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Abstract

The development of spinning marigolds dehydrator machine is aimed to reduce working time and find
working efficiency of the spinning marigolds dehydrator machine during 4.00 — 4.48 kilograms differently from
before weight at 5.00 kilograms by a voiding using repeated marigolds. The bucket was connected with 220 volts,
1/3 horsepower at 500 rpm speed to dehydrated the water out of marigolds. For the finding working efficiency of
machine, the 5 kilograms of marigolds were dehydrated for 30 times and was statistical analyzed for 95%
reliability and 0.05 statistical significant.

The result of the comparison reveals that the machine which is developed consumes the time in
spinning less than the machine which uses man power for 25 minutes. For the working efficiency, the machine
which is developed has the efficiency higher than the machine which uses man power 62.5% in 30 times of
testing  From the statistical analysis, it explores that the spinning water out from the marigolds by the original
machine which used man power get 4.72 kg average weight, 4.8 kg highest weight, 4.6 kg lowest weight, 0.0791
standard deviation and the 0.00626 variance. While, the spinning water out of the marigolds by the machine
which is developed get 4.25 kg average weight, 4.3 kg highest weight, 4.1 kg lowest weight, 0.0884 standard
deviation and 0.00781 variance at the 0.05 statistical significant and the 95% reliability.
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Abstract

This research aimed to study the effect of strontium on structure in semi-solid state of AA6061
aluminum alloy. The experiments were added strontium 0.005, 0.010 and 0.015 wt% to the molten of AA6061
aluminum alloy and pouring into the stainless steel mold for feedstock manufacturing. For to study; reheat the
feedstock to semi-solid state at 645 °C with 5, 10, 15 minute of holding time and quench in the water.

It was found that increasing the amount of strontium the structure in semi-solid state of AA6061
aluminum alloy has a smaller grain size and roundness of the grains increases. Increasing the hold time the

structure in semi-solid state with size and roundness of the grains increases all the amount of strontium.

Key words: AA6061 Aluminum Alloy, Strontium, Semi-Solid Structure



unin

lavzavalilounannsn AAG061 Hutani
YrunldUseloviad19ninewang Wy sudiu
9INIAYIU SOUUR TATNTEIY TOINTUIULURA
ﬂi@UUi%QMﬁWi’N‘Uaﬂa’lﬂﬁLLﬂSLﬂé@ﬂ“ﬁWﬂ’]
(Askeland, D.R. and Phule, P.P., 2003) m?ﬁ‘u

stz luan nimang duvaandamendiu g4

P

Y
fdedninllieudiulsusrandudousinlily

anusatugula uwdatunsadudluaninis

Y
(%

va3udald (Lee, Sang-Yong and Oh, Se-ll.,
2002)(Pitts, H.E. and Atkinson, H.V., 1998) & 1
Frvandesifniadlu lnondntandeu
(feedstock) warUautiniiiuiviaednnse
wifisnitugy Yantoudulaveiiusznaudema
voauda wazilavosvad (slury) deogszning
gungfidusy wardugamauiei sunouilios
AIUANFUTI (morphology) aveaudalailyf
\ulassa¥rsferinu (non-dendritic) uailviidu
dnwaiznau (globular or sphere) fuwiasind
100 um wagnszesadnanelumaveuvad
devinliaruasaluass (flowability) Tealu
wiifiust Sedrsangngu vilideduauniy

(Govender, G. and lvanchev, L.,

2005)(Kapranos, P., et al,, 2000)(Salleh, M.S.,
et al, 2013) JagUauaiuisawmssulananeis
nsiius A duiinieidenld ansouiiion
dusmdmiuvlddauwdacassadicluaiunae
Tanzazgiliduunauinsn A356 LANAYDISIA
ansouionlulavzozgiilounauinin AA6061
Falaifiseaunisife midetasAnvinanes
smansoufiouifsolassairdluaninieesuds
Tangorgiidounaningn AA6061 LitolHidu

v

Joyan1sidesiely

o

TanaunIaluazisnisinm

13899809

1.1 lanzozgiiflounauinsn AAG061
[daumauO.S—l.Z%Mg, 0.4-0.8%Si, max.0.7%Fe,
0.15-0.40%Cu, max. 0.25%Zn, max. 0.15%Ti,
max. 0.15 %Mn, 0.04-0.35%Cr, 0.05%0Others,
Al-Balance] [g I H33990 3N 15U IH 2
(solidification range) 5¥%319 582-652 9411
waldeal anmssnliiddnvasuls é’w’qgﬂﬁ 1
(n)

a a

12lavzniozalifou-dansoutiiay

Y

a

(AL10ST) anwalAInIng 1 (1)

(n)
and 1 (n) Iamas@ﬁl,ﬁamamﬂim AA6061 AauvinNISapuavaie way (v) larewa ALLOST

2. mnandaqleu vasulavzergililey
HALLNTA AAGO61 FRELANYADNIUUYARINAIY
gruniulaii naulaveuslorgiillou-

ansauniien (ALLOSY) Wisnlileanseufisusesay

(%)

0.005, 0.01 wag 0.015 laguintn mlave
viaeuvagaungil 680 asmgallya asluuwuy

naawmannailsaiy Yasslilanzudasifain

28NINWUUNED AINTNT 2



() @

@) 5

awi 2 Juneunisuanianleu (n) wasumenivnalnA s uUln (v) naulanswd ALLOST WielW

Ipansouifinsaeay 0.005, 0.01 uay 0.015 Inwwin (A) wlavevaeumaifigamall 680 seralTya

' = YUY a Y Y a
adlunuunaemdnnantiaty uway (1) Jandeudldainnisudn

3. FBAnwmavasINanTUBLLATIIAN

' @

auntaalassaFsluaniniavands ¥nian

q

YJauiidaneluddlalianusouganinis

0TI UNYH 645 peAngaTed Aa8LAn

Thermometer

(n)

Furnace

Feedstock

Yaanausun Ul wazeuwdiluna 5,
10 way 15 w1 Wisenanen wazvinlmduda
Tnaisamenisguidniiosneilassasisluaninis

Y09 ASlUNING 3

Thermocouple Type K

awii 3 (n) ianuSeutandoudanmiweds uay (v) duiagleului

4. nsAnwnlaseadae ihfagdeuiiriu
nslsienusouganinisveudaudaninliusn
Taiadenisguiluindouii Aafianiindae
a13a8a1e Keller's angnnlassaineganineieg
ndesqganssAiuuuLasifAeY 150 i way
nnlassaiianialdinseivunainsuiie
3% Intercept Length A11110 557U ASTM
E112-96 UagIlAT189AIIUNAUYBIATUA Y

FONTLISHATIEVAIN ANUNAUVDINTULEARS

A18A1 Shape Factor §3AMUNANVDILNTUDY

auysalfanaLile Shape Factor = 1

Y 9

NAN1SANE

detlavzergiiiounaninia AAGO61 i
HAUSAnTWTEUToEay 0.0, 0.005, 0.01 uay
0.015 Tngvmidn sislugninnae wazanInia

YoaudsluAnulassasalanasining 4



)

(V)

)

ANTNYaD

=
5UM

10 W19 15 WA
)

Y

ANMAVDILT

A 4 Tassaislavzevaiidluunaningn AA6061 NaNsmanToUTianSauas (n) 0.0 (1) 0.005 (A) 0.01

Y

q

way (1) 0.015 lagtwmdn visluaniwmeae waranmiswewdsainnishinnuioud aaumgl 645 aaen

wawea wazouwdiduian 5, 10 way 15 uil

afUseNan1sAnE

anamit 5 Taseadsluanmvdevedlans
pzgiilounaninTn AA6061 Pnavansoufioy
¥peaz 0.0, 0.005, 0.01 way 0.015 Inethwein i
YuUIALNTY 104, 95, 86 uag 83 lulasiuns
CRFGRIZAT ﬁqgﬂﬁ 5 quiansuiidnasniy
ﬂ%mmﬁmamamﬁﬂuﬁl,ﬁm%ummﬁmmﬂmi
Wosudonmaiigeueama AlSr (Alcock, C.8.

and Itkin V.P., 1989) uay ALSi,Sr (l@138nyal

A 918 8 3, 2553)Gautam, Krishnan, R. and
Somasekharan, Nair, E. M., 2013) 3991141119
& a a 2 o oA ~
Wuleduauesnsuin Wenduansouiio
u1nFurinlinisvesusiveana ALSr Lag
ALSE,ST WLTY il sudarinesaiiilleuindu
o 1 @ v 2 q
UIULNTENININSUT Fadunaliluanin
waelvwiansuanawuUsinusnansouion

o a X
YILNWUYU



140 135

Gl

=

g 12007 110

=

= 98

"C"’ 100 - 92

&

Z 80 . . : .
0 0.01 0.015

YSnasganseuien (wit)

a a

AR 5 savesUTinusmanseuiieursvnansuluanwdevedlanzergililounaninin AAG061

othlavzergiidounauingn AAG061 7
HANSINARTOUTENaEAY 0.0, 0.005, 0.01 uax
0.015 Tagthmiin Tienudouganmisesuded
gaumall 645 psrnwaided uazeuutduna 5,
10 waz 15 unit vililassairsluaniwvae dod
nsuifufsfu (dendrite) Wasuudnvy
nax (globular) f?fagih?i 4 n15\UasuRUasves
lA59as19ananIinannsnastaraeveng
fiflgunniinasuararediieguinaveuinsy
weufuLyuveslassaiiafiadiu (dendrite
arms) Aifllaveanaunsnogar eyl
590132 wavwdsuludnwuznaudieg
ASLUIUNITUNSTUVBIDE MDY (Fan, Z., 2002)
ANUNANTBUNTULUTHUANLLIANBULY HARIIY
7l 6 189938 UIUNITUNITUYDIDE MDY

