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SARUTA WANSUNGNOEN : PID CONTROLLER DESIGN FOR BLDC MOTOR SPEED
REGULATION USING ADAPTIVE TABU SEARCH TECHNIQUE. THESIS ADVISOR :
ASSOC. PROF. KONGPAN AREERAK, Ph.D., 135 PP.

Keyword : Brushless direct current motor/Black-box model/Ziegler-Nichols Approach/

adaptive Tabu search/PID controller

Nowadays, BLDC motors are widely used because they are no brushes, resulting
in high efficiency and easy maintenance. Generally, commercial BLDC motors are sold
with a control unit in which the DC-to-AC converter is included. This converter can be
controlled in the open loop mode. However, the closed-loop control mode is required
when the load torque of these motors is changed. Therefore, this thesis presents the
PID controller design for a BLDC motor speed regulation applied with a commercial
control unit. This controller is designed with the conventional approach and the
artificial intelligence approach using adaptive Tabu search. In addition, the black-box
transfer function model is used to be the system plant for the controller design. The
simulation and experimental results are used to confirm that the proposed techniques
can be regulated the speed of BLDC motors. Moreover, the speed performance

controlled by the artificial intelligence approach is clearly better than the conventional

approach.
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uni 1

UNUI

1.1 anudunuazanudrdgasslym
Uagtuuewmailifinssuanseulinliuyseanu (brushless direct current motor,
BLDC) l¢umnuieust1aninsung iesannueimeidnaniiuszansnings dusedad
AULEITOUE TiNTREUANRIMINETRTIAEY M3U13ssnwde waslionnsldaueiu
niemesUsziandu 9 esanlifiulsadiu (VKS. Patel, AK. Pandey, 2013) seinua
fnanliisdunemeifinanignihuvszgndlilugnavnssumainvatsanadiu iy
gruBUA N130ULAZDINA NMsvuds Mauwnd vieudinssiaaTedldlaiinluaiadou ns
uvesewaslihnszuansslaluusedu azendersasudasiuiaslni iz dued
(DC/AC converten) osnnlassainanigluvoseineifnaniiunaind iy 3 ya Adwihi
Tunsnilenimnasingn Fadundnnisilidesendouvasdu ndnnisdananiadiedy
vawnoslilihnszuaaduaninadslasia duladuvanalinisldouuemeslviiinssuanse
gilpliuussiuinludesdizasudasiuidslui (S.0. Souza, 2004; D. Liu, 2008; J. Carlos
Gamazo Real, G. Jaime Gomez, 2015) msmuaummﬁasamawaL@@ﬂﬁ/\lﬂmimama
yialSusmuagdiiumaiiuasuasiuidslii Ssannsanuauldfuunaanie
nTatusgiunisliauludneaeiie 4 agdlsinunt seuauuuuislaazainsayiili
g ruannsnnvaumuiiseuremamesldusiiivaninisddsuutas fuauide
Inerfinusiadldinaue nseanuuusmuaunuEevtamesiinszuansssialy
wdssaulasldimaiansdumuuumydsusui Welvamisanuauaiuisiseulaei
aussauzia wewosliihnszuansewialiuusudendudingnanenieuiuyaniuay 3
Wiguiaiiousiduidn (actuator) N15UsEENALYAAIUANAINITOYIINUKULITUALAL AT

6

= a o & ¥ a v v A a = (J
AuAuiiled (PID controller) IuludosinsmanuduiusidsntinmansvisowuuInastves

JEUUNANEY NMsmwuudtasaneadaraniaiuisouualadu 2 356 n1siigatnn

° a sV an o = & 1o =
LUUINaeImnRAdnAansmeIsn1snsdaelivguiasiniiiugiu willesanszuuluii
fisaniivewmesuazynniuaudmaliflinududeudusgunnlunisinszidnuus

N8N U338 TN USTI AU EUDNITUILUUIIADINARRANEATDNISNTIADNS

THwuuataadnasen (Black-box model) n3aeanduatelounasini (Black-box transfer



function) Fuduilsddudreloudildaniassadiaionmn nannfe wuusiassindnasdes
osuemnAinssuNamsneuaLssassuamaswihnszuanssedaliussdiignduindon
Fegamuaudanded vadamnsfimesluuuuiiaengfumiuduiussenindunauay
L01dne SeteyaiminnldmanuduiusfinarinannseaeusidluiesUjifng Tnens
naaevIzedsnsmuRLUUInTailelrldtoyananisnevauss flaidudieloudsnanioy
ogflugUiaunyuy (polynomial number) swiAdeinerinusiazlduvusasndosiilugy
fleftusreloududuans (3rd-order transfer function) fdunudusiugsenitsausadiu
BunakazAULTN01ENA (P. Khluabwannarat, A. Nawikavatan, 2020) lngaunsassyen
Fuuszaniuosiladdudisloudirundunuuiiaeddddisnisuseyndldiznisnag
Uyaysedng (Artificial intelligent, Al)
eanniEmallyussivslasuaudeuhul sy lovflumeimnssuegiann
Liifausinmsszyondnuaiviniiy uwidamsaianlddmiunisesnuuusamuaulfidui
WAty yUseAvginaeds Wi A8n1sAUmILUUAIYLaUTU (adaptive tabu
search, ATS) (K. Chaijarurnudomrung, K-N. Areerak, K-L. Areerak, A. Srikaew, 2011;
T. Sopapirm, K-N. Areerak, K-L. Areerak, A. Srikaew, 2011; J. Pakdeeto, R. Chanpittayagit,
K-N. Areerak, K-L. Areerak, 2017) 3A15AURILUVIULUAN (genetic algorithm, GA) (H.M.
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AAANUINTTNTAUMIMUUAUBIUTUST LASUN3HElaIenseuIunITneainaanswaddn
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Sujitjorn, T. Kulworawanichpong, 2009) mui%’a‘immﬁwuéﬁfﬁqLﬁ@ﬂiﬁﬁ’%‘%miﬁuml,t,wmy
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Ininszwansesialsudsiany

a 1 ya o

YA (a.e.) ASHIY A15ednAtyva99UIdY

2001 Ljung, L. unanutEuaieI LU aeIna oI
Tnenaniuuusnaendesvesssuutiy
Lildldanudiugruiieafudnvuzie
AUAUNUSIINYATNVOITLUY LANIDIA
N1sHAsaBunaLazioIANaludNYUEN1T
widulAafimnean (curve-fitting) wiunIs
a$auuusIant Fauusiaeeianananunge
vhaldnsounquitaszuuiiududunag

Lidudadunanfeauisavinanulussuun

a % % v

daududouls
2011 Tibor, B., Fedak, V., UNAINLUILEUDLAEINUNITHILUUIA D
and Durovsky, F. natwashiinszuansevialiuussaiu Tng

NN AN TTUVDIUBLAO S TUTZIIN
n1sAeudandy JadendrAymodnuyay
Ls10nvesNaLnas tilInTELansIvinls
1 [ g.J/ = ) [~ ¥ & 1
wU5987U4 AINuTITNTuReIAIANITAIAN
wseUnfuiugn Famnualamedayaalusy
Y9ausuAaa Ul uNdU (back-EMF) [y
15391809807 UnN salAl8lUsSwNSY

MATLAB/Simulink

2016 Ridwan, M., Yuniarto, | UnAInuitaueLfedfun1smuuusiass
M. N., and Soedibyo. NNANAAIAATUDINBLADS LNHINTZUERNTS
yialSuUsaau 1nge19899IN193 ALY ATDS
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2016 Mohankrishna, C., and | UnAMuRuILa@UsLnefuNIShiwUUINaDY
Pandey, AK. UY3nianiugsiuiu MATLAB/Simulink Tu

AN5ILATIERUTLANTAINLALHANDUAUDY
29908Lmas NS Ehanserla lSLUsIa1ud

TW190msNwANANaTY

2017 Poovizhi, M., UNANURUILEUDLNYINUNITAS1UUINEBY
Kumaran, M. S., NANNAIENSUDIUDLADS bNHINTLLANTS
Ragul, P., YUALSWUSIATUAIENISHYLUTHNTY

Priyadarshini, L. ., and | MATLAB/Simulink n1elén15A3uAuv0s
Logambal, R. mAdANITHagLanAI1NNINNEad (pulse
width modulation PWM) WU U418 9 9
ﬁméngﬂa%ﬁumﬂmié’ammé’ﬂwmmaa
@ a 6"
ANUL5I5aULALLSITAYRINBLA DS LN
N5LLERSITRA LS LUTIOUN SAIUDINTELALAY

LS UYDIBUIDIINES

2017 Dasari, M., unAIudlauIduenelnunisasng
Reddy, A. S., WUUIABINIALIAFAARNS AU AULAELAR
and Kumar, M. V. Uszlevilgagalunsldanuegraunsvaigves

yonasnselanserdalinuseanu Ad

a

I1NUNYAIUNBIMA1A LagLUSeuLeu
AUTTOULITLUINIT ANFIS LUUANLAUNUTT
GA-ANFIS Tagagnglin1siasnenuuuls

Wakazaua
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v v
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1Suusasu
Vil (a.61) ASHIY A15ednAtyva99UIdY

2014 Hazari, M. R, Jahan, E., | unauilthiauenisesnuuudaneiiunis
Siraj, M. E., AIuANNBLARSNNNITLanTITTinlSuU sy
Khan M. T. I, f1usgrsdtglaneldmoulnsatans
and Saleque, A. M. DLUNUITLAIA N1T9DNLUUAINAIIAINTE
glgldnuaunsafmuaiianianismyu
Ypeualnoild Tuforsasauauiiviinig
PonNLUUIEAINUATIANIINITINaYD
nszualnlihilvarwanes lassanesiiu
foenuuudsenauludieg 2993
lulaspeulnsatass asdning gunsalaing
33 wowmoflulilinszuanssvdnlfuysdiu

LAsIEUE RS
2016 whuna Boviauidan | unarwithiausiftumsaauauanmuii

RSYNTU AUNZNZLYA
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ASHIY

A138A1AYVDINIUITY

2016

Sharma, A., Negi, H.,
and Punetha, D.

unanuddnausifgiiuwuIAnnN1AIUAY
@ a
AMULSITIUVRILBLMBS NN ST ARSI Te
1Eudsearu iunalinn15AIVANLUUNEY
s¥1ineAIuAN CMAC LagAIAIuAN PID
WDLESUUSLANS N INADULSULAULAS DAL AR

nsgaysdeluunu (core loss)

2016

Sarala, P., Kodad, S. F,,

and Sarvesh, B.
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LUULAY sauAun1stalysunsy
MATLAB/Simulink LﬁaLLamma%admi
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Ininszuansesinlsudsaany

2020

Khluabwannarat, P.,
Nawikavatan, A., and

Puangdownreong, D.
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Vil (a.61) ASHIY A15ednAtyva99UIdY
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MG7-1987 (M. Poovizhi, M. S. Kumaran, P. Ragul, L. |. Priyadarshini, R. Logambal, 2017)
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Rotor
(Permanent magnet)

Hall sensor
(H1)

H2 Armature

Stator
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[ 1 v A

f9150019103UN 3.1 wuddauusznauiidrfey 3 dausll daudinds Ju
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Weadaunuuivinvyu dwiiaes Aedaumyuvieiiondt Tamed (rotor) Tnelsnetaydl
Snvusdutauivinans mevhouluduuisduiusivauuuiminmuiignasianain

nszuadilnalurnainesunes nanfeinusindnuazusgavaatiwdndnuliudazyn

'
A =

YAAINANUANBULVBIFUILLNAAN LY dIuTiay Aodanraduiunisveslsinasuion
=l 1 o Y] 6 o LY} a gj 1 v} o o 6
3UNI1 AIMNI99UT0Aa (hall sensor) 31U 3 67 ANRIANIY 120 B9AT AINSIAIUTDARY
‘vTN’mLﬁaiima%mguimmaﬁuﬁwmeﬁuaﬂiLma%uazé’ﬁzyjzyjmiﬁw%muqmL“f]uﬁzgzym
aadn WealivaswlastiumdslidnAsdsunisduiladsun1edidnnsetndnseanisanin A1s
Aouduntumediannseting dwaliaunsanauaNiiAanwasausITe TR O T
o/ o ad <
3.22  WENNISVNIULEEISNITAIUANAIINLIITAU

wawailinszuanseialiuuseiugniaumnanuawesiiinssuanss

wuuiiwussanu Tngondenszurunisaeuinadunuudianvsedng lunmsauaunisivaves

nszualusnalnununisaendiedunisnaoanlyninisdeadnvinlimninauseu n15dn

[% (%
Y 1 =

%38 kazNIITUNIUNIMIWANINTY nanN15TULAAEUVRILBLABS LA 1D ULTUFIUVDILTY
= . A [ . 1 & 1 =3 1 a YY)

A4AA (attraction) N3BWIINAN (repulsion) senINaTIMLWANY WAL INUAUNDIMBT LT
nssuaaauislasla Feagldunadinawnes 2 galunisviuneasuieasisauiuuiinan

dulUdeuiu uanasagui 3.2
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Rotating
magnetic field

Stator

Rotor
(Permanent magnet)

JUN 3.2 wanmsvyuvesuawesiiiinsswansawial Suuseu

f915an9nguil 3.2 mevhauazsudionszualiilvai uveaingmmesgausn
= v & L @ A = & P’ & v A | ¢
UUAD Al ey B2 LLagai']ﬂsU'JLLgJL‘VIaﬂLW@WQ@WGU'JLLlIL‘Vﬁﬂﬂﬂ']'lﬁsU'Jmiﬂm']m%a%lua’)u%@ﬂiil,m@3

deavililswesiinnisindeudn Wenssuadouluiiyaunainfieganll (Al uag C2) aen

Y

Aailipsagilminnisiadouiinuaiunsasuwlaivesunainiaazyn vilulsinasinis

LABOUTIANNITUYUVRIAUINRILIEN YU Lnesunisauniimandlsmnesazgnnsiadu

[ [ Y [y

¢ @ Y = I a s P o 2/
dyeeuiiefInTIadugeann 3 A9 (H, H, kag Hy) Negusuanined iatilvaseyn

