MSUAAINALUUABUANBIENTIMTIVBBIABsNTzuaRsalsuU sy




NMSUANIHNA LUUADUALDIBE19IIAIS IV a9UaLAaI NS lanse L5 wUsesU
FAST RESPONSE BLDC MONITORING SYSTEM

oy
U 5uIng wiien
U1e Siue NANY
W FYTNIA HLATEY

[
=

Uyaninusiiiudiunilsvaimsdnsmmundngnsud yanimns suemans Unidin
AAduTirnssuli - augdranssuang
an1dumalulagnsz ssuindd AU sa1AnTEUs
Unshnwn 2557



FAST RESPONSE BLDC MONITORING SYSTEM

THANAWIT TAO-EK
TANET KULWONG
WATCHARAPONG PHACHAROEN

A PAPER SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT FOR
THE DEGREE OF BACHELOR OF ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2014



Un19Anen 2557

AMSLAMINALUURBUALBRHNIAS 1D BInas nseiansalsuUsaauy
FAST RESPONSE BLDC MONITORING SYSTEM

Toe
e suand LHILan

VRERIT nay
Wi IR RNasey

s et
219158NU3nW0

97.9.0.05. I581VE§ TUEY



UsyaiinusUnisfinen 2557
AN lnh
Augdrnssumand anrdumalulagnsyrsuindndiaunmsatanseds

1594 ﬂ'ﬁlLﬂC’NNﬁLL‘U‘UWEJUEUE)\‘]E}EJI’NTJ@L%’J‘UENNE)LWFJ%ﬂ‘iELLﬁCﬂ‘Nl%LLU‘Nﬂ"M

HIAYI7
1. W sUINg WiLen
2. UNE SLud naasY
3, WY TN ARICR

¢al
.......................... Wﬂ................@ﬂﬂﬁﬁﬂﬂﬂgﬂt}’]

(571.5.8.79. F52ivwg Tuidu)



ASUAAIHALUUABUALBYRE19TIETamaImasnsEuanTI LT Ul sed

e suingd ALen
WY LU nany
WE JYTNadA NUAIEY

ssens i dudu ownsdiivinm
Umsfinw 2557
unAaga
Taguszasrvpsnsimilassnuiiiodausnisesnuuutazairnyaniueu
wazuamsHan1snavaBLuuTIAS dmivLamesnssuanseriialiulsaan Brushless DC
Motor) annsalivaaeulssdnsnmueimesuasiiuteyalagldgunsainaaeuifesaiden
FafiReyanadeunispeVAUBIULTINS TR IBIREINTZUAR TRl fuU sy Saained
nszuansevdalfuussduiigmeuieyssdnsamganiwewmesnszuansaill dueines
nyvuanseiialfuusesdwiwisfinesidedddlunisiesmisiuaunn Wy dyagianseiu
W& (Phase Voltage), wsaussninina (Line-Line Voltage) (Hiudu Zudedligunsallunis
Sadmnsdiwaianigsiuoumnn vialfdinndaniitadeutheuasnnasy JeldfinsAnduuay
a"s’wq@mmaauﬁlmusmﬁua’ww1i'|ﬁmaﬂ§fma'lu**qﬂwﬂaauLE‘]U'J sneRanITIAdeute uas
azmndamsnnans waviimuuiuglndidssiuedodetaivieaiomain dnvads

aunsanannuanuTsad g alasgIsuiug)



FAST RESPONSE BLDC MONITORING SYSTEM

Thanawit Tao-ek
Tanet Kulwong
Watcharapong Phacharoen

Assoc.Prof.Dr.WerachetKhan-ngern

AdvisorYear 2014

ABSTRACT

The objective of this-paper aims to provide the design of controller
and show the fast response of Brushless DC Motor. In addition, it can use to test the
efficiency of motor and collect data by only one tool.That is that is a fast response
BLDC monitoring tool. The strength of this motor has higher ability than others and it
can have many parameters to analyze such as Phase Voltage, Line-Line Voltage and
etc. We found that it was difficult’ and complicated to measure too many
parameters, in ‘order to do so, many equipments are needed. So we created and
made up the tool that can memorize all parameters which is ‘accessible and
convenient to use, alsa the accuracy and reliability monitoring were almost equal to

the tools that available in market.
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Peak Torque
TP

T

Torque

Rated Torque |
TR

Maximum

1
Rated Spaed Speed

Speed ———p»

JUT 2.6 avdunusSIswinwsdonazas,

2.1.5vannsnurseLesnsvLanserdaludiussau

fivénmsvhaiisusamasiwiwileivivulnefaunwindnvyudes
auny myun AUl sudlisidn sip— adeiviliuoine sydadvieunionyulddy
usNINAGIN 3 e Mawminesuazuiawindnansilameiud fulgunsaifidrdey Favi
wihfunuwlasiuuasdroniammesie gunsalnsinduauiuusingndn 3 o (Hall Effect
Sensor)  Ansaidudiuvilivesanined Tnsazaosmsraduauimusimintanile- 18 ves
wlwdnansilswes Imu'ums*?'iuama%ﬂyu%ﬁaé‘fymﬂm (Sensor Phasing %38 Code) il
Wasuuvasluandesniuauueines ifieviin1siudsuntas (Decode)  uawds Output
Voltage lugwwmadnammaiusiazia ileliiinnsgauasnaniuseniteaunuudvdnly
naInALALART uazaumuivinanasvealsnes lunsinnueewawes 1 seussiinis
vhaudu 6 umeu fmsedl 2.1
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M13794N 2.1 ﬁ'iﬂUﬂ'i‘i’ﬂ’]\‘l']U‘H@ﬂJ@LWaﬁﬂ‘iﬁLLHW’i\?“ﬂHﬁiMﬂJLLUSQﬂ"IU

state Hall-1 Hall-2 Hall-3 Phase A Phase B Phase C
1 1 0 1 0 +Vdc -Vdc
2 1 0 0 -Vdc +Vdc 0
3 1 1 0 -Vdc 0 +Vdc
aq 0 1 0 0 -Vdc +Vdc
5 0 1 : +Vdc -Vdc 0
6 0 0 1 +Vdc 0 -Vdc

w o

PNNTIT 21 awunsrhnuvestawmeseiialifuusiduasdiulad
Latching Hall Effect Sensor-#4.3-#1 Vnifinflouasuianne Tnsdsdyanonitalss
ndBIMUANYINITRRRBLARRUTAUINAST AR LR LT Taanawineudas
wagyinlvinawaiiiamanyuluntunismuaningrala

A1391993 Hall - Sensor sﬂtep*iﬁi 1 Ap Hatlt—uaz Hal-3 93m579198
Faulinin vafuasdmaniinsadulididau Controller vinisUssananasnelv +Vdc
Ty Phase-B wazaaalw -Vdc 1idu Phase-C

CWRotaton Elec. Dog D>
L] 18

Hdl:!l ] | H1

4H Decoder Circuil

H3

wep Themigh ’
Anpmain

Servo Magnetics Inc.

4-Fak Breshiess DC Motar
oL, ik, Wrd wirdng DT rgd
Tty & Wb

(#11 http://\etsmakerobots.com)
C‘ a ol o L3 =Y Ta 1 J
JUR 2.7 dviumavhauveweimesulalifivdsauly step 711

o o v ' & |
n15¥1191U984 Hall Sensor step # 2 A Hall-1 9zms79w@edInlivan 21ntuasdwanis
n37393UlUEEIU Controller vinn1sUszaanadnaln vdc 1 Phase-A wazanslw +Vvdc

19y Phase-B



H1i

H3

m— ’

Anmaina Servo Magpnetics Inc.
- Poke Breshicss DC Matar
M 3, M0 WP TIYIAgE
Ceomnysanebe Ornd Pera

(307 http://letsmakerobots.com)
o o w o 6 = sl 1 o
3U#l 2.8 awiunisviuseeweselialyifiuys vl step 12

A1591197U849 Hall Sensor step # 3 Ao Hall-1 Lay Hall-2 qgmiangedudivan a1ntuay
dwwan1snnaiuludsdau Controller  vimsussinanadngln Vdc Ty Phase-A uas
18l +vdc iy Phase-C

CW Retaton Eloc Dog - ——e{>
« i 180

S oy :
‘ Antmicion } Servo Magnetics Inc.
dal'ale Brushles DC Molar
LU UGEAGH . BIWE M) whRE D eyl

O — L)

'H Decoder Circuit

(M1 http://letsmakerobots.com)
GI o a o LY 1 1 tﬂl
Jun 2.9 aaunmavhaurewewesyiialiiivlsuly step 13
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A19991UT09 Hall Sensor step 1 4 A Hall-2 9EATIReTIMAN 9 ntuavdinanis

n3293UlU a1 Controller Win1sUssunanadneln -vde 19U Phase-B wazaial +vdc
Tnu Phase-C

Deccdor Cirguit

Seaqy Thigagh
Ankrinan ’ Servo Magnetics Inc.
A0'wk Rrmablvas D Mejor
i 1080y 3rve, av? avidng g e
Pera

Dty § Avanms

(737 http://\etsmakerobots.com)
Ui 2,10 Sdumsiauresamesudalifiusenlu step A 4

° o ) 1 o
n13vI191uTed Hall Sensor step 1.5 Ag Hall-2 uag Hall-3 ILATINDTILdVAN 91nTuas

dananisnsinduludadiu Controller  ¥nsuszunanadnglt +Vde iy Phase-A lag
1eln -vdc Thu Phase-B
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Hall 3 r"']_________[—_ H1
Hi “:
.00 — s C
H2 k/

v

Hi
@c o _,—‘r—l—j_ o
Lo ' p—

|~
1

¢H Deccder Circuit
B
L3
k3

Secp Threugh f
Aumaurn } ‘ Servo Magnetics Inc.
i 4-Pake Rrashless DC Mabr
1 i $LAGI A e 2 ah o g Wai g
] wvrgbindien Brad Pera

(i http://letsmakerobots.com)
A o o L L 1 al
JUN 2.11 @wiunTsvinuteseinestialdiicu sl step A5

o -J = "‘j ) 5 1
N1INNUYBY Hall Sensor step v 6 Aa Hall-3 graTIvelawiman nduazdiwants
n3293ulUdsdu Controller viamsUszananadaa W £Vde Wity Phase-A wazdulv —vdc
v Phase-C

