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ABSTRACT

This project aims to design and construct drive of Brushless DC Motor
for Automated Guided Vehicle (AGV) to reduce time and cost in industry.
At first, drive system receive hall signal to arrange working sequence.
Secondly, the speed of motor is controlled via PWM signals obtained by
comparing the actual and desired speed. The produced signals are injected
to the high side of MOSFET in three phase inverter. To improve performance
and stability of the proposed system Pl controller is utilized in this project.
Moreover, temperature, remain battery and speed of BLDC motor are

reported to monitor the system status of AGV via wireless signal in real-time.
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Fasoluil Tima%ﬂjﬁmL,La.jmﬁﬂmnignﬁmE]v’wuﬁuiawaﬂmaﬁimai (Surface Mounted
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(n) Surface mounted permanent () Interior permanent magnet

magnet motor (SPM) motor (IPM)

5UN 2.6 dulsimeivaaanasiviinszuansaliiusnu
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1 Mechanical Hevolution

Hall sensor signal, Back EMF,

2.10 Timing diagram 3¥1379

sUN
U

Output Torgue Waz Phase current
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2.2 WUUINaRInNANaAERsUaINaLnas WnsywansalSuUs a1

WORNTTUAN Quasnisduindeutaned wu nsualwi useduluih anugaseu
war unedn fannzdivnzuazaniizradiveinenes wanudilanginssumanil
Ysdndudastinnuilanvuitassndinmanivesmaimesnou lngnnasauyauamas i
nszuansdliuusedm fagudt 2.11

} L-M R
A YY1

’ L-M R
%Mmfvmlmmﬂ

5 L-M R
e~ - (WP ey«

JUT 2.11 3svsauyanaweiliinsziansalsudsaau

93U 211 Falurasauyanewasivnainanneignidousenuuiig 3wl

as

mmam*‘ﬁauammﬁLLieﬁuameaﬂﬁmﬂ

Van = Rlg + L2 + E, (2.1)
dlp

Von = Rly + LZE + E, (2.2)
dl,

Vaw = Rlc + L+ E, (2.3)

Wed Vo, Vo, Vi 710 wissulwihsnuiieugasasiudavsealulsazia (v)
Ey Ep, B, #o wsupdauliihdunduluudasva (v)
R An AUATUYNUYAAIANBIRBS (Ohm)
L=1L,—M @8 eruwmienineainuewmas (H)
L Ao Ananmiigrhunainaamasuiasva (H)

M Ao AteIUIIINTEnIWE (H)

8
o

A msuaunsusiadaulwidunduvsswamasaunsoeuldsil
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Eq = Kewmfa(8) (2.4)
Ep = Kewpfp(6) (2.5)
E.= Kewnfc(0) (2.6)

fa(8) . f5(8) waz f.(6) e HandunTuiudumiaalaneiddinisnszareduiu
JUdmAuuanany (Trapezoid Back EMF) MlldsumAnudumisyulanes lnoiia1gean

WaLAIER WU 1 way -1 MuaunIIeadl

(6/ 1)@ 0<@<r/6)
1 (m/6<8<5716)
1.0)={—-(6/m)0+6 (57/6<0<71/6) Wil
~1 (Tm/6<8<llz/6)
(6/7)8~12 (Mxz/6<8<2m)
“1 0<f<71/2)
(6/m)0 -4 (m12<60<57/6)
£,(6) =4 ] (57/16<0<97/6) (2.8)
—(6/7)8+10 Or/6<8<1171/6)
1 (1r/6<0<27x)

1 (0<f@<7m/6)
—(6/1)0+2 (m/6<@<ml?2)
f.(8)=+ -1 (m/2<8<Tm!6) (2.9)
(6/7)6-8 (Tn16<8<971/6)
1 (9r/6<0<2r)

NauNIIIuL wuiiAgegaesnadoulnidundy TAniiunanuues

W $a% K, Seannsadoulddaunist
E = K,wy (2.10)
g E fio Angegnuausaadouliiniunduluusiagiva (v)
K. #o dpsiiwsandouliingundu (v/rad/s)

wy Ao ATSISEUNNNAaYBINBIABS (rad/s)
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sUN 2.12 wsumdaulrisnundutasnssualih

ANUANTUSUIRNATOULNT IR ILNGUIINANNTTUINUN UARIATIUN 2.12 1TBa9IN

Ly I

- % ) ¢ & d o e " = ' v
wsnadeulwiinundunawmesiidnvasluguainasuntamy dadunszualiidagnate

u U

wnaIngamesuaasva (I, I, way 1) luvasiusandaulwdmiunduteinesan anuu

o a

Aaaladn was wsetnuemaidgauiminiasan lneaunismaslui wazuwssiaveeines

Ao ulafeanng 2.11 waz aunis 2.12

P, = Egl, + Eyly + E.I, (2.11)
T, = j—m = [E 1, + Epl, + Eclc]w—lm- (2.12)