Vndulag1iuiu nasiiuanauwdalinavinli

YUIRLNTULRUT U ﬁagﬂﬁ 7 aAniuilosnin
nalnn1ssIu (coalescence) seninanave sl
(Wang, Shun-cheng, et al., 2008)(Chayong, S.,
Atkinson, H.V. and Kapranos, P., 2005) L& ¢
ﬂalﬂﬂﬁm?iaué’wmmmgmmmmLﬁﬂi’dé’fﬂ
aynafitvualvgj(Ostwald ripening) [13-16]
ﬁﬂﬁgadauiﬁmm%auajamwf"iwaal,l,%qmmmuﬁ
yuaLdn nendsnisliaiiuiouganinia
youdefiarlinsuiiflauindnas (Marsarido,
M. and Robert, M.H., 2003) 33519 ans0uLiios
Fnandnlusldnsuisunndnasanuaveaa
ALST thag ALSi,Sr %aaaw@f’;ﬁqmmﬁqﬁqﬁw
winfidavanenistaveansusenineansliaiy
Sou (Samuel, F.H., et al, 2001) @4 a 'l

Tassassluaninisvewdslivuinnsudnas



0.8 -

Shape Factor
o
(@)Y
1

0.4

0 0.005 0.01 0.015

WSunaswmanseuiey (wt%)

Al 6 navesUinusmanseuieuwazateuwtluanwiwediiaamall 645 earuwaidea sie

ANunaNvesnsuvedlavzergiliuunaunIn AA6061

R 140 913,

E 128

- 120

% 107

% 100 /104

é ” 90
80 T T T 1

0 0.005 0.01 0.015

Ysmasiganseuien (wi%)

——5 11l
98 culimm 10 U1

83 e 15 U

Al 7 naveslTinasnanseuiisuwasiateuwtluanimiwediioamall 645 earnaaided sie

yuansuvedlavzevgiliiuunauinin AA6061

R

1. smanseuiieuinlvlasasisluann
Awosudeeslanzezgiionnauinga AAGO61
founinsulidnas wagseduaunaufingy
puUimansfisturesinanseuiion

2. maiiunansundililassaddluanin
Aswowdalvuauazanunavvesnsuiuty

NN USU UM INENSI9an ULy

nnANssNUITTNA
YBUAUANUNTINGIRENALLlAT IV
a1uun a1n Aliaueuasien luni9ld

a4 A ¢
LATDNUD LLaz’qﬂﬂimmﬂﬁ] 1umi‘1/|fﬂam



LONA1581984

@anual ALBeY. (2553). MTUTUUTeaNUR
nenavesezgiifieunsvands 7075 Tag
miauasmﬂam%’umau LLagﬂ'ﬁLallﬁ’]@
AnTaULIBY AWNULAEN WAL/
wiaslattey. IednusifmnIsuaans
WNUMTR. @1U1VIAINTIUTAR.
UNINGISAVAIUATUNS.

Alcock, C.B. and Itkin V.P. (1989). Journal of
Phase Equilibria.

Askeland, D.R. and Phule, P.P. (2003). The
Science and Engineering of Materials.
4" Edition. USA. Thomson Learning.

Chayong, S., Atkinson, H.V. and Kapranos, P.
(2005). Thixoforming 7075 aluminium
alloys. Materials Science and
Engineering. A390, 3-12.

Fan, Z. (2002). Semisolid Metal Processing.
Haddersfield. The Charlessworth Group.
11-20.

Gautam, Krishnan, R. and Somasekharan,
Nair, E. M. (2013). Study of Strontium
Madification in Aluminium Alloy.

International Journal of Emerging

Technology and Advanced Engineering.

3(10), 2250-2459.

Govender, G. and Ivanchev, L. (2005). Near
Net shape Forming Using Semi-Solid
Metal Forming. South Africa. National
Product Development Center. 1-15.

JIANG, Ju-fu and LOU Shou-jing. (2004).
Reheating microstructure of refined
AZ91D magnesium alloy in semi-solid
state. Transactions of Nonferrous
Metals Society of China. 14(6),

1074- 1081.

Kapranos, P., et al. (2000). Near net
shaping by semi-solid metal processing.
Materials and Design, 387-394.

LE, Qi-chi, et al. (2003). Microstructure
evolution and partially remelting
processing two-phase- region casting
AZ91D semisolid slurry ingot. The
Chinese Journal of Nonferrous
Metals. 13(6), 1488-1493.

Lee, Sang-Yong and Oh, Se-Il. (2002).
Thixoforming characteristics of thermo-
mechanically treated AA6061 alloy for
suspension parts of electric vehicles.
Journal of Materials Processing
Technology. 130-131, 587-593.

LIU, C. M., HE, N. J. and LI, H. J. (2001).
Structure evolution of AlSi6.5Cu2.8Mg
alloy in semi-solid remelting processing.
Journal of Materials Science. 36,
4949-4953.

Margarido, M. and Robert, M.H. (2003).
Influence of thermomechanical
treatment on the production of rheocast
slurries by partial melting. Journal of
Materials Processing Technology. 133,
149-157.

Pitts, H.E. and Atkinson, H.V. (1998).
Thixoforming of AA6061 Al alloy for
automotive components. In:
Proceedings of the Fifth Semi-solid
Processing of Alloys and Composites.
97-104.

Salleh, M.S., et al. (2013). Review Article: An
Overview of Semisolid Processing of
Aluminium Alloys. Hindawi Publishing

Corporate.



Samuel, F.H., et al. (2001). Decomposition ZHAO, Gaozhan, et al. (2014). The

of Fe-Intermetallics in Sr-Modified Cast Development of Spheroidal Grains and
6XXX Type Aluminium Alloys for Thixoforming of AZ91D Magnesium Alloy
Automotive Skin. Metallurgical and Treated by Different Routes. Materials
Materials Transaction. A3(8), 2061-2075. Science. 20(4), 1392-1320.

Wang, Shun-cheng, et al. (2008).
Microstructure evolution of semi-solid
2024 alloy during two-step reheating
process. Transactions of Nonferrous

Metals Society of China. 18, 784-788.



n1sauneasdemasinwilfarewuulduasumasnunaneyaineiasis
a saia 1 1 o W %
‘W’]i’]llW\'ﬂi‘l/l&lNaﬂ'e'lﬁ&liﬁi‘luzﬂ’ﬁﬁ\‘iﬂ’]ﬁﬂlﬂﬁ’l'liﬁ'w
The Development of Multiple Receiver Wireless Power Transfer to
Analyze Influence Parameter on Performance of Wireless

Power Transfer

a aa Y sl o s X A 2 v o a3
AR NANIUNT , miWQﬂ LYBLUDINIU LAY LBNYY UM

Kitti pilajanl, Nattapong Chuamuangphan2 and Ekkachai Chaidee”

2,3 a a I3 a o a v )
' annimnssulain paugdemnssumans svuninetdawmaluladsivnmadiuun Weesne
b Department of Electrical Engineering. Faculty of Engineering Rajamangala University of Technology Lanna Chiangrai

*Corresponding author e-mail: ekkachai@rmutl.ac.th, ekkachai.ch799@gmail.com

UNANYa

nseenuuuInesdstasiihlfaelifugunsallnimarsvuandendulaeldvuadsidanunisgndndudes

3

' o
saa ' =

Wnladnwarnalniln wimdn waznisfwesnilnaseaussauznisaaindelninl¥any nsfnwilded

o

npUszasAie
a I3 a saa 1 o o % v v o w Yo <

Iesginavesndmeiifideanssaugnisdsidsinilfaewuuldvasuidmnunateyn ladmsziiasauy alwih
AU Ws1AwesAlinaneaussaurlasdsidslniiliane fe Inanauwmientnsy waganudldau e nwinaues
wnfiweininanidesnuuuyanaaesdeiadlnihlaelagldvadsidsnunilaauazansuidsnunaieyn 14easdu
BUURLAAWINUARNURTERURLaESR sanuuUNITIRaRY waznagaudsnidalniildaelunsaznsdl nans@nwinudn 1)

o v

awudwananumnuiuinnfiszerlnduadniduluuasiuIuusnanasTn 2) NsaRvIATAaItIdNILEISaLRY
AuTLLYEINLLMENUSananss 3) fddlwiuieenuazUssaninmanamussezinse wafth fiiady 4)
Ustdnsnmlngndefisdunudnnuiniuiidan 5) sesdhdsiinl$meansndsiddnihgeaadlelnaniiani
winzaw 6) 19asanunsadedslnilamiiiornuislauuudunsuiidndilndanuislowuudvesundasndeny 7) Aaay

a

wileninalaenssienisasniaaliiinaslsednsnin nan1533e nsdeinadlnilsansuuuldunsuideanuaiuvadliin

anansadaaslndiligeantt 25.72 o dmdslniviesnindeegi 8 106 Aeyaiszasn1e 1 wuRuns 1u3dedanse

AnwTadn eanwuU wazwaul 29asdanndslniilisanglanal

o w

Adfgy : mderindaliiliane, ansuindanuvaneyn, aandlidh, anumienihey, anudslewuug


mailto:ekkachai@rmutl.ac.th

Abstract

To design of multiple receiver wireless power electrical, magnetic characteristics and effect of
parameter on performance of wireless power transfer should be known. Objective of this study is to analyze the
effect of parameters on the performance of wireless power transfer. Equivalent circuit was analyzed. Load,
mutual inductance and operating frequency are parameters that have effected on performance of wireless power
transfer. To study the effect of these parameters, circuit of wireless power transfer was designed by using one
transmitter and multiple receivers. The circuit has driven by using full bridge inverter operating at the kilohertz
range of frequency. Experiments were designed and each cases was tested power transfer. The study results
found that 1) high magnetic field density occurs at nearing inside transmitter and sparse at central area of
transmitter coil 2) size reduction of transmitter can increase the central area magnetic field density 3) output
power and efficiency decreases with increasing distance of resonators 4) average output power and efficiency are
increased when receivers are increased 5) wireless power transfer circuit can transfer maximum power at optimal
load 6) wireless power transfer circuit can transfer can deliver well power when using resonance frequency of

transmitter. The results can be applied deep study, design and development of wireless power transfer.