44 Decoder Circuit

Sep Tuough
Aoiaien ’ Servo Magnetics Inc.
4.Fale Brushless DC Moy
Craven 0akon Aok v miting Hge
g & vt Bud Pera

4
(N http://letsmakerobots.com)
o o w o ¢ a 1 1 P
g‘i.hﬂ 2.12 mﬂumimmu‘uamat.mm‘duﬁlumt.ﬁamu‘lu step 6
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2.1.6 apltontaidevnuamesnssuansaialiiul ssonu

2.1.6.1 Uszavsn  wowmesnszuanseviinlifiuuseaiu (Brushless DC
Motor) @unsaammuggdsitinainnisdundiusenitussdwiudnouiiuaned fua
MnmadaadiusenitulsauiudreuiiuamediuiliiAsrudeuinUssnie lwuaszds
AeliAnAdusunTuauLivMEnandae

2.1.6.2 UsiAvinuaiy eswinuawmesnssuansertalifiuusadiy Sulwi
nssuansnuuameituarlildinistsuddunnoly woiluuseneudusummuy
i FliRnuaiuinidstsanannslaniouldande

2.1.6.3 Ussndadlddrovnaiumdany Weswinnsussguunmediaui
Tuwrazash Mindnulmihludsadnesddaiusnnutuisndnden Tnavsuszudann
deadeusuammmusilfiatacsudduauniely

2.1.6.4 fadesnmlunavinuge Wusewmeinssuansssialdiiulsdu
Whuneweiitivszavsnmglurmuzaanmiani ilknisldauussudandseuuad
wiosamlunisldonuuas dammtindefioge ewinuemesnssuanssrialifiusedn
Lﬁuuatmas‘ﬁﬁﬂszﬁwﬁn1wqus1ﬁmnuaﬁw avmnavielunisldon Snmddiadosnmly
MV Yszudarildismedundaon dliuemesnssiansardalifusaguil
mniilefiags uaslenhuliussnauiiuduindwesmmwmudlviaiuegunsvans

2.1.7 Tediinvauaineinseuanseia iy
'?J'aﬁwﬁ’ﬂ'uaw'luwmuzﬁ'linama%nssuamNﬁﬁﬂ'hiﬁwwdwﬁﬁwﬁnﬁa
wvdsiendulifusnemeiviowuanesd dlutigiumalladnisniunnesddsd
TIAUn annsndiendsnuiLssiunsilaliitn Sntedditigumediuingn e
wdanuas il uwmisilduamasnssuanseaiinbifituseay aunsadaldlusyosma
filailnaunmindenisUszauunnesauiiends waxd starting torque fn
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2.2 duaswad (nverter)

funeswes (Inverter) Aonaswlasiundsnulvasdmiulwadu Sundn
Fouilvinadesmnduielilfusiiulninssuaaduiiiinussunsiniousuarlditelile
armilviaduiavinnilarpsiinieusule laelduannisuiuAusulinssiudunaudald
vannsmugumalanaliadngludiduneiined wWu welauuuuegan Aundaiad
(PWM) s wsamﬂ‘mﬁdivmuwmu‘lﬂmwmuauwmaqaunasma‘sﬂlmwunu dmsu
auna'iLmaiﬁ‘lﬁ\mumuﬂum'mri'auama'imumm 3 wla aglivdnnisauaudnsduves
Lmﬂumewmu.a.,ﬂ'numa"mwm'lviﬂm (V/f Constant) Lwa'l.wa"lm'iamuau’lmmummﬁl.ﬂ
u.mmm'uaunaiLmasﬁ'l-iﬂuqmmuauau‘mmaqm-im'mnmewmﬂmnaw'l'uauna-smasw
AuAunsUa-lla adnddannseiindmasmesilisudou \ulsnagianuuy 180 8em
waz 120 e amwanﬂau=uaqmmumewm‘lﬂaawamuna‘ima'ﬂuamuﬂmﬁa
sUﬂau‘Lw uailuauiReglaladguaduled um-'t'fluiﬂmawraaumumﬂuunﬂuduaﬂmn
mmamﬂuﬂmsam-ﬂuuu PWM avm'lnmﬂuunmnaﬂaﬂm LLa"WI'['Vi‘lJiuaVIﬁﬂ’lwm‘i
muuwaqaunasmaiawu maq‘mnaunaimawauwmLUuLL'smu‘lwﬁﬂﬂivuamq Fa191n
(WUALABTS) uuaqma‘lﬂmq wsa'lmmmnmmdam1nuwaw1a‘lwﬁ1ﬂﬁ suddau
(Rectification)  #fatiu Luawmimmiwaﬂmmuauvgwamunaimas Fawvseenls 3
JUuuu Aeduneimesuuuteusiasusii (Voltage — Fed Inverter, VFI 3 Voltage
Source Inverter, VSI) Butraanas wuutleusrenszua (Current — Fed Inverter , CFl wia
Current Source Inverter , CSI) uagrdurasimasuuutiounsaiunuuivaslsudld (Variable
DC Linked Inverter)

2.2.1 wReiuguesdiadlnundunaines
nswlasiudadlwihainusadulwihnssuansadulviinssuaadulusy ()
anummimu‘lﬂﬁﬂmuaaﬂ (vg) uasnszualwirduesn () w'uu'm-miam'nuﬂaqaan‘lﬂ
IAalanzA AR muuu.imuua"nsuﬂ‘lwﬁwm.,‘lﬂl.ﬁunﬂ«au nmwuam’[usu (n) Twamu
\urausumusasaTmileni muun‘:‘.,ua‘lwﬂ‘muamaummu‘lﬂﬁﬂ dwiuluzy ()
mdslnihdueen (P asfimsuiiunaguuaussdunagnsaudiiindusandsil

Id Io
o o
o i - —0
+ aindlnun 3
" dulresimaiula
Vd m » Vo
WHUTLAL 199N DY
O Do e O

(M) USIAULATNTELAA UL ILAEAIUDEN
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a
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DUL2DIROT HITUINTIUR

(n) Tuuams¥inu 4 a0mn
o o - & 4 o
FUN 2.13 aindlvuaduiiaiimeiivaidn

Tvan?t 1 Tvumdunesines
v, Wuwan i, Wuwan p, Wuvin fie ddsiwiasgndsaindiului

nszuansy (V,) Wawlwihassuaadu (v,)

i 2 TnusiSeanseua
v, Wuav 7, Wuuan p, Wuau fe Mdsluihezgndaainduludilni

nIsuaaau (v,) e nssuanss (V,)

4 -
Tuua?l 3 nusduniedines
v, Wuav i, 1uau p, \Huvan Ae Aadsluiasgndesinduliis

nasuansd (V) Weulwinssuaadu (v,)
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Tnuail 4 Tnuadeanseua

v, Wuuan i, Wuav p, Wuau Ae madslniazgndsanaulniilvi
Asswaaay (v,) liu nssuans

agUguuulumahouduanduguil 2.110) Tuuslunioaususi (anne)
Waanudilenisiauvesdunesines lugud 212 szuanailemilsiavesaes
Sunesines Aa s A nia wia A Tauuiliuseiulwihdudniisadiuasimuslinisading
vinuthuwuuiiduidagu

2.2.2 msaindauuuiidudagdu

lureasduniedined deantsavadruseiulviiussndugulediause
USusuanavarudniudeinslél Tngaslddyanmniugugulad (snusoidal control signal)
amuEnFsIm T euEURUTUAGuAIMEDY (triangular waveform) AImIETes
M3aInga (/) ssuhiuawiuesgUniuanimass

2.2.3 midindaussiuliiuuugdinas

Founnmassriamsaindaseduliituuululnanstugilvans Ae Tuwuug
flwansmsmumidindluis A fufis B avusndgaparuausanainiu Aeaindluns A 9z
QNAANRINEYAIA Veontrol WBURude muganwao (Vig ) vasiiaindluia B
WYAAIUARINAARL —Veontrol WBUAUA A asUamImAs ( Vipi ) 15anTieazs)
Roulused

P o -]
W8 Veontrol>Viri : @308 Ty tnssua Vay = Vg
4 £ y |
W8 Veontrol<Viri : @304 L4 _azinseud Van = 0
o a ¢ °
o ~ (Veontrol)>Viri - @08 Tp 4 sviinasua Vg = Vg

\flo = (Veontroty<Viri : @309 Tg_9stinssua vy = 0

o - a a o o v a ¢ Ps a ¢
1319 2.2 Nauhﬂ'ﬁﬁ’lﬂ'mLLix'JﬂULﬂﬁLLﬁ:ﬁL&‘NﬂUIﬂﬂ’]ﬂ’lllBEm'vada'unE]‘itﬂi)ﬁuuuquiwa'l'i

4 and ant

Beuln unssua dnszua Van Ve Vo
1 Ty Tg_ Vy4 0 V4
2 TA— TB+ 0 Vd Vd
3 TA+ TB+ Vd Vy 0
q Ta- Ts- 0 0 0
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INANNT2.2 Mstldsuulasdanusveuseiussuineans ( (Vp w3a Vap)
‘iluL'f]'Llﬂ']'iL'tJaEJ'IJI.L\.]ﬂQiuﬂULL‘islﬂuaﬂ‘i"Wl'NﬁuﬂUfNU’m vaerudludsau Jvilildiinnms
uJaauwdaﬁvﬂuuﬁﬂumnm'sammm L‘ﬁuniﬂﬂﬂﬂm'ﬁ

nuvesgillwand A nastinarudduesnasiiniudifudesvitves
AuBaindveusaziva u mmﬁa’)méwmaﬂnmﬁﬁu 10 kHz windun1sviunuugi
Twans muimuaanavﬂsuﬂauhjmuamfu'lmwﬂumautmj wnmmnwaﬂuaua“mmnmﬂu
findadudl 2 veslulwan 7 20 kHz donndaaiuaUAnTIveIUT Iﬂammmmawsau-rm
waespwimaiiuiuasai m'lumsaaﬂu.umwsnsaqmmmw \@nuavUseven