Ty T, Ao ussdauemas (N.m)
P, fo naaluivewaimas (W)
FIu51UALDW DI AUNUSAUALNITNISIARD UNTDINBAESAIENNT 2.13

dwm

Te—TL:J

+ Bw,, (2.13)

WaNINTAMUENIUS ASuBayy uasiumiiveNelnes uanmadung 2.14 [4)

a6 P
o oy (2.14)

Ty T, Ao wselnvosdluan (N.m)

] A luwudmnuiaegvasuaw@as (N.m)

B fe duUszansusadaaniuvsiusinoiuazivan
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2.3 n1stutnasuNawmasiinssuansalfulsegu
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n1sfuiadounawnesiniinszuansalfulsadrunuulddnsiodudundslanes was
n1stuipdeuvaineslifinszuanselsudsedrunuulddinsiadudiunuslsines
%ﬂluiﬂiaawuﬁﬂxmmﬁqm‘avé'fumé"au:uamaﬂWﬁ']ﬂssu.am'NHLLU‘iamuLLUU‘HfﬁammiT‘U

Aalsiees
2.3.1 MsTuiRapUNawmas Winsransalsuusseunuultinsadusumislsnes

Wesnuewmesviedliiivlsionuuaraouinames  (Commutator)  Aviwin

ILuansruawioutawmasluiinszwanss sstiunstuedsunawwasiiihadats s ndusos

s =

l49sainddidnyselindidsiGenit 29958uasmed Wwaagunssiulihnssuanssli

Wuusssulwinssuaadu fagui 2.13

lnverter - .

S

e ¥

Fhetome o

i

Microprocessor/dedicated logic cirpuit Hall element
e
b Position information o - &
NETDTENT ST Hall elements (3) |

sUN 2.13 19939uIAdeu BLDC Motor lagldminsindudiumidlsines

dmiunistuindeunawmeiuiiail S3n159uiAdounuy SixStep 1Iudsn1siitonls
Tnguusisnanfinaty (Commutation States) nietaaUAsuiienidlvavainszualniiiu
6 129 A9 S1,52, 53,54, S5 uaz S6 urazurav1eiy 60 aemludn Taaluynqvag
woIn1suyY inisinsussiulwisihuenainveweineiiay 2 wa duveaiamadiude
gnuaosaneli Lﬁ'amaﬁulw“ﬂvQﬂ'\hﬂ’lﬁﬁ’ummmmﬁ”’qaaum nszualviazlvaniudiunain
waniwdalvasenveaindnmanils Seiliiianszualniluakstrsuanuazyaay
nszualwiiilvaluudaziadaasnininssuasy 120 sam i uaziidnungdivdo

(Quasi-Square) fisgudl 2.14 wialvianunsaufuanuiiseunemaila aleiadinuoguadu



16

Ingnihunlluauddeil lnanisusuadaslaia (Duty Cycle) wia dnsnaruszwingtaaa

a « s o

a ) a ¢a Tom: s & e a. d o v
Waadad (T, Auamunaraind®e (T) = tweniuaunisilalnaindne 6 davinli
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aunsalsunssrunasnIgliivInanannasLa dwiunuidsildmaiaiadinuegadu
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wla C (Hall ©) flaauzasdndu 1 Meueudidyguiadiauegaduaiuaunts Wa-Un
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929 S2: MansIaduaeaalewiiling 1a C (Hall O) wWasuanuzaninain 1 10y 0 &
muANIzdinuEIng Q, gnAuaumedyguiadinuenatu uay Q, thnszuasaiiies ¥h
Tinszualwiluadriveainuaimasiva A wazeanfiunainuolnesia C duvnalnuewnes

wa B gnuaeeaesliiinszualnilua
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wa A gnudesasgluiinszualwihlua
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vawmeiia C gnudeassliinssualilna
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Tuartnuealnnainesiia C warlvasanfiunalrnuainosiia A d1Ulnalnuewnasyd B

gnuaseasgluinszualihlna
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2.4 ﬂ"liﬂ')UQllﬂ'J’mL%']?JE]Lﬂé}ﬂ‘ULLUU PWM

lumsmuauanuiivewemasiu wwinwAsazdunldlunisauaunnmms,

[ i
& as = )

TasnBinesuAfenIs muAuLswURswlRiu BLDC sawmas wmindnaussiuldiuyeinas

(Y =]

oy wewmaiNasmumenniam mnfivusiuligeliu vowmesfoevyuimenius

9 U

8

Mgt wiluwuAUARYBINENNTT PWM - Pulse Width Modulation dulaileiiuguiu
/15989 PWM tuszaIA1vadnsIsuildtiulawmasianliagransilagludnisiudsundas
Tun1svinauwes PWM gaagldnnudlumsdadefiasnn welinafioanuuudanusiubey

vse wilsuiutunameimeusiiu DC launiian

lun19vi191unip Output vae PWM duassiasldaunsailunisinneiivinaiusie
Asagele wazlunisgaunrd szaeddaiulndidesiunisilu ildnnselind aindly
unfigneie laglunia Output vaeeasiuwuy PWM laglawisiisainistuiiasayld