Keywords: Wireless power transfer, multiple receiver, electrical load, mutual inductance, resonance frequency
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Abstract

The production growth of a number of enterprises has increased steadily. This increased production has resulted
in an increase in dust. Near the ocean salt is deposited on the insulation cups causing them to deteriorate which severely
impacts on the electricity transmission systems. This research aims to test the deterioration of insulators on 22 kV. High
voltage lines using a whell testing method to place strain on the insulator over 1,000 hours. The test was based on the
standard IEC 62730. Rated Voltage testing solution for 18 kV. Using Sodium Chloride (NaCl.).The test result showed that 3.50
mS. of conductivity occurred. Fouling gradually accumulated on the surface of the dielectric insulator consistent with the
effect of weather. Electrical and thenmal stress on the insulator was caused by a corona dischaege. Over a long period of
time this resulted in the deterionation of the dieleetric insurators and damage to the system. The results of the test can be
used to assess the suitability of materials used in the design of insulation, based on the location and type of fouling to

ensure the insulation is suitable.

Keywords: Pollution, sodiumchloride, wheeltest.
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Abstract

This paper presents the characteristics of electric field for the high-density polyethylene cable spacers for
22 kV distribution systems under polluted conditions through cable spacer tests of 22 kV transmission line for 1,000
hours. The cable spacer testing rooms under polluted conditions are built for simulation of 3 conditions: ultraviolet,
salt fog and rain in order to detect leakage current and deterioration of the cable spacers. The result was simulated
by the COMSOL Metaphysics Version 4.3b from the existing electric field around the cable spacers.

The result shows the leakage current existed on the surface of the high-density polyethylene cable
spacers for 22 kV distribution systems under the polluted conditions of ultraviolet, salt fog and rain in order to
evaluate whether the cable spacers are able to resist to the electric field stress, the effect from various simulated
conditions to the cable spacers, and the result simulation from the COMSOL Multiphysics Version 4.3b in order to
detect the electric field that existing on the surface of cable spacers. From the result simulation of the electric

field, the electric field existed around the point of the support line the most.

Keywords: Electric field, Leakage Current, Polluted Condition
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The Study and Testing of Composite Insulator for 22 kV Deterioration
System under Polluted Conditions by Wheel Test

Yealg AuR’, Ansvun wutly’ uay Iy Indussaty’

Chayanut Tuidee', Puttarachanok Nawnun? and Wichet Thipprasert”

L23 3 ianendowmeluladsissenaduunidesse

122 Rajamangla University of Technology Lanna Chiang Rai

“ Corresponding author e-mail: wichet_thip@rmutl.ac.th

unAnge

andeauuliiidudulsznevddgyseiatissnmussssuudsiemdaliin anuunnsesmegndeauiuliih
Suiosannisidionanin dwwansznueaTuLsIHeTEUY muﬁaﬁmsﬁﬂmﬁaﬁﬂwmsmsﬁauamwmaaqﬂﬁwamumi
duaszidmiusyuudedng 22 Alaliad innseenwuuuaradsavageunuunsgiu 1883 62730 neaeunglsaniaz
Wiozdleulneisquiesdelastmuniitaussiunszuaady 17.96 Alalaes Iidudidnlnn Tasmailndeuaselsdurld
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AanAsy: 11msguledd 62730 nszuasilva lalsunfanise

Abstract

The electrical insulator is an important part on stability of the power system. The defects of electrical
insulators had a cause from a deterioration, which strongly affected on power system. According to this problem,
this research aimed to study a characteristic of deterioration of composite insulators for power transmission 22
kilo voltage by designing and creating a standard test set IEC Publ. 62730 under polluted conditions by wheel test
and setting AC voltage 17.96 kilo voltage to electrodes by using Sodium Chloride as a polluted with conductivity
3.50 Millisiemens / Centimeters. From the testing results showed that the heat from 38.4 to 50.5 degrees Celsius
was a main cause of leakage current and also affected on changing the surface of electrical insulators. As well,
the corona discharge or the Dry band up could occur while testing and could be a result on reducing the
insulator. The results were analyzed and studied the deterioration of composite insulators as a guideline for
maintenance the electrical power system and electrical insulators and for selecting the electrical insulators with

the suitable conditions to reduce the causes of deterioration and the effects on the power system.

Keywords: Standard IEC 62730, Leakage Current, Corona Discharge
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Enhancing Efficiency of Electronic Components Production: Case Study
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Abstract

This research aim to enhance the efficiency of electronic components production. This research was
conducted in the factory, which will result in a useful and realistic as possible. The preliminary study to analyze
how to work, work study, performance measurement, Production Process Analysis, production time, and write the
working methods of the manufacturing process to reduce the length of material (wire). By reducing the length of
wire according to determined size and then put into the actual work. The improvements that have led the main
4M, 7 QC Tools to help in the analysis to make improvements as to convention the design and construction of
fixture used to work more conveniently and faster, which is important in reducing the working time of employees.

The results showed that the length of copper wire was reduced from 1,320 mm. to 1,280 mm. by using
4M, 7 QC Tools. By using this method, the length was reduced 40 mm. and the cost was decreased 0.067 baht
per wire. In the soldering station, the figure was used to reduce the productivity time processing. Instead of using
7.30 seconds, we only used 4.66 seconds per piece. It means that with this technique, we can save 2.64 seconds

of the time production.

Keywords: Efficiency, Electronic Components, Work Study, Production Process Analysis
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aauii Foluna 4a4h YoaLde SAUNAR %0418
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T i T T T T
v v v v v v
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25 CV940120SE 36,519 260 36,779 0.71
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M990 2. Yoyansuanvemdndueilunasu CS540110SRB Yadlssnunsilfnwaddiseunaitunis
o
NAMYBINY 12 @anil
DATE : 1-4.0.-57 TN 23 AU
MODEL CS540110SRB Cycle Time vosusazannil 5 Uil
LINE : D13

o leuau CYCLE TIME (3wndl) oA P

Station| ~ JOB DESCRIPTION AU | Funu i/ 1 Fu
1 2 3 4 5 MAX MIN AVG.
1 |Jouazdnain 1 200 | 40658 | 411.65 | 400.01 | 420.11 | 409.76 | 2.10 2.00 2.05
2 |p519@0U829 1 200 | 321 4.56 ar7 3.45 3.28 0.02 0.02 0.02
3 |Speanm 11 11 100.63 97.65 95.27 96.62 97.36 9.15 8.66 8.86
4 |p519EeUfiyasnn 1 1 313 2.95 3.77 3.16 4.00 4.00 295 3.40
5 |nsaaaeunseuali 1 1 3.49 3.85 3.65 3.70 3.72 3.85 3.49 3.68
6 |asnaeunislagu 1 1 332 4.99 5.43 3.90 5.10 543 3.32 4.55
7 |5a Label 1 1 4.70 479 441 4.18 4.80 4.80 4.18 4.58
8 |vans 1 6 4513 | 4195 | 4521 | 4102 | 4291 754 6.84 7.21
9 |AIUANAINEN 1 1 3.68 267 3.84 373 4.03 4.03 267 3.59
10 |psesaaadeunseualal | 1 1 2.20 1.65 2.50 231 2.70 2.70 1.65 2.28
11 |¥p91 Pin 1 1 3.12 2.98 275 3.40 2.89 3.40 275 3.03
12 |Ansuhindun 1 370 | 481.00 | 490.00 | 475.65 | 502.03 | 51290 | 1.39 1.29 1.33
TOTAL 4840 | 3779 | 4458

9115197 2. ndeyavesnisndnluiaa
CS540110SRB Fannslsauazaanliuiul e
Tunadshudumsinuldfoyaseumananues
LAazaninaffeannin 3, 8 way 7 d59UNS
NARgALRAANART

ATIEYNTEUIUNITHARN LN ATY
CS540110SRB

N15UMaNN1T 7 QC Tool 11UFUlE leun

bNUnINaImakayna (Cause and Effect

Diagram) I as1zianvnvaslynifiinau

(@Une wasdums, 2559) Fs919ina1n A (Man)
1309303 (Machine) $mqfu (Materials) 33015
%1974 (Method) wagziumi3sudlalgnii
Andulsinssgaiftetiuysyansnwlunisuaayii
mMafuTIuTdeyalduinsivnauasfnw
YamseunwdnndsSeminunnluties (ude 3

359109, 2543) PHaRIWNNTIN 3



M19°99 3. ToyansHannAnsueiluna CS540110SRB FesmauaImMndndnunlumtesdiuiu 12 aandl

DATE : 1-8.A.-57 FIWIUNTNU 23 AU

MODEL : | CS540110SRB Cycle Time (vosusiazannd) | 53udt
LINE : D13

U aimu

Station JOB DESCRIPTION au | duew | AVG % | % azaw

1 [Se8@In 11 11 8.86 19.88 | 19.88

2 |Uans 1 1 7.21 1617 | 36.05

3 |@n Label 1 1 4.58 1027 | 46.32

4 |pvv@eunisldsiu 1 1 4.55 1020 | 5652

5 [nsasiadeunselalyl 1 1 3.68 826 | 64.78

6 |muANANgs 1 1 3.59 805 | 72.83

7 |aniedeumeaIYnn 1 1 3.40 763 | 8047

8 |1mv1 Pin 1 1 3.03 6.79 87.26

9 |[nsaviadeunseLalyl 1 1 2.28 511 | 9237

10 |TalazAnain 1 200 2.05 459 | 96.97

11 [psuiadum 1 370 1.33 298 | 99.95

12 |pyrvdeuaIn 1 200 0.02 0.04 | 100.00

TOTAL 4458 | 100.00
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Abstract

