filters for Power Quality
Improvement,”  JEEE  Transaction — on
Industrial Electronics, vol. 46, no. 5, pp. 960-
971, Oct 1999.

C. A. Quinn, and N. Mohan, “Active Filtering
of Harmonic Currents in Three-phase, Four-
Wire Systems with Three-phase and Single-
phase Non-Linear Loads,” [EEE-APEC’92
Appl. Power Electronics Conference, 1992,
pp. 829-836.

H. Akagi, “New Trends in Active Filters,” In
EPE’95-European Conference Power
Electronics Appl., Sevilla, Spain, 1995, pp. 17-
26.

H. Akagi, H. Fujita, and K. Wada, “A Shunt
Active Filter Based on Voltage Detection for
Harmonic Termination of Radial Power
Distribution Line,” [EEE Transactions on
Industrial Applications, vol. 35, no. 3, pp.
638-645, May 1999.

H. Akagi,

Y. Kanazawa, and A. Nabae,

“Instantaneous Reactive Power
Compensators Comprising Switching Devices
without Energy Storage Components,” [EEE
Transaction on Industry Applications, vol. |1A-
20, no. 3, pp. 625-630, May 1984.

M. Takeda, K. lkeda, A. Teramoto, and T.
Aritsuka, “Harmonic Current and Reactive
power compensation with an Active filter,”
Electronics

19th  Annual IEEE  Power



MFANTIFNTIUANERS UININY IS LATUASUNTI SR

U9 14 20U 2 HoungunIAUAN — A9MIAN WA, 2562

—
—
(SN

[t

(16]

[17]

Specialists Conference, Kyoto, Japan, 1988,
pp. 1174-1179.

G. W. Chang, S. K. Chen, and M. Chu, “An
Efficient Frame-Based

a-b-c Reference

Compensation Strategy for Three-Phase
Active Power Filter Control,” Electric Power
Systems Research, vol. 60, pp. 161-166, Jan
2002.

H. Akagi, E. H. Watanabe, and M. Aredes,
Instantaneous Power Theory and
Applications to Power Conditioning. John
Wiley & Sons, 2007.
O. Abdelkhalek, and C. Benachaiba,
“Sensitivity Assessment of PQ Theory and
Synchronous Detection |dentification
Methods of Current Harmonics Under Non-
Sinnusoidal Condition for Shunt Active Power
Filter,” Journal of Electrical & Electronics
Engineering, vol. 9, no. 1, pp. 801-807, 2009.
H. Akagi, “New trends in active filters for
power conditioning,” IEEE Transaction on
Industry Applications, vol. 32, no. 6, pp.
1312-1322, Nov 1984.

Y. Hayachi, N. Sato, and K. Takahashi, “A
Novel Control of a Current Source Active
for AC Power

Filter System  Harmonic

Compensation,”  I[EEE  Transaction on

Industry Applications, vol. 27, no. 2, pp. 380-
384, Aug 2002.

A. Zouidi, F. Fnaiech, and K. Al-Haddad,
“Voltage source Inverter Based three-phase
shunt active Power Filter: Topology,
Modeling and Control Strategies,” IEEE-ISIE
International Industrial

Symposium  on

Electronics, pp. 785-790, 2006.

(18]

[20]

[21]

[24]

89

M. Routimo, M. Salo, and H. Tuusa,
“Comparison of Voltage-Source and Current-
SourceShunt Active Power Filters.” [EEE
Transactions on Power Electronics, vol. 22,
no. 2, pp. 636-643, 2007.

P. Santiprapan, K-L. Areerak, and K-N.
Areerak, “Mathematical Model and Control
Strategy on DQ Frame for Shunt Active Power
Filters,” World Academy of Science
Engineering and Technology, vol. 60, pp.
353-361, 2001.

T. Narongrit, K-L. Areerak, and K-N. Areerak,
“Optimal  Design of Shunt Active Power
Filters Using a Particle Swarm Optimization,”
International Modelling &
Simulations, vol. 4, pp. 2871-2878, 2011.

T. Narongrit, K-L. Areerak, and K-N. Areerak,

Review on

“Adaptive Fuzzy Control for Shunt Active
Power Filters,” Electric Power Components
and Systems, vol. 44, no. 6, pp. 646-657,
2016.