MOSFET (Metal-Oxide-Semiconductor Field Effect Transistor) u3o IGBT tJudauuin

3
=

\9997n MOSFET anansavinnrulaniaruiasduly saus 50 KHz lusufisdssuam 500 KHz
asnndiuldhanluniswdsuanugreutsduiiuies 9nasgun 2.8 1Wusadnainisaiuaw
A1INL5ITDILBLAD I BI9EAUNUAID9T291087 ON ey OFF n3ednIndiu ve Duty Cycle

Faluguaztiu 10% 30% 509% 90% w89 Duty Cycle [4]

Duty Cycle 10% —’ ’_I H _}

Pério S

Duty Cycle 30%

Pulse Width

Duty Cycle 50%

Duty Cycle 90% L L L L

Duty Cycle = Pulse Width x 100 / Period

gﬂﬁ 2.15 n51d7uned Duty Cycle
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2.5 msaruauuuudeunaulagldsiialuauiuu Pl Controller

LY % | ] £ <
n1smuankuulsunduiszldnaneszninausivesamesfuausng

s a a e

81989 aggnldiludygraduwaliiusiniuauuuudadiusiuiudufinga (Pl controller)

&

o

=l

LY
FavimhiuFuaiiludavesdyaraiadinuegaduiionivauausiveaainasl il

ATUTADINT
Disturbance or Load Step
Speed :
Co d 4+ = = R
e ()—>]| Speedlooe | Motor JEes ol
* Controller Driver o 7

Spead
Feedback

JU# 2.16 n1smuANAILSIIUN AW s INThnsswanswuu LSl saa

v oa a

MAUANLUUARAIUS I UaURnTakazauwus (PID Controller) udufamuay

dmiusruumunuuuutdaunduideulieiuadini19w113 FaUsgneuniy 3 ey Ae

s | as

dndau (Proportional - P) &uiinia (Integral : 1) wazouWus (Derivative : D) FasaAunuil

as @ a

Sudgygrunnuilawainseningdaneds dua1eiandala () iwundudygrudue
lawfmupuazneemanaALiawanlimdotosiandion1susurdyaiuniuauids
Ifszuy (U) Lansdegun 2.18 lnsaun1suesmaiuauuuudadiusududuiniauay

auuslulamuanAeLiies (Continuous time) LWaARIFaELN1S 2.15

» P K e(1)
~Setpoint Error»{ | K,J.e(r)a’r | Process —Output—»
) B
de(t)
Bl

JU# 2.17 msauauuuuteundulaglifimuauuuu PID
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de(t)
de

u(t) = Kp(e(t) +— [ e()dr + T, = 2) (2.15)

=

Wathimmuauuwuudadiuswnuduiiniauazeyiusluussyndldiunisussuiana
TyeuuRInea (Digital signal processing) 3 LlumasiintsulasaunisanlawuIaiseilos

Theglulawmunalideiiios (Discrete time) fyaunis 2.16
u(k) = Kp(e(k) + - Zhoe(®) +32 e(k) —e(k = 1)) (2.16)

91INANNTT 2.16 AAruAuLuudadusanivduiiniauazayius awnsaesuigly

o

WBUYeIAbAsL Ao

waudndu (P) TuegrivArauianainlaadu lnetidiauiawainuiguiu

9RTIVENLTIFEREIL INDVLFUY UAIUANLALAAAIAIURANA1ATDITE UL

@

wansuiinda () Juiuanuiiananaraulusinislagiu lnegnialdineans

AMURAANAIR LANIZAIG

'
L3 1 =

WauaWius (D) Yusy Tunaf19Y83A1ANUAANGA FIATUANLULBYNUSTYI8LRY
ANAUMIN (damping) iiussuuRasnsAIuAu i biszuuiiadiosniwunniiu agalsi

sufdyaumianaaiidyyusuniuinn dwalidygraieiawaneanainiinaunu

&=l
U

wuueyWusiinsveneun (Amplify) Aeudneann Fserwiliszuuauguliiiadosnwle

2
=

lumadialudndudedldmanuauuuu PID Milosdusznauasusisauney v

[

uBgAUTEUUARBINIIAIUAL &ImSun1smuAuAILTIsoVNaIwme HouldiinIuAuLUY

2D

]
a a  a as =

aduswAuBUAnga (Pl Controller) ¥1nna1 i 1zvenayRuslinednyIusUNIuLAA

oo

€

NnMTieAdya e wiwedievilissuulifiedssamle Gusfhmanayiusaiuisoan

HansEMUvBIAMUAL (Over shoot) laninu

lngmmuanuuudndiuiuiuduinga Snduiowndmnsfives K, , T, Avnzay

a

Aussuy FelumafuRtsumamisniiwesivarilagdsld Trial and Error Tnodmunlily

druvosvenduiinia fandumudiou udasuiiine K, Junsziwanauaustesszuuey
Tuan1izada (Steady State) InsiiAAuiawainfianiivasds (Steady State Error ; E,)
uapiian ndusuiuannenduiinia liean1auRananian1zAsia wazsanizwalin