Vayh

UELL

VB.'\"‘ L

- ]

i £ AR —

o a a o o L
UM 2.14 nsaiadausadulniuuugdinans

2.2.4 Bunefiweiammadlovhanludusadudiviey
Sunefinefammaiinaluduguadudindey asmuzdmiuldi

washsusiulninssuanssiiannsaiuus Ui senineans aldlunsusuaisesu

wssiulnwdsnueen ;;'Uﬁ (2.13) Ltamgﬂﬂﬁ'u?im?{uuﬁﬁ‘&'smmﬁmszua 180 99A1 Tuyinues
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LﬂU']ﬂUﬂ‘iiUl.ﬂﬁLﬂU']i]vﬂ'l'.lﬂ'iﬂwiﬂ'ﬁ']ﬂﬂ'laQﬁENLQaE.I'HGQLL'Nﬂu‘lﬂﬁ']ﬂ'mE]BﬂVlﬂTluﬂ‘Maﬂﬂﬂ
ﬂwmu'lumuguﬂauﬁmaﬂuavm'lﬂmnaum'i

V3 V3 4 v
VLLfE(VAN) T ?d

e

x Vg = 0.78V4 (2.1)

a

< Y ' < o ' 4 d d 1w
Jurduussiultihszndvaeiiinluduguraudvaouaylituduivas
uazarfiasludinuszneudie

v
ViL, =0.78 x-f- Goh=6n T1n=1,2,3, .. (2.2)

arsluiiniiieduluduiesinesamwansdusssulwihdusanuazivan
auna WneNawu h = 5,7, 11,.....

o O a oo P v d < = =

avilugrsludnifivuanigauasagdindauindnyauniigafoaiiludn

o w

-
81U 5

2.2.5 duneiaes 3 wa wuututule
= & I v o -] a o w or a4 s &
dunaiwed 3 wa Usenaulumeainiduldnvsaiindiids 6 ¢ fa adad
Y 3 o a & w1 o o a o«
S,has Sqﬁaaqnutmmgmvlan 1(L,) @9a1 Ssuas Seonuieranmvaaan 2 (L) wazaindg
1 e \ o o oo w o
Ssuas SafiutaIdwaman 3 (L) nan 3 ldsanueimanda L, , L, , 1, fananslugun
2.14 dygradmivmunumada-Uaaing S,i Sannsanuauiiaindudagsiavinanuld 2
WUV AB WUULInIzwa 180°  (180° Concuction)  wagwuunisuingsud 120° (120°
Conduction) ?ﬁm-ﬁaLﬁnniaﬁﬂﬁﬁlﬁmwﬂugﬂﬁ 2.1478 1a3T (5,84 S,) warlalos (D4

Dg)
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Suweied 3 iauuuinazud 120" 0aeesluguil 214 ilentuasli
andalanuselindfdwusaziahnszuaimay 120 laglddygramuainsta - Janaves
lodiinued1dy G,fie Geagul 1.4 sewuinileddin 2 dainundeuiluudazeie
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Sequence | Hall Sensor Input Phase Current
Number | A B C | Active PWMs A B C

1 1 0 1 PWM3H(Q3) | PWMZ2L(Q5) | -Off BCR DC+
2 1 0 0 PWM1IH(Q1) | PWM2L(QS5) | BC+ DG Off
3 1 1 0 PWM1H(Q1) | PWM3L(Q6) | DC+ Off DC-
& 0 1 0 PWM2H(Q2) | PWM3L(Q6) | Off DE+ DC-
5 0 1 ) PWM2ZH(Q2) | PWM1L(Q4) | DC- 7 Be+ Off
6 0 0 1 PWM3H(Q3) | PWM1L(Qd) | DC- | Off DC+
M3l 2.4 rudwiumunawoslufievamiudunfnmgude)

Sequence | Hall Sensor Input Phase Current
Number A \|'B V¢ [|Active PWMs A B C

1 0 0 L PWM1H(Q1) { PWM3L(Q6) | DC+ Off DC-
2 0 1 1 PWM1H(Q1) [ PWM2L(Q5) | DC+ DC- Off
3 0 1 0 PWM3H(Q3) | PWM2L(Q5) | Off DC- DC+
4 1 1 0 PWM3H(Q3) | PWM1L(Q4) | DC- | Off DC+
5 1 0 0 PWM2H(Q2) | PWM1L(Q4) | DC- NC+ Off
6 1 0 1 PWM2H(Q2) | PWM3L(Q6) | Off DC+ | DC-
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* Mechanical Cycle (with 2 pole pairs}

* Electrical Cycle * Electrical Cycle
0 180 380 540 720
Sequence Number R EEEE AN B EEEEE TN EE LE
| | | | | | | | | | | | |
(C Interrupt ¢ 101 4 100 § 110 4 €10 1011 $ 001 ¥ 101 § 100 $110 1010 7 011 7 001 §
R T 1
I LT
| | | 1 t | | t t { 0
Hall | | | | | | | 5
Sensor I ’ | :
n B | | i I ! ' |
Dl-lt 0
| | ! | | | | | I | |
| — | | T ] | | | 1 ] 4
c
S | } ! | ! = ! | l o
. | [ J | I ! | ! | | |
| : ff | I T
A l ' i ' [ [ |0
i | l i | I | g s B
Phase ! | | L | | } '+
Current | [ | | I | ' |
1 : ! _
B4 SE A A
r—E=t NN )\ | N\ 1
— | | | - | | | —t
¢ | | | | | Io
— | | i | | | | I
I | i | | | 1 | | |
Hghside |2 s =iy Wee i s delanysr | pilidd i aanid <oy s 2o Teawse|
Switch W@ ay T aniliase e ot Dl W2l f g |
¢ | | | | YAy | | | | I
Lowside I‘- -_'-_--[::‘.':I..i-'-'»\'v‘.lu'—'h\ﬁ;i:ﬁ ‘AL i "':- -Ii=‘ g ’= .‘-':_ L= '5..|=';‘.’-'3- SV R = " l
Switch (ST LD R RE Hlas!;s!ﬁslce;, l“;

J o
JU 2.18 msvinuraamasly loycte

o w a o a < =
dmivasinmaviniutawmduneiinesastuluniunised 2.3 uaz 2.4 9
ansnesurgnsvinaulesail

NFAMYUU

UUT 1 Hy = He =1, Hg = 0 uaasiiiamsawiuwiviénvaslsinasinfndegy
< a o ) o P v o . v as
7 2.17 adnilsiann1snsiain hall effect 28)NUIU1 decode WBAT A trig T

] a o v - -4 g v
duneimeiielvuawmeinyululuiirvisineans slunsdlil decoder azdsl Agyr = H
: 08 VU a 1 a W o
Wae Boyr = Le@vaniliiAnaunuwiminlufimmadagun 2.18
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o = [ 3 |
Jun 2.21 Vievnaumuimanvadlswes We Agyr = H uas Cour = L
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MNGUT 2,17 uae 2.18 wuirdamilevesauniusivinuulamesarindiu
Favilovesaumwimdnuuamaed uasildfenduduiontu 1 IMAnUIINEN TR
Pulmdnvesdwineiiulsnes vilinawasmyulunisen

fudt 2 Ha =1, Hg = He = 0 wdmsindawmilovaslsinesaund A (MUY
mnﬁ'mwﬂwaegﬂ-?i 10) Bunedfiwesfvzyinamlusumieil Agyr = H way Cour = L Wieadn
aumwlvaniindndulsimeslimurndall fagud 2.19

msviemazaulvagneilauieiud 6 wdndunGuduidud 1wl drdoentsli
UBADTMUTITURLRULTINY Voo F0TULTIFURTELARTS AglUVH I AUILIIIMEN Ne-Ng
ndnfuussiulutiasnitaseruseulinniu

Tunsdimpundumsffananiloudn Wewawdsuiinmavesauuwmvgn
vuamney WalhAnusmdniinduiiafuved

2.2.7 1951

NIV RIUVIE AT wiiliifamdsiiihggdolussidmselindds
Tnevauziainfinnssuassiadiddnigydswnsihnswua fufnainnisiusdunsey
aindilAliviugud wasdnnsdivilie drdslwihgadeninnisisuaourvesaing
(iardsliihgadeainniseiat) Salaovialu dmiursesdidnmselndid Ardadslviy
gadennisaiadiaaandmdsiiigadovaziinssuaun

2.2.8 NMIBBNWUUNITVUNRAMIUNBANAATIS

naaaidauaindiinuguiiousiu (voltagecontrolled) viliiieda
nisarvanliismitnssuaviatiungaitinszua daazdudendiinilaniinsdves
NIUTARBINIAY uamﬂmﬁ’ré’w‘ﬁmi"uﬂﬁﬁaLﬂauﬂé’umnﬂi’aummmLﬁauﬁumﬁaa (Ves)
umaqmwmu.imwmi:utﬂaau (threshold voltage) wazidlosziuusedy Vs aqmmﬂmwm
Sudsy a%ﬂunam‘lwuaawiﬁmaqL'znan'rswmu'l.uium'ﬁawuun (ohmic reglon) o
Tauvialy wsasy Ve Lwa‘lwmmﬁl.'iumn'svuaa.,umaasumw 10 8 20 Taa¢ uasiileliaing
Lithnssuganunsansgialalagnisvili Ve fidsndwssiudacudou wasluvasiiading
unssuawazlivhnssua nwuai‘iﬂami’wwmmsﬁﬁuﬁnﬁ’ug}ué agalsfiny aaslunis
@nd szansamiananuiilunisiiviasaeyssguesadfivdssgudaiudves
uaAWRMES (parasitic input capacitance) Gsafiusy squelisdaninisasauseqiteli
dintiinssua uava"ﬁaqﬁ'mﬁmtlﬂi-'mﬁaﬁﬂﬁa"imi"luu'm'iuua dmiuastuves 183l
il (IGBT) avadnerfunsdiueamnidslnaiiseasdon fai