Design and build smoke removal system for heating furnace with low precipitation electrostatic
precipitator is a machine (Width x length x height): 30 x 30 x 30 cm Wire to the plate Wire with a diameter of 0.5
mm and width 25 x 25 cm The distance between the wire and plate 2 cm with a wire electrode discharge
cathode. The electricity generated from the high voltage circuit. Using the control signal pulses frequency,
Through the gate drive circuit In order to control the MOSFET for switching the voltage supplied to fly back
transformers. Has a DC output of up to 18 kV, researchers tested the voltage of 5, 10, 15, 18 kV and wind speed is
different. Wind flow naturally, 0.5, 07 meters per second. The conclusion was that the electrical voltage 10 kV air

flow naturally. Precipitation and high efficiency is 99.05 percent. The rated power of this precipitation is 95 watt

Keywords: Electrostatic Precipitator, Dust, High Voltage.
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15 0.0044 0.0059 60.81 %
30 0.0062 0.0015 75.81 %
45 0.0196 0.0034 82.65 %
60 0.014 0.0038 72.86 %
o 2 4 60.81+75.81+62.65+72.86
Usganinmlneiade -

4

=73.03 %



a = a avoe v | v oA -
A15199 10 NMSNAaRILARINISUSEUWsUNSEAEnsaIntllduwaztunsiaasoInnmznauliinadn

ﬁLLSQﬁuIWW'] 5 kV Anaisaau 0.5 m/s

VANAABY | NSTATYNTBINLUKIWLAT DY NTEAYNTDININIULAT D

(W) anngnaulnirads anngnaulniirad

15

30

45

60

A15799 11 Ms1anansUseansamveaniasmnaznauliiiads 5 kv Auisian 0.5 m/s

Lawmeaed | ., T L | Usgdnsaw
- UMUNKUAILUILT (N3W) | WInUNuAIUYI08n (NTW)
(W) (%)
15 0.0090 0.0038 57.78 %
30 0.0182 0.0059 67.58 %
45 0.0121 0.0090 25.62 %
60 0.0129 0.0101 2171 %
o s 4 57.78+67.58+25.62+21.71
Uszdnsnmleeiade -

4

=43.17%



a = a avoe v | v oA -
AN5199 12 NMSNAaRILanInIsUseuisunseaensasntlldnuwazsiunsiaasonnaznauliinain

‘ﬁLLS\‘iGﬁJubLWﬁ'] 10 kV A1353a 0.5 m/s

VIAVIAADY N5EANBNTDIN LUHN AT NTEAYNTDIINIULAT D

(W9l) anngnaulniads anngnaulirads

15

30

45

60

A15799 13 Mns1anansUseansamveansasnnaznauliinade 10 kv anusian 0.5 m/s

Lawmeaes | ., T L | Usgdnsaw
- UMUNKUAILUILT (N3W) | WInUNuAIUI08n (NTW)
(W) (%)
15 0.0060 0.0037 38.33 %
30 0.095 0.0061 35.79 %
a5 0.0111 0.0069 37.84 %
60 0.0202 0.0066 67.33 %

38.33+35.79+37.84+67.33
4

UseanSanlneiade =

=44.82 %



a = a avoe v | v oA -
AN5199 14 NMSNAaRILanINIsUSauisunsEaensasntildnuwazsunsiaasomnmznauliinain

‘ﬁLLS\‘iGﬁJubLWﬁ'] 15 KV M358 0.5 m/s

VANAABY | NSTATYNTBINLUKIWLAT e NTEAYNTDIINIULAT D

(W9l) annenouliiaio anngnaulniads

15

30

45

60

A157199 15 pns1anansuseansnmveaniasmnaznauliiiade 15 kv anusiay 0.5 m/s

LAMeRRY | L ., N L | UsedEngamw
- UMUNKUAILUILT (N3 | WInUNuAIuYIo8n (NTW)
(W) (%)
15 0.0092 0.0116 26.09 %
30 0.0104 0.0153 47.12 %
a5 0.0258 0.0134 48.06 %
60 0.0130 0.0093 28.46 %

26.09+47.12+48.06+28.46
4

UszAnsanlneiade =
=3743 %



a p=} a = P | v a
A15199 16 NSNAARILARINISHUSEUWIBUNTEA NI lultauLazEunsitesaennaznaulninadn

‘ﬁLLS\‘iGﬁJubLWﬁ'] 18 kV A13L57a% 0.5 m/s

LIANAADY N5EANENTRIN lHNULATDY NTEAYNTDININIULAT D

(W) anngnaulniads anngnaulniirads

15

30

45

60

A15799 17 mns1anansUseansamveaniasnnaznauliiinade 18 kv anusian 0.5 m/s

Lawmeaes | ., T L | Usgdnsaw
- UMUNKUAILUILT (N3W) | WInUNuAIUI08n (NTW)
(W) (%)
15 0.0174 0.0075 56.90 %
30 0.0246 0.0062 74.80 %
45 0.0320 0.0046 85.62 %
60 0.0263 0.0015 94.30 %
= 4 56.90+74.80+85.62+94.30
Uszdnsnmlaeiade =

4
=7791 %



a = a avoe v | v oA -
AN5199 18 NSNAABILARINISUSEUWIBUNSEAEnsaIntlldukaztunsTaAsInnmznauliiadn

ﬁLLSQﬁuIWﬁ’] 5 kV Anaisiau 0.7 m/s

VANRaRY | NSEAuNIaenlukuATes NTLAYNTDINIHNIULAT DY

(W9l) anagnaulniads anegnau  Linade

15

30

45

60

A157199 19 A5 1anansUsEansnmvaanIasnnaznauliiiads 5 kv Ausian 0.7 m/s

LAMeRRY | L ., N L | UsedEngaw
- UMUNKUAILUILT (N3W) | WInUNuAIuIo8n (NTw)
(W) (%)
15 0.0076 0.0062 18.42 %
30 0.0131 0.0113 13.74 %
a5 0.0118 0.0099 16.10 %
60 0.0305 0.0274 10.16 %

18.42+13.74+16.10+10.16
4

UszAnsanlneiade =
=14.61 %



A15199 20 NSNAABILARINISHUSEUWIBUNSEANensaIn il ukazauUnsITATRInnasnauliiade

ﬁLLS\‘iﬁu‘lWﬁﬁ 10 kV A1353a 0.7 m/s

VANAFBY | NSEANENTINlUHIULATeY NTEAYNTDIINIULAT D

(W) anngnaulnirads anngnauliads

15

30

45

60

A15199 21 Mns1anansUsEansamvaansasnnaznauliinade 10 kv ausiau 0.7 m/s

Lawmeaes | ., T L | Usgdnsaw
- UMUNKUAILUILT (N3W) | WInUNuAIUIo8n (NTw)
(um) (%)
15 0.0133 0.0070 47.37 %
30 0.0171 0.0115 32.75 %
a5 0.0200 0.0113 43.50 %
60 0.2112 0.0214 89.87 %

47.37+32.75+43.50+89.87
4

UszAnsanlneiade =
=5337 %



AN5199 22 NSNAaRILAnINIsUSEUWisUnsEAensaentlltukaztunsiaasaInnmznauliinaia

ﬁLLS\‘iﬁu‘lWﬁﬁ 15 KV M358 0.7 m/s

VANAADY | NTTAIENTDIN INIULATDY NTLATYNTDINHIULATDY

(W) anngnaulniads annenouliirain

15

30

45

60

A157199 23 Ms1anansUseanSamveansasnnaznauliinade 15 kv anusian 0.7 m/s

Lawmeaed | ., T L | Usgdnsaw
- UMUNKUAILUILT (N3W) | WInUNuAIUIo8n (NTw)
(W) (%)
15 0.0690 0.0092 86.67 %
30 0.0212 0.0033 84.43 %
45 0.0427 0.0109 74.47 %
60 0.0445 0.0084 81.12 %
o s 4 86.67+84.43+74.47+81.12
Uszdnsnmleeiade -

4
=81.67 %



AN5199 24 NSNAARILARINISUSEUWIBUNSEANEnsaIntlltukazEunsTaASInnmznauliinada

ﬁLLS\‘iﬁu‘lWﬁﬁ 18 kV M358 0.7 m/s

LIANAADY N5EANENTDIN LHNULATDY NTEAYNTDIINIULAT D

(W) annenouliiain anngnauliads

15

30

45

60

A157199 25 As1anansUsEanSnmvenIasmnaznauliinads 18 kv anusian 0.7 m/s

LAMeReY | » ., I IV L | Uszansaw
- UMUNKUAIUILT (NFW) | WininuaIuIoen (nsw)
(W) (%)
15 0.0458 0.0084 81.12 %
30 0.0458 0.0095 79.26 %
45 0.0267 0.0153 42.70 %
60 0.0099 0.0058 41.41 %

81.12+79.26+42.70+41.41
4

Usvansamlneiady =
=61.12 %
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Influence Parameters on Performance of Wireless Power Transfer
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Abstract

To design of wireless power transfer, influence parameters on performance of power transfer should be
known. The objective of this study is a study of influence factors on performance of wireless power transfer.
Equivalent circuit of wireless power transfer was analyzed in order to reveal the influence parameters on
performance of wireless power transfer. Wireless power transfer circuit was designed driving by full bridge inverter.
To increase power, Ferrite transformer are used. Transmitter and receiver coils with air and ferrite core were
designed that using to choose optimization of core and coils. Power transfer was performed to present effect of
the influence parameters. From the study results found that 1) Output power from adjustment optimal
resonance frequency obtaining from using air core more than ferrite core. 2) Mutual inductance decreasing
according to increasing of distance between coils causes increasing of impedance directly impact on the output
power and efficiency. 3) Adjustment frequency according to changing of distance can increase the out power that
is compensation the mutual inductance. 4) Output power very with input voltage however electronic equipment
in inverter circuit should be designed to endure high voltage and current. The study results can be used to design

high power wireless power transfer and to deep study.