T U

mia 3 nanninswagunvasluuday 60 asveIn1snyu dyaruninanazgniilulely
NSAMUATINIZLIAINISTU (drive timing) vosaindlultsasuusedumdsluifdidued
WHUAINYD s hUasHUmM S Wi Mgeuaefutamesiniinszuanserdnliuuseaiu

anansauanslasiegun 3.3

Three-phase inverter

JUN 3.3 2aswdasiuiddlnihiigensedutewesininssuansaviialsuusaau
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91n3UN 3.3 nudnesiianlddmivaivauiduisdunesmesuuvaiuia
Tadndianuna 6 § Felun1sirunldanutuusmasiniinssransasdalsuusaarusndusod
ANSANNAUATINIENITVINUVDIEIATLARLAINIUNENNITABULWATY ANUITOLAAIAIAUNT

AU NATULARINIS197 3.1

AN 3.1 A1RUNITABUILATU

DIANYDINTG | HEYYIUAINGINIUTOAE | nszuamaluvnain m
dinvun
U (‘99) H, H> H, la l le
0 — 60° 1 0 1 + - off S1 S4
60— 10 | 1 0 0 ¥ off : 51 s6
o 1800 | 1 1 0 | off | + . 3 | s6
180° — 240° 0 1 0 = + off S3 S2
240° — 300° 0 1 1 = off + S5 S2
300° — 360° 0 0 1 off - + S5 Sq

31n915199 3.1 WuInIsuyuvenewestniinssuanseialinusadiu asUsing
FLavRdnea 3 AN 6 YA @NsauUITImzn1siuveewmesiailu 6 Tuuaniu
o a & = & 1% 13 1% ! I a
n1sviuesaing Baesilunismivaulinawesuyuliasu 1 seu egnelsinuluvaed
wamaTyuIziiaLsuAdeuliindundy (back EMF) ilsuiuiasesdnsnaluiwlingu q
(D. Liu, 2008) Ia8a1u190LaA9318a2108A S 1UANAINTINTUIDEE T9MZNITTULST uaz

Ausaadeuliimunduluidaglnuanisviauladagui 3.4
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101/{100/110/010|011/001
Hall H1
Hall H2
Hall H3
I I ===
\
/
\ .
Phase A N 7 \\ > Ge
\ 4 Drive Timin
/\ g
// \\ Back EMF
Phase B 7 < > ee
/ \
— N — =
N /S \
/ \
Phase C Y 7 AN > Ge
\ / \I
p— a—— \

0°  60° 120° 180° 240° 300° 360°

U7 3.4 dyeraunisaeuiedureweones iniinssuansedaliuussau

EaNl

7 U LY & U ko4 A v v ::1'
gﬂammmmﬂmmnwaaaa JnzliantusnazLsaadaulnindiunau IUE‘U‘V]

ALY

[y

3.4 LARANNNENNTV1UYRILBLRS AN TzLansIvialSLUsIa U Nl anwazAd 8 U

wawmeigalasdaaung lnenilunisldnunamesiniinssuanssvlinlsuussatuasiiya

a

¢ o ‘:4' o ¢ a o A Py a s 9 v A v ¢
vasaduimdou nlaunsaladnditeusoilulasaunesinesiiidunssuies lnygunsal
andiananaggniumedyauidudagidn (PWM1-PWME) fiaisulagendenisvinau
Twfusgninasadidgaafidudagdy (PWM Generator) waz139siuin (gate drive)

FauHunmnIsiegunsaling q neluvesatuimdeutuuameslniitnssuanseyinliuyss

fuBenaivd wanslagaguit 3.5
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Commercial driver board

A

I

%ﬁ
)
NG

Gate drive

|
|
|
|

| HI H2 H3
PWMI-PWM6 |

Control I Position sensing

[
L ane d | pwMm l
in,dc Generator :
: |
Commutation I
|
|
Hall 3 | Hall 2 THalll |
|
|

e o o — — — — — — — — — — e _ NN =TER

' '
LY A

JUN 3.5 urunnwewmasiiinssuanseialSulssaunivavesaduinsou

LY

a a a i3 (Y] a a 13 &) [
Wf\]qim’]’ﬂlﬂﬂzﬂ‘w 3.5 DUNAVBIINIIATINEYEY1UN ULUﬁE‘JJLEJiJLUanJJiy’]mﬂ'JUQM

e

ANUL5I58U (d,) %aazgnﬂ%’uLﬂﬁﬂummméfuuausé‘aﬂ (Vingd) ﬁi’]aulﬁﬁ'umua%m%’umﬁlau
ﬁﬁ?wqmua%m%’um?iau"?mﬁwqaﬂﬁmﬁuﬁﬁuﬁﬁL‘U%&JULaﬁaumﬁmuqmmwm%aiauufumq
JadmSunamasliiiinszuansswdalfuussaudmnded @amnsauansnisidousouimnos
Iihnszuansavialiuussaundouyauosaduindeuldfasui 3.6 Felinanismuauuuyls

Wananalann1san 3.2
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1. commercial BLDC driver board

2. BLDC motor

3. oscilloscope B
| /| 4. setting circuit ‘
{ 5. digital multumeter (DMM) ﬁ;
LB |

JUN 3.6 ganaaeulurisaujufinis

N5UN 3.6 veweihiihnszuanswialfuussuniunldlunuideineinusifowsnes
U ©72-201105-220 83U Beijing Electechnic fifnam35auwindu 23000 rpm agy

Iu\‘i’]u%%ﬂ%%%ﬂﬁ@Uﬁﬂ’NNL%’Ji@‘U‘UiS@J’]ﬂJ 85% Y99ANL550UN A AT UARNAI1NSITOU

20000 rpm

M50 3.2 NanIsAuANNBNes T selansallalikUsaauniignuasaganidive

wsanulnAn

0.38 0.74 T 551 1.47 1.84 2.20 2.57 2.92 3.27 3.68
(Vin,dc)
AUS

2000 | 4000 | 6000 | 8000 | 1000 | 12000 | 14000 | 16000 | 18000 | 20000
59U (rpm)

15197 3.2 uindunsmuguenaiseunuuisdavesuainesininssuanseiinli
wsssuifignuesadendind Fannlvaniinisiasunlasagililiannsansainnmu
soulvinadildl Lielanansomuauanuiiseuvesamesdnanlfuiiivaninisiasuulas
Feududesiiniseenuuusmuninsda Turuidedlfiaueimueuiled Tnsazvhms
gaNLUUMAIUANNILLUUINaeweanesiihnszuansavlaliuuseiunseuynuataids

WMYe s18azuaneInuwuUINaadlniaus i lumvedaly
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3.23  wuudnassvesuawasiwiinssuansesdalinusediu
N3ANINIWITEIUBARNUTY LWINNNTRAIUUUUIIRINIANAAIEATVDT
wowmaslainszuanssrdalinuseaunuseandu 2 wummetufedsnisnssiildngud

[ [y

fugrunmsllinsamsunisiessisa sl sglsinudefinisldauuemeifndn
Sfugavesamuaudndegnuifienududouduogiann suiteinednusdield
Wenuauan1ImLuuIaedlagedeLuudnasindesantuuvesilanduneloududuany
(D. Puangdownreong, P. Khluabwannarat, A. Nawikavatan, 2020) Lﬁaammwuﬁﬂaaﬂ
Tnehlveseinoslufinszuanssiinliulsei sveglusuvesilsiduielousudvans
uazuasaduindeuaunsaUsznalilagliuuudiassdudunis uwudassisnanazeglugy
YBIBTAMITNINAITITOU (@) uazusaiuBuna (7 )LLﬁmﬁﬁﬁﬂimi‘ﬁ' (3-1)

in,dc

(s) _ a,
I/irt,dc(s) b3s3 +b2S2 +b,S+b0

G(s)= (3-1)

MnauMsi (3-1) wiuindmnsiieesens o fusingeeluiuusiass (a,,b,,b,,b uagh,)
Huemsfiwesfliaansaesueanaminednienmessszuuld egndlsfaumsfimes
fsnananunsaliinanisnevaussifuanuduiussenisBunnuaziodnmldegisgndes
G‘Tqﬁ?umsmﬁiw\mi’]ﬁL@@%é’fqﬂéﬂfﬁ’]Lﬂué’faqmﬁ&miﬁzqmmé’m&aﬂﬁ’w%%mimq
Uyyusshivg Imaiuawu'iaﬁ"a"immﬁwuﬁ‘ﬁ%ﬁ%’%miﬁumLLUUWgL%W%’Uéﬁ Favznaue

eaznluidanely

3.3 MSAUNILUUAIURSUTUR

Y a o I @ = aa a ea ° 19 |
nsAumuUayRaUTumbuniidhiisnsmalygyiuseavgngniiunldanuegng

o«

Lnsvany (D. Puangdownreong, K-N. Areerak, A. Srikaew, S. Sujitjorn, P. Totarong, 2002)
98N8 NUAINA1IYANRIUINIINAITAUMAIYRUUALAN (Tabu Search : TS) Hinguszasd
= 9 a a % ° vak & S % °

ieuTulseUsgaviamlunsdumAneulindu M1nusInsIlunsAumAmeULAEAIY

gnaeslun1sAumAneuNfnantuuIanine lagladinnsiiagatdnisadinaansuaiinisnis

o Ao

AUTLUUAYBIUSUMENINsagiingAnaunnfigauuuianing (global solution) Baigaann

° Aaa a . [, ax & Y a O
Anauanananiziiu (local solution) la danesiutigniimulaenisiiu 2 nalntiufie N3

(%
v

WAUgouTeY (back tracking) Lazn15USUansAIN19AUNT (adaptive radius) HTUnOUNTT

UszgnAldIsn1sAuMLuUmMyelsui aunsauansissialuil



22

Fupaun 1 MUUATDULUANITAUM TAINITAU Lagd1UIUTBUENAAYBINTAUMN

Tunoun 2 insdquainsususiunieldveulwavesnshunlaeimunidy S, uaz

Searching boundary
Best neighbor

(S0)

neighborhood

JUN 3.7 duen S, neglaveuinnisAum

TURUN 3 duidenAIneudiuIu N Ameuseu 9 S, aglasalivesvaunnis

fum R wazimun S(R) Liludmeuseudis N Ameuuanadsgun 3.8

Best neighbor

(S)

Best neighborl

N neighborhood (S1)
Neighbor #1

UM 3.8 Ameauseute S,

TJupaudl 4 Hiduinguszasivesszuvasinnisuszliumneureusazaudnludn
S(R) oedl S, Wufmeuninngalugniinan

TUABUN 5 61 S, > S, Tmuali S, =S, waziiualusien1snyuansfagui

D.

3.9 uay 3.10
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Best neighbor 1
= Best neighbor
(S1 = SO)

N neighborhood

Neighbor #1

JUN 3.9 AmuprAneuseutislvy

N neighborhood

Neighbor #1

JUN 3.10 Mwuaen S, Tl
JURBUN 6 0131UIUTEUVDINTAUMTBLNTITIUIUTOUEIGAVDINTAUNTIUAD
round < round,,,, ¥WgANTZUIUNITAUNY Laeed S, azsludineuiiafian wutuas

nauludiumeun 3 wazunszuiunsindaunsenalarmneuiinanela

¥ '
= IS

AU 7 nsruuMTAugausesasiinfuilioduiumneuluudazseulivgneen
nAmeukavianziududnnueiduiiuiumeevgegaidivuall nalndazden
° oA v oy v 1% a A o ° &
Amaunananilaannisaumlureulanisauniinlusenisny ietuivundy

AnausHAudnsuNsAuluseudaly 1ielingneanaNAINBUILAUIRNIE AN WAAIAY

SUT 3.11
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Neighbor #1 New searching boundary

to escape local optimum

(back-tracking search space)

Neighbor #2

Local solution

Neighbor #3
;Jﬂﬁ 3.11 nalnnsiiudeuses

Tunouyl 8 nalnnisusuaasainisAunIazlTvanialianios 9 nuAuduRUS

WAAIAIAUNTN (3-2)

_ radius,;,

radius,,, = DF

(3-2)

1Y

ng  DF  #e 9n51n1s5Usuansadl

N13AN¥ITUABUNITAUMIKUUAIULEIUSUMLAvIn LT adudnlalunisid1isans
aananalulsegndldd1nsunIANITILmesvaskuUTIaR NG IANRIaNN1SN (3-1) Feagla

Jauasieazenilumvennty

3.4 N1AUMIAINITINLABTVDILUUIIABINEDIAIAILNITAUNILUUAIYLD

v W

dsuan

[
Y A

Wtetiilauensmemisiimesveswuuitassreswawesiiinnssuansainli

! A a s a a ¢ = av a a e v o ! o o &
wUsasuniigauasaatuau@antivd dddunuideinerdnusilauuuitasinassmndy
Handuareleudusuay ndilsidudiglaudinanaziamisiinesnlinsivdeg 5 i
ouA a,,b,,b,,b WAz b, NIAUNIATNITINLADIVDIRUUT AU AU UIZDIAENITAUN
LuUs YU Sumnin1sesutetunaunisium Likdaluiideiniun luadudaundunis

Avuailsfduinguszatdvesnisfum lngazinunlinanauaueIniusiIseuaInya
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NAADUITINALILBUNAAN 9 lWuiliduingussasdresnsdunm dmaliamisfimesd
3zlAaNN195eYLNANE¥alA1115085UIENANTTUAINFURUSTENINUS I UBUNALA Y
AnusIsauduiednalaegnegndes Tuneuntsanduanulunismamisdmesves

LUUIIA8INADIMEINTOLARIAIFUN 3.12

v
o

Jumoud (1) < nouinsszyenanyallagldluudiasinden >

v

VAAOUTZUUAIUANIATATBITLUUAIU ALY DA
JURDUN (2) 1awas i nsewanssvialShUasanunay
uiindgaadunauas fyaae1dng

v

s . AUNAEUUTLENDVDILUUT1ABINA DI
URBUN (3) N e o <
Togld3BnsAumuuun 1y BeUsusa

v

759 UAFUU SL ANV ILUUINADINADIAN
Togl4IsMsAuMmLUUA WTUTUR

v
o

Supoud (a)

ANFUUTLANTVDILU UT A0 NGB 98N Talwnyay

N 1
winzaunsely

Funaun (5)

bRUNTEN

< ANFUUTEANTVRILUUITNRDINED I LN Ta >

JUN 3.12 Tupeun1saiuulunsmamisiinesvewuudnasingdoss

o ! o alv v o ¥ £% < o a N
wuudnaenaesmiladiavetisnuluiuuiasnatavesseuuliihnnasanly
JUN 3.5 Bausenauluaiy wawmeslniinssuansaulinliuuseniu wasynnluauuenes

WM lAAINI T TR0 V0 IR UUT109AINAITLADIAENITAUMILUUAIYULTIUTURD B9

lpezunsulunisAumansiwesuanslanegun 3.13
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V a)experiment
in,DC Brushless DC motor >

ol

/ ) i
MathematigaT model | Model '—/'j

Searching Parameter |

|
ay,by,b,,b and b, |

'
a

JUN 3.13 UNUAMNTAUMIAINIHRAETUBIMUUTIABING DA

MEIBTNTAUMKUUMYBIUTUR

fa1sana1nguil 3.13 duneulunisdumearmsiinesvenuuiiasinaasiamisaaiuiy
Taatd

(%)

] PN ° A v v
Tumaudl 1 Mvuaussiulninszueanss ¥V, Wedeliynmuauvsseinesiingu

IS =

#M15958U 20000 rpm Fadlen ¥, Wi 3.7 1aad lnekanisnevauswandlanagy
3.14

25000

20000

15000 -

speed(rpm)

10000 [

5000 -

time(sec.)