NIFTUNAYABAWAN AR NT0TENTEUE (sourcing) wazfansua
(sinking) ‘lﬂazJmﬁmmma'lwuamﬂmmaqmmsnmuu‘lﬂwmwaaa sﬂ'ﬂ 2.20(n) wang
mamwanwwUﬁl‘t’j‘lumwuuaatwmmaq ‘aw.,'lumm.,nuuuwmaqmimmnammaaq
uazuanaInty ddyarusuilifunssduaingunsaiasinfineausedus (low-voltage
digital device) ussuiuaanamazliifemaiazduluoamafduinssudld Sadoaing
Uulsneesiu fuandugud 2.20 () frensliuessasdinmesa (double emitter-
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follower) w3e Tuiiinlwa (totem pole) Fudursasitusznaudheglulnainsdane fuuy
NPN uaz PNP  dauiunisvinaiunasisestuing eussiududnussassduinaiisigs
vsudames Q, wdminszua uas viwdanes Qlitinssua Wunavinldueamaiia
Bumhnssud wanilowssdududnrenwstunaiiae nsudames Q,azlithnsvuauas
nwdamei Qiinszua Fasifiunsirevszgrnunng Wusaviliueamndindaiuuyn
dnszuald venandudyaiaduidiaisssuneinias asaanimesuuuila (open
collector TTL) #iusznoudae niviuTwa Fseeldifiutined (ouffer) dmiuunasiianseua
(source) wazfsnszua (sink) Avnnm Fauandluguit 2.20 ()

v,
d] Tvan
R, 11

(n)
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(m)

A L o o
JUN 2.22 (n) NITTUNATBIUBANANIA
(@) WasTunaLuulnwinlna
s o el s &
(@) lagravrvastutnaniiuwiedwuulvwiulva

uenanidefine e asuIITin 19y 295 UnAauIeSIneT AlE
yoaAMAREIWUY nchannel  Bazifuisesiidainsaastuneadnidediingadass
(floating eround) lawsufunsnafusiasns (crcuit ground) Tapaaastuinadmiuaes
FananazEenit aestuinasudauan (high-side - drivers)  Ingasilaseadtavaeasi
3und1 “ynaussi (bootstrap)” Fauaadluzuit 2.21 ()

TN TN AsTYRALasY wsduandeseiu v Teige (high)
NIUTARDS Qp uazuedwa M, avtinssud wasiilouaawin M, dnszua asvinlvidadiy
Usiq C, asauuszqsimadlalonlnsnzilusaiusiniy vs ludwasndudu wlawseiu vi fid
#1 (low) nsdawas Q, arhithassua yaliiiwsswuilunnauasais M, iy
ve, vilfueaia M, thaszuatasiieuoavia M, tinseua wsssiusuaen v iyt
vIneiusssurinagateding M, asiaaniinu 2v, miwwﬁanuﬁazaﬂuﬁaLﬁuﬂisq C,
vinliusasuvna-ved (gate-to-source  voltage : Vis) vamaaa M, Sinadianviiu v,
yaushueawn Mahnssualasiile v ﬂﬁ‘l.!fl'r’i’]ﬁﬁﬁﬂﬂisﬂ Mlansuganed Q; Uinseud
WswurLnAvemaaALn M, aiifiansias aunszpEn M, wﬁ'm'mtﬂluﬁqm
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(n)
V+
1IR2110
e 8 NC HO? S
9V, VB6 -
B l of0Hy | VS5 ;
‘_l
l(SJV o— 115D NC4 —
=) 1] o— 12L, vees ]
13V, COM2 |—T—g—0 /7
q |
L 14NC LO1 Q‘:q\
e
()

4 a o ¥ LY o o

JU 2.23 (n) 293sypauasUdmivRasiuinanitauIntaadWAnes
(@) 209sfutnawes IR2110 dmiuledtinldlursaseninuiadnou

11951wa3 (Courtesy of International Rectifier Corporation)

2nstuinaveneamnziiogluguvetled (ntegrated-Circuit : IC) flauand
drethilefiued IR2210 Tuguit 2.21 (1) Auliureniem Intemational Rectifier Fudiuledi
Wdwmiunmseenuuuliinasiutnadmiuaiaddndauan (hide-side switch) wazdaay
(low-side switch) 1 nsdhasinAeuneiings azldhstunasulauin 1asensviuad
naunefmestslimriuinaidutauInuas ey fudadugi 2.210) Taeiasduine
amtauvinagldisnsynaunsy

arsuanaInAunaliig (Electrical Isolation) s¥witaueamniuiasaIuny
(control circuit) Tasunagiinusndu waessiuwsduiiwanaieiuadannsenines
AIVANAUINTSANES (power circuit) 1w dmSuneamaidinudauinastaauindneu
nefinesuievorasinaeuesines Wudu mwsmww'l-ﬁ'lummnmnnuma’lwﬁﬂ
Tneunazlduduuunsmadeudemaulmén (magnetically coupled) LLa.,mivvaumamq
went (optically coupled circuit) ‘gﬂ‘n 2.22(n) LLaﬂQ‘N%iﬂ’JUF]:JLLau‘N"\l'iﬂ"!aWILLElﬂ-’\]'mﬂu'n‘N
nfilagendonisideudevnauivndrendouladily SsuAulasaiesgfumifoudas
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Inihaglddmiudesiulwinszuansimiondoarian (dc  offset)  dwiudiediegy
d @ 2 v o o & o v W l
aaudygrandrvinalauandlilugui 2.22 () audwiv uazdwmiuiedrsrenisitenain
al { a A
ﬂl:ﬂ'lﬂﬂﬁﬂﬂ&ﬂ']ﬁﬂﬂﬁt%ﬂﬁiawwuaa‘lﬂuammugﬂm 2.22 (m)

Vop

Tnaa

llif

(n

AN

% t

(%)

(-
7y e o
;i 4 =

i

]

[ (]
LU L
Ay
2 t

]

)

'

(A)
ﬂl o i o W v
JUN 2.24  (n) nsugaindunslwihszuitnsesmusuuazasidaheniauuasing
(WussrulwinmmieglivemiiswUadlni
- ] o o VvV A 1]
(A) MauenanAunliiseIneImuaNLaz9eTIETEn R YaNsavNg

ey
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2.2.9 Voltage Divider

/M b

4 icro ;
R1
CVimpit > ] )
47K

3ﬂﬁ 2.25 24933 VYoltage Divider

Towdausssudunn tatluldlululasroulnsataesinedifauseiuliiiu
5V lagAuamain

Ry

Vmicro: Vin "R{+R, (2.3)

v

lne Ry fidn a7k Tadu, Ry mldarnnasiunadl Vigicro fvenisid

2.2.10 Current Sensor

et R

ACS A

1 jp- ved 8 T 3

Va
1 el
| B 1 2 4P Vi 7 Lo
. I 3 de. Filled_6 [L 1o TC
= [ 4 gp. GNDS T O.1uF
o

ACSTI2
GND

=
3Un 2.26 2935 Current Sensor
14 Sensor ACS 712 asiaiadauanunszua rms wazadsarludslulasreulvsaans
Y
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2.3 lulasaaulusians dsPIC30F2010
2.3.1 SuwmaTiUinguenuazanaui CN

SuwasiUd (Interrupt) Aonszurunsdadamagnisinauvelusunsundnit
Adwhausgudaluianuludiuresitedtuuinisdumesiuafidondn Interrupt  Service
Routine (ISR) dm3ululaspaulnsalaes dsPIC30F2010 Huvasduauduwmessus 44 voq
ATl 2.5 uasiidumeiiudideandefianaintas CPU (processor exceptions) 31U
4 o BuimafiUd 4 deail Fund unsu (Trap) wde usundniaifauniy (non-maskable
trap) TﬂU'e‘iuma%%’ﬂﬁmﬂﬁcﬁﬁmu‘lﬁmuﬁnﬂﬂn'rs'li'uuﬁumai'%'ﬂﬁﬂé’ mMdulaessUaazdl
msnevauaviuiiile CPU dwdyanaanly Ussneulude Sumesiuduniy wlewnanu
RanaIa e uAfdinAIas (Math Error Trap) |, AuAawanaLiiasIns e A Td
(Address Error Trap) , Anufinwarmiiesanaudin (Stack Error Trap) kay ANURANAIATIN
seddiawmad (Oscillator Fail Trap) wanadin1s i 2.5 dhudunessudigldnuannsodes
wialansldrudumesiudlaniuanudeenis fe dumessudlanmes (nterrupt Vector)
Fauansmeandalinimsei 2.6

miagUssinana (CPU) i]3ﬁ1wﬁ1ﬂunwdm1’1’agamnmﬁ@uma‘:‘%’ﬂm’
LINB3 (Interrupt Vector Table) wis IVT wavdnnisdswaainsadumessudiinmasiviu
WsunsuainesiiloRaduneasiudiy aanasei 26 Sumesiudiiasnndygin
neusn (External Interrupt 0) ¥3e INTO 9silszauanudAgauaLaziunaifUinTvaeay
ATURANBNAYENAY I PWM f89 A (PWM Fault A w3a FLTA) ﬁ‘ssﬁ’mmueﬁﬁ’mﬁ?qﬂ
PNMTRBUREI TR nnwe T Inaasaudwee UM ndyanald 2 Ussiaw
Ao Suwmefiudilosindgauniolu (ntemal Interrupt) uazdunad sUdiasnndygyin
mauan (External Interrupt)
ilamazndminanduneiiunidemndgananatuandadit 0 i 2 Yssneulude
- INTO (Extermal Interrupt 0) flunesn RES
-INT1 (Extermal Interrupt 1) fluwesn RDO
- INT2 (Extermal Interrupt 2) flumesa RD1

o ¢
f1919N 2.5 FI’I‘S’NLLVE%U LINLADT

Vector Number IVT Address AIVT Adress Trap Source

0 0x000004 0x000084 Reverved

1 0x000006 0x000086 Oscillator Failure
2 0x000008 0x000088 Address Error

3 0x00000A 0x00008A Stack Error

4 0x00000C 0x00008C Arithmetic Error
5 0x00000E 0x00008E Reserved

6 0x000010 0x000090 Reserved

¥4 0x000012 0x000092 Reserved




2.3.2 mildeulugauasdyaaesinasniuiidnea

udenlaosunsuuaz9esmainuvasluga ADC wanwisguil 2.34

lugauvasdynraesurasniluflneasuin 10 s (10-bit  high-speed
analog-to-digital convert) n3aluga ADC L'ﬂuTu@a%’uuﬂﬁuasmaaﬂuﬂaqﬁ’zymﬂmﬂu
MarAuazdearuin 10 Un luga ADC was dsPIC30F2010 Hiuau 6 Yasdiyayn
Usznaulusisun ANO/RBO , AN1/RB1 , AN2/RB2 , AN3/RB3 , AN4/RBA way AN5/RBS