S. Rahmani, N. Mendalek, and K. Al-Haddad,
“Experimental Design of a Nonlinear Control
Technique for Three-Phase Shunt Active
Power Filter,” IEEE Transactions on Industrial
Electronics, vol. 57, pp. 3364-3375, Jan 2010.
H. Akagi, Y. Kanazawa, and A. Nabae,
“Generalized theory of the instantaneous
reactive power in three-phase circuits,” In
Proc. Int. Power Electronics Conference,
1983, pp. 1375-1386.

T. Thomas, K. Haddad, G. Joos, and A. Jaafari,
“Design and Performance of Active Power
Filters,” IEEE Industry Application Magazine,
vol. 4, pp. 38-46, Sep 1998.



90

[25] D. M. E. Ingram, and S. D. Round, “A Novel
Digital Hysteresis Current Controller for an
Active Power Filter,” International
Conference on Power Electronics and Drive
Systems, Singapore, 1997, vol. 2, pp. 744-749.

[26] J. Eakburanawat, P. Darapong, U. Yangyuen,
and S. Po-ngam, “A Simple Control Scheme
of Single Phase Universal Active Filter for
Power Quality Improvement,” In 2004 IEEE
Region 10 Conference TENCON, Chiang Mai,
Thailand, 2004, pp. 248-251.

MIFANFIFINTIUANENT U INYNRBASUASUNTILSR

U7 14 atuf 2 hou ngunIAN - BAN WA, 2562



SWU Engineering Journal (2019) 14(2), 91-97 MTANTIFINTTUAENT UNINYIUATUASUNTILT6

U7 14 auN 2 WHoungun1Ay — AIVIAL W.A. 2562

N1SWAILIFONENULEIDINNG L NDATITInAMNINLA®

Development of solar powered boats for water quality monitoring

Yoy lauia '™ g5an Husnwiug’
edyimnssulesuardannden Auineansuarimnssumans iminendunvaseans
W NUALENNTZIAYIA JIinanauas
2mpdriennssulesuarduandon Augdmnssumans uninedeasunsumsiln
Piyanuch Jaikaew'* Suthida Theepharaksapan®
Civil and Environmental Engineering, Faculty of Science and Engineering, Province Campus
Kasetsart University, Sakon Nakhon 47000, Thailand
“Department of Civil and Environmental Engineering, Faculty of Engineering, Srinakharinwirot
University, Nakorn Nayok 26120, Thailand
*Corresponding author Email: Piyanuch.jai@ku.th
(Received: May 19, 2019; Accepted: August 20, 2019)

unAnga
unauEthiauen s szUURTaaugun gl T el indanunauny iFefunuundny
wasorfindlésumssenuuuuagldnudmiunmnssounuamiilnensindmsifinesine 4 vesiaegs
hluuwdnir deyagnifurunulnedusesyiameudu pH gamgl veudsiiazans uazUiinaeendiauly
ih femagnifusuraililussduaradnfunndieiuresh Senduruuaenfindifdmindouayszam 8
Alansu AnuFigean 10 Alawnsdednlus wwawaduasefinduuFeannsaadanseudlnililiuszana 54.24
I ndnmsvianugsgadl 10 vu. szuudsnaniiden 1y msudesmsuaus mslindsausi fanudaveu

Tunsusulgau

=l [ a

ArdAy: Bondsnulatefing ndsunawny Msnsivgeunaniwni Wuliasiudwndey

ABSTRACT
This paper presents the development of a water quality monitoring system using boats
powered by renewable energy. To monitor the quality of water by measuring various parameters for a
water sample in water resources, a prototype boat using powered by solar cell was designed and
implemented. Data collected by various sensors such as pH, temperature, total dissolved solids, and
oxygen density was collected in different depth of water. The solar-powered boat's weight around 8

kg. The average speed on the water surface was 5-10 km/hr. The solar panels on the boat can create
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electricity as around 54.24 Wh. The principle of maximum work was around 10 hr. Our system has

advantages such as low carbon emission, low power consumption, more flexible to deploy.