' 9 ¢ o < o
undmansnevauesasdyyaeine Wuluawdeuluidenis [4]

v



bl

2.6 dsPIC30F4011

lulasmeulnsalaas PIC ¥89 Microchip Technology (un1adenuilevestinwaun
szuululasraulnsataaslulszmdlvesawnuatovmssy 1990 uwazinisinuesiniquild
Nuedrreiliad Inelawizluaynsy PIC16F8x, PIC16F87x auuifia PIC18Fxxx $aianiuniiy

Fignelululasreulnsaaesdiagiivuin 8 Jn

MCLR O 1 \_/ 4oh Ao
EMUD3/ANO/VREF+HCN2/RBO [ 2 391 AVss
EMUC3/AN1AVREF-/CN3/RB1 [] 3 3801 PWM1L/REQ
AN2/SS1/CNAIRB2 [4 37 1 PWM1H/REA
AN3J/INDX/CN5/RB3 L] 5 361 PWM2L/RE2
AN4/QEA/IC7/CNG/RB4 L] 6 351 PWM2H/RE]
ANS/QEB/IC&CN7/RBS [ 7 o 34 0 PWM3L/REA
ANB/OCFA/RBG L] 8 %4 330 PWM3H/RES
AN7IRB7 09 = 3200 Voo
ANS/RBS [ 10 0 310 Vss
Vo [ 11 & 3001 CIRXRFO
vss []12 Tt 29[ CITX/RF1
OSC1/CLKIN [ 13 B 280 UZRX/CNAT/RF4
OSC2/CLKO/RC15 O 14 S 2700 U2TX/ICN18IRF5
EMUD1/SOSCITZCK/UTATXICNT/RC13 [ 15 3 250 PGGEMUG/MUIRX/SDI1/SDA/RE2
EMUC1/SOSCO/T1CKM1ARX/CNO/RC14 [ 16 25 1 PGD/EMUD/UATX/SDO1/SCLRF3
FLTA/INTO/RES O] 17 24 0 SCK1/RF8
EMUDZ/OC2/IC2/NT2/RD1 L] 18 230 EMUC2/OC1ACIANTI/RDO
OC4/RD3 L] 19 221 OC3/RD2
Vss []20 210 Voo

U 2.18 dsPIC30FA011 waznrnsldisnu

lul a.a. 2004 U Microchip Technology lawaululasneulvsataaslusulngl
Musvatanaluszau 16 Uneanunlildsiuiu dude dsPIC meldtestradunienisia
Digital Signal Controller 38 DSC Inggaiiuyas DSC Ain nsUssnanadyninninaaliie

lldnulunuaivaulaainisiiudanuamisavemiiedszuiananas Inoaniz

'
o

ageisludrunismuumsadamans iassnduilandnuesnisussuianadga
fdnealavannsaussinanateyaldgagais 16 dnodreurivs uananduduivaundaly
nsUsznanameliauisnsesiunsisunlawasdaaiineald duivauauise
voslugaulasdygrneudenduiinealiiamazidenuiniu uasiaudilunisdy

v

(TG LVRTHCIAD

pupIaslalun1Iimugeniuls  a@nnsaRaumgluTunTUA B ARLUA LAY
M C eumagarendwas MPLAB V6.6 TulU swiu C meulwassie MPLAB C30
druasesdonsadauasuuly ICD2 wie In-Circuit Debugger/Programmer 2 ¥84 Microchip

Wundn
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2.6.1 Uoyailoswuuad dsPIC

dsPIC Aadavadlulasaeulnsaians 16 Gnan Microchip Technology Inc. Tag
Microchip Technology lﬁﬁmuﬂ%aaﬂwL‘TJWNn1‘5ﬁ’m%u"l,aﬂmﬂ@uTmaLam’aynsﬂwﬁﬁ“
Digital Signal Controller %38 DSC Huvuneanu dsPiC Wululasreulnsaaediildsunis
sanuuvnduRiewionulsranadyamisnoadmiuadnessy upUANSL LR

AUEIUNTOEN

2.6.2 AauauURupa dsPIC
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RN RC WASIUSHIUR

- 3935unslUsunIaluRsuUUBYNSY (ICSP : In-Circuit Serial Programming)
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a a  as

- 18uwm Phase A, Phase B wazSudganauumidivaniivuasmium

- heasnsesdyausuniuwuuidneandunaiuulusunaula

- annsanualivhauladulnuesiaiwesauin 16 Tald

- innuadgaadueoisURTInA LTIt uIAY (rollover) w3atuwia (underflow)
= s =] (=1 aa =l = 1