Date
Format

Bus Interface

AVoo o
VREF* 0
AVss e
VREF- cal
ANO [5G o QOj
——0%
. E a Conversion Logic
o
N’_o/
16-word, 10-bit
Dual Port
Buffer
AN2 o
K- ANS g ¢ grm ¢ \
SIH > CH3 |
) \ o4 | CHICHZ,
— CH3,CHQ=— Sample/Sequence
X Sample Conirol
ANOO/
- i
v Switches. <— Input MUX
. E AN3 Controt
AN [ AN
ANS [ RIS 7 cho |
AN O S I YR
~O/

qUit 2.27 lapzunmiluga ADC 984 dsPIC30F2010

lneilnuaniAnuguvedlugasiil

- wadgygadsyauuuUsvanuamisdawadn udunIandiudu

(Successive Approximation : SAR)

- anuSalunsuasdeyaainniie 500 ksps (500,000 Iafet9RDIUNT)

- lifeeBunndiaiesinasn 6 ¥ed
- Bunpunsssugndaennguenld

- hesduuazasrdyayial (S/H amplifiers) 4 4o
- guiiudtyeralauniia 4 desdunadygimezuiasn
- MvuaAteInIsaumdygIaezuIaenlaon LuLe
- @enuvanszgumswasdyguesunasnta
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al as f e v (Y @ Y
- fiwwesinudeyadegyial 16 51 1una 16 Tn
< &% v & w v
- @enluuanstiutayawuuiiuimnesle
- Mvupnswansteyadyaafineald 4 junuu
- Avualwireulalulwinaduuazloa

2.3.3 msldanilauga MCPWM
Tuga Motor Control PWM (MCPWM) Liulugaitugrudmivainedyqyn
PWM (Pulse width modulated) titavnuussgndldanulunismunumsitnuraieines
AR 12U
- yawmasuUUWALRET (dsPIC30F2010 T¥uneniuuuilld 3 &)
- UBMSWUUNT AR ULUUALWE (Three-Phase AC Indution Motor)
- uawmesuuUAIRdAuMuLivAR SR (Switched Reluctance Motor)
- sawmpInszilansauulswasdu BLDC (Brushless DC Motor)
- UPS (Uninterruptable Power Supply) m‘%’aaﬂﬁm’lﬂqmﬁu
2.3.3.1. auaniAnddyvodluga MCPWM
- gmnaﬁlﬁ’ﬁmwuastﬁam Tey/2 spsvaudynin PWM
- @entwirnululuiaeinaniauiu (Complementary  Output Mode)
wiavirululmiaiewiwsdase (ndependent Output) 1
- P1IAWITAININATIAIAININGR (dead time) 161
- Mvuadggatesawrlanienszuiuntsnegenaws (Configuration bit)
- AvuAliua wnagLa
- fignsuaidunansivdaunImEanatn (fault) lasaslusunsy
- afedygaunseiuisdmiulugaulasdygrasnnasnliufineals

2.4 lulasraulnsalaas ATmega 2560

lulaspeulnsatass ATmega 2560 tululaspoulnsataei 8 On deould
JiulugaArduino Fuduifeusdrauwivardlutiagiy %‘qﬁ%’a:&amww:ﬁﬂﬁmmﬁqﬁ

- 54/86 wasn 1/0 dwsuldiy

- Fyqraunitnadausg 16 Mhz July

- useduitldau 4.5 - 5.5 Taag

- gaumpiiltay -40 fs 85 asriwaldys
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Aﬂnﬂ§§§§
“ghggggggiggugig
23z FerEEKEERESCORER
_[F] {81 (] (=] [3] [#] [F] 6] [#] [E] =] [&][E] [E]=F] =
{OC08) PGS E PA3 (AD3)
{RXDOPCINTSPDI) PEQ O¥ 37 PAs (AD<)
(TXDO/PDO) PE1 HOEX CORNER (4] PAs (ADS)
(XCKO'AING) PE2 3] PAS (ADS)
{OC3A/AIN1) PE3 (34 PA7 (AD7)
(OC3RANT4} PES 59 PG2(ALE)
{OC3CANTS) PES ® 33  PC7(Ats)
(T3INT6) PES 31 PCoiA1a
(ICPYCLKQANT?) PEY I3 Pcs (a3
(SS/PCINTO) PBO 3q  PC+(ai2)
(SCK/PCINTY) PB1 38 PC3(AIT)
(MOSI/PCINT2) PB2 E PC2 (A10)
{MISO/PCINT3) PB3 36] PC1(A9)
(OC2A/PCINT4) PB4 3§ Pcoas)
(OCIAPCINTS) PBS E PGt (AD)
{oc18PCINTE) PBS  [TH ES L
EIEENENETE E] <] SHETE] =] 5] =
Efflpegizeeesggil
E g5l X gEEEFEEE
g EP S £ 35588
§ 5 28 38R
e
o .
JUn 2.28 lulaslusiwatses ATmega 2560
o )
AN 2.6 wansrtayavaslilasiusawainisga ATmega
General 16 hits resolution Serial ADC
Device Flash EEPROM RAM Purpose VO pins | PWM channels USARTs | Channels
ATmegaB40 64KB 4KB 8KB 86 12 4 16
ATmegat280 128KB 4KB 8KB 86 12 4 16
ATmega1281 128KB 4KB BKB 5 6 2 8
ATmega2560 256KB 4KB 8KB 86 12 4 16
ATmega2561 256KB 4KB BKB 54 6 2 8

2.4.1 M3l Atmega 2560 Tuluga Arduino Mega 2560
wlalirhedantsldan Waidwaunnisldau ATmega 2560 anlthlugaves

. 4 a o w 4w - v v i
Arduino Wlasaniiniswanndeitulnaveananiiialdeu Feaslysiunulusunsy Arduino
IDE Tunsleuddmieniuauniainnilugiuuudieg Arduino Mega 2560 fifayalng

o s J
aANYuUmIU

- lulasreulnsaiaas ATmega 2560
- 54 woinddnea Sumn/ia1ne (15wasndmIumIvineuiuy PWM)

- 16 WasMBEUIABNBUNA
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- wssdldau 5 Tan
- nsenalrauramasnfInea doladuwauy
- Clock speed 16Mhz

MADE IN XTAL'

arpuzmo.tcS
i.’.'!!!!!!.'!!!!m!!!?!!!!.'

Q) T
() e @19 (oo o *

fs
S i N m
= o (osogL) ‘lrl
- 2 F

(‘17'1Imhttp://www.e{ectroschematics.com}
sU#l 2.29 Arduino Mega 2560

(ﬁmhttp://www.etectroschematics.com)
JU#l 2.30 n1sifieuste Arduino Mega 2560 AU J8uanHa LCD
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e
Uni 3
N1929NKUULAZATINTZUUAITN LY BIYANTTUEAINAIUUABUAUB9DE1S
A5 BIAaINSeLanselFuUssau

Tuuntlaznanfivanizsivazidsan1egueanisadeszuuduinidouloines
nszianslsulssaunasnsesnuuulUsunTuLanwauunaniunes

3.1 ﬁuﬂaumiv‘hmwaaqmmmamNauuuaauauaeaaim'mstamama%nszuﬁmq‘l’f

wuseau

3.1.1 AN¥ALNTEBNLUY
lun1seenuuussuu-dnduasfosiinasuansdanisviauludiuriegues

lﬂl U v v 1 é ﬂl; -]
zuulavaziden tharudilatazldauldadgniosdimeanisntunaunisviiaiuees
szuvilsasaluil

Ardfuno 4

~ —— ]
- | . . f t1
/‘ e 3 A e s e T T (
. | ]

|

|

- Lo Qg

JUT 3.1 M NIuTsIYaLanaLuussalmivedawmainstuansel Uiy

mngﬂﬁ 3. Tnunudelumssonuuuduivirasdiulunsviie Ty
wualu 5 du Ae

-Regulator  vimmthiludasusesusazdsiuuseuluiinesdieg  Tagds
deyeyrudivaas (5 Taad) dygrubuns (24 Taad) uwasdeygudideu (Ground)

-Sensor Wiwthilsuteya1neesdug wu wsefu nssua WWudy weldudu
vlunisudasteyaudidiludsasnsyanedeya

-Drive Aonasdunamas Tdlumsduusmesnseuansaldiuseanuy

Asesnsznedoya vhmhiisudeyaanuudssinegliiiiazdu Drive , Sensor
, Regulator findwiuludshiasroulnsaiasd
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“alaspeulnsaiaad 14 Arduino Mega 2560 @aesa Tnednavidudoyogu
aiduiuasesdmivuansAdiuraueadi drudyaadvuyiuiesilddmiuuancan
B ABNRINDT

3.1.2 MIuanteya

'lumiuamn‘mﬁ'tﬁma%ﬁwqasﬁ’lﬁ'lﬁgnﬂ'lzhL'if'lmﬂismana ety
lulnsreulnsaiaes feastnnuanseuge LCD wavreufinaed Tasiiwisifinasniegi
asseluil

d ) V1 d' ] a
A1919 3.1 ﬂHW'I'i']!.ILWE]‘iFI'N‘]Vlu?lﬂdﬂaﬂ'lufﬂ’lu?!ﬂQNa

wisiliees AWINY
V(in) LSRN
I(in) ASELARULEN
P(in) AN GRIR T RE T
V(ab) useRusEINaeWalaLa s IWED
V(bc) ussusEnsaativasiviad
V(ca) USIAUTEMINEWIWET IR NALD
I@) 7 AsBULALWALD
I(b) nssuanal
I(c) NITUALWAT
P(out) 7 Aasinihadasiueen
Efficiency Uszansnn
RPM AMU§ISeUTeBInY
Frequency mnbvesdyg Wil uomes

3.2 luaadasmmitnuvasgaduusineinivuansel uusey
luniseanuuussuvdundoutawmesiwdinssuansalsudsedy n1snsTude
1] - Ll d ! o e i U ot
syawazAmiITiweiaeglussuuiludesiiddgunn lidesduainssua wseiumieig

: 1Y v . o 1 - - 2 v v a £ LY |
1dsnuesnanndudeinduediads iadudayadraddiansasanuuusyuuliagas

kg i

NABILASLAIUEN

€

eD D
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@ Brushless DC Motor Drive with Speed Feedback (PW Control)