Keywords: Wireless Power Transfer, Full Bridge Inverter, Ferrite Transformer, Resonance Frequency.
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annznausaeliinafnfifinanuvasinsliihussgenszuansauunn 10 Alahad denlHisume fnsiaduaiuiuzx-mqz s
wihfiintinaniufivesnvesinnazneutardsiunaniuiialaluililaseeulnsaaes Arduino R3 Uszunanalile
ludsusuaindanudldnuvesunasigliussganszuansdimnzauivuinamesniuusen deldvinnismaaouiudh
anpzneudslnihadauuuusiumanuuiuiuon 6 ¢ Avunadd (111axe1Ixge) Wiy 19 x 20 x 32 wufins uaziiain
Huthdidninsavuaduriuguinaasinty 038 fedwns wan1maaeuiadinszualalsunfasiiafissozieszaing
ddnlvsatuwdunnaznouwuin 2.0 wufiwes  duussduliinszuanssvunn 0 fe 24 Alalad wudidnszualalsun
famnsaiildeglutisszun 0026 fa 0332 faduend wazldvihnmsmaaeunussansamnisanazneusyniaaiuaingy
Dosdu wudnedesunuunsndvafuuuuidaiauduius fuwmaselninléd fdinandsvesoynianiuanadld 82.2

Wasidus

Arddisy: Tifusediugs mImuauuuuln eyma Menazneuddlnlihadin nwves

Abstract

The particulate matter collector for official incinerator by using an electrostatic precipitation technique
with 10 kV DC high voltage was designed and developed in this paper. The ZX-MQ2 sensor is detecting the smoke
concentration at the collector outlet and send signal to Arduino R3 microcontroller evaluate and also send a
command to adjust appropriate frequency switch of DC high voltage for smoke concentration. In this study
testing electrostatic precipitator in the form of plate sheet amount 6 couple size 19 x 20 x 32 cm. (width x
length x high) and the discharge electrode dimension is 0.38 mm. It was found that the distance between the
collecting plate and the discharge electrode was about 2 cm and the applied corona voltage in the range of 0 to
24 kV corresponding to the discharge current in the range of 0.026 to 0.332 mA. Finally, the total collection

efficiency of the developed electrostatic collector was shown that about 82.2 %.

Keywords: High Voltage, Closed-Loop Control, Particle, Electrostatic Precipitators, Incinerator
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auuludin E A9 Parker, KR. (1997)
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WEUUNY Parker, K.R. (1997) ﬁﬂgﬂ‘ﬁ' 2
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l Discharing electrode

Collecting electrode
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V. =rE.In(d/r) (4)

awllwiliSuAnlalsu (Corona onset field)
E, dwsulalswauluoiniamlagin A, Mizuno.
(2000)

0.864x10°

W (5)

E, =5]322+

298

s=—2% p
(298+T) (©)

e s AoAnunuILUuYesuia (Gas  density)
T Aegunivine uveuia (Operating
temperature) P ABAMUAUNIIU (Operating

pressure)
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Abstract

This paper presents the development of weather condition data measurement, data recording and
monitoring via the ZigBee wireless standard and Android system. In order to measure the climate information, it is
collected and used in research on energy statistics, including the monitoring current weather by networking IEEE
Zigbee 802.15.4 wireless standard for data transmission. This system can work both inside and outside of the
building with consuming less energy. Considering the results of measurement, one found that the accuracy of
data logging has more than 95%. Moreover, the monitoring system can display information through computers

and mobile phone with Android system.

Keywords: Android System, Wireless Network, Measure record and display weather data
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Abstract

This paper proposesa dryers crops oven by solar energy with electricity Develop processes for easy
transport and preserved for longer By design dryers that use solar energy in combination with heat from the
electric beaterGreenhouse solar oven consists of a direct-type oven baked bot air Through direct solar oven type
with infrared heater is made of a translucent material is the electricity supplied to the infrared to help heat when
the rain or sun Incubators width 1 m long, 1.36 m high, 1.4 m with five floors of shelves per 1 kg in the oven
once you have a 5 kg. The type of baking oven with hot air dryers with air to allow air circulation moving in the
desired direction The fan draws air from the outside to be served to mobile devices via solar thermal and heat
from the infrared heat to the air The air moving through the product used in drying to reduce moisture content to
rest as needed. Incubators are 0,84 m long, 0.56 m wide and 0.74 m with a total of S sheives of | kg class.
operation ofelectric inliaved heateris controlled by the temperature of the oven. The microcontroller controls

the heat and fan motor to drain the moisture in the oven so that the drying efficiency.

Keywords: Solar energy, infrared heater, Drying
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Abstract

This paper aims to study of Performance evaluation of brushless dc motor with a battery/ultra-capacitor
hybrid energy storage. That study the study is divided into two systems compare. Between the systems. Ultra-
capacitor is used in conjunction with a battery as a power source to the motor. and a system that uses only
battery power supply to the motor. This is for performance ability of electrocution from two systems. for analyze
and develop a good, efficient motor. to verify the principle continue ultra-capacitor 40 V 18 Farad Is connected to
the system for ultra-capacitor is integrated with a battery in the power transmission to the motor which uses a
brushless dc motor 36 V 350 watt. test result When starting the release of energy from the ultra-capacitor the
measured currents from motor to increase drastically compared to when they did not release the energy from

the ultra-capacitor.

Keywords: Electric Bicycle, Ultra-Capacitor, Brushless DC Motor


https://www.facebook.com/nopporn.patcharaprakititui?fref=nf

unin

Tuthigtunewmesgniuiyszendldlunane
Fruisludunisrudauag UgRATNTIY 879
wnsvansltusadnseulnin sneudlnin was
salflh ludrugmaivnssuau tadeat Ju
wisdlandadldlunsadou uariadlasi Budu
domnfunislindanuisiudusuuannues
Tndsnulnedudies fadunmsadredymndn
neudsndon Seilsaildngsnulniiby
Huildnuiuegaunsvans

(Chan, T.F, Yan, L.T. and Fang, S.Y., 2002)
mstupdeudnseuliiindussiluemesifudy
Frduiadeudwuuiutuesld vownesludn
NTTLEMSY  (direct current motor) Tnevily
wawwasliihnszuansazdionsiuaesiuivyu
(rotor)LLazaumLLJJ'mﬁﬂLfJué'f’gazujﬁ’Uﬁ (stator) &4
avorfaulsieuLardneuiimmedvhvindiy
YUuMsABNLATUNIING  UelnesuuUiayd
doide ewnnsdeediiliinaudou ms
dn150909uUsI0U  LALAANITIUNIUNIG
wilmdnlui [1-2] ustgUudeudwewmasii
nszuansalduussanu (brushless dc motor) s
arduaedazifufegiuil wazauuudndnas

Y

Husmyuuarlifngiadu (sensor) tiensiadu
Aunisaunuwimanilanesuaslidunesines
d1ufvrviunisAeudliadunieseuy
Siannsedind
FsdnunizveaeineinsruanssuuuluUse
d1u zlidenne anduyuaArldineluns
thgeinw iflesnninueined yinillaifusedy
LadaRniueInesnIENTTUANTILUURIAY F
ueweinszuansauuuiLsadiu Tudesnuanda
wazAadanuae usedaduaud fnsnevduss

Manaings, uazUsgaAnda Mg

o

nmsAneiesfuiteiiiuandy wui
aussauzveNemainsoulnihilduunmes
Huuadsendanuliiunemessnseulifiy
faildounwsesegnatsusznisetinguie
dnserueendainnianseanidesainlusazoen
frifu wemefarfunszuaguduunnediuie
nszwdbiiunewesliiuiainnisnsenn luvae
Funmeaaiiduiu vewesiiuseda Anndunals
Snseulnihiadeudilédn

(35756 naUsasWal, 2557)  leuiaue
gunsalniAunganulwifiddslasuanuala
883N Ao (super capacitor) wiai3undndodn
ultra capacitor wazlunwilneisenin fufu
UszqBeen gunsnivflniiinnandifieunsaid
A1A1u9 LN (capacitance)ganndaiulsey
Juq viane wh Bnvtedsanunsndaussglidald
aelunaidusiniuiies 1-10 Juil gawudn
Uizmimmé’hLﬁwimﬁw’mﬁa annsafiazdn
wazA1eUsEqlandt 500,000 $OU 11NN
wupneIvilangia-nin

1,000 - 10,000 i1

(lead-acid  battery)

Pnnvgnatiediy §3fedadluunAniiozing
AusIaULVRIBmBsNSELanTauUls U Ulne
azthfufudszabasn wazuummed u iy
wastrendsnuliiunawes Wewindt msde
WAV <>°hLﬁuﬂﬁzqéqmmﬁy’uqmdmumLm@?
wanewin FidedaldiuuAndnande THdufu
UszqBesamduundsinendsauluiingaudy
wumeaslrtunawmasdnseulnii iediwale
”ﬂimulw%}ﬁm3ﬁﬂizﬁm%mwﬁqa§u useUnf

v

= < £ 2 v
VU ﬂ?WNLﬁqﬁaUQQmuLﬂuﬁu



Y] I3
VR
1. WeNISANYILANAIUIANTSOULVD

1aLIasNTELan s uulSuUsIauUNTLUnLRaSwaY

v a & g v o g &
m']Lﬂ‘U‘UiSi]fJQEJ']@LﬂuLLMﬁQLﬂ‘UﬂﬂWﬁﬂﬂqu N9U

weliuawmasvinnulsegrauduuseansamn
2. el lanann1syinauvesuaLnes
Asewansawuulsuussausiulufassuusnem