- Thsulasdyauesundaniufinea anuazden 10 Un 9 do9

- 2RI sguuarilasdyaa 500 Alawaruilanaiuim
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2.7 Internet of Things
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ANty ANNUAEinweingIUas Auilseil
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- Auawiuad wesanasdendeulusunsulyt 1oT sruAnguwesuazaIuANNg

as =

vnuvesgunsal sinsideusedumediin vianiswanndsmies sesfussuy faduasi
fugruniadoulusunsunouiinned %qmmwé’nﬁ%uagiﬁwa%m loT #ildanu vy d1l4
Arduino %38 NodeMCU ESP8266 Altngun1un@ usdld Raspberry Pi szuudfjuinis
Raspbian Al#n1w1 Python dldssuu Android Things Al Java a9 druniwisesitenadas

Tdafuayuiandulauinannguiu i JS HTML €SS “1a"

2.8 NETPIE

NETPIE 1UuuwanWesuuuuy cloud-as-a-service T3tru81u3sanazainlunig
Wourogunial loT 1ihdeduldegrssiviusarluselaiianlaonisanmududoulunis

Waudegunsal loT 9 nilegiamuuonndinduniegningunsa ludinans

g‘dﬁ 2.19 Network Platform for Internet of Everything

. & o aF ¢ oda < ¢ o <
Microgears tlulausn3iil sunas nilgesnienisdoarsuazfandunisvinaudu q
SENINNEIA1IqUaTUNanW DIy NETPIE vz il Microgears @1%35U hardwares uay

a wa a . & v g
syuuUuAnseantlon Microgears visvundlidu open-source
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2.8.1 NETPIE Feed

Feed iun3asiiotaaiiutoyauu NETPIE Tngldu3niswes NETPIE Cloud Platform
lumsiudedoya uay Feed \uilaridinaduves Free board lny Feed awsanamuans
\Wunsmiieguasdanannuudsuulasmesdeyaluusazdisnaiinimiuiedasls
AnsminshauvesssuulFazanund iy

Foyadfiinannssudmssgunsaisuees awnsothanldlnAausslondliods
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Visualization) lasiawivagnadsdoyauuuiuiaa (Real-time Data) Ssasdoufiusiusay
A08ns1ANETmuzan e lin1TA519 48 UNTaNISLAAIHARTIAINAIILABINTS
TullaqUuuwanviosu NETPIE fiusnisiianunsoifudenauazuansnadiiionyy Feed
doimihiladoudufudeya Yssinn Time-Series nanaia \iugadeuanioadaus
11810199 1Y gaungiionnialudiaaaidieg eeiu Wudu Joyamdiiazgnifu

wuudaliasagauiulunaen uazanuisosensaninglugasnailaay

BEGIN AT B fatr MARKER -ty

28 ETEY

O P27 YR OISO 0T b 1005

5U#l 2.20 NETPIE Feed
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2.8.2 NETPIE Freeboard

Freeboard 11U Web Application fi@11150a3519 Dashboard LauaAINad1MSU
loT woundtadulosasnsalfidunszgaiudiu awisorsdunaaiadlildd viuaiuay
gunsal nionamihUaeuansuatayasiag Alaaingunsal wu wulwesluszuu loT

uananudearunsonansuatiuns vle druntinsgaiunie Dashboard U @1u150

'
° o w o

Usuusidlalasdne iiswaleuteyaimismimuamdafiawisaiiaulauds Taoidldl

'
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dndudentdou HTML Web Page tosuasniddnAatoyatiuiinisswanuuy Real-time 4
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sUfi 2.21 NETPIE Freeboard

v
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'
@
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d1115U Action #i14 9 la n1514991 NETPIE Freeboard Yuatuisalyd Browser ialdld
index.html #ilsia1nn13fings NETPIE Freeboard n3eau1sald Freeboard s1uniantin

Auras NETPIE
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2.9 NodeMCU ESP8266

NodeMCU ESP8266 13aneaq31 NodeMCU 1uuasadiniusu loT fuileiilésu
AN LﬁaqanﬂﬁmmmLﬁmLaziwmQﬂ 139831991 Input Output A&18AY Arduino wag
fidmaunweldruily vuuesaissuy Wikl sessunisvhouialvun Station uay Client
vilwansndeudetuniadisuasyienudu Access Point I wiatamsyuuliviiauiy
Web Server yunaidnlel NodeMCU dnegluguuuy Arduino Al Taeiiloiieuiu Arduino
W FUpsa NodeMCU Saniinenssundie Arduino ilidasfindassuudiifims noluae
fusunsudnnsvosiaies mwilflunsdeulusunsuaiuay asnsaleuld 2 ) e
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14 Arduino IDE Weulusunsuwaz swlwasidinavesalsiay uazu1wes NodeMCU ESP8266
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2.10 Sensor

s as € '