JUN 3.14 wansmeuausivenanesinihnszuansavlaliuusianuiodnguseiuluih

NIEuanss ¥, . Wiy 3.7 1iad
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fupoud 2 thuuuiasanaesdfieglusuvesiladdumielousufuay wansisaunis
7i 3-1) TngldnanlBudsluiaded 3.2.3 wRarsamaimanisnevauesnnauduius
FEUINBUNALALLIANG

Funeuit 3 Andunisdunmamnsiiwed Tnediranuaiaadou (g) 18973
Wiguiflguseninsamansuaussnuieenes iiinnsruansedalinuseiuiue

NARBUALDIAULFINAINKUUTIABUTIENTZUIUNTAUNIRUUAUTIUSUAD uanslaes

2
6= /m (3-3)
n

WAz n A UIUYATeLATIIVINA

AN (3-3)

a)experiment - a)model

08 error AIUlAANN ‘

[
(%

TUABUT 4 NTTUIUTVBINITAUNIBUUAIYLTIUTUAIAETid WL 599U Ug19Y
Puuseunimuald widnaemneunAngndane3iunsALMILUUM YRS URMAzreanIs
191U warlimnouduAInIsIInesNn liNan o UAUIURILUUT1aadnansdalnaLAea

[ [ v

UNARBUANDINIAIINNITNARBIIINTIAA TR TUAINUYBINTFUIUNTAUM TUN1TAUM

YY)

ﬂ'W‘W’]i’]ﬁLG]EJ%“UENLLU‘Uf\]°’laEJ\‘iﬂé@ﬁﬁﬂﬁ’;ﬂﬁﬁﬂ@%ﬁﬂﬂ’ﬁﬁ‘li%?LL‘UUGH‘LJL%Q‘IJ‘J‘UWJ T udoail

'
a a =

N1INAFRUAINITINLADSVRIdANBTANMAINAT telvnsAumlUseniningegn &

q

]

9ano3NUNITAUMILUUMIULEIUSUIaUsEnoulUmeAIn s lmesnddgy 4 Alaun
SuumnaUBLEY SuuRneusoudns Safimsdun wazdnsuSuvansall dmsdnes
AanandanuinzanIzdEalrinsruIunsiun AU YEeUSuimiusEAnsaimann
Satu Inos8azienueiInTNAdURISTnese 4 a111309 kA NnA1ARUIN N, PRERRL

(n.1-n.4) Fudunsmeaesguanilinanisdumie ¢ doeiign

PNNINAFBUAIINTINeIVRITANeIINNTAUMKUUAYEUSUmlunaNun .

! 1 a sal o PO A aw d‘ (% a
WU’J’]F‘Y]W'W’]JJLG]E)TVWHIMW] & LQ@EJVIL!E)EJV]E‘}W?‘I']?J'WGLLﬁﬂQ@Q@WﬁWQW 3.3
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M1TNA 3.3 AINTTITADTVRINTAUMIMUUAYTUTUR

W1s13Lna3s Al
SrnurmeuBugy (nitial number of neighbor) 150
UIUANOUTOUT (Number of neighbor) 250
$riin1AUYT (Radius) 30
gns1n1sUSUansAdl (Decreasing factor : DF) 1.08

HAIINNITLEAINITITABSVRINTAUNIBUUAIYTUTUA Tum5199 (3.3) vilaila
! a I3 ° ' ° a o el' = [
AN VRIUUUTIABINGDIAUUUINTALAAIRINITI9N (3.4) wazanunsalgulu
landugreloududuausiaunisi (3-4) uananinan1sgiinvesinauNRgAYeINITAUM

AMNIEwesaNTaLaRlARIgUN 3.15

MITNA 3.4 ANNTITADTVBILUUTIABINABIAIAEN I TAUMUUAUBUTUR

W158LA03 Al
a, 0.2059 x 108
b, 0.0597
b, 31.2477
b, 364.4712
b, 1069.9862

%10

. L L L .
0 20 40 60 80 100 120
iteration

PN Y ° d' dl v ! a s
E‘ULV] 3.15 ﬂ’]iQLGU'TVi’]ﬂ'W]@U £ V]L'Mll']gﬁlﬁ/]?jﬂsll@flﬂqiﬂquﬁqwqﬁ"]mLm@i
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8
6(5) = 3 0:2059x10 (3.4)
0.05975" +31.24775% +364.4712s +1069.9862

N13MTIVAOUAIUYNADIVBIHANITILULDNAN YA VBIMUUTIADIIETTNITAUN MUY
MUlalum AredeisnisilSeuiisusenineseninamanlaandanesiunisaumuwuuniy
WaUsuduasanisnaaeuanueinesiiiinszuanssialinlssaufianusiseu

20000 rpm Bsanunsauandldssgunl 3.16

25000

T
experiment
= = mathematical model

0000 gttt
-

15000 y

speed(rpm)
~

10000 |- 4

5000 -

0 0.5 1 1.5
time(sec.)

JUT 3.16 MINTINABUANILYNABIYBINTTLULBNANYAMEITNMIAUMUUUAYBUTUSA
fina350U 20000 rpm

Wedudunanisaumainisfitne svesuuusiasindsssiildlumuiseinednusd s

\Wisuilunanauaueafinnuisaseu 16000 17000 18000 waz 19000 rpm LLamié’é’agﬂﬁ

3.17 §9 3.20 muadsudsnnusiseusenanlilldnanisneaeufivhunldlunszuiunismum

ATNNIITLMDIUDILUUTED



25000

20000

15000

speed(rpm)

10000 - 2

5000 -

T
experiment
= = =mathematical model

_____
-

L
0.5

time(sec.)
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JUT 3.17 MINTINE0UANILYNABIYBINTTTRULBNENYAIMEITNMIAUMLUUA YU U

firusaseu 16000 rpm

25000 T
experiment
= = =mathematical model
20000
______________
= 15000 |- >
£ s
a -,
T s
g;_ ’
@ 10000 | P
’
4
4
’
5000 - ¢
v
4
v
0= y, . .
0 0.5 1 1.5
time(s)

JUT 3.18 MINTINADUANILYNABIVBINITTRYB NN YEMEITNMIAUMLUUA YU U

finandaseu 17000 rpm
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25000

experiment
= = =mathematical model
20000
- s a -
”
= 15000 Py
= 2
?; e
re
2 ’
® 10000 |- 2
4
s
4
1z
5000 - 7
ré
4
4
¢
0 | I
0 0.5 1 1.5

time(sec.)

JUN 3.19 N19ATIRA0UAIINYNABIYBINTTTLULRNANYAIMIETENSAUMMUUAN YDIUTUS?

fiausaseu 18000 rpm

25000

T
experiment
= = =mathematical model

P
-

20000

= 15000 4

speed(rpm
S

10000 [ ¥/

5000 - l

0 0.5 1 ' 5]
time(sec.)

JUT 3.20 MINTINADUANILYNABIVBINITTHULL NENWELAMEITNMIAUMUUUAYIBUTUSA

firusaseu 19000 rpm

a =i [ Y < av v (Y a =2

#91300193UN 3.16 dUnaledn HAN1INBUAUDITBIANUTITOUNLAIINSaNeTAUNIT
AUMILUUATYLBIUT UM uasRan snaaauantaimeslinssuanssvlinl Suusediu &
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unikusnlsiiausiuudasandesivosmainosluinnszuansevial fuusaduly
sUvasilanduagloudunuay lagdn1sAumAINITEnesUeIkUUIIAeAIEITNITAUM
LuunyBsUiud naneuauasauiildanLuuassitiaueiaugnienian i
ASUWATEN1ILBEH? Faduuvudrassdedaumngavdwiuiiluldlunmsesnuuuiniunm
doluuniawdunsdniunisdesendieatsiamuauiilofidmfuauauamimiisou
vosaweslifinszuansisinlfulsedg mssenuuuimuesluunilseneulude 2 33
éun mspenuuuimuauiiledeisuuusainlnglinginaes-ilaad (Ziegler-Nichols)
LagN1TRNLUUTAmUALTleAf8TEnIA UM AdudszAnsiinuauiimunzauiigadie
Fnsdumuuuny B afmuauildnnuniazgninlulddmivgameaeutiady

AMavdnty

4.2 §aMIUANINLERA
seuauiiled 1Husimuauildlussuuidaiifinisteundu derithluldlunns
Anaidumnnuiananailinanaaiisszningideduegaiedynvenszuuns M
muauﬂlaﬁié’%’umuauaﬂ%ﬂqLLsmﬁa?J f.A. 1922 Tnadiuesan (N. Minorsky, 1992) lasu
anufivuuazldiuagnaninwislussuuaiuauvesugnaInnssy lagdintuauivlof
Usznaulunie 3 ssausznaulaun esrusznaunsusudadiu (proportional) aeAUTzNOU
‘

N15USHUS (intreral) wazeeAUIENaUNITOUNUS (derivative) (K-N. Areerak, 2017) #aridu

dnelouvasimmuauitefausanandlansaunisi (4¢-1)

&+KDS (4-1)
s

G.(s)=K,+

1Y

g K, f9 8ns1ve1ewdeusudlu (proportional gain)
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o a

K MIVBLTIUINUS (integral gain)

K
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[y

Gh
Ao §n31e18LT9B YIS (derivative gain)
dmsuanuiteinerdnusisamuauiileffiazgninlulddmiumuaunniasen
vossomeilulihnszuansewdalfuussauiidgnaiunmdsndsd edslsinaludunanas
fiTnsannansmuaNINNIaesanunsaiflsuden Simulink ULlUILNTL MATLAB #
Fnseenuuuimuaufilefdeituuudailagldnginass-Tlaad (ZieglerNichols) uas
N1509NLUUAMAUANTLEAMIEITNITAUNILUUAYITY Lng18aziBEnvaIN15eBNRUURI

AIVANTIA 2 T3aznansluitedinly

o | 4 = § a 4

4.3 ﬂ']i'é]'é]ﬂLLUUG\’)ﬂ?UﬂNW‘LBﬂﬂ?ﬂﬂ{]‘ﬁﬂLaaﬁ-uiﬂaﬁ
ludetiaviaueniseanwuumniuauiiledlagodun1suiuusiermisiinesved
MIAIUANAIENTNEDT-TlAAd WUININITEBNLUUMIAIUANMETINITAINEIAL DIRELTES

WARANISMBUAUDIISIVDISEUUN A pldhUUINaRaN19AdnAIans HanTua1elauyaan’

a i i o v K
AIUANiiloRaN5aNATUINELNTTN (@-1) Uazlleivualy K, :TP waz K, =K,T,

l

a1u1sauanalansaunisi (4-2) I8Msesnkuumengdniaes-ilaadiedndanuasainiag

winganiuszuuAIuRundANgutaulunau iR

K
GC(S)=KP+T—’S’+KP7:1S (4-2)

1

n1seanwuUMsngIniaas-tlaadieuldiuesaniewing Usenoulusme 2 ke

v [

A1 WIS 1 NANTRBUAUDITDITTUVIE ARl nwuziTusUnsed (s-shape) 1alasu

Y

U v =

Suwmmuﬁuﬁ’ﬂwﬁwma Lmeaﬁmzﬂ'n%’ﬁuszwﬁﬁﬁaﬁuummaﬁaﬂdﬁzwmmu
LUUIBUA i’hmamimuauaaLLUU%’uﬁuIWﬁwﬂwiﬁLi‘]ugﬂmuaawéfaqaam,l,uUé”m

d' d! I3 Qdd' £ [ a o a d' 9 d' o
WUINT 2 FRUUITALENAaaUNUSEUUNUA neadunisnadauiiianisnsivene K Nvin
Tszuuisuinisdulng (K-N. Areerak, 2017) {I9NASUNRNUNT 3 HANITADUAUBIAIULS?
59UVRINOLMBS AN NS T ARSI RalswUTIa U WUINT AN BULVBINANBUANILUUTUTULA
NHIMUIEFUNTUBE AIUUNITRBNKUUAIATUANNLEAILRIRELWINIT 1 Y0an)Tniaes-