WNevpanuNTIseluasadl

a nld' nl' v

WUIARN VIQT‘J{]VlLﬂEJ')“UEN
4 v 1

yamasnsruansanuuliudseanu
(Brushless DC Motor)

UaLMasnsEhansuUlinUsauilanwue
ude Ao Wuueswmesiluiinusianu aduse way
Aauilmes Fednvatuldudssndudusuy

awmashilinsTuanssauaLnaslasia e

V_M_m_@‘_
\/—w\,—m

uthilunisseuseiuldiuenaineuaesi
Wueguulsines vewmos

Tfnszuansawuuliulseauiidrudsznoui
ddnyAedumyuidunsindnansuazdueiv
Fduvnainenuiaes ey wanﬁuqmé Lagnena
Wasom, 2552) manmsvinauvesweimesiiii
nszuansawuulsuUsaIu NSy uveelnes
nIzuansUUlsUUSIINY FzuAnANaiunISIinau
Y9IBNOTLUVILUTIEU EVULUUe Y fip
fuusssudusnesdudsunisdtonssuali
Tifuvnaan wieadsauuududniivuizay &
woLmosudndsedanetiios 2 iduviaty waly
waimesnIzuansuUliuUsIa avlvaaineg 3
W wavagynuaisar 2 ga duBeutuiieatns
awuwiusnivianzay lng199TaNyavelaInes

ﬂ‘iSLLE‘WﬁJLLU’UI%LL‘UNdTu%]%LLﬁGNG]’]ﬂ,JE‘Uﬁ (1)

® Qe

V—Wv—m—e— L

2R 1 Qﬂﬁliﬁimua“uﬁ]ﬂu@Lff]@%ﬂi%LLﬁﬁiﬂLLUUliLLﬂNﬁ"I‘N

LuUdnauaLtnasnszuansauuul’
wUseau (B. Tibor, V. Fedak and F.
Durovsks, 2011)

wuudnassvesamesnsruansauUlsuLUTe
auluduwdsia agliaunisvesyaveainaiuima
ludulsiadsanunsoesueldmsauntsd (1), (2)

Lay (3)

V. =Ri +L%+e @

. di
V, =Ri, +L=2+¢, (2)
dt
: di,
V. =Ri,+L—=+e, 3
dt
Wie
L Juaanumlienivesannes
R Jusanuduniuamnes
V...V, V., Husssiunnasesanines
iy, Wunszualualuawmnes
€.,  ‘Juusaiusinundu (Back EMF)



Tugemesnszuansawuulsuuseanu odia 3
wlawssiuiunduarduiuiuiumnisludiu vy
(Rotor) Bausesu dundu Tunsazinaagyiagmiy
120° i sawansly aunnsi @) | (5) uaz (6)

e,=K,f(6,)o 4)
e, =K,f(6,-27/3)ow (%)
e, =K, f (6, +27/3)w (6)
ilo
K, \Hurasiivesusafusiundy
A Durgumsliwedngu
2 Dupnudaveadangu

wssdan Al dunisrussaiuluws
avwladsaSunglanuaunisi (7)

ei +ei +eli
b'b
Te aa cC (7)
' @
Wie
T Wunssdasaumglaii

Tuauvasaunisnenassuislmdiulaniy
aUnnsh (8)

T, —T1:JZ—?+ Bw @)

T, Juwseaiilnen

B ANLTHFLANIUAMUNTAAIN

n19AUANUBLABINTEwAnTILUUTS
uuseau

n1saruAuueLnesuuUliuUsItuazgnld
sululyunvesnsadnd  sfinuneainudiinis
nuvesgunsal MY (weana ledTi) avgn
vanludnvaraindlilafanasaiian 8
411130A7UANTAENTATUANSATIEINVB IR
M‘%@ﬂﬁmuamﬁ’s?ﬁﬁmﬁa (Duty cycle) wanns
VBINTAIVAN LU fRledade dowhnsaing
ueamaidafianuigaudinuauainszuaiads
Tngldanuduiusdnananauasla  Jusiae
o0 2sasuoaaids Aldadindduin 19asuls
Aumasliiinszuanse uagldlasadauidaany
W\IaLLamﬁﬂgﬂ‘ﬁ (2) Tuduvean1sAIuANAIING?
vowamestu axmuaNdbaIndg ueaafiuu
annsilatumadlninssuanss lnanisaauny
medygruisuiudy (PWM) equLﬁmaaﬁﬂn”niuaa
andygadssdyyaltineiu Aedyyiailu
\dou(Saw  tooth) LardyyIAAIUALAAY
Veonto) gﬂﬂﬁu%waﬂ (Sine  wave) LLamﬁqguﬁ

(3)

MOSFET 1
b =

36VDC ——

MOSFET 2

=

MOSFET 3 MOSFET 5
b B b B
MOSFET 4 MOSFET 6
b b b

AN 2 29950509 3 Lla



Comparator

N
V

control

/NN —

Triangle wave

PWM

o

Al 3 nsuegianiiieassdyaaiidudndy (Pwm)

Ffulszgdeean

ﬁaLﬁUUizﬁﬁlamm %39 Ultra capacitor i
AruanRRAAsIRdanmgliih gandndauiu
Uizqmﬁmﬁu 11009 100-10,000 L% Snnadis

aunsadauszyliaulanieluy aidudu e

MsS9nsruan

Pomus Carbon Elcctmde

1-10 ¥ WisuiuwunmasaLeuloaauT IR
ldanlaewdes 10-60 wiil  wazn1sAeyszan
aunsavinlaniely 1 Fufiiunu Fenwarued

FuNuUs2RBeeIn wuanIfIguil (@)

NIAUMAIUND

Poeoss Cardoa Eectrode

Separator

'
a

= 9 3 ]
AN 4 gﬂaﬂwm%\‘lmmuﬂizﬁ;mmm

fafiuuszqBeeaniidiudsznaude 1)

PIVINATAU 2) WHUNUTEUINTT 3)@5asaed

dninslamilalimnuanedndvsansewaliiiadu

'
a

Plihvisaesdns Wwudllsreduiuussgdeandd

flusummes Uszgiduuinnigluansazanedian

v
= £ [ o

Insladazgnisgaidimidarauvesiiiulsey

Y

BaganuarUszailuauluansazarsnadilum

g o v s Aad da a
UVIUIN ﬂ']'ﬁ/ﬂsﬂﬂ']'ﬁUauwuwuvmﬁLLag‘U'ﬁlnmiE
2 a & 4 o a‘
WEUQQLU‘Uﬂ']iLWlIWUV]IUﬂqiﬂﬂLﬂUUﬁgﬁ!Lua\‘ﬁnﬂ

Usgresansaranedidninsladanunsoiazunsn

sautlulugnsuld Jsdiganinisfegaiusening

Uszquinuazauliindy  duiuuszqdenis

q

vadoudunisuidaAvdszquuusssunn

(capacitor) BUIALANY U1TUMBTUTILILLN



“<Chwge> <Charge Complete >

<Dacharge>

]

Y
(I

.
~
© +won ...XZ__
@ - ion  Hectncel ombum|

T TR RS
§82885 38

a °
° °
e o
@ o
° ° r_‘
e ©
-] o
o ©

»

on absorpbon lon desorptbon

dl v o o v w ¥
AN 5 aNBaENIINTTAURIVDIUTTIVUTNaIOAUTEY (119)

Lﬁaﬁmﬂizqawﬁm (nany) LLazLﬁamaUsz'«q (1) (Kotz, R. and Carlen, M., 2000)

nssoldanufuivussgdeeinanunsndeld A5n15AiiunnsIe
3 LUUADNIHOWUUBYNTY NSHBLUUIUIY Uay lun1380nUUUIEUUAIUANNBIADS
NMIABLUUNALT A TAAILIALADINANNT nszuansauuluUssauiuasuenaendudes
(9), (10) uaz (11) pwEwy dufe N8 ENNTTINd wasneAu
i:i+i+i ©) gonurd Famadiuisassidnnsedndduas
CTt C1 C2 C3 Usznouluiie 19asianlnil 29959ULnR2995 U3A
CT =C1+C2+C3 (10) . ) b ey
aauna Tudiuveamisniugenuisuy azly
CT = é+é+Cl (11 lulaspoulnsiass STM32F4 discovery 1Jusa
FTUUAIUAN LABAINTINVBITZTUUAIUANNIT
i MuveemeInTelansuuUlsLUTIEY wang
CT \uAanugysn fiegd 7 (6)

CLC2,C3  Jumaruqusiazi

Microcontroller o NI
N7 AR NIT VY vy BLDC
STM32 [ P g > U503
, Tyl 1A Motor
Discovery e

AN 6 SEUUAUANMIYINNUYBWBINBINTELansIUULT ISy

o v =2

ludiureinisde dafivdseaBeeamdidiu dmfuRandaueenuiandiivusyqBeein
sruudnludesdasasuusdulaiinssuanss anwalzNSHoUARIRITUTN (16)

WUUYd (Boost  Converter) wialdidugunsal



Tulasaoulnsiaas STM32F4 Discovery

awidi 7 lalasaeulnsiaes STM32F4 Discovery

N o °

n5UN 8 AegaimndmSuglidunaises TUsuNsa wunwadasgunsal a1sawsldaulaase

Bannselindvsenseuluswnsy @1u1s031ae9 P19

n1svukazkUatusunsudnvaesUn NN

2995100 sl (Dead time)