) '1?
4 ey l-(f | ? ‘
@) ! . P e I

\ et

=
g i ]

Y,

¢ FJE i (9} e R ke i ] o
L8 ARAR
| Aol o HL—- ’

d s at £ au 1
sUTt 3.3 dgyqanssiladvesaimeinssuanseliuusnn
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cl ) ot & / 1
5U# 3.5 afgcgwmu:samuwlammuaLmainimmmﬂmﬂiamu
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aJ

d @l L3 L3 ¥
3UN 3.6 yanasstrulatiasnssianaeuainasnIzanse lsuUsEu

Mnransitans axiilvasinsedillaigeduinaaunoinesnisuanseld
wUssgruiianusaviadulasgaetivssansawle dutunsesddauiasmes 3 wia lag
unaednendy Voltage Regutator lngnmsvinuasiulunuududule (Six Step) Femdnnis
o & = 8 o P Ve o I
aurastaainnsuiuy reundidiunsis 1esiodneeduga PWM Jugigniianld
uduldaursasinuabiiaulawiouiu dufs PWMxHIGY PWMxLABIiaA1Em5InU
P i lvuaaweadun1snnanu lesfileesunsunmsvinaunssaluil

‘ o e MRS AU RER  n@ PUALH
i ATUNNLE l SHAVH iF [ )

o 73 ST RV LT SRR T
AR g PWM Li\ {Bead Tirme GEnerator)

% | L0 AN § i

:‘ a ¥ 2/ ﬁ' o =
5Ui1 3.7 laozunsumsvhautasiuveduga MCPWM Wievaunuupouwdifluanng
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3.3 MIsanavastunamainssuansdiuusednunaznasiduees

Tun1seenuuuresstunemeinszuanssliuusediu azudan1seanuuuiiy
amdulug qldun 29asliidss asliduneawes waznasaiuan Fannasesiaswiey
Saufuld

3.3.1 29935 luide

1995lWidseazsiandi i dulwid vl i Auaeasiduaefuas i
lulpsmeulnsaaesdmiulalunisuanimanariuiuna Usenaulusig INPUT (48 Volt)
way OUTPUT (5 Volt , 48 Volt)

giis ni
ghi!

L]
i g
b

s

Ul 3.8 Schernatic 789393311 AYS
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L 2576 - 12

244

d g
gﬂ'n 3.9 N998ALUL PCB v8913asluWidna

3.3.2 199Ul s
k' d Q 1 a d E " at [ 3
MALEUYES WU T HaTeIA AT LALAZISIS UR L1185 T UL aLn e

& < Y as ¢ o - v ¢
windanduariianuisalanlulasraulnsaeesainisnmuiunayins @il esadsznay
wanqlaun Wueediseiy (Voltage divider) wagiduiwesnizua (ACS 712 - 20)

:—‘}ﬁ I

Mo N,

<

o .
UM 3.10 Schematic wasvasduias
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=i <
U7 3.11 n1TeenuUY PCB 1899 iuges

o W a d v
miaammmq%sL%uLvda%mLfluﬁaaaanLLUUTanﬁmmwaﬂmi 1391181
pnLUUAANa Aa 9 Aol damnandudiuaadlulasrsulvsaiaasle delunisaaniuy
U N URIELTUL T SUS P U A S UL Bas AT sua

3.3.2.1 N1590NWUBLEUEDSUTI6UY
lumseontuuidueasusiiy azldudnnisvotliamInlumasiunisulsa
v 1 & Vv = e v a o 1 e Y
wsesuanAn A desilalnldnelmfaanudsmaralilasaeulnsaaas lasusesiu
snussnueallamnIntunetazlvialaiiu 5 Tag Tnefuiulseanaunish 2.3 fikwnanald
41961

Ry

Vtero= Vi
micro n R1+R2

(2.3)

Vin = Aussdiunszuansuidun Tuatls 48 Tad
R1 = sdunmuauusegs 1o 50 Alalaviu

R2 = FadumIuad s e

Vmicro = wsenuniuesndwiiululasreulnsaiaes
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ar
Var ol

< '
NAUNTSN 2.3 1Fr1E@WTaUNUA laRall

R2
(50x1000)+R2

5= 48«

Fau A1 R2 Tudsesdaeiian 5.813 Alaleiu (Frerfisuanlaiivasaiy
Viosnan annsalirinnninldidnien)

TagAmsiimesngeddladnailases 16w Van , Von |, Ven , Vin du
A1 Vab @misamleiainnisiiAi Van - Vbn

3.3.2.2 MT09NLUUINA T UEBSNTEUA

n1sepnLULNasELgesnTeua avldidulgesiued ACS 712 - 20 iifife
nszuait 20 wand Tnsaslidyarasenuniudygaussiulnedinssuaiiandumud &
Wulgesazliuseiuesnuai 2.5 Taad uasiindaayli 5 Toas waz 0 Taad luni1sin

w < o )
nevuaady wavayli 5 hannnssuagianialdinnsvuanss

MEP VEG
2lps VIOUT (o —

0.1 pF
Iy ' ACST12 :__E

3lip.. FILTER .

i—EIP 10f
Pl s -

a v s
JURt 3.12 nnslfuduwesnszua ACS 712 -20

l-« =

<

]~ ||+
(5,
<

il "'l_]"’

wisiineiTldSuwasnssua ACS 712 20 1éud 1a | I, Ic, lin
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3.3.3 2avstunewadnssuansaliulssdiu

nasfunamesnszuanslfulssduasUsenaudsanudauie 1e9liidss
19939U warnasmuay dudursesiifianududausn dedldmnuiuiglunisaanuuy
lngasastuasldndnnisvesduneimesamalunisinnulaeituluseuluusaziva
HrugUnsaialesieiiasrusynaudail

AP Sk
2k

e
et
T

i

3 ¥
S
| —
1
CRAECEEEE
BEEGERERERRE

......

e

:‘ || o & 1
5UM 3.13 Schematic 9a3993tuNataINsTuanT Il

9astunamainsvuanss sl st mdasnausaeantauiiddiyie

- duuinanset@daifiedmvediiios vssnoudelediues LM2575-Hy
dwmduldusaiuvieen 12 Tiad waz LM 7805 dwisulviusssuneendu 5 Thad

- druuiansaudunifodiured1995AIVANNITIINIUTDIINET AY
Usznaudeduiisudyaia Hall Sensor 11ainuewmes duiisusn A/D dmiuAruAunIg
vinu wasilulasreulnsaass lealdiues dsPIC30f2010 adedyaynal PWM TidudIu
LBINATTUNA

- duunaiity fediunansaestulewes Tasszstssneuieledives
R 2101 vhwihitdugunsaldurnunaliuigunsalaiends Tagldnevinuduwuuyaduasy
drugUnsaiadeddensldivad IRFP-2907 iilesanil Rds-ON s uaziidmnazualiaugs
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o Y s v '
U 3:14 PCB wasanasdusemesnssuansalinyssdnuy

meluaasiusawodnssuansdiful st Ivhmedaitadduluasuguly
Arvnudinnsasianudauito Wweldaunsoldolfadaseunqy duitldlaons
fvundiuAsmURNMSTNIUTe N TalaReRBin 19197 2.3 waeansae 2.4 Faluns
MMuYedRsIgidnulamadnIslanssliuusaaunuulsmesaeuen 12 pole waziiin

®

RUN/
STOP
N

FWD/REY
o |

PIC18FXX31

QQ/—J

Y

QV
\

DC+
PWMS al a3 Q5
PWM1
PWM4 V! TL\/E
PWM3 -
PWM3 PYNS
IGBT
PWM2 | Driver | PWM4
PWM2
PWM1
PWMO
PWMO
Qo Q2 Q4
De-
Hall A
Hall B
Hall C —— T

o s & 14 i
JUN 3.15 laazunsuvesnasdutewainszuanseliu s
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c‘ L3 o 1 J
5UN-3:16 almainasuansaliussauililunimesau

3.4 N139BNWUVEH WUTZUIRNALASLENINE
ludiuuanimanzusznaurigdoddiulann 98 LCD 20.x 4 §7U7 1 W uay
Wiunsudmiuwasnnimananainoynsy Iesszulsdeyalumsuaninasaniliuaungy
1 al 1 1 d' = ] 1 Eil ) [ ) 44 1
NANLINGEMT Chiuas nguiaaniondn Ch2 uasnauiauasiludeyanaiuisouansdiy

1 ) 3 a 1/ 1 1 ) g
Ieflawzuu LCD 20 x 4wy Taadhuundomanatisaznaulisisi

d - 3
AT 3.2 WITIHLR asﬁ’iﬁuﬂmmmwa

naa 1 (Ch1)

ngu 2 (Ch2)

ngui 3 (LCD only)

Van (ksanuiia A)

la-(nsgiaiwa A)

RPM (A771t5750unalmas)

Vbn (L59uLna B)

b (nszuawwg B)

Fred.(A1udvesdyg1nged)

Ven (wsserusna ©)

Ic (nszuatna C)

Vab (usesulai A-B)

lin (nSsWav")

Vbe (senulatl B-C)

Wout (Maalwiusan)

Vea (ussnulad C-A)

Eff (UszanSanaaeieasdu)

Vin (WsIAUAURR)

Win (Araalwiudn)

lnansuanavastoyalunuivilsavnguiiaes  annsowdeudeyalily
AU o 4 el 1 v ) L3 1 4 1 ! 5
sufaasnislalnensuusiiumudivamlanuildesnuuull wasAiwanaivmadusd

RMS
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3.4.1 ASudRINanNTUaa LCD 20 x 4
Tunmsuamananiuae LCD20 x 4 azeanuuulvinnisuaninansvue d
Us9in Ussviawsnlaun Chl ussviniidesdia Ch2 ussvinfianufie RPM ussvinfidde Freq.