Sensor Aig gUNIINTIRTUA v aUTINaUMI AN 9 Wy gaumall Fes wad
nsduda Wudu Jegduiinistrszuy sensor unlduulnswifledie lunanaguuuu wu
szuunsIduaadeuln, stuunyua TR, wumesuugunemiiee, wuiwes
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winednluld uas ssuuda/Uandivednlulfvmzaunuiwuuy Jusu 3 Sensor &

anuddgnalumMsinuvesssuuivtayasaludfseqdmiveu loT
2.10.1 Temperature Sensor

Temperature Sensor UufitswumuegIzdnagiiu 2 vuaaluaiawwdnnisldeun

WANAI9AY LeWA Contact Aa Lﬁmwuﬁﬂlﬂumﬁﬁuﬁa’uadﬁ’;mumaiﬁa?maquﬁ Ly
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[ a

\wuLgeIinguuiiiaTaiueInid, 1n3oeiinld, 118U way Non-contact Ao Wuwuuild
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o i9ld wazmisou vaanIanITLNNE

wulwoTMdenliiluuuy Contact fa LM35 lnandnnisie Angmmniiaziiuanm
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ANuAIUTUAle lagfidieuieiaydisussduie e gz udsiunsaiuaaungiinla

ar o

lnsiwuweiguvgiidifiveliusouie wuweimteyingumpiiluminmades uay

a Y

Laisasmdiunlu Tnannsaldldnuuigamad -55 ssmiwaidua i1 150 sirwadus

gﬂﬁ 2.23 M35 kag1n1shaanu
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2.10.2 IR Infrared Obstacle Avoidance Sensor

Infrared sensor awnsaltlavategauszasn awnsaldiionsivaeuinidsinuang

vt robot vausmiall iseavziounliniiginsndndesdudidnluiiveasifinisian
nsan193ilan viseavvz lulgluntseaduanusisavasauawmashlaituiu Taslundis

@ [ (Y s o o o a v e e
34 Infrared sensor usnsIdauingminsoadesdumsnlus®

Distance Adjust
iR . Power LED
( ! ‘ / Vee
| ' B 1 : i e Gnd
K ' ' . - . =~ Out
iR Emitter . Obstacle LED

LED

g‘d‘ﬁ 2.24 IR Infrared Obstacle Avoidance Sensor WaLU1NIs k91U

o as

W ULT DS LAIAINTUNTITIU mqﬁm'ﬂ’ﬂd ( IR Infrared Obstacle Avoidance Sensor

8
= ol es

Module ) lnglugatl azlisaFunavdads infrared Tuda drdmgw (217) infrared azdq

dyqyraueenin uazlaiiinguids Adudyin infrared igndsoanuazagisanduluidi

triev}

]
s e  as s = !

fasudnann (@) awsadunlinsiaduingiegnsaminle tazaunsauiuanula sy

9 U

n13m5299U tnavselnale wuweswuviariivadunisiinu wisssezlunisasiaduazle
Thdndnuuudu @eluaniznisiiaudn@aasy (Receiver) asansnsudy uuaIanea
d1 (Emitter) lamaaniian wasnnainasazasvaunultuasiau (Reflector) agnanLIal

zuaniAntu 0 wiivdnensuwesuind wwnssnsaaduingiiadeuisariumiiguges

WaIRNIULI NI VUG ULDT WAIZNISVINIAILAINAI9INFAI1dS Emitter Ml

uHuazviou Iinlussuliatuisasuauadiazazviasunavuile vznansanidu 1 Geasvinle

2
1 = o & a 1

asnngluiuiled TTmguistusuuivey vinlaausveaeminsvasiiduildeundasiy

T8I UNANBUENITYN9I UL UL Dark On [9]
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2.10.3 Hall sensor
Hall sensor l¥ns1a3uAusasuawmasiaestazly Hall sensor Tu BLDC 1 drudie

] ] 1= ' a [ 2 '3 2/ o ' L
Piwdivdnuyudunazdsdyyrialuidivveslulasaoulnsaass idwiumin 1 seuld

naldwinlus vdsanganaldlu 1 sevudnnivslumuwamianusiseulumie RPM

U7 2.25 Hall Sensor waznisildleiunisinprusuemes

2.10.4 Voltage sensor

FZ0430 DC Voltage Sensor iJulugainusaiuluiinssianss amisoiauseulwld

laifiu 25 VDC wnngdmsulnneantsinaussiulninszuanseiildenunialuiems

3UN 2.26 Voltage sensor uazwIn13La91u

=l

Ingiuwefusadiuansaaldv DC uas AC lnanduvnielanfivsTauazioning

zudyialianounion vie nszuaeuiden viadus WULEETLIWUUIIRIAINNT0AS

)