Alaad au15aadunIsmuTunaunsa Ul
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TUABUN 3 RNLUUAIAIUANTLEAINNITAILIN LAEE1N1TANANNTITNITAIUINEINTY
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T=2L (4-8)
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'
=
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7 2 lonadnsaal
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K
G.(s) :KP+?§+KPQS

7

= 10.7769+1(§)'17£+(10.7769)(0.026)s

04s

= 10.7769+ W el +0.2802s

S

o 0 K v o
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1
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weatasiuliliiAnanudemeungavesaduindeuluvaeiniiAimisiwesiuldanuass
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PID controller

Speed (rpm) saturation 3"- order transfer function
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Ul 4.8

PID controller /<

Speed (rpm) I; saturation 3“-order transfer function

A
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|_ + o1 & s 0.2059x10*
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v

/|
L’D /l 710059757 +31.24775% +364.47125+1069.9862
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/At

Tuning K, K, and K, —
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Amsfimesvessaneifiudnariielinsfumilussaninmgean Fedanefiunisdum
wuumyBeUiususznaulusesmiiimesidifey 4 aldun SrunudnouFusiu S
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MINAFRUAIMIIITNB ST 4 a1u15agldainnIarwIn n M3 (0.5-n.8) Fudunisnaaes

oAl

quenilinan1saunnilAn ¢ Ueeiian 3NN1INAFBUAINITINNBIVRITANDSTUNITAUN

a

wuuay@sUSuiiluaianuin n wudiamsimesivilva ¢ whsndosgauands

ANS5197 4.1
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WIAnDS AL
SrnurneuBugY (nitial number of neighbor) 50
PUIUANOUTOUT (Number of neighbor) 60
$rdin1sAuM (Radius) 50
dn3IN15UsUansAll (Decreasing factor : DF) 1.14

Y

dwsuanuideingrdnusiasMnualavaulwanisAunivesrdinual K, K,

1% !
v A o !

way K, dAwvindu [5,15], [0.0001,0.01] wag [0.05,1] suandu sllanauiilaainnism

Adhmuauiingn avdeslidegseninsveuiaiidvuali lunsdlidmeuainnismendy
muauilAlndiAssiureunuurdeveulnataz e niunisuuasuveuiunves
AMnouLagyimIAumlntaunitazldmpeuiimzaniian mamafmuaufnaaz
firsumansgiinvesan & ensa 5 ass dothanldlun1sidendrdmugy fvazas
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ANMNNSILNIDNAE ﬁm%‘umamiﬁummé’mdnmmmLLamlﬁé’qgiJﬁ 4.9
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Y1 a 3 ¥ a U L% -] Y1 L% a a
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K, =10.7166 K, =0.0011 uaz K, =0.4351 fa.dumduuszandmauauiiloffitaun

Uszgnaldivuawasiiiinssuansetalsuusmuniyaavaudanavdlasldisnisaum
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iieBusunanisesnuuusmuauiileddmiumsmunumuguanuiiiseuvemoinesiyiii
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gaNRUUAIMUAY Kanauaueandsaunsagnatuaulinmsseudulumua idvuala
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v a v w a a P a =~ =
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Weaususaziaus i lumvenald
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1. BLDC motor 4. non-inverting amplifier
2. commercial BLDC driver board 5. Arduino Mega 2560

3. frequency to voltage converter
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100 150 200 250 300
1 0.0173360 0.017002 0.019902 0.024679 0.025747
2 0.0254789 0.027972 0.029265 0.013162 0.012425
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5 0.0168055 0.012747 0.027143 0.023397 0.014460
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3 0.14652509 | 0.14664596 | 0.14655544 | 0.14657002 | 0.14662464
4 0.14652705 | 0.14653247 | 0.14661703 | 0.14661215 | 0.14664403
5 0.14654924 | 0.14653503 | 0.14651173 | 0.14656456 | 0.14661215
Anade 0.14657319 | 0.14657798 | 0.14656194 | 0.14658685 | 0.14662020
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4 0.14651234 | 0.14652140 | 0.14655676 | 0.14655676 | 0.14652488
5 0.14655792 | 0.14656522 | 0.14654369 | 0.14651151 | 0.14659287
Aady 0.14656117 | 0.14654805 | 0.14654353 | 0.14653691 | 0.14654006
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2 0.14659367 | 0.14663592 | 0.14660402 | 0.14662597 | 0.14657615
3 0.14652509 | 0.14664596 | 0.14655544 | 0.14657002 | 0.14662464
a4 0.14652705 | 0.14653247 | 0.14661703 | 0.14661215 | 0.14664403
5 0.14654924. | 0.14653503 | 0.14651173 | 0.14656456 | 0.14661215
Aade 0.14657319 | 0.14657798 | 0.14656194 | 0.14658685 | 0.14662020
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5 0.14659287 | 0.14659932 | 0.14652710 | 0.14649975 | 0.14648448
Aade 0.14654006 | 0.14653155 | 0.14652526 | 0.14653071 | 0.14653435
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®72-201105-220 Brushless DC Motor for Centrifuge

Product Datasheet

@©72-201105-220 BLDC Overview

Three Phase, Six Step, Full Wave, Y-Circuit
Sintered Nd-Fe-B Permanent Magnet Rotor
Hall Sensor

Stepless (Coggingless)

Slot

Parameters

@©72-201105-220 BLDC Absolute Maximum Ratings

Rotor/Bearing Broken Speed 23000 pm
Winding and Rotor Temperature =20 to +130 T
Front/Rear Lids Surface Temperature 0to 70 C

HIPOT (Winding to Shell) 2000VDC, 1s

Notice: The Absolute Maximum Ratings are those valu€s beyond which the safety of the device cannot be guaranteed

Parameters

@®72-201105-220 BLDC Intrinsic Characteristics (20°C)

Resistance (Including Line) 12 Ohm
Inductance (Including Line) 19 mH
Speed-Torque Gradient 24500 pm/Nm
Torque Constant 0.12 Nm/A
Speed Constant 95 pm/V
Back-EMF Constant 10 mV/ipm
Rotor Magnetic Poles 2 Poles
Weight (Including Line) Approximate 1200 g

Beijing Eletechnic Ltd. Product Datasheet

http /fwrww.eletechnic.com

Page 1
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Beijing Eletechnic Ltd.

®72-201105-220 BLDC Physical Size (Unit: mm)

Taper Shaft

oo
&
o

en

jang| 3
1
i
™

g

Multi-step Shaft

Beijing Fletechnic Ltd. Product Datasheet http://www.eletechnic.com

Page 2
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Parameters $72-201105-220 BLDC Performance Chara

Nominal Voltage 220 A%
Maximum Output Power (P2) 471 W
(See Curves Below) No Load Point Some Loaded Points Performance

Output Torque (T) 0 0.1 0.15 0.2 025 Nm
Output Speed (N) 21000 18550 17330 16100 14880 rpm

Input Current (I) 0.40 1.23 1.64 2.05 246 A
Output Power (P2) 0 194 272 337 390 W
Efficiency (1)) 0 72 76 75 72 %

Free-convection Cooling

Ifthe shell temperature of the motor is higher than 85 C, fan or other coolin
equipments must be installed. Otherwise the motor may be damaged by hotness.

n(%) P2(W) IA)  N(pm)
25000 100 500 10 25000
22500
20000

Efficiency vs. Torque: = ——--—-—-
Output Power vs. Torque: P2
Current vs. Torque: I

Speed vs. Torque: N

Short Term
Operation Range:

Torque (Nm)

0 0. 178 0. 342

$72-20110 0 BLDC Connection Dia

am and Hall Qutput

® Three Phases: AWGIS, Blue thick--A phase, Yellow gg::::
thick--B phase, Green thick--C phase C Phase
® Halls: AWG24, Blue thin--A hall, Yellow thin--B hall, A Hall BLIC Motor
Green thin--C hall, Red thin--Hall power supply, Black g }}::ﬁ y
thin--Hall GND Hall Power—
. Hall GND
@ Three Encoder Halls: AWG24, Purple, Gray, White
® Brown: MZ6-105, Positive Temperature Coef. Resistance
@ Hall Supply Voltage: 4.5 to 16VDC Regulated Supply = Open collector output
@ Hall Power Supply Current: Less than 20mA
@ Hall Output: Open collector. Require external pull-up Hall Sensor
resistors. Maximum output voltage is 16V =
@ Electrical Hall Sensor Phasing: 120°

Beijing Eletechnic Ltd. Product Datasheet

http://www.eletechnic.com

Page3
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L | | | } | | |
Ha | | | | | | | |
I | T T | : | T | |
Hb | | i i I | | I i i I
| | l } | | | | |
He| 1 | I - IR

Hall Sensor Output Commutation Waveforms

Notice: The & B, C three windings and Ha Hb He three hall sensors must be connected ortectly, otherwise the

controller and motor may be damaged.

Eletechnic BLDC Motor Product Code Regulation

X -Y - 7z

Flange Size (mm) Sub-series Nominal Voltage (V)

xR\
@ is registered trademark of Beijing Eletechnic Ltd. Eletechnic reserves the right to make changes without

further notice to any products herein. Eletechnic tnakes no warranty, representation or guarantee regarding the
suitability of its products for any particular purpose, nor does Eletechnic assume any liability arising out of the
application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
consequential or incidental damages. All parameters. which may be provided in Eletechnic data sheets andfor
specifications can and do vary in different applications and actual performance may vary over time. All operating
parameters must be validated for each customer application by customer's technical experts. Eletechnic does not
convey any license under its patent rights nor the rights of others. Eletechnic products are not designed, intended, or
authorized for use as components in systems intended for surgical implant into the body, or other applications inten ded
to support or sustain life, or for any other application in which the failure of the Eletechnic product could create a
situation where personal injury or death may occur. Should Buyer purchase or use Eletechnic products for any such
vnintended or unauthorized application, Buyer shall indemnify and hold Eletechnic and its officers, emy “
subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reaSonab
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended
or unauthorized use,.gven if such claim alleges that Eletechnic was negligent regarding the design or manufacture of

the part.

Beyjing Eletechnic Ltd.

Tel: 0086-10-68422061

Fax: 0086-10-68422061

EMAIL: SALES@ELETECHNIC. COM

HTTP: /" WWWELETECHNIC.COM
Beijing Eletechnic Ltd. Product Datasheet hitp:/fararer.eletechnic.com Page 4
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Beijing Eletechnic Ltd.

BLMD-4CTV39-B1P-TSM4 High Voltage Brushless DC Motor Driver

Product Datasheet

BLMD-4CTV39-B1P-TSM4 is a high voltage, three phase, trapezoidal wave and hall sensored
Brushless DC Motor Driver (BLMD). This driver has two sub-types, AC type and DC type. AC type is
suitable for 75-275VAC, 50/60Hz, one phase power supply. And DC type is suitable for 75-390VD C power
supply. Three phase rated output current is 4ADC.

® Internal AC to DC Rectifier and Filter (Only for AC type)
® Three Phase IGBTs H-Bridge (15.625kHz PWM)
® Hall Sensor Electrical Phasing 120°/240°

® Reference Voltage for Hall Sensors--+5V

® Motor Over Temperature Protection--PTC

® Forward/Reverse Direction Control--F/R

® Speed Frequency Feedback--FG

® System Malfunction Fault Feedback--FLT

® Run Enable/Disable Control--En

® Dynamic Braking Control--BRK

® PWM Control--ADJ

® PWM Gradient Control--dt

® Motor Line Current Feedback--CFB

® Input Voltage Feedback--VFB

® Heat Sink Temperature Feedback--TFB

® Motor Running Direction Feedback--DIR

® Over Current Protection

® Over Voltage Lockout

® TUnder Voltage Lockout

[ ]

Heat Sink Over Temperature Protection

4 C I

L]

- I 5§ M

/ /1]

Rated Current Temperature Yoltage Max Bootstrap One Phase Trapezoidal 5:5ensored Sub-type

|

9 - B

4ADC  Protection Protection Lockout 330YDC Protection Wave SL:Sensorless

Betjing Eletechnic Ltd. Product Datasheet hitp:/fwrwrw eletechnic.com Page 1




@ KRICHFBHERBIR2E
X

® Beijing Eletechnic Ltd.

21/

Please read Safety Warning below carefully
before installing and operating this driver!

This product should be installed and serviced by a qualified technician, electrician,
or electrical maintenance person familiar with its operation and the hazards
involved.

Proper installation, which includes wiring, mounting in proper enclosure, fusing,
cooling, and grounding can reduce the chance of electrical shocks, fires, or explosion
in this product or products used with this product, such as motors, coils, hall sensors
and/or other circuits connected to it.

Be sure to eliminate body static electricity when operation.

To connect or disconnect any junction when power on is FORBIDDEN. J3 or J4
phase missing is FORBIDDEN.

Do not touch the PCB board, and/or other circuits connected to it, when power on.
Eye protection must be worn and insulated tools must be used when working under
power.

All output and input terminals are NOT ISOLATED from the incoming AC mains
supply and may be at up to 400V with respect to earth, regardless of the input mains
supply voltage applied. These terminals are live during connection. Do not attempt

to access these terminals during this time.

Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com Page 2
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Absolute Maximum Ratings
(The Absolute Maximum Ratings are those values beyond which the safety of the driver cannot be guaranteed)
Parameter Symbol Value Unit
275 (rms) VAC
Power Supply Voltage Vi
390 (max) VDC
Three Phase Peak Output Current I, 1B, Ic 9.3 (peak) ADC
Min Permissible Inductance of Motor Livbtor (line to line) 1 mH
Max Controllable Motor Speed One Magnetic Pole-pair Rotor 50000 rpm
Hall Reference Voltage Output Current T+sv 20 mh
Hall, PTC, F/R, EN, BRK, ADJ, dt VHa, VHo, VHe, VPTC,
-0.5t0+5.5 v
Inputs Voltage Range VER, VEN, VBRK, VADI, Vit
FG, FLT, CFB, VFB, TFB, DIR +25 (Shortcut to GND)
IFG, IFLT, ICFR, IVFR, ITFB, IDIR mb
Outputs Shortcut Current -25 (Shortcut to +5V)
Operating Ambient Temperature Range Ta -10 to +70 C
HIPOT J1: N/L to Earth 2000VDC, 1s

Electrical Characteristics

(J1=220VAC, 50Hz, Ta=20C, unless otherwise noted)
Parameter | Symbol |  Min | Typica | Max Unit

J1--Power Supply

Vac 75 110/220 275 VAC
AC50/60Hz, 1 Phase
Isc - 5 - AAC
Do VoC 75 155310 390 vDC
jin ] D 4 - ADC

J3--Three Phase Driver Output

A B, C VAEBC - 155/310 - vDC

Driver Output IsBC - 4 - ADC

PWM Frequency fPWH - 15.625 - kHz
PWM Resolution APWM - 1/256 - -

J4--+5V--Reference Voltage for Hall Sensors
Output Voltage V457 4.8 5.1 54 VDC
Output Current T+sv - - 20 mb

J4--Ha, Hh, Hc--Digital Inputs

High Threshold Volt VIH 35 - 5.5 v
Low Threshold Volt VIL -0.5 - 15 v
High State Current IiH - - 32 mé
Low State Current il - - 4.5 mé

Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com Page 3
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® Beijing Eletechnic Ltd.

J5--PTC--Digital Input

High Threshold Volt VIH 35 - 55 v
Low Threshold Volt VIL -0.5 - 15 v
High State Current IiH - - 15 mé
Low State Current Jiis - - 5.5 mb

J2--FG, FLT, DIR--Digital Outputs

High State Volt VOH 4 - - v

Low State Volt VoL - - 0.7 v

Source Current IoH - (notel) 3 mib
Sink Current IoL -1 (note1) - mé

J2--F/R--Digital Input

High Threshold Volt VIH 4.5 - 55 v
Low Threshold Volt VIL -0.5 - 0.5 v
High State Current IiH - JFR@LOW -1.8 mé
Low State Current L - JFR@HIGH 0.17 mh

J2--EN, BRK--Digital Inputs

High Threshold Volt VIH 35 - 55 v
Low Threshold Volt VIL -0.5 - 15 v
High State Current IiH - - 0.08 mé
Low State Current I - - 0.25 mb

J2--ADJ--PWM Control Analog Input

0% / 100% PWML VaD! 1.28 - 3.83 v
Input Current @3.83V IIH - - -6.5 ud
Input Current @1.28V L -20 - - ud

A/D Resolution AV - 1/256 - -

J2--dt--PWM Gradient Control Analog Input

Ous / 355123200us Vit 1.28 - 383 v
Input Current @3.83V jiics -1.2 - - mé
Input Current @1.28V Jii S - - 1.2 mib

A/D Resolution AV - 1/256 - -

J2--CFB--Motor Line Current Feedhack Analog Output

Output Volt Range VCFB 0 - [ v
Output Current ICFB - (note1) - mh
Coefficient KCFB - 1.5625411V - ADC/VDC

Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com Page 4




93

C\ KRICHFBHERBIR2E

® Bei jing

Eletechnic Ltd.

J2--VFB--Input Voltage Feedback Analog Output

Output Volt Range VVFB 0 - 55 v
Output Current IvFB - (notel) - mé
Coefficient KvrB - 100V/1V - VDCVDC
J2--TFB--Heat Sink Temperature Feedhack Analog Output
Output Volt Range VTFB 0 - 55 v
Output Current ITFR - (note1) - mé
Over Current Protection
Lockout Current Is, I, I - 93 - ADC
Unlock Current Is, Ip, I - 2 - ADC
Over Voltage Lockout
Lockout Voltage VBENF - 400 - VDC
Unlock Voltage VBEMF - 395 - vDC
Under Voltage Lockout
Lockout Voltage VBENF - 50 - vDC
Unlock Voltage VBEMF - 45 - vDC
Heat Sink Over Temperature Protection
Lockout Temperature Ts - 85 - C
Unlock Temperature Ts - e - C
NOTE1L: IFG+IFLT+IDIR+IVFR+HICFB+ITFE<30mA |
Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com Page 5
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Junction Table

Junction Pin Type Function
To Earth - Earth Line
J1 L{+) Power Supply AC Live Line, DC Positive
N Power Supply AC Null line, DC Negative
A Driver Output A Phase Line Driver
I3 B Driver Output B Phase Line Driver
C Driver Output C Phase Line Driver
GND Signals GND Hall Sensors GND
Ha Digital Input A Hall Sensor, TTL Compatible
J4 Hb Digital Input B Hall Sensor, TTL Compatible
He Digital Input C Hall Sensor, TTL Compatible
+5V Reference Output Reference Voltage for Hall Sensors
75 PTC Digital Input One Pin of PTC
GND Signals GND Another Pin of PTC
F/R Digital Input Forward/Reverse Direction Control, TTL Compatible
FG Digital Output Speed Frequency Feedback, TTL Compatible
FLT Digital Output System Malfunction Fault Feedback, TTL Compatible
EN Digital Input Run Enable/Disenable Control, TTL Compatible
BRK Digital Input Dynamic Braking Control, TTL Compatible
DN Voltage Divider Potentiometer Down Pin
ADT Analog Input PW Control (Open Loop Stepless Speed Control)
J2 UP Voltage Divider Potentiometer Up Pin
dt Analog Input PWI Gradient Control
GND Signals GND Signals GND
CFB Analog Output IMotor Line Current Feedback
VEB Analog Output Input Voltage Feedback
TFB Analog Output Heat Sink Temperature Feedback
DIR Digital Output Motor Running Direction Feedback, TTL Compatible
GND Signals GND Signals GND
Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com Page 6
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Main Functions Description

J1--Power Supply:

This driver has two sub-types, AC type and DC type.

AC type is suitable for 75-275VAC, 50/60Hz, 1 Phasc power supply. There is a build-in rectificr and filter AC to DC
converter. [ts maximum load capability is SAAC. The FUSE is 5A.

DC type is suitable for 75-390VDC power supply. Its maximum load capability is 4ADC.

Because of the different structures of GND Lines. these two sub-tvpes cannot be substituted for cach other. Otherwise
the GND Lines will be broken.

J3--A, B, C Three Phase Line Drivers:

The driver internal circuit is shown in right figure. Three phase, trapezoidal wave, H-
Bridge could drive cither Y or Delta winding motor. Pleasc sce the “Commutation Truth
Table™ for reference.

The use of 15.625kHz Pulse Width Modulating (PWM) at the three bottom 1GBTs
provides an energy cfficient method of controlling the motor speed by varying the average
voltage applied to cach stator winding during the commutation sequence. PWM resolution
is 1/256.

To connect or disconnect J3 when power on is FORBIDDEN! J3 phase missing _is
FORBIDDEN!

J4--+5V--Reference Voltage for Hall Sensors:
+5.1VDC reference power could output Max 20mA for hall sensors.
It is FORBIDDEN to supply any other loads!

J4--Ha, Hb, Hc--Hall Digital Inputs:

TTL compatible. The internal circuit is shown in right figure. Please seec the
“Commutation Truth Table™ for reference.

The hall sensor electrical phasing must be 120°/240°. And Ha. Hb. Hc signals must be

connected correctly according to A, B. C windings. Otherwise the driver and motor may be
damaged!

To_conncct or_disconncet J4 when power on is FORBIDDEN! J4 phasc missing is
FORBIDDEN!

J5--PTC--Motor Over Temperature Protection Digital Input:
J5 conneets to the internal temperature sensor of motor. TTL compatible. The internal
circuit is shown in right figure. Please see the “Commutation Truth Table” for reference.
The circuit configuration parameter of J5 is only matching for MZ6 series PTC (Positive
Temperature Cocfficient Resistance). We could not guarantec J5 match other type Of  PIC g —Do—
temperature sensor. G 10nzp
If PTC pin is high, FLT pin outputs low, FLT Led on, H-Bridge off (Z state). If PTC pin H
is low, driver auto-restart, and FLT pin outputs high, FLT Led off, H-Bridge on.

J5 could not be left floating. That means if it is left floating, PTC pin is always high, the driver is under protection for
ever. So. please shortcut PTC to GND if not use.
Beijing Eletechnic I.td. Product Datasheet http://www.eletechnic.com Page 7
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J2--F/R--Forward/Reverse Direction Control Digital Input:

TTL compatible. The internal circuit is shown in right figure Please see the
“Commutation Truth Table” for reference.

When F/R signal 1s high or float, the rotation direction of motor is forward. When
F/R is low, it is reverse. When F/R is float, JFR switch could change the direction
manually. The running direction also depends on the structure of BLDC motor and :_Ew“

connection.
Suddenly reverse running when high speed is not recommended! Because the load, motor and driver maybe broken
due to the pulse reversed acceleration, pulse current and heat. So, we suggest to use BRK function instead of F/R to brake

the rotor and its load.

J2--FG--Speed Frequency Feedback Digital Output:
TTL compatible. The internal circuit is shown in right figure. Its
frequency is linear to the motor speed. Pulse duty cycle is about 50%. The - 200
J”I.”Hﬂ output waveforms are shown in left figure.
Slow Fast FG (Hz) = Speed (rpm) *n * 3/ 60. n means the number of magnetic
pole-pairs (NOT POLES) of the rotor, n=1,2,3,4......

J2--FLT--System Malfunction Fault Feedback Digital Output:

TTL compatible. The internal circuit is shown in right figure. Please see the
“Commutation Truth Table” for reference.

A logic high means the motor works normally. A logic low means there are something
wrong and causes the FLT Led on and H-Bridge off (Z state).

There is a 1.2k resistance between FLT pin and GND, to provide logic low when power
off.

J2--En--Run Enable/Disenable Control Digital Input:

TTL compatible. The internal circuit is shown in right figure. Please see the
“Commutation Truth Table” for reference.

A logic high or float causes motor works normally, while a low causes H-Bridge off (Z

state) and motor to coast.

J2--BRK--Dynamic Braking Control Digital Input:
Please see chapter “How to Use BRK Function” for details.

J2-- ADJ--PWM Control Analeg Input: 5.1V

Open loop stepless speed control. Analog signal. The internal circuit is shown in
right figure.

An AfD converts the voltage of ADJ pin to a byte (0x00 to 0xFF). Software
assigns this byte value to PWM according to dt algorithm. The Pulse Width
Modulating at the three bottom IGBTs controls the motor speed by varying the
average voltage applied to each stator winding.

ASD resolution 15 1/256 (0.01V). The functional relation is piecewise function.
Its expression is:
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1. PWM=0200, PWM%=0%, (Usps<1.28V);
2. PWM=(U 4p5-1.28)*100, PWM%=((U 4p5-1.28)*100/255)*100%, (1.28V<=U 4p;<=3.83V);
3. PWM=0xFF, PWM%=100%, (3.83V<U,py).

There are three ways to control speed:

First, connect the top foot and bottom foot of a 10kOhm potentiometer to the UP pin and DN pin of 2 separately. And
connect the middle foot of the potentiometer to ADJ pin. 10kOhm must be used, other value is not matching. Please see
the “Application Circuit Examples” for reference.

Second, using an operational amplifier (or D/4). Connect the output of operational amplifier (or D/A) directly to ADJ
pin. Leave UP pin and DI pin floating.

Third, connect afiltered Pulse Width Modulation signal to ADJ pin. Leave UP pin and DN pin floating. There must be
an external RC filter. RC>640us and £>15kHz are recommended.

J2-- dt--PWNM Gradient Control Analog Input:

Analog signal. The interal circuit is shown in right figure.

ADIJ controls the value of PWM, and dt controls the gradient of PWhI. The
physical significance of dtisthe time constant of PID algorithm.

The software uses three steps to convert the analog voltage to a time constant.

First step: An A/D converts the voltage of dt pin to a byte (0x00 to 0xFF). A/D
resolution is 1/256 (0.01V). The functional relation is piecewise function, the same
as ADJ. Its expression is:

1. n=0x00, {(Ug=1.28V);

2. n=(Ua¢1.28)*100, (1.28V<=Uy==3.83V);

3. n=0gFF, (3.83V<Uygy).

Second step: In order to extend control range, software does a square, N=n*n. N is a word (two bytes). N could only
be0,1,4,9..... 65025,

The last step: dt=N*16us, the unitisus. It 15 just the time constant.

Let’s have some samples. As shown in right figure. tga=dPWMI/ di= 1/(1N*16), the unitis 1fus.
1. If n=0, then N=0, then dt=Ous, PWM/dt=tga=infinity. So the software Fill 4
assigns ADJ value to PWM as fast as possible, not any time constant. 1oL — — — - - — — —
2. If n=1, then N=1, then dt=1*16=16us. That means, if now ADJ changes, OxFF
software would not assigns ADJI walue to PWM immediately. It will do
PWM=PWhI+1 (or PWM-1) every 16us. So PWM line slopes up or down gradually,
tga=dPWhi/dt= 1/16 (1/us). Let's suppose: Now ADJ suddenly steps up from 1.28V
to 3.83V, then PW will start from 0x00, and PWh++ every 16us. So after 4080us
(255 times of 16us), PWM slopes up to 0xFF (PWM=100%). 0%
3. Because of square algorithm, N could not be 2 or 3. 0x00 t
4. If n=2, then N=4, then dt=4*16=64us. Software would do PWM=PWNM+1 (or PWM-1) every 64us. Let's suppose:
Now ADJ suddenly steps up from 1.28V to 3.83V, then PWNM will start from 0x00, and PWMM++ every 64us. So after
16320us (255 times of 64us), PWM slopes up to 0xFF (PWM=100%).
5. Andsoon, N=9, 16...... 65025,
6. The Max time constant: n=255, N=n*n=65025, dt=N*16=65025%16=1040400us. Let’s suppose: Now ADT suddenly
steps up from 1.28V to 3.83V, then PWM will start from O0x00, and PWM++ every 1040400us. So after
Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com Page 9
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265302000us=4min 25s (255 times of 1040400us), PWM slopes up to 0zFF (PWMM=100%).