1N4001
PWM Output
PWM Input _D—
I‘L’ AAAY
10k 7408
1N4001
PWM Output’
AAAY )
7404 10k 7408

Al 8 29w lnl (Dead time)

= ¢ v X
AINN 9 'NﬁﬁLﬂﬂ‘lmll NAINVU



rasianlnigniiunldlulasiiiedesiu
Tailiueamnrindsluisasusaaanumariaundsy
74 wsznadalaueainanasyinaunsaunu

vdmainn13anavsuazds Wuyanidnisuus

)

1Y o a

1 a a [ < a <
feyned NAUUILEN aanLlu 2 @n sJude YN

L A7)

DS0-X 20028, MYEZ166218: FriJun 24 01.07.10 2016
il 2z

[N

g A o v J oo ¢
fudadu Mesaiudiulagluieasiazi gunsal
VAN 9 8¢ 2 71 Aie WAUINATA08  WAT UBmLNA
7404 F993UAAGIIFUN (8) uazUARUTyay 10

M190N11131N3435 AAlMAzuanIn LU (10)

2|

a A o '3 I3
AN 10 gﬂﬂau ﬁy]ﬁyﬂmL@qmwm’Nﬁ]iLﬂ@lWN

29359ULnA (Gate Drive)

10vDbC

E~Y

SL

f=

-
\\}7

OUTPUT +

1 8
INPUT  —N.C. Vee
2 7
; Anode Vo M
Cathode Vo 1§
4
—N.C. GND 5
56
Q TLP 250

|
2.2 uF

OUTPUT -

1n4001

AWl 11 2993909 (Gate Drive)

29959uLnm aaUld TLP 250 N%ﬂfgﬂ
Punldiiiodestunisdna99591n199snaRIae
wglulasaoulnsiaediiiosninia IC TLP 250 vy
Wusuennsig (Ground) 5eM3N9392501ARE4

fureastulasmaulnsiass eananniulngduds

way 29957ULNA 8aUlA TLP 250 §sinutinfvens

o o

=~ a & o s
AN UUILDU Vl’ejaﬂmiﬂmluiﬂiﬂaui‘l/lil,aai

7

Tifldygrafivuizaudmsulidurinnvewod

o

wln F939959zhanenegun (11)  wasdeyayio

I3 a Y] o 4:4'
LFNATIEENNIAINRTTUING LaRIAIgUT (13)

2NN 12 29957ULne 8aUld TLP 250 Nas aau



DS0-X 20024, MYS2166218: Mon Jun 20 17:2248 2016
1 2

Py

T il 1

- 4BV

AW 13 sURAUE R IBUNMIsIsTUINABURUAR U NG

o L a ¢
293501ANAY (USnAEULNE)

MOSFET 1
T

36 VDC ——

MOSFET 2

U=

MOSFET 3 MOSFET 5

T = I =

MOSFET 4

L

MOSFET 6

T

= o o
AN 14 NITAIANAY

Tudiuveaisasnianasarlsenousiy Lad
WM NIUUAIIUIY 6§17 9L TUDANANYINGIU

WWuadndlaeenfunisvinliueamauinssuawas

weANIzuangeTINGT Neanasianudiay 1

wiagladvinaundaudulukalfeniu 299501

'
[ @ =

TNgRBUARIASIUTN (14)

A
Y
f

= o v d v X
AMN 15 WAITAANTINAT VY

SumsudmiunIuANNTNIUYEIIBINDS
lulasaeulnsiaes STM32F4 Discovery gn
Yralddmsuadsdyann Adududy 3 wa e
ﬁwé’ﬁgiymﬁy’a 3 Wi 21AIUANNTYINOIUYeY

nomosnIzuansiuuliuUsau Jedygim 39

Foyarasluudavia aslyusitana 120 996
fyrunesnunanlulasasulnsianiazaaidd
s lngd Wisliladyaneenundu 6 1&u

v a I3

Taun dgauiaudundy +A, -A, +B, -B +Cuag-

o

C Fedayayau WeuTaudy +A-A aglidnanalndiu

o



ogil 3 1S MnBumavenasiaalmiazgnsioiin
furtastuine ievensdygia Wilvua +10
Taduay —2laad Tuid Wiy 2 Taad els
seamalursasniafdsdungaiinssualdadn

g dny101aanu19INWITTUNA A8nsiaLd

nssafiuUszaBendiussuuaIual

|uc + |batt
N 36 VDC 350 W

flUNITNIAMAT LiteAIUANNITETINT YesuaaLn
wazlodnavesasmaiaseylasenundu ae
dmfuAruAuNTINUTENBINB ST WAL

Ao aewla U, V wag W anudisu

BLDC Motor

|batt T

|
Ve @V RN

1

|MOtO
—
YARIUAN

uowes

|

Boost Converter

= o v & a 1Y)
ANN 16 aﬂwmsm'ﬁﬁlamLﬂUiJiSﬁ;EJJEJ’mL“UWﬂUiSUU

Fufulszgiiuidelunatiaslddunm 30
wad lwaday 2.7 1aad 120 Wasa dinnsieluy
aunsy AusIwIu 15 1wad 2 uad 9zld iy
Uszqiasnaunay 40 1ad 8 vh¥n uagiudas
wensnvuuiy gld 40 Thad 16 w3n Fsaunns
nsfunandulufsannts 7 9) uay aunisi
(10) wnraidios 14 40 Thad 1desannindeanis
W wssfuiufvuszqbanaiiussfuuinnimie
winfuuusiaes  faAudsygdeein gadediy
wusaeilneasuieliLunimed Ussadndaiiy
Uszgdaanagnasaiianludiunisneuszy veq
FfvuszqBaanduasldrsasuusdulai
ﬂixLLﬂmﬂ‘UﬁﬂUﬁ (Boost Converter) NI
9nfAUUTEYB81A00NLILALNITAIVANNIS
ﬂ'wﬂiswmﬁhLﬁuﬂizﬁgéwqmﬁ?m%muquha

ASNAEINTY

AsNAgdaU

minadoulUsesntamdu 2 svuulvajq Ao
MIYNAFDUANTIOULVDINDIABSNTLUARTILUU
1%'LLU§nd’1u‘17iﬁLLumLm%"LLa:ﬁﬁ:}Lﬁuﬂigqédmmﬂu

wanAuAnnasY Fadiguuuudsgun (19) dau

szuudl 2 Junisvadevaussausvesomes
nszuansanuulsuussdrulaelduunmnedifio
sgradsnduuvanivinndsny  wansfagud
20) wowesildlunisnaasuadiiiuneoimed
wuuRuaevtianszwansuuUliLUIIa1Y Y10 36
Thad 350 $ad nsnaiinaaeulnedilifinani

LLAULINAN é’ﬂwmmamama%%uamﬁagﬂﬁ (21)

gunsallunsnagauysenaudiag

1. waudiiweshdnea wuu TRUE RMS
B0 UNIT 1 1a3es ruandilddmivinnszua
wazussruslude AudIuniIun1eg lag
annsaianszualdan 400uouuvs ussTuiiald
g9an 600 Taad

2. soadalaalay v Agilent Technologies
11A30¢ ﬂmauﬁm%’ﬁm%’ﬁ@gﬂﬂﬁuﬁ@mwm6’] %4

aIninla aswag 2 dyiu



SR SIS

A9 17 wandiimes AEunsin

A9 18 seadalaglay Nkulun1sin

luc + Iba‘(t
L I
|batt T

| YARIUAN
i Uc <
UBLADI

Viare @ / Z

VUC
L D e
DC

Boost Converter

BLDC Motor
36 VDC 350 W

|Mo‘(o
—>

= Ry = v & a & 8 o )
AINN 19 33UUW‘LGULL‘UWLW@?LL@BW')LﬂUUﬁgﬂﬂﬂﬂ?ﬂLUULLW@\?LﬂUﬂﬂWﬁQQWU



BLDC Motor

|
batt 36 VDC 350 W

|Motgr

\/ <+> FANIVAY
batt \= LITH

= 9 v A | a <, L@ o Y
AN 20 §$UUm‘ULL‘Uf§1LV]EJiLWE’NEJEJ’NL@IEJ']L“LJULLﬁﬁaﬁLﬂUﬂﬂWﬁN’]u

AN 21 ANWULVBINDLADITTTIUNITNAFDU

MIIAAINTEUANLOLNBS (I 0) I2TIAN 890 UNIT TunisinA1nszud wagldy
IANRVRIYAAIUANNBINBSTIRBlUS BN B soadaladlavdmiunsiuiufinguaiunseua
gafiviinisTaeniduludegui (220 wazgud VO |potor

23aely waudiinesAanea wuu TRUE RMS

A0 o
AAYMNTINA |orer BLDC Motor
36 VDC 350 W

v ]

YAAIUAL

@) SZ A FRICOH

DO/ —
DC

Boost Converter

] Y] P I 9 v a
MW 22 1995MTINANTERETINBDS (I, .,) SEUUNLTUUAADS

v & a & =Y o
LLa%m’]LﬂUﬂig’i‘]‘EN&l”mL‘U‘uLL‘ViaﬁLﬂ‘UﬂﬂwaN'm



ANYTINITIN | oror

CD AANIVAY
= oo

BLDC Motor
36 VDC 350 W

= PNl ] s 9 v =
2§ 23 295N TiRAnSELENNBIRBS (I, ) STUUNLTLUALAES

Weegrufendulaafuinnganu

=

TudinwrensinAINTsLanuuames ()
1890NU1LINNTENINUIARIGRUALABS 1UYA
AIUAILLBLADS F9ANIIINITINLUANIRITUT