gU‘i’h‘ 3.17 LCD 20 x 4 Fdlurmsuansea

lawnsuananaasly Arduino Mega 2560 luntsuszananauazddoyauids
LCD 20 x 4

3.4.2 MsuamNanuRauR LA S

Tunuammaniureuines senuuuliiammailunsuesteyausaz
laald Arduino “MEGA 2560 Tunislsgmaanadeya uazvintsadeyanunasnaynsy
Weusofunasdeunsiuessmouinaeidni sdauanssalasldlusunsa Serial oscilloscope

o Serial Oscilloscope (Port Closed) - B=aiod X

Serial Port! PBaud Rate “Teéfminal © Qsciloscope ' Log ToFile Help

l

Samples Recieved:0 Sample Rate: 0

o Y 1 oa v ’ i
JU# 3.18 ntwasusureadusunsy Serial Oscilloscope
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" 27 [¥) & d [¥] a &
- n5UAUAY : Serial Port ld wiudennesniausatuasufiines
- nipudvaes : Baud Rate lddwiudmussidnsinisdadayasening

lulpsraulvsaaesiuraniames
=t . Yo w oddé o I3
- naudl¥en : Terminal lddmiviidalusunsuiionmeinaynsu
. vo w = v < <y v

- n3audig : Oscilloscope  Tfdmiuntsaumiianiegnsmilaginnis

gl

- NS0V : Log To File T¥dwiutuiinditlasy

- n5oudn : Help Tddmiumadomde

- nyauden : Samples Received ai'mauifaqaﬁlﬁ%’u , Sample Rate &m351
n13suTaya

Wanein1salusunsy dasnsivdaunaudamainvaslulasreulvsatansiu
P a ¢ o v v ¢ gy v | . o e '
WoIRvRIRBUN MBS IaNRBNUMENDIRLS WdILAaNT Serial Port 37ntuf MunA7 Baud
v ) ‘v o 4 Ve o
Rate insanululasrevivsaiaes uandenit Oscitloscope agunislaulusunsuldssil

Open Serial Oscilloscope Preram

Chose Serial Port and chose your port

L/

Chose Baud Rate

A4

Chose Oscilloscoge _and click Chanel 12 and 3

gﬂ'ﬁ 3.19 Yunaun1slelusunsy Serial Oscilloscope
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© LAY el f e
d L 1 A'L . .
5U# 3.20 wiwialUsunsunleluniswaennsvealysunsa Serial Oscilloscope

3.4.3 n1sUsyuIana

'L‘L!ﬂrﬁ'diﬂll’}ﬁ&lﬁLLaﬁtLaﬂﬁ’a’ﬂi‘{a%ﬁﬁaﬂ‘ﬁE}GVIN Tald19z1¥uvgse LCD 20 x 4
waz Meradiuees 5redldlulasluswalses Arduino MEGA 2560 wavmipassd Tnsuen
nmsvihaueeniduassia InesmivilsasinasUssaraiazdeniliuanids LCD 20 x 4
duiiiaesiinisUssmanaussdinluuaasdineniomes nnadld Arduino  MEGA
2560 Wssaninedn A0 Widenldvatawe Jaile wederi wissmsyesssuy

3‘017’! 3.21 Arduino MEGA 2560
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3.4.4 prsAuIuWIsImasnluandua
TunisAuauAImMIsITIme51519YINITSUAILT I U I U BT LS I ULA Y
[ & v 9 =Y I's £ =l [ - a1 §
Wutgeinssud wanhuninsstanugnasdlagiisuiuminesfinesiu Metrix PX 120
& a! v
Power Analyzer FLUK 43 B wa¥ Oscilloscope Litegaanugndas lasuuaiu 2 ngu Ae ms
WasaRasae LCD 20 x 4 wasnsuaninanignauiames susasdssinisaiuauuandiaiu

3.4.4.1 asmuuAiineilagnisuaskan s weaTa
Y < ¢
lunsuanssanuae LCD 20 x 4 Awianuaniuansazdunizniiaunis (RMS)

Fufanmsiteyanunnduwesunduasizviuasnuiuiiay

mleanaunis

Xrms-= i/?li 3+ x2 ¥ X540+ x2) (3.1)

Xrms = AWSIRUNIansEuanvinn1saauual RMS
2 1 o 1 4
X, = pauswnuluunasnisuguysa

- (JV o k2 - i v
wisilneindesinsuladeyaiududgmiiuauaisioun Van , Von Ven
Vab Vbc Vea , Vin , la, b, lc wazanuismiad RMS Tudumumididelwiluas
Ussavsamla

Tumsfmaumaswiafeduduasdusenamilased
maalwiAug
Pin=Vin x [in (3.2)
Pin = Aasldfieugn (RMS) divaleadu w

Vin = usasulwhdnud (RMS) dvuaedy v
lin = nzuan e (RMS) fiveidu A
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Maslwinuean
Pout= V3 x Vline x llinex P, F (3.3)

Pout = Maslniauesn (RMS) fvuaediu w
Viine = wssulay (RMS) dimiaadu v

lline = nsvualau (RMS) fwuaeiiu A

P.F = Anvaigaindalvdia

mIamAagmaiih viedmefunnnesvetszuumlalagnssuauntsiagagud
(Zero Crossing) Tagly LM 358 Tunmsmidasianisrgadudvesussiulatiiiediouiuyeun

FAuves Hall Sensor

lunisAuudszansamaesssuu lasatl

Pout
%EFF = — (32.4)
Pin
WEFF = Alsyantnm
Pout = Armalvweasn
Pin = Antaalwianaan
Tunsfnuwinaseu yhldsed
120f
NSe=r—— (2.5)
p

n, = AS250U Twdiodiu RPM

d ) i
f = parudwasdyq Wi dwbedu Hz
p = Iwavewanas

3.4.4.2 MIfuAWIT e SikanNaiuAeLRImes
Tunsuaasatiupeuiumesiaglilusuasy Seral Oscilloscope T 3¢
nswiennsmidugesintayaiiinisuanuialdudranidudeurassniigm lne
m'ﬂﬁma%uﬁasﬁwsgmﬁu‘lﬂuﬁ?Ltﬂiaql.'i{lﬁ':muﬂ 225 a1 anululpsaeulnsataasiae
vinmsdsrndayaimihmsiul il iowelilusunsvihniswdaansw
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< I | 2 : .
JUN 3.22 nywiimsgeiuanemelysingy Serial Oscilloscope

3.5 YaudnNalUUnaUaAUBaulvaemainssudnsIlinysenu

Tunsdnlulgauagyiimsysenavdiuresiwsiaun 199sdulelned 2993
Wulasnseuanwazuswiu 1995llasaanlnsaiaas wazaevThaninaliluduiieany fe
Usznauiulfluvsradui dufunisaenuuundesusiaiilelissdemsldmiatdudsd dy
TneiiswagBuani

d ar & L4 1
UM 3.23 gaunanmanuunauauesdulvemameinszaselitu s
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=
unn 4
HaN1INAGDY

Tuunilsgndnidamsvaassionun 3 dudeiy Aonsmageulszansam
YasnIsiurameinseuansaliusediu nmvaaeuamuiuglunisuassnadae LCD 20 x
4 uasmvagauaMumiugluntsuanwnalureuiauneslnglflusunsy Serial Oscilloscope
fininauemsiedoyavammsiiesigmalwihilfivieudioutussuinnsliiaiasin
Power meter Metrix 120 ns3euiivuiiuiniasda Power Analyzer Fluke 43B uavnnsin
Tngltaaadalaalay

nawesliihnssuansalfulseduiifoyasansdail
- f&snaeniifiia (Rate output Power) = 300 W
- WIIAUAAA (Rate Voltage) = 48 Volt
- ArnIafRAG (Rate Speed) = 1200 RPM
-31aulna (Pole) = 12 Tna
4.1 NMTBINUUUNTVIAGIUNDLABIATIUEN S
4.1.1 gunsluasrdesilaiililunisTalsvavsnmeannsiutanainsauanseliusedn
gUnsuluazindasiionlddiniuialssans imueueinesnssuansslulse

. vedsunIsuARIakuEBalnivawemainssuan sl TiUs a1
. uBwwaInazLans i s

. Power meter

. Power analyzer meter

iSpvinnTiaseu

. yAvmdaUMIREA IS NnatRBwas

. ovadalaalay

. AENR MRS

O ~N O 1 A W N =

4.1.2 AMseanluuisn1sadeu
panLUUNTIMAdaUsuIEnsIinaavsnatuiemediilainAnssuaily
Taugavnaauusznaudewiuiioueines gnduwin den ydd Inevhnisveasudegndu
v miin 1ke 1.5kg 2kg 2.5kg 3ke 3.5kg kg 4.5kg uag 5 kg Eﬂmmatﬁanﬁ%'aashuzgtaéﬁﬁﬂ
Rafunames MniuvhmsTausedurndt nssuadh uay usadurdhdsmnnaiived diu
NHATULITEUYIDEN NTEREVIREN wasiddlWiheeninlngld Power Ananlyzer Fluke
438 vhnsduAnsmioesadlaalay iewisuiisuiudnsmiildanaeufiames aanty
wiAUszavsnmlneodevesainiie edeuasinyamageuitawiouiious,
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L

J L4 ] &
U 4.1 lumagaveaaunislinissviniunvewes

Wi

J -, J
Ui 4.2 Emavmaaunislinissnsnaveuatneinssuanseliudsedu
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4.2 MIVAFAUAIINLILEIAIBNITUARIHAINIDUDA TR

lumhdetiasiinsveasunasuananitinléain Power Meter uav
Power Analyzer Fluke 438 \al3suifisumnuusiugrfiuerfiudnasiuseusadfivesys
nadau TagvhniswisudieudwiniinesuasArmimnatandoulasimsiiuniszniena
370 1§45 ke Tnviuilas 0.5 ke uaz3ouifioudlsyavsnmaanasiutemes

Power Power

Motor
48 Volt — > qavadau Aralvasr

< 9 I e w 0 aja
E‘J‘“ 4.3 WNUMNATIIHURNUNTINAGRUATILLLUS N8N 1T LARIHANTUIDLDATA

A197497 4.1 WisuiisuATasewines LCD , Power Meter waz Power Analyzer Fluke 438

Power Meter LCD % ﬂ"nuﬂa"ml.ﬂ?{au

load | Vin lin Win Vin lin Win Vin lin Win

1 48.1 1.06 47.05 47.86 0.92 513 0.50 N\ \3.21 9.03

15 | 484 1. 58.9 47.46 \Z 54.77 433 51 7.01

2 48.2 | 155 734 a8 1.45 70.4 0.41 6.45 4.09

25 | 882 W75 86.2 47.86 3.0 84.27 0.71 2.86 2.24

3 48.1 | 1.88 91.8 47.76 1.82 87.66 0.71 k § Y 4.51

35 | 48y I, A9 103.8 47.4 pani y 100.64 1.46 0.00 3.04

4 a8 3.39 115.8 47.42 2.35 113.93 1.24 1.67 1.61

4.5 48 201 123.7 47.3 2-53 122.51 1.46 319 0.96

5 419 | 291 138.1 47.3 2.79 136.4 1.25 4.12 1.23
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AT 4.2 Wisuileuaseninme LCD , Power Meter uag Power Analyzer Fluke 43B