There are three ways to control speed:

First, adjust the VR potentiometer according to the arrow instructions on board “ SLOW-FAST”.
Second, using an operational amplifier (or D/A). Connect the output of operational amplifier (or D/A) directly to dt

pin. Please see the “Application Circuit Examples” for reference.

Third, connect a filtered Pulse Width Modulation signal directly to dt pin. There must be an external RC filter.

RC=>640us and £>15kHz are recommended.

J2--CFB--Motor Line Current Feedback Analog Output:

Analog signal. The internal circuit is shown in right figure.

This signal feeds back the line current of three phase, its unit is DC Ampere. It
is linear. Please see the “Electrical Characteristics Table” for its Coefficient.

The formula of motor line current is: ILINE=VCFB*1.5625. The unitis ADC.

J2--VFB--Input Voltage Feedback Analog Output:

Analog signal. The internal circuit is shown in right figure.

This signal feeds back the rectified and filtered DC woltage (the voltage of the
filter capacitor, namely the voltage of JZI-BEMF pin). Its unit 1s DC Voltage. It is
linear. Please see the “Electrical Characteristics Table” for its Coefficient.

The formula of motor voltage is: VEEMF=VVFB*100. The unitis VDC.

J2--TFB--Heat Sink Temperature Feedback Analog Output;

Analog signal. The internal circuit is shown in night figure.

This signal feeds back the temperature of the heat sink. It is non-linear due to the
NTC. Please check below table for details.

Approximate linear formula: Ts (C)=85-31.25%(3.69-VTFB). This formula is

7=
200
e Error
Amp
T —
200
—) I%rror
Amp

200
TFB T

precise enough in temperature range from 70 to 85C, but not precise enough in low temperature range.

L

|

Error
Amp

Heat Sink Temperature Ts 50 60 70 75

80

85

Q

Output Voltage VTFB 2.29 2.75 317 337

3.55

3.69

J2--DIR--Motor Running Direction Feedback Digital Output:
TTL compatible. The internal circuit is shown in right figure.

Motor only has two running directions, clockwise or counterclockwise. DIR outputs 0 or 1 to

Speed M (rpm)

N DIR=1

[
—>| le—Lag Angle
Whether O=clockwise or

1"
I

|

: by experiment.
|

|

1

0 -

Speed=0 DIR=0.

feedback the two directions separately.

1=clockwise,

200
DIR

depends on the structure of BLDC motor and should be determined

Shown in left figure. Theoretically, DIR reverses its output at
DIE=0 the zero-crossing point of speed. That means, if suppose, on the
t left of zero-crossing point, motor runs clockwise and DIR=1, then

on the right of zero-crossing point, it must be counterclockwise and

Butin practice, DIR reversal pointlags behind the zero-crossing point of speed, due to the discreteness of Hall Encoder.

Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com
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DIR reverses at just the point of the first Encoder signal behind the zero-crossing point. The max electrical lag angle
is: @e<B60° . The max mechanical lag angle (shaft angle)is: & m= @ e /n, n means the number of magnetic pole-pairs
(INOT POLES) of the rotor,n=1,2,3,4... ...

Over Current Protection:

An over current protection circuit is inside this driver in order to limit the current of J3 H-Bridge. Please see the
“Electrical Characteristics Table” for reference.

When current meets the upper limit, over current protection is active, and FLT pin outputslow, FLT Led on, H-Bridge
off (Z state). When current returns to normal, driver auto-restart, and FLT pin outputs high, FLT Led off, H-Bridge on.
Please see the “Commutation Truth Table” for reference.

Normally, the frequency of over current protection would be several hundred Hz to several kHz. And the motor

winding will make a noise of the same frequency.

Over Voltage Lockout:

An over voltage lockout has been incorporated. Please see the “Electrical Characteristics Table” for reference.

When the rectified and filtered DC voltage goes up to trigger this function, FLT pin outputs low, FLT Led on, H-
Bridge off (Z state). When voltage retumns to normal, driver auto-restart, and FLT pin outputs high, FLT Led off, H-Bridge
on. Please see the “Commutation Truth Table” for reference.

Please note: Over Voltage Lockout function perhaps does not have any capability to eliminate the root cause of voltage

rising. So, even if lockout, the supply power voltage maybe still go up. the driver maybe still in danger.

Under Voltage Lockout:

An under voltage lockout has been incorporated to prevent damage to the IC and the H-Bridge. Please see the
“Electrical Characteristics Table” for reference.

When the rectified and filtered DC voltage goes down to trigger this function, FLT pin outputs low, FLT Led on, H-
Bridge off (Z state). When voltage returns to normal, driver does not restart immediately, it will wait for 1.5s, then auto-
restart, and FLT pin outputs high, FLT Led off, H-Bridge on.

Similarly, when power supply tum on, the driver will wait for 1.5s first, then start. Please see the “ Commutation Truth

Table” for reference.

Heat Sink Over Temperature Protection:

A heat sink over temperature protection is inside the driver. Please see the “Electrical Characteristics Table” for
reference.

85C sink temperature causes over temperature protection active, FLT pin outputs low, FLT Led on, H-Bridge off (Z
state). When sink temperature drops down below 75C, driver auto-restart, and FLT pin outputs high, FLT Led off, H-Bridge

on. Please see the “Commutation Truth Table” for reference.
Electrical Earthing:

J1-Earth pin is earth terminal, it directly connects to the Heat Sink. This pin is insulated from the rest of all circuits.

Please see the “Absolute Mazimum Ratings” for reference.
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Commutation Truth Table
Hall Inputs Control Inputs | PTC oc ov | uv Sink H-Bridge Driver FLT | FLT
Ha | Hb | Hc |F/R|EN |BRK | OT oT A B C pin | LED
e e bis bis X bis Any One Active Z Z Z 0 ON
1 1 1 X | X 1 A A Z 0 ON
0 0 0 X | X 1 Z Z Z 0 ON
1 1 1 X X 0 0 0 0 0 ON
0 0 0 X X 0 0 0 0 0 ON
e 0 X All Inactive Z Z Z 1 OFF
Six Valid 1 0 0 0 0 1 OFF
Combinations Normal
(Figure Below) 1/0 1 1 Commutation 1 OFF
{Figure Below)
1 — | | - } | | —
Ha o | | | | |
1: | | | | | I | |
T T | | T T | |
Hb o | A Waive I L
i ——_— I S
He o | | | | | | | | | l
[ T T | ! T T | 1
e 4l | | l |
> | | | |
S A
g
=
(-
-
@
o
- B
e
]
ah
=
je
@ C
jam

Note: “1"=High, “0"=Low, “X"=Don’t care, “Z"=High impedance, “+"= Positive current, “-"=Negative current

Beijing Eletechnic Ltd. Product Datasheet
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How to Use BRK Function

Default Setting
The default setting of BRK function is invalid. Please read the following instructions carefully before using this
function!

About the Danger and Complexity of Brake Function
The danger and complexity are due to the Over Current Protection, the load and the external control circuit.

For the Over Current Protection: When using BRE function, the Over Current Protection is disabled. Inappropriate

operation and control will cause the driver broken!

For the load: _Please fix the motor andthe load carefully before using this function. Otherwise the load maybe broken

by the brake force and people maybe injured!

For the external control circuit: There must be an external circuit, accurate control software and a lot of experiments

to werify the reliability of all the system . otherwise the driver andfor the motor andfor the external circuit maybe broken!

Simple Theory of Brake Function

Brushless DC Motor 1s not only a motor, but also a generator. As well, Brushless DC Motor Driver is not only a driver,
but also arectifier. Brake function is justusing motor as a generator, to convertkinetic energy to three phase electric energy,
and then rectify 4C to DC, output DC electric energy to JX, and use up or store up electric energy.

There are two key items: First is the external circuit to use up or store up electric energy. Second is control logic.

External Circuit (This example only for reference)

Having an external circuitto use up or store up electric energy is very important. Generator continually converts kinetic
energy to electric energy. If electric energy could not be used up as quickly as possible, the voltage of IZ{ (BEMF pin)
would keep on rising until trigger the Over Voltage Lockout. It 15 just the reason why the driver has the Over Voltage

SR |
<
T | -

Lockout function.

[ 5

Low Voltage: els
SUpp].Y ' ]B::::‘iistance | JX
+15VDC o=t 4 > GN)
| |
GHD | ;k[ll e _I_L gff | ':ESFH |
- - {_ P |+ L_Q& or other IGBT I
- | T 5 1 BLMD
N £33 1T + ¢ | Board
T5 32 s | |
BLMD Board | = ST §$7°% | This example only for 220VAC |
|

Customers must make an external circuit themselves, this circuit is not on our board.

For example, construct an external circuit as shown in above figure, including a comparator, a MOSFET (or IGBT),
and a Load Resistance. This circuit could use up the electric energy automatically. When braking, kinetic energy converts
to electric energy. The voltage of J3-BEMF pin rises up. The comparator turns on the MOSFET. Load Resistance converts
electric energy to thermal energy. BEMF voltage drops down. The comparator turns off the MOSFET.

The power supply of above example 1s 220VAC. The comparator will turn on the MOSFET at BEMF=360VDC (on
level), and tum off at BEMF=340VDC (off level). To increase/decrease the value of Rx will decreasefincrease both the
Beijing Eletechnic Ltd. Product Datasheet http /e eletechnic.com Page 13
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onfoff level.
Please note: Do not set the off level too low. It must be much higher than 310VDC, because 310VDC is the normal
power supply voltage. Likewise, do not set the on level too high, it must be lower than 400VDC, because it is the level of

Ovwer Voltage Lockout. Please see the “Electrical Characteristics Table” for reference.

Choosing a proper Load Resistance is very important. Please see the “ Absolute Maximum Ratings” for reference. The
Rated Output Current is 4ADC. So the min value of Load Resistance i1s 360VDC/4ADC=30 Ohm. If the value of Load
Resistance is too low, the IBRK will be too high, and the driver will be broken.

Higher value of Load Resistance causes lower IBRK, and longer time duration of braking, and more frequent Over
Voltage Lockout, vice versa. The dissipation power of Load Resistance should be carefully chosen according to the braking
power and temperature, normally several hundred Watts or more.

If power supply is 110VAC, please set the comparator onlevel at BEMF=220VDC, and off level at BEMF=200VDC.
Do not set the off level too low. It must be much higher than 155VDC, because 155VDC is the normal supply voltage.

Control Logic:

BRK signal is TTL compatible. The internal circuit is shown in right figure. Please see
the “Commutation Truth Table” for reference.

A logic high or float allows motor running normally (motor mode), while a low causes

motor to brake (generator mode).

In generator mode, ADJ and dt work in the same way as in motor mode. That means
generator power is also determined by PWM and its gradient on H-Bridge.

Warming again: When using BRE function, the Over Current Protection is disabled. That means the drive could not

limit the braking current automatically. So proper input of ADT and dt is the only way to control the generator power and
braking current.

In consideration of prudent principle, during the experiment, we suggest: PWM duty cycle (ADI) from low to high,
PWM gradient (dt) from slow to fast, and the value of Load Resistance from high to low.

A sample of braking experiment:

Now let’s use nature language to describe a braking software.

Before start, please be sure the external circuit is settled, motor and its loads are fixed properly. The purpose of this
experiment is to program a software to brake a running motor.

First, let’s suppose the initial states of the driver: EN=1 system on, BRK=1 motor mode, PWM=100% full speed

running. There are four key points in the following software, please pay special attention:

Line1: EN=0;/*Turn off the driver ™/

Line2: dt=0,ADJ=0,/*This is the first key point: Although now EN=0 H-Brdge off, P1
changing of EN has no effect on PWIM value 'If no
100%
decrease to 0 as quickly as possible ™/

Line3: _ delay_cycles(Client Delay+128us);

/*This is the secondkey point: Why use delay, there are two reasons. First, client system has time delay. For example, RC

still 0xFF (100%). The
we let BRK=0, the motor will brake under

v, itis too hard and dangerous. So we first let dt=0 and ADJ=0. That means we hope PW

filter, transmission delay and so on. Client must guarantee enough delay time to decrease the voltage of dt pin and ADJ

pin blow 1.28V. Second, A/D converter samples both the value of dt and ADJ every 64us. So delay 128us ¢
DWW change to 0200 (0%).*/

Line4: BRK=0,/*Change to generator mode. ™/

Beijing Eletechnic Ltd. Product Datasheet http /A eletechnic.com Page 14
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Line5: dt=2.49V;/*This is the third key point: n=(2.49V-1.28

Y¥100=121, N=n*n=121*121=14641, that means the time
constant is 14641*16us*255 about 60s (PWM from 0% to 100%). It is only a sample. We only want to
express the prudent principle: from low to high, from slow to fast. For first time experiment, dt value
should be assigned enough slow than needed. *

Line6: _ delay cycles(Client Delay+128us);,/*This is the fourth key point: We emphasize here, change dt first, and delay

to guarantee, then change ADJ. If on the contrary, the result is not correct. *

Line7: EN=1,/*

Line8: ADJ=5V,/*The experiment target is change PWM from 0% to 100%.*

“Turn on the driver. Now, ADJ and PWM are all 0.*

*Now motor stops.™
Line9: EN=0; /*Round off work.*
Linel0: dt=0;ADJ=0;
Linell: _ delay cycles(128ust+Client Delay),

For first time experiment, deceleration time maybe too long. Let’s improve it gradually.

The purpose of following improvements is to increase the deceleration, reduce the time. We could change two items:
First is dt, second is Load Resistance. Please note: Change these two items GRADUALLY.

Stepl: Decrease dt to increase the generator power.

Step2: The consequence of Stepl is that Over Voltage Lockout becomes more and more frequently. So to decrease the
value of Load Resistance, in order to increase the braking current.

Step3: The consequence of Step2 is that Load Resistance becomes hotter and hotter. So to increase the dissipation
power of Load Resistance.

Please repeat above improvements until achieve your purpose.