Fyaalmiviedyauiadld Tusuwesusadu nmstaduaslivdnnisudaseiu Ineiider

2 wuulney Ae Capacitive type voltage sensor ez Resistive type voltage sensor
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2.10.4.1 Capacitive voltage sensor

Vm_ iroemamssion
Cq

sz%

‘51]‘171‘ 2.27 Capacitive type voltage sensor

Inglassainvesiniulszastssnoumauiudniaosusiuudaiarsildldfnet

2
o

::' o (7 = ol 1 a =N - as LY 9/ a a a
asanana aedasiidladdsendn Inadnnsa Weusssulwiinszuaadutuladidansa

Mnunsruaiazamsalduehuiuivdsyala aolliazwaiionisuiassiulusifv

2

Useq 2 dafidieeynsuiuey Inevhlusdadndummuniussuusiunseiu ualufitdidusau

Uizq LLsaﬁu"LWWwﬁ’uﬁwmmqlvdﬁwmﬂmﬂﬁuﬁu

1
X e (2.17)

AnudiusveLTIiulNiwazAn g lwihde
0
= 2.1
imer: (2.18)
lgnauns 2.17 uag 2.18 (e iussnuliiludsunduiuainiugvii uas
wuwesussiulihaldudnnisvesnisudamanugliiilivdnnsiugiuainaunisi

2.10.4.2 Resistive voltage sensor

Vi, o
Ry =
It-mm Wit
R, =
gvou: = R;R;ZRz x Vin

E‘Uﬁ 2.28 Resistive type voltage sensor
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[
= as

Resistive voltage sensor 3 2 3571as Tawsesiulnin F5usnAadsiugiulaenisane

wsatulWin IR U s duisuuATIUR 2.30

Vyof O

FUM 2.29 2vsuvassulagldiasiiuniy

wsenulwinlaaganetin ADC wsssulwiivieanaiuisonanslininannisy 2.19

Vour = —2— X Vyo (2.19)

- Rpm+Rpe

a

JaLd8v09799500 A0 wanUdwrlaasazvetan T ulWWA I L AT UL UL DS
WAILANIINIVEIYLALANY IS IAUTLANIINNITLUASULUAIATINATUN UG UL DS

2
s

wizazuIinsaalufssuitymilaensldisesdidumuuuuyinisiguil 2,31

Vref
K W, R
V},’:,:' " f;-voui
Riasa, s £
3UM 2.30 29350509
wsasu W19 IN99TUIARAEIVINAY
R 2
Voyr =AX —2—xV, p——— (2.20)
out Rm+Rp — 1+(%)(1+5)
01 R=r =¥ wssaulwHveanUsENMMNAY
A
Vour = Zvref6 (2.21)

na?l A Ao 8ISV VDILINUAN BLDS

O Ao Aenulasunlasasninusuniulusguses

Tuannistsmesludnsueisunng wsiznisidsuwlassanuluihaziinainnis

' as

WABUWUAITDIAIUATUNIUNNIUSATINT UL
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2.10.5 Current sensor

E‘Uﬁ 2.31 Current sensor Wagy1n1s a1y

& e

ACS712 Current sensor 20A Taugadiugunsalldreniaiu Arduino Turas Analog
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a ] i I
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2.10.5.1 Current Sensing Resistors
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2.10.5.2 Hall Effect Sensor

JUN 2.34 3595iUeeau myinnssudlagly Hall effect sensor

@ v A 1 5
Hall effect sensor Wun13ianseLani1sdau Wawsnanenssialune DC way AC

apiliAnduauuwivanseuanal Wowuwes Hall effect agluvdianduauiuuaivan

Il
i

vosawlvl azdsdyninesnyn ausziuauLLlvantinle

2.10.5.3 Current Transformer

g‘dﬁ 2.35 nannsiansewalagly Current transformer
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U 2.36 dgyanwalues Current Transformer
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Fenzliifinnisiniondivesauiuudindn ndnnisiiarnnsoululasy Clamp meter

Toelund wuwasnszuaidanidaslovdnnisuns Hall effect sensor
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3.1 TEUUNSNI9TUYBY AGV System
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gﬂﬁ 3.2 lamasn AGV 970 SketchUp
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3.2 53Uy Power Supply

wa = [
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gﬂ‘ﬁ 3.3 Schematic 9892933 Power Supply
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3.3 szuuuszuiananand
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3.5.2 Schematic 484299532 UULAAINANITYINNU