Keyword: Solar powered boats, Renewable energy, Water quality monitoring, Environmental friendly
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ABSTRACT

This research was to investigate the quality of water in the water transmission right main
canal in Nakhon Nayok province. There were 8 sampling points along the water route. Samples were
taken from January 2019 to March 2019. The results shown that the right main canal is a canal which
receives water from the Nakhon Nayok River for agriculture, consumption which used to produce tap
water in Ban Na District and Ongkharak District. The land use nearby the right main canal is divided
into 3 parts: land use for agriculture, accommodation and other activities, such as, restaurants. The
results of measuring the water quality were found different in each points depending on the source
of pollution from land use along the canal. In the sampling point No.6, 7 and 8 were found the total
water quality including BOD, SS, NH5-N, POf’, TCB and FCB were higher than other points. According
to DO was low. That caused by the release of contaminated water from household and human feces
into the canal. The results of the water quality assessment was found the water quality index (WQI)
was in the range of 55 - 71. At the sampling point No.1 to No.5, the surface water quality assessment
results were moderate to good which could be compared with the water quality standard class 2-3.
At the sampling point No.6 to No.8, the surface water quality assessment results were deteriorated
which could be compared with surface water quality standard class 4. It could be concluded that the
water quality of right main canal depended on the source of pollution. The household wastewater
was the main factor affecting the water quality. Because it was contaminated of organic matter and
pathogenic bacteria. Therefore, monitoring the environmental health impact should be set as an

important policy for this area.
Keyword: Water Quality Assessment, right main canal, Nakhon Nayok province.
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unfnga

unanuiiiauenssaeusaiuliiuaz fulgaFsznauidsietsasainsauBaneuls
syuvdsiunaslninnszuaaau (Flexible AC Transmission Systems: FACTS) %fin293519@3@ (Static VAR
Compensator: SVC) dmduszuulniimdmiana Tnonsinauszilioudiouaussausnseaeveeas
laidnliisnununsiau 3 38 Ae TBAruauHLAILTIY (Voltage Control: VO) 33muAusuA1&ss
wan#in (VAR Compensation Control: VCC) kagisaiuaurIuAsssiusiuiuidssueniiv (Voltage and VAR
Compensation Control: VWCC) AM3599nLUUAINITIALAD5U89199 3108920 1A BLUUTI8 09N NANAFENTUD
wasoatFdearldiausluuneuiiduiu msesiadeuausTausmrasLssTuliihuaznsUSuUTIAR
Usgnaumdeieglsasiealdazldinalinnisdnassaniunisaiuuuaisauislugy (hardware in the loop
simulation) 7l#lUsunsy MATLAB/Simulink $aufuuasa DSP JuTMS320C2000™ Experimenter Kit S9wanT3
$raesanunisal wui 2eTeaITRITNIMUANTIETEMUANHIUATES LenTiluaz AT AUANENUALT Y

Putumdsuenfinausalilssansuanisyaenalndifeaiy taginitidaruguaiiuansaiy lngan

wssAulnifga@eusiosin (Point of Common Coupling: PCC) UagAdiUsenauindaedssuun1enasnis

gawseidulunusadounisiniidmginiaindmedeimuanis@ensesyuulaswielih we. 2559

I

ARy N1srareLsaiulni MsUsulaadlsenaumat 29951ea3d 38N15AIUANNRTEEIT 1935859

anudanguliszuvdsdemasininssuaadu

ABSTRACT
This paper presents the voltage compensation and power factor improvement using Flexible
AC Transmission Systems (FACTS), Static VAR Compensation (SVC) for single-phase power systems. The

performance comparison of SVC with three control methods such as Voltage Control (VC) method, VAR
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Compensation Control (VCC) method, and Voltage and VAR Compensation Control (VWWCC) method are
proposed. The design of SVC parameters depend on the mathematical model which is also presented
in this paper. For performance testing, the hardware in the loop simulation technique using
MATLAB/ Simulink program and TMS320C2000™Experimenter Kit DSP board are applied to Simulate
voltage compensation and power factor improvement via the SVC. The simulation results show that
the SVC controlled by WC and VWCC methods can provide similarly a good performance and better

than VC method. However, the voltages at point of common coupling (PCC) and power factor values

after compensation by three control methods. are satisfied under Provincial Electricity Authority’s

Regulation on the Power Network System Interconnection Code B.E.2559 (2016).

Keyword: Voltage Compensation, Power Factor Improvement, SVC, SVC Control, FACTS.
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