Please note: The braking power could not be infinitely great.
For the above sample, the max voltage is 360VDC, the max
permissible current is 4ADC, the min permissible Load Resistance
i 90 Ohm. So the max braking power is 360*4=1440W. That means
the deceleration could not be infinitely great, and also, the braking
time could not be infinitely short.

The Final Step:
Please find out the JBRK junction, shown in right photo. And
welded short cut on the PCB board. The brake function is valid.

Driver Dimension and Connection Diagram (Unit: mm)

The driver dimension is 134 (L) * 75 (W) * 65 (H). The approximate weight of the driver is 325g (including intrinsic
heat sink).
The radiator can be custom-made according to the output power, heating and cooling condition of the application.

If the temperature of the sink is always higher than 85C. cooling fan must be installed. Otherwise the driver would be

over temperature lockout.
Beijing Eletechnic Ltd. Product Datasheet http://'www.eletechnic.com Page 15
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Application Circuit Examples

JJ3

GND DIR TFB UFB CFB GND dt

J4
J9  120'Phasing I=20mA
PTC GND +5U Hc Hb Ha GND
e b b b
prc\sN\J +g/ :4;2 Ha GND
BLDC Motor 1

The Connection of BLDC Motor

UP_ADJ DN BRK EN FLT F6 F/R_

GND DIR TFB UFB CFB GND dt UP ADJ DN BRK EN FLT FG F/,R

—_—
——

l

Analog Output ’_\/
Analog Output /_\’ —_—
Analog Output ,_\/

Digital Output | | |

3

Analog Input
Analog Input
Digital Input | | _—

Digital Tnput _[| | —%

Digital Output [ ][] ———

The Connection of Digital Control and Operational Amplifier (or D/A) Speed Control
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_GND DIR TFB UFB CFB GND dt UP ADJ DN BRK EN FLT F6 F/R_

GND DIR TFB UFB CFB GND dt UP ADJ DN BRK EN FLT FG F/,R

R P11t
Ll | Y Y 8 8 )

The Connection of Mechanical Switches and Potentiometer Speed Control

2R\
\@J is registered trademark of Beijing Eletechnic Ltd. Eletechnic reserves the right to make changes without

further notice to any products herein. Eletechnic makes no warranty, representation or guarantee regarding the
suitability of its products for any particular purpose, nor does Eletechnic assume any liability arising out of the
application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
consequential or incidental damages. All parameters which may be provided in Eletechnic data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating
parameters must be validated for each customer application by customer's technical experts. Eletechnic does not
convey any license under its patent rights nor the rights of others. Eletechnic products are not designed, intended, or
authorized for use as components in systems intended for surgical implant into the body, or other applications intended
to support or sustain life, or for any other application in which the failure of the Eletechnic product could create a
situation where personal injury or death may occur. Should Buyer purchase or use Eletechnic products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Eletechnic and its officers, employees,
subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly orindirectly, any claim of personal injury or death associated with such unintended
or unauthorized use, even if such claim alleges that Eletechnic was negligent regarding the design or manufacture of
the part.
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LMx31x Precision Voltage-to-Frequency Converters

1 Features 3 Description
« Ensured Linearity 0.01% Maximum The LMx31 family of voltage-to-frequency converters
. d Perf in Existing Volt N are ideally suited for use in simple low-cost circuits
mproved Feriormance in EXisting Voltage-to- for analog-to-digital conversion, precision frequency-
Frequency Conversion Applications to-voltage conversion, long-term integration, linear
» Split or Single-Supply Operation frequency modulation or demodulation, and many
« QOperates on Single 5-V Supply other functions. The output when used as a voltage-
to-frequency converter is a pulse train at a frequency
precisely proportional to the applied input voltage.

* Pulse Output Compatible With All Logic Forms

+ Excellent Temperature Stability: £50 ppm/°C Thus, it provides all the inherent advantages of the
Maximum voltage-to-frequency conversion techniques, and is
« Low Power Consumption: 15 mW Typical at 5 V easy to apply in all standard voltage-to-frequency

*  Wide Dynamic Range, 100 dB Minimum at 10-kHz canverter applications.

Full Scale Frequency
«  Wide Range of Full Scale Frequency:

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)
1 Hz to 100 kHz 23t
« Low-Cost N33 1 PDIP (8) 9.81 mm x 6.35 mm
A . (1) For all available packages, see the orderable addendum at
2 Appllcatlons the end of the data sheet.

« Voltage to Frequency Conversions
« Frequency to Voltage Conversions
« Remote-Sensor Monitoring

* Tachometers

Schematic Diagram

LA A l} 2 n N A F
==qa £

NI 1
sl 17 3 T 10
R ) }S

754 -

m
»

< = g mg fwe A
s o ¢

" m, I3 ¥

An IMPORTANT NQOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Pin Configuration and Functions

P Package
8-Pin PDIP
Top View
CURRENT __1} J
oUTPUT

REFERENCE __2
CURRENT

FREQUENCY 3
auTPUT

GND =i

p— Vg

7 __ COMPARATOR
INPUT

[

|——— THRESHOLD

L. R/C

TOP VIEW

Pin Functions

PN o DESCRIPTION
NAME NO.
10UT 1 o} Current Output
IREF 2 | Reference Current
FOUT 3 O Frequenc—y Output This_output is an open-collector output and requires a pullup resistor.
GND 4 G Ground
RC 5 | R-C filter input
THRESH 6 | Threshold input
COMPIN 7 | Comparator Input
VS 8 P Supply Voltage

7 Specifications

7.1 Absolute Maximum Ratings"?®

MIN MAX UNIT
Supply Voltage, Vs 40 \
Qutput Short Circuit to Ground Continuous
Output Short Circuit to Ve Continuous
Input Voltage -0.2 +Vg v
Lead Temperature (Soldering, 10 sec.) | PDIP 260 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are measured with respect to GND = 0 V, unless otherwise noted

(3) If Military/Aerospace specified devices are required, please contact the TI Sales Office/Distributors for availability and specifications.

7.2 ESD Ratings

VALUE UNIT

Viesp)  Electrostatic discharge

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(1@) 1500 \

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

(2) Human body model, 100 pF discharged through a 1.5-kQ resistor.

4 Submit Documentation Feedback
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7.3 Recommended Operating Conditions
MIN MAX UNIT
Operating Ambient LM231, LM231A -25 85 °C
Temperature LM331, LM331A 0 70 °C
Supply Voltage, Vs'") 4 40 Y
(1) All voltages are measured with respect to GND = 0 V, unless otherwise noted.
7.4 Thermal Information
LM312, LM331
THERMAL METRIC(" P (PDIP) UNIT
8 PINS
Raua Junction-to-ambient thermal resistance 100 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

7.5 Electrical Characteristics
All specifications apply in the circuit of Figure 16, with 4.0V =V; =40V, T, = 25°C, unless otherwise specified.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
45VEVs£20V 10003 001 %Ful
M S : : Scale
VFC Non-Linearity "/
Tun S TasT, 0006 +002| % Ful-
MINS TA S Tvax = - Scale
VFC Non-Linearity in Circuit of Figure 14 Vs =15V, f=10 Hzto 11 kHz +0.024 +0.14 ?E:::
Conversion Accuracy LM231, LM231A Vi =-10V, Rs = 14 kQ 0.95 1 1.05| kHzV
Scale Factor (Gain) LM331, LM331A 0.9 1 11| KkHz\V
Tamin £ Ta £ Tyax
Temperature Stability LMx31 45V k OS <20V +30 #150 | ppm/°C
of Gain
LMx31A +20 +50 | ppmrC
o 45V V<10V 0.01 01| %
Change of Gain with Vg
10VsVss40V 0.006 0.06 %N
Rated Full-Scale Frequency Vy==-10V 10.0 kHz
Gain Stability vs. Time (1000 Hours) Tans € Ta € Tugax £0.02 ",/;c';‘ﬂ,"
Over Range (Beyond Full-Scale) Frequency Vin=-11V 10%
INPUT COMPARATOR
Offset Voltage +3 +10 mV
LM231/LM331 T S Ta S Tax +4 +14 mV
LM231A/LM331A TR, S 3 10| mv
Bias Current -80 -300 nA
Offset Current +8 +100 nA
Common-Mode Range T £ Ta = Tyax -0.2 Vee -2 \Y
TIMER
Timer Threshold Voltage, Pin 5 0.63 x Vg 0.667 x Vg 0.7 x Vg
Input Bias Current, Pin § =15V
All Devices OVEVops5599V +10 +100 nA
LM231/LM331 Ve s=10V 200 1000 nA
LM231A/LM331A Ve s =10V 200 500 nA
Vsar Py 5 (Reset) I=5mA 0.22 05 \

(1) Non-linearity is defined as the deviation of o1 from V) x (10 kHz/~10 V) when the circuit has been trimmed for zero error at 10 Hz
and at 10 kHz, over the frequency range 1 Hz to 11 kHz. For the timing capacitor, Cr, use NPO ceramic, Teflon®, or polystyrene.

Copyright © 1999-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
Product Folder Links: LM231 LM331
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Electrical Characteristics (continued)

All specifications apply in the circuit of Figure 16, with 4.0V = V5 =40V, T, = 25°C, unless otherwise specified.

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
CURRENT SOURCE (PIN 1)
LM231, LM231A Rs=14KkQ, Veoyy 1 =0 126 135 144 WA
Output Current
LM331, LM331A 116 136 156 HA
Change with Voltage OVs Ve 1510V 0.2 1 HA
LM231, LM231A,
Current Source OFF LM331, LM331A 0.02 10 nA
Leakage N
All Devices Ta = Tax 2 50 nA
Operating Range of Current (Typical) (10 to 500) HA
REFERENCE VOLTAGE (PIN 2)
LM231, LM231A 1.76 1.89 202 Voc
LM331, LM331A 1.7 1.89 2.08 Vpe
Stability vs. Temperature +60 ppm/°C
Stability vs. Time, 1000 Hours +0.1%
LOGIC OUTPUT (PIN 3)
1=5mA 0.15 0.5
Vsar 1=3.2mA (2 TTL Loads),
TN S Ta < Tvax o 04
OFF Leakage +0.05 1 HA
SUPPLY CURRENT
Vs=5V 2 3 4 mA
LM231, LM231A
Vs =40V 25 4 6 mA
Vo=5V 15 3 6 mA
LM331, LM331A
Vs =40V 2 4 8 mA
7.6 Dissipation Ratings
VALUE UNIT
Package Dissipation at 25°C!") 1.25 W

(1) The absolute maximum junction temperature (T max) for this device is 150°C. The maximum allowable power dissipation is dictated by
T, max, the junction-to-ambient thermal resistance (6 ,.), and the ambient temperature T,, and can be calculated using the formula
Ppmax = (T max - T,) / 8,.. The values for maximum power dissipation will be reached only when the device is operated in a severe
fault condition (e.g., when input or output pins are driven beyond the power supply voltages, or the power supply polarity is reversed).
Obviously, such conditions should always be avoided.

6 Submit Documentation Feedback
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9.3 System Examples

9.3.1 F-to-V Converters

In these applications, a pulse input at fiy is differentiated by a C-R network and the negative-going edge at pin 6
causes the input comparator to trigger the timer circuit. Just as with a V-to-F converter, the average current
flowing out of pin 1is lavgrage =1 % (1.1 RCy) x f.

In the simple circuit of Figure 18, this current is filtered in the network R, = 100 kQ and 1 uF. The ripple will be
less than 10-mV peak, but the response will be slow, with a 0.1 second time constant, and settling of 0.7 second
to 0.1% accuracy.

In the precision circuit, an operational amplifier provides a buffered output and also acts as a 2-pole filter. The
ripple will be less than 5-mV peak for all frequencies above 1 kHz, and the response time will be much quicker
than in Figure 18. However, for input frequencies below 200 Hz, this circuit will have worse ripple than Figure 18.
The engineering of the filter time-constants to get adequate response and small enough ripple simply requires a
study of the compromises to be made. Inherently, V-to-F converter response can be fast, but F-to-V response
can not.

v. ~Ug=+15Y
- )
10k 110%° [T < o Ry
o b3 8 BTk - 1%*
8 T0pF * 68k 7 5
5
«
I L a10pF | = s Ionur
e Yiogc = w—]} LM331 4
3 fout -
FULL SCALE Vout
- SR
1uF >
12K 2 1%’ 4 13 A b: "
‘ [ S
Rs =
| =
—10V
FULLSCALE
R,
0.001 ,F Vout = fin ~ 200V R_; * {RCq)

10 kHz Full-Scale, +0.06% Non-Linearity
*Use stable components with low temperature coefficients.

= ja0k
T 10

OPTIONAL
OFFSET ADJUST

1-AAA,

100 kHz Full-Scale, +0.03% Non-Linearity

*Use stable components with low temperature coefficients

**This resistor can be 5 kQ or 10 kQ for Vg=8V to 22V, but must be
10 kQ for Vg=4.5V to 8V.

***Use low offset voltage and low offset current op-amps for A1:
recommended types LF411A or LF356.

Figure 17. Precision Voltage-to-Frequency
Converter

Figure 18. Simple Frequency-to-Voltage Converter

Copyright ® 1999-2015, Texas Instruments Incorporated Submit Documentation Feedback 15
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#include <Wire.h>
#include <Adafruit MCP4725.h>
Adafruit MCP4725 dac;

//MvuAaIkUS

float Speed, Speed act, Vo, Vo v;

float kp=10.7166, ki=0.0011, kd=0.4351, Ts=0.0001;
float err, p, i, d, i 1, pid, pre_err=0;

void setup() {
Serial.begin(9600);

dac.begin(0x60); } /f&wTuluga MCPA725A0
void loop() {

Speed = 5000; //ANISITOUDN9DY

Vo = analogRead(A0); /AR U

Vo v = (Vo*4.9)/1023;

Speed_act = (Vo v*5.19e3) + 573; //aunsudasaussiuduniuiiseu

//é7puAs PID
err = Speed - Speed_act;
p = kp*err;
i = (ki*Ts*err) +1i 1,

d = kd*(err-pre_ern)/Ts;

//Anti-Windup
if (d>=4095) {d=2940;}
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else if (d<=1250) {d=1250;}
pid=p+i+d;

//MNUATDULIAF YR INAIUANTBIUDTATULAT DY

if (pid >= 4095) //UBULYRUU
{pid = 2940;}

else if (pid <= 1250) //UDULIRNAN
{pid = 0;}

dac.setVoltage(pid, false);
i 1=i

pre_err = err;}
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Parameter Identification of BLDC Motor
by using Adaptive Tabu Search
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Abstract— This paper presents the parameter
identification of a brushless direct current (BLDC) motor
including the commercial controller board by using the
adaptive Tabu search (ATS) technique. The black-box
mathematical model with the unknown coefficient values in
the third order transfer function is used. To represent the
actual speed response, these coefficient values will be
identified while the input voltage is changed. The
identification technique in this paper will use an ATS. The
result can confirm that the mathematical model identified
by proposed technique can provide the accurate response
compared with the experiment.