(24) uazrgun (25) lnelduaudiiinesadnea wuu

0TI lye

TRUE RMS 8% UNIFT Tumsindnnszua uagld
seadaladlavdmiunsiiuiufinguaiunszua

VDY g

BLDC Motor
36 VDC 350 W

VA

1

YARIUAY
POGGH

|

DC

Boost Converter

2NN 24 1995MTINAINTELATIDBNINWUALADS () SEUUNITUUALADS

o & a I 2w o
WaEAILAUUTE U IALTULABAAUNNNAIIIY

ANINITIA loee

O

BLDC Motor
36 VDC 350 W

AN
LICEH

AR 25 1995NTINANTEUEATIDENANLUALADS () SEUUNTTUUALADS

Wesagranedulraniuinndsanu



warludiuvesnisinnszuaidiiulsey
Sagnnenszuaneanin (y) 1w innTioRNnYes
19a5uUsiulniinssuanseuuuya (Boost

Converter) 399AMVNN15IAALUAAIRIIUN  (26)

& o Y
PVINTIA Iyt

Tngldwaudiiwasndanea wuu TRUE RMS v
UNET Tunsinainsend  wasld eeadalaalad

dwsunisiiuduiinguaiunssuaues |,

BLDC Motor
36 VDC 350 W

|

L]

AATUAY
FGICH

|

DC,
DC

Boost Converter

= o Ao @ a !
AW 26 29ATNITANANITZUANFUNUUTEE18IA8 NTzianni (Iy)

NAN15I8
AINAITNAEDUANTTOULVDINDLADS
nszuansauylSuUssduiiiuunneduaz iy
UszaBagamduunaaiuinndasuazifiuii
AssuavasANAUUTEY |y Sudrendsaliiu
szuvardinsziavintu 1.72 weuu$ gléeingud
(28) TudIuveIN1TNAFDUANITOULUDINDLABS
nszuansanuulinusaulaslduuninesiiie
sghafgndunnaaiuinndsanu Inenseuavae

DS0-x 20028, MVB21BE218: Men Jul 11 04:31:51 2016

wumnesTendsuliiussuy asfinssud .
Wiy 0.55 uewuy$ gléangusuil (29) ludou
ASNAFDUANSIaUTYBINBLABSNTELARTILUULS
wssduifuunneIuasdufvuszeBasiniu
wasAuinndsnuvaeldilven wanasa a3
nsMAaDadi (1) Whag NITNARBUANIIOULVDY
wawasnszuansuuulsulssulaglduunnes
Wiggagnafgndunna wAuA NNy Laneng

ANSNITNARDIN (2)

F1.19 A

Wl L Ll

g

T A

Te[=36.6 V

Ml 27 ussuuaznIzavaziinulsEaBansudendunuliiussuy



DS0-X 20028, MY521B6218: hon Jul 11 042700 2018

T
Ibat{+IUc =1.72 A

— . )
131% WMW T TUR TPV T
ik LAl WMM

Vbatt+yUe = 3¢.8 V

-7

2H2

Ml 28 wssrunaznIzavaEANUUsE Az L URRSIENa Ul UTEUY

DS0-X 20028, MYE2166218: Meon Jul 11 04:11:17 2016
1

Ibatt =I(],SS A

- |
{1 I I I
Vhatk—35.81
_
22

AW 29 LSIPULATNTLLAVUSLUALADIIENGINUINUTEUU

A5NINAFRUN 1 NedausyuLR Tuunmesuazfiiulsyadeenaduwaaiuinndaanu

q

Veontrol (V) lnotor (A)
1.5 1.17
1.7 1.16
1.9 1.11
2.1 1.22
2.3 1.35
2.5 1.31
2.7 1.53
2.9 0.64
3.1 0.64
3.3 0.64
3.5 0.64
3.7 0.64
3.9 0.64
4.1 0.64
4.3 0.64




ANSINAFIUN 2 NAADUTTUUTIT L UAMBS I EIReaRe dulraAuinndsau

Veontrol (V) | motor (A)
1.5 1.09
1.7 1.06
1.9 1.02
2.1 1.12
2.3 1.23
2.5 1.31
2.7 1.39
2.9 0.56
3.1 0.56
3.3 0.55
35 0.56
3.7 0.55

Veontrot (V) Iotor (A)
3.9 0.55
4.1 0.55
4.3 0.55

* Battery

e Ultra capacitor+Battery

o
L

I
o 009 0-0-0

Current Motor (A)
o o o o
N &2 o o
h 1 ! !

o
o

T T T T T T T T T 1
05 10 15 20 25 30 35 40 45 50

Voltage Control Speed Motor (V)

=t
o

v

AH 30 nsUSeuisunsELanaelituLeasg 2 seuu

2AUs18NAN1SIVY syuuilduunmesifissagranenduwraaiuin
AINNISNAFOUANSSOULYDINDLADS WAWIY WUNTBUUTIHLURMD WAz LA UUTEY

o , g o v o a o 2w ) | Y] Yo
nszuansuuuliulsaau Nessuunilduunnes e fuundnivinndsnuiendenulii

wazsafuUszgdamnduuvaafufnmdsnuuas nanldiind szuviilfuunmedifistedruioniu



wiaaiuinndsu Jsaenndesiunged nan
TithssuinduiulszgBeeniinueaudifiviunsed
fienaauglai gsndndaiuuszgaiindu wnds
100-10,000 i1 Bnvisdsanansndnusegliaule
Aoty 3818udY Wiws 1-10 w1 wgudy
wURLABSNA TR paldialaewade 2-4 971U

@ ° i a a
wazn1sateUszyfansaitlaniely 1 3und

[T 3

Wwuiy falranuawasidulnaninoin1snasay

o w

gedfauunmeiifivsegnafeliansofiazine
wawmdsnuliivueneslaviu ilunaliuenes
\Annsnszan lusagiinanuing Fdldtinngih
FufivlszaBesaumiheusiuiuameiiieli
wawnesau1saiuldegiuiuysednsam

1N

GRLY
IINNISNAFBUANTTOULVDINDLADS
nszwansuuliwlsaany auie 36 1as 350
Sad AlduusnmeTiiiesadranenduwnasiuin
WHIU WU NsewanInlaainuemastuaAauaia
oy @111309LAINATNNINAFRUN (2) Fuile
o 1 Y I a a v
IN13ReeasvesdniuUsEBseanudn Ul
<@ V1 a a a ,&f
SEUU UlaINNsERaRnNSAs UL Ua LYY
e Tneanusaieulaainaisnansnaaeun
(1) Fedunalainssuaiiiuduasiszesiiaioy
Uszanad 5 U9 wadN9zanasuneginseLaLiy

U

NNanIINAaeItduilinsuinfiusey
gegantuiin1snendaunglusseziiaii
9957 MreLasunsERavusiuawasanisniadu
28197 wenllarusaIendsnulauudaldvang
Azt ndunaandsnundnls wndeanisin
FrunulszqBendnendsnuliunudau Ay
v & v 9 <
WInveRIAUYTERIVAgeRY uazasiduns

Banddelusuansely

AnAnsIuUIENA
YaYouANNNIINeIFumAlulags1vung
a1uu1 Ingnanmdesneiliaduayunisnw

warliEn1unlun$YINuIdY

LONE5D19D4

19737 noUsESWAIL (2557). gudinalulaglany
waLIHAUUIYIA. 1-6.

Ty waﬁﬁmqm%(, ema Viasen. (2552).
sadnserulninduiafioudae Brushless
DC Motor. 3w ageansli. Ay
ATANANTERAMNTTYU. UM INendewmelulal
NILADUNATNTZUATINLD,

AKWallace and R.Spee. (1990). The effects of
motor parameters on the performance of
brushless DC drive. IEEE Transactions on
Power Electronics. January 1990 (vol.5,
no.l), 2-8.

B. E. Conway. (1999). Electrochemical
supercapacitors, undamentals and
technological applications.
AcademiclPlenum Publisher. New York.

B. Tibor, V. Fedak and F. Durovsks. (2011).
Modelong And Simulation of the
BLDC Motor in MATLAB GUT.

Chan, T.F, Yan, L.T. and Fang, S.Y., (2002).

In- wheel permanent-magnet brushless dc
motor drive for an electric bicycle. IEEE
Transactions on energy conversion.

June 2002 (vol.17, no.2), 229 — 233.



De Castro, R.; Pnto, C.; Araujo, R.E. (2012).
Optimal Sizing and Energy
Management of Hybrid Storage
System. In Proceedings of the Vehicle
Power and Propulsion Conference.
Seoul. Korea. 9-12 October.

F. A. Burke. (2003). Ultracapacitors: Present
and Future. Proceedings of the
Advanced Capacitor World Summit.
Washington. D.C.

Kahvedi, H., Okumus, H.l. and Ekici, M., (2014).
Improved brushless DC motor speed
controller with digital signal processor.
IET Journals & Magazines. June 2014
(vol.50, no.12), 864 - 866.

Kotz, R. and Carlen, M. (2000). Electrochimica
Acta 45, 2483-2498.

Lukic, S.M.; Wirasingha, S.G.; Rodrigue, F. (2006).

Power Management of an Ultracapacitor/
Battery Hybrid Energy Storage System in
an HEV. In Proceedings of the Vehicle Power
and Propulsion Conference, Windsor, UK,

6-8 September.

Ortuzar, M.; Moreno, J.;Dixon, J. (2007).

Ultracapacitor-based Auxiliary Energy
System for an Electric Vehicle:
Implementation and Evaluation. IEEE

Trans. Ind. Electron. (54). 2147-2156.

P.Pillay and R.Krishnan. (1989). Modeling.

Simulation and Analysis of Permanent-
magnet Motor Drives. part Il: The
brushless DC Motor Drive. IEEE
Transactions on Industry applications.

march/April. 1989 (vol.25, no.2).