NodeMCU ESP8266

SV iRe==

GND —

LM35
Vec
Qut
GND

Vin
GND

3V3
AO

GND -

ADS1115
3V3 VDD
GND GND g
D1 SCL A1
D2 SDA

Volt sensor
3vV3 + A

€ 5
GND

Current sensor
3V3 Vce
GND enp Mt

Eﬂﬁ 3.11 Schematic VB4 MATTEUULEAINANITINEU

aaq



uni 4

HANISNAADY
4.1 Ha31NN1537899 MATLAB

lassruibimsaiuuuiassnisvhnululusunsy MATLAB dsuanslugui 4.1

S

\ AN

|
] i i |

g 7 A T T B
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AMUEmoBLAas War muaa11ui5a9 46 rpm 9xladn Rise time = 2.719 ms |
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4.2 HAN1IVAABINITAIUANLUU Open Loop
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4.3 NaN1IINAABIN1ILURIA ']M?!Lﬂulﬁﬁﬁﬂlﬂﬁ’]
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4.4 AaN1INARBINITAIUANLUU Close Loop
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Abstract

This project aims to design and construct drive of Brushless DC
Motor for Automated Guided Vehicle (AGV) to reduce time and cost in
industry. At first, drive system receive hall signal 1o arrange working
sequence. Secondly. the speed of motor is controlled via PWM signals
obtained by comparing the actual and desired speed The produced
signals are injected to the high side of MOSFET in three phase inverter.
To improve performance and stability of the proposed sysiem Pl
controller is utilized n this project. Moreover, temperature. remain
battery and speed of BLDC motor are reported to monitor the system

status of AGV via wireless signal in real-time.

Keywords: PI controller, BLDC motor, NETPIE and 10T
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Abstract e Results
This project aims to design and construct drive of In the experiment, we set desired speed of motor in four values
Brushless DC Motor for Automated Guided Vehicle (AGV) to reduce 27 rpm, 46 rpm and 62 rpm. Test these values and tune multi level PI

time and cost in industry. At first, drive system receive hall signal to control. The result as shown in this picture.
arrange working sequence. Secondly, the speed of motor is controlled
via PWM signals obtained by comparing the actual and desired speed.
The produced signals are injected to the high side of MOSFET in three
phase inverter. To improve performance and stability of the proposed
system PI controller is utilized in this project. Moreover, temperature,
remain battery and speed of BLDC motor are reported to monitor the
system status of AGYV via wireless signal in real-time.

Introduction

Temperature , percent remain battery and speed of motor are sent

: ! ? i ¢ to NETPIE and show on NETPIE Freeboard. As shown i this picture.
Nowadays, In industrial has very high competition. Every

company has to find advantages for their company. Reducing the time
and cost of the production line is the one choice. And the method is
using AGV instead of the workman in the stocking system. We ;
consider a motor that uses with Robot. BLDC motor is a good choice. H
Service and maintenance we must check the robot every six months so ’
the robot should have the system to show and analyze working status.

rl“ﬂ} m.:) mp

Hltrasonie sensor

So, we decided to make a monitoring system to detect the problem in . i
AGV and speed control drive to improve the efficiency of AGV. i b
Methodology
We made drive module use with BLDC motor and control & CODCIUSIOH
speed of a motor by three-phase inverter use MOSFET as switching e Tl
equipment and make the monitoring system by using NETPIE as a This project aim to drive BLDC motor and make monitoring
cloud to show data from the sensor. |gh systems for AGV. From the result of speed control BLDC motor with PI
controller show that our AGV can keep the desired speed with fast response
» : J 13 s osfeen A%
R B ] g0 = merwm i Three and low overshoot, We decided to tune PI gain in .Lhrc.e range to get b'cst
D———* o B win Phase response. Also the systems has stability and efficiency. And monitoring
Gienernin - r i system can help to analyze the problem that occurred in AGV and the system

has both of Tocal and global so it easy to access,
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signal to control six MOSFET in three-phase inverter by desired speed.

10T Part : NodeMCU ESP8266 receives signal from
temperature sensor ,voltage sensor , current sensor and infrared
sensors. Temperature |, percent remain battery and speed of mutor are
sent NETPIE and show on NETPIE Freeboard.

E-mail : poom.ko@kmitl.ac.th!



70

UsziRgLdeu

=

Yo-umena

Tu wiau Uiin
Uszaan1sanuen

Un1sAnw 2557

Un1sAnu 2561

Hnauniaggiou

To-umena
U hau Ui
UsziansAnen

UnnsAnun 2557

UnnsAne 2561

= v
HnaunInggseu

wedass Unuzgaus

24 WowaAY 2540

duSansAaneszauliseudnuinaulaiy
lsusguansauinedus i gaiuatiun

NTVWUNIUAT

FuSansAnwimnssumansvusin N1A3
Frangsulai aarTuwmaluladwszaaunanan

ALMMITAIANTEU
NITTO KOGYO CORPORATION

syndnedud 1 figuisu 8 31 nsngiaw 2561

WA NY oA

26 5UAU 2539

dSamsfnuszautisaudnenaulale

lsaguaunuauivends $38n Unusiil

ansanmsanudenssumansUein nadv
Frnssulud aanTuweluladwszaoundnin

ALVIMITANANTEU

SN laviig waus sATUWUN 1A (L)

sewdedudl 1 dguieu §s 31 nsngiA 2561