Keywords— brushless direct current motor, parameter
identification, adaptive Tabu search

1. INTRODUCTION

Nowadays, BLDC motor is popular to use in many
industrial applications such as electric vehicles, airerafts,
and submarines because it is high efficiency and long-life
duration [1]. The BLDC motor can be operated at high
speed where it can carry on the many load-torques.
Moreover, this motor does not have the brushes, resulting
in low cost of maintenance. However, most of BLDC motor
in the commercial market might be sold with the driver
board together in which the significant parameters do not
appear. The commercial controller board is the same as
actuator used to operate the BLDC motor or it can be called
open loop controller. To modify them into the closed loop
control in the future, the mathematical model of BLDC
motor driven by the controller board is required. From
literature reviews [1-3], there are two ways to achieve the
mathematical model. First way is the direct mathematical
model derivation by using the basic circuit theory in which
it is very complicated to analyze the BLDC motor including
the controller board. The second way is the black-box
transfer function representing the relation between input
and output function [2]. The transfer funetion in term of
polynomial numbers is used to represent the actual speed
response with unknown coefficient values. These values
can be easily identified by using the artificial intelligent
techniques. The polynomial transfer function of pole term
will be set equal to the third order [2]. In addition, the zero
term is defined in zero order as similar as the gain value.
Whole of coefficient values will be identified by using the
artificial intelligent technique.

From the previous research works [2, 4-7], many
artificial intelligent methods are reported to use in the
application of parameters identification such as genetic
algorithm (GA), particle swarm optimization (PSO),
cuckoo search algorithm, adaptive Tabu search (ATS), etc.
For the ATS [4, 6, 8, 9], this technique is developed from
the conventional Tabu search by added the back tracking
mechanism and adaptive boundary radius. In addition, the

ATS method was also proven that it can escape the local
solution and rapidly converge to the correct best global
solution. Therefore, this paper presents the parameters
identification of the BLDC motor including the commercial
controller board by using the ATS technique. In the future,
these parameters will be used in the process of controller
design obtaining the desired response with simple control
theory. To reduce the complexity of the exact mathematical
model derivation, the linear model with simple black-box
transfer function is applied. The aim of this paper will
present how to identify the coefficient values of simple
mathematical model represented the speed response of the
BLDC motor driven by commercial controller board.

This paper is structed as follows: the introduction is
addressed in Section I and the basic theory involving
BLDC motor operation is addressed in Section II. In
Section III, the simplified mathematical model and the
actual speed testing are explained The parameter
identifications of BLDC motor including the controller
board is described in Section IV. Finally, Section V is the
conclusion.

II. BLDC MOTOR WORKING PRINCIPLE

A. Principle of BLDC motor operation

In this paper, the considered system is the BLDC
motor driven by the commercial controller board as
depicted the equivalent circuit in Fig.1. BLDC motors work
on the same as the brush DC motor whereas the permanent
magnet is replaced the rotor coil and its brushes are
removed.

At et g

L

Fig. 1 Equivalent circuit of BLDC motor including a driver board.

From Fig. 1, the BLDC motor is similarly as an alternating
current (AC) synchronous motor having the permanent
magnet in rotor [3]. As for the principle of rotating force
[10], there are two basic forces (attraction and repulsion)
among the magnetic poles between the stator and rotor
when the current is supplied through the stator coils,
resulting in rotational force. However, the BLDC motor is
different from AC motor in term of input power in which it
is only supplied with the DC power source. Moreover, an
inverter circuit must be included to control the current coils.
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The IGBT switch driving signals arc also different because
the BLIDC motor will be operated with two phases in a one-
ume cycle. After each cycle 1s [inished, working phases
will be continuously shifted into the next sequence. This
principle is set as the pattern of commutation sequence of
IGBT switch used for the BLDC driver circuit. When the
current pass through in each couple coil, the rotating
magnetic field is occurred as depicted in Fig. 2.

rotating

magnetic field rotor

stator

permanent magnet

Iig. 2 Rotating magnetic field.

The occurred magnetizing ficld in Fig. 2 will be sensed by
the hall sensors installed at stator. There are three hall
sensors in each BLIDC motor to measure the rotor position
in which they will be set separately equal to 120 degrees.
The signals from hall sensor and phase currents can be
shown in table I.

Table I. rotating commutation sequence.

electrical hall sensor phase current switch
angle (F) | 111 | 12 | 13 | Ja I Ie closed
0° - 60° 1 0 L + - off | SI | S4
60° - 120° 1 0 0 + off - S1 S6
120° - 180" 1 1 0 off + - S3 | s6
180° - 240° 0 1 0 - + off | 83 | 82
240° - 300° 0 1 1 - off i S5 S2
300° - 360° 0 0 1 off - { S5 | 54

As seen from table I, the hall sensor signals will be defined
the switching patterns as called “phase shift commutation
electronic™ [11]. These switching patterns are always used
to drive the inverter circuit as called “drive timing”. The
back clectromotive force (emf), hall sensor signal, and
phase current when the motor 1s working can be shown in
Fig. 3.

101 100 1o oo [N ool
m
2
®
\ /] Y
phase A » 0.
\ (\ Drae g
7/ Bk EMF
\
phase - > 0.
Vi \
N L
\ / \
plaws © )
\ / \I
o e e N
o e 1217 18ir 244 300 3607

Fig. 3 Commutation signal.

B. Speed adjustment for BLDC motor driven by
commercial board

For the commercial driver board, it is used to supply
the power to the BLDC motor as scen in Fig. 4. This board
consumes the power from DC or AC sources and it can
control the integrated IGBT switch to supply the power
toward a BLDC motor.

Fig. 4 Commercial driver board.

The controller board in Fig. 4 receives the analog voltage
(V,,p¢) 1o adjust the control signal. This signal is the same
as speed regulation signal. However, this signal has not
received [rom the controller. Thus, this board behaves as an
open loop controller for BLDC motor. The output voltage
from this board is the pulse shape with the switching
pattern as described in the previous section. The analog
voltage adjustment can be set from the simple voltage
divider circuit in order to feed the analog voltage into the
ADJ-pin of the commercial board. However, the way how
to design the P or PI or PID controller for this BLDC is
necessary to know the mathematical model. The details of
mathematical model and experimental testing to identfy
the parameter will be described in the next section.

1. EXPERIMENTAL SETUP
In this paper, a brushless DC motor and a commercial

controller board are used in the experiment in which their
nameplates are shown in Table Il and Table 11, respectively.

Table II. BLDC motor parameters.

Maximum Output Power 471 W
Nominal Voltage 220V

Rotor/Bearing rated Speed 23000 rpm
Rotor Magnetic Poles 2 poles

Table TIT. Control unit of BL.DC motor parameters.

Power supply voltage 275 Vaus (ACY

390 Vinae (DC)
Three Phase Peak Output Current 9.3 A (Peak)
Max controllable Motor Speed 50000 rpm
Reference Voltage of Tlall Sensor 5 Ve
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The test rig can be illustrated in Fig. 5. The testing
motor is performed by feeding input voltage into controller
unit and the motor speed is measured. The speed result of
testing rig when the V signal is changed from 0 to 3.7 V

n,0C

can be illustrated in Fig. 6.

commercial BLDC driver board

. BLDC motor

3. oscilloscope

settng cureuit

5. digatal multimeter (DMM)

25

spaedi{rpm)
2
H

0 05 1 15
time(sec.)

Fig. 6 Speed response from experiment.

In this paper. the mathematical model is represented by
the simple transfer function in terms of speed output over
¥, o - The speed response can be simplified the estimation

model in 3"-order transfer function as shown in (1) [2].
as) a,
G(s)= = 5 zﬂ‘ 1)
Vow(s) by +bys” +hs+b

To determine the coefficient values (a,. by, b,. b . and
b,) of the proposed transfer function, the proposed ATS
technique will be applied. However, the rated speed of the
BLDC motor is 23000 rpm whereas this paper will provide
the motor speed equal to 20000 rpm because of the safety
of devices. The details of parameter identification are
described in Section IV.

IV. PARAMETER IDENTIFICATION

The ATS is a one powerful tool of the artificial
intelligence techniques in which it has been developed from
the conventional Tabu search by adding two mechanisms as
follows: The back-tracking and adaptive radius are added to
provide the better performance and global optimization [6].
The ATS procedures can be shown as follows:

Step I  Determining the parameter boundary. In this
paper, the coefficient of searching radius and the maximum
number of search cycles (Countmax) are defined in this step.

Step2  ATS process will randomly create the
parameters or coefficient values with the number of Ns.
The searching arca to find the best answer or initial
parameter arc sct as So parameter.

Step 3  Randomly generating the answer around So
within radius R into N number of answers sets. This step
answers will be stored in the set of S(R).

Step 4  Evaluating the answer to cach member of
the set S(R) with an objective function until the best answer
of 81 is achieved.

Step 5 If S1 < Sothen adjust So = S1.

Step 6 If Count > Countmax stop searching where Sp
is the best value. otherwise return to step 3. In this step, the
back tracing is used to escape from the local solution and
the DF scarch radius reduction as shown in (2) is applicd.

R,
o = 2
R, DF 2)

The Coefficient values Identification with ATS

As the ATS search procedures are described before,
the block diagram of motor speed identification is shown in
Fig. 7. The objective function can be calculated by (3).

| Searching Parameter |
a0,b3,62,61 and 50

W =, |t — 3)

where errar:lSpeedw enty — SpEE, mﬁ.)| and » is the

number of data experimental results.

From the cquation (3), the objective function of
parameter identification is the speed error between the
experimental result and the speed response from the
proposed transfer function. To determine the parameters by
using an adaptive tabu algorithm, the initial parameters of the
proposed technique can be set as follows: The initial number
of answers is equal to 150. The number of neighbor answers
is equal to 250 . In addition, the radius and the decreasing
factor of radius are defined as 3 0 and 1.0 8, respectively.
These initial parameters can be obtained from the trial and
error. The aim of the ATS search is to minimize the W,
value to achieve the correct model and the response from the
proposed transfer function will be most like to the
experimental results. After the ATS is applied. the coefficient
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values of the proposed transfer function are given in Table IV
and the convergence results with the optimal ¥, equal to

0.004801 can be depicted in Fig. 8.

Table IV. The coefficients obtained from ATS method.

py 5 | b 5 b A

0.2059x10° | 0.0597 | 31.2477 | 3644712 | 1069.9862 | 0.004801
-3

g2 v .

75

7

65
=

6

55

5

45

0 20 40 60 80 100 120

iteration
Fig. 8 The convergence of ¥ value

It can be seen in Table IV that the parameters from the
ATS method obtain the mininmm /¥, value. In Fig. 8 show

the convergence of W, value with the searching iteration

equal to 120. The transfer function of the proposed a BLDC
motor model including a marketing controller board is shown
in (4) in which these parameters are identified fiom the ATS
approach. To confirm the proposed model, the speed
response compared with the experiment result is illustrated in
Fig. 9.

Gls) = 0.2059%10° @
0.0597s’ +31.2477s” +364.47125+1069.9862
55 X108 . A
W
= = =malematialmodel
p] s I S— .-’v_..i___‘w.

speedirom)

0 0.5 1 15
time(soc.)

Fig. 9 Comparison of motor speed responses

In Fig. 9, the motor speed response from 0 to 20000 rpm
is compared between the experimental results and the
proposed model in {4). It can be seen that the speed values of
the model are the same as the experiment in both of transient
and steady response. The results can confirm that the ATS
method can be used to identify the model of BLDC motor
including commercial controller board.

V. CONCLUSION

This paper presents the application of the ATS method
to identify the identity of BLDC motor. The third-order
transfer function is used to represent the model of the
system. The unknown coefficient values of transfer function
are determined by the ATS method. The error values
between the experiment and the proposed model results are
used to be the main objective function for the proposed
technique. The comparison between the speed response of
the model with the corresponding experimental results can
confirm that the ATS method can be used to provide the
correct parameter identification of BLDC motor including
controller board.
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Abstract
This paper presents the model of brushless direct current motor including the commercial driver board. Generally,

the motor speed is controlled by setting the desired conditions. The accurate medel for the controller design is very




123

NsaFInassumansuazuinnsm U X adudl X 2

important. However, the exact mathematical model is very complicated. As a result, this paper presents the black-box
model to explain the response of the brushless direct current motor driven by the commercial driver board. The
identification of the proposed model is necessary to search the transfer function coefficients. Therefore, this paper
presents the artificial intelligence techniques to identify the black-box model represented by the transfer function. The
proposed genetic algorithm (GA), particle swarm optimization (PSO) and adaptive tabu search (ATS) will tune the
unknown parameters until the minimum fitness value is obtained. It can be found that the proposed methods can
provide the accurate dynamic model. The performance of the presented methodology is verified by the comparison

results of the speed responses from the proposed model and experimentation. The results can show that the proposed

technique can provide the accurate model useful for the controller design.

Keywords

brushless direct current motor; black-box model; model identification; genetic algorithm (GA) method; particle

swarm optimization (PSO) method; adaptive tabu search (ATS) method
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