-
% ANARIALARDU

Power Analyzer Fluke 43B LCD

load [ Van Vbn Ven Van Vbn Ven Van | Vbn | Vcn
1 30.62 | 30.78 | 30.23 | 30.65 31.67 30.55 0.10 | 2.89 1.06
1.5 | 3044 | 30.87 31.08 30.35 30.89 30.65 030 | 0.06 1.38
2 30.8 31.01 30.66 30.78 30.12 30.15 0.06 | 2.87 1.66
25 30.8 30.56 30.46 30.51 29.81 30.64 094 | 245 | 0.5%9
3 30.15 | 3096 30.78 30.33 30.03 30.47 0.60 | 3.00 1.01
35 | 30.02 30.45 30.89 30.18 30.65 30.21 053 | 0.66 2.20
4 30.18 | 30.81 30.14 | 30.06 3053 30.56 0.40 | 091 1.39
4.5 29.8 30.25 30.2 30.5 30.78 30.59 2.35 1.75 1.29
5 29.84 | 3045 29.92 30.29 30.83 30.67 1.51 1:25 2.5]

= = o i ]
M1 4.3 WIBUNgUA1EMINTe LCD , Power Meter way Power Analyzer Fluke 43B

<
% AUAAALARDU

Power Analyzer Fluke 43B LCD

load | Vab Vbe Vca Vab Vbc Vca Vab | Vbc | Vca
1 5.6 3512 3342 34.07 33.76 33.89 1.40 B93 1.41
1.5 33.6 33.25 338 (A V/ 3G 3005 338 0.24 | 0.60 1.29
2 33.9 ¥ V4 g | o 33.49 33.8 3312 1.21 1 0.06 1.16
25 | 3354 | 3326 JBOX WP3.51 32.78 3397 0.09 | 1.44 1.01
3 334 33.68 | 3342 | 33.29 33.12 33.45 033 | 1.66 | 0.09
3.5 33.3 33.34 32.89 ARl 296N 3378 111 f 093 | 271
a4 33.08 | 3312 3345 | 33.33 33.89 33.36 g, | 232 | 0.27
4.5 32.9 33.76 3298 | 3351 33.16 32.78 185 | 1.78 | 0.61
3 33.12 | 3346 33.02 3% 33.87 3345 L75 1.23 | 0.3%
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MIIT 4.4 WisuidtouAissniname LCD , Power Meter uay Power Analyzer Fluke 43B

Power Analyzer Fluke 43B LCD % AIMAAIALAREY

load la b Ic la b Ic la b Ic

1 0.84 0.92 0.87 0.87 0.83 0.83 357 | 9.78 | 4.60

1.5 091 0.89 0.98 0.97 0.88 0.94 659 | 1.12 | 4.08

2 1.22 1.31 1.4 1.29 1.2 1.23 5.74 84 |1214

2.5 1.46 1.48 1.51 1.47 1.43 152 0.68 | 338 | 0.66

3 1.6 1.68 1.67 1.67 1.7 1.68 437 | 1.19 | 0.60

3:5 1.7 1.73 1.76 1.69 100 1.8 059 | 231 | 227

4 1.81 1.9 1.87 191 D 1.89 000 | 263 | 1.07

4.5 2.05 212 S0 2.08 2.14 23 146 | 094 | 1.39

5 243 2.56 2.49 241 2.43 2.45 0.82 | 5.08 | 1.61

A15197 4.5 WisuiiguATsEwinege LCD , Power Meter uag Power Analyzer Fluke 43B

Power Analyzer Fluke 43B LCD % ATUARIALAGDL

load | Wout | Freq RPM Wout Freq RPM | Wout | Freq [ RPM

1 39 122,67 | 1238 42.13 1238 | 12368 | 803 ] 092 0.10

1.5 a7 120.7 1215 48.9 121.5 12204 | 4.04 | 0.66 | 0.44

2 62 118.31 | 1186.9 | 62.29 118.69 | 1186.3 | 0.47 | 032 | 0.05

2.3 T4 116.92 1167 12.47 116.7 11685 | 065 | 0.19 | 0.13

3 80 310.23"¢A'156.5 79.4 115.65 | 1156.2 | 0.75 [ 0.36 { 0.03

8.5 88 114.9 | 1143.6 85.2 11436 | 1140.7 | 3.18 | 047 | 0.25

4 95 112:6 1124 9235 1124 112508 | J1416 | 0.18 | 0.10

45 104 110.¥5 | 11088 | 101.28 | 110.88 | 1108.8 | 2.62 | 0.12 | 0.00

5 118 108.97 | 1093.3 | 116.58 | 109.33 | 1098.7 [ 1.20 | 0.33 | 0.49

4.3 nMInedauANLdug lunsuERINarTURBLRIWMET

TumsuansadurauRames wvinvedeuliteisuiussadaladlalile
WisuisudAnswigulfanlusunsy Serial Oscillscope Tnafidunaudai

- inslamsldeuganedsy

- vhmaideudeyanaaeuiintunsuinmeslaariunenisdeudetiunedn
aUNTU

- Walusunsu Serial oscilloscope vinsUuTingn

- Tumsvagauasinsadauiiaissnana 3 Alandu Anasiugh
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4.3.1 Mmavedouanuluglunsuanamanurauiamesiaglin1sznena 3 Alaniy

vhmadngavaaeulasnisznisnaiian 3 Alansy wdawhmslivewesuyud
AdllviAagean Tnewtadu 2 wiuua vuuad 1 ifumsuanseussiulwiuassddlihun
1 dauruuad 2 uansdinssiaasiasinihduaen (nssualniiaildainnamses
thunms 10 vnrsa) ins el

2015-05-01 21:05:52 Lok Normal
360 S00kS-s 2nsiiv
0y inz 10} BRECHIST =1
| | 20.6mUdiu
| | DC Full

Edge
Auto
0.6 U

2 e 0. 00 [ MEASURE
0000nyU P-P(C2) 49,1667V rf@T-Rangel |
Max(C1) 32 .5000nU Max(Cz2) 48 .3333U =5. Boodiv
Rms(C1) 19.1524nv Rms(CZ) 29 6817V feoT-RangeZ |
Freq(Cl) 115.8480Hz Freq(C2) 1.385042kHz i 5 . Joodiv

(v)
d Qs A £ [V a =l =
UM 4.4 (n) dyaramlannnsindisesadalaalay Van (Wen) uax la (wded)
() Ay aunlaainmsinmaneuialaes Van (Uas) uag la (@)
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vor  Normal
S00kS-s 2ns/div
IfEH1 1:1
| | 20.0nU div
[DC  Full

-

Edge Cii:
Auto
6.0 U

JA.AJAM4744444;;}“.____nri_______-___.Agﬁ_gg,g,g__"__
J

-10.000ms -80 10.000ms] | MEASURE

P-P(C1) 71.6667mVU P-P(CZ)  49.1667V @T-Rangel |
Max(C1)  33.3333ny Max(Ccz)  48.3333V | -5.3200diJ
Rms(C1)  20.6720my Rms(C2)  31.5781U @ T-Range2 |
Freq(C1) 112.9944Hz Freq(C2)  4.901961kHz : 5. 200diy

()
Ul 4.5 (n) dyaraitldannsiaseesadalaalal Vb (Tu1) uas la (wEes)
(1) dyeuileaannsiasonsufames Vb (une) uas la (Fe)
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20150501 21:35:17 104 Normal
500kS/s Zns/div
CH1 1:1
20.0ndiy
DC Full

Edge
Auto
0.0 U

|-10. 000ns : MEASURE
P-P(C1) 5 .0000nU P-P(C2) 97 .5000U [ET-Rangel |
Max(C1)  35.8333nV Max(C2)  49.1667U | -5.3200diy
Rns(C1)  16.1299mV Rns(C2)  33.4629V |@T Range2

Freq(C1l) 118.2313Hz Freq(C2) 118.1474Hz ! 5.3000div

()
UM 4.6 () dyaraunleininnisinsnesaadaladlay Vab (087) uas la (wées)
(v) dyeyraunlaannisiameaneufinnes Vab Wea) was la (Wa7)



2015-05-01 21:42:16

i
1
|
1
|

{=10.000ms =-80.0mV
63.3333nV
Max(C1) 32 .5000nV
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Power ﬂ%ﬁﬁ 1 ﬂ%@‘ﬁ 2 ﬂ%g\‘iﬁ 3 LQ%‘U
Meter
W1 Pout W2 Rpm | W2 Rpm | W2 Rpm | Waveg Rpm
4 39 0.36r PIR4AEE @3] G as 1031 254.4 | §%3 | 1248.87
1.5 a7 0.41 1230.1 |- 0.44 | 12304 | 0.44 | 1231.1 | 0.43 | 1230.53
2 62 0.60, prelpad] S s PSIvRE? 1A 0. 55 1211 0560 1211.47
25 72 .62 1193 0.66 | 1104.7 [ Q.70 15190) | 6,68 )| 1162.57
3 80 083 | 1171.3,| 0.88 ] 1170.3 |- 0.88 1171 | 0.86 | 1170.87
3.5 88 L0 N\ ARLY N nss T aesy (4 (o8 [LAME.S [~ Q)| 1164.73
q 95 1.07° W34 PN Q1184467 119ohPIN3 8 (o'l f@ | 1147.23
4.5 104 g2 7 1132.6 NG (WM13E6 4 .37=P113068 452 | 1131.60
5 118 1.4~ TTNRERE Vhln] L=t 28 4560 7| 116094 41.48 | 1115.10
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W1 | Wave Rpm T N.m. W rad/s | Pmotor(W) | Pdrive(W) eff
1 033 | 124887 0.14 130.78 18.82 42.13 44.66
1.5 0.43 1230.53 0.23 128.86 29.48 48.90 60.29
Z 0.56 1211.47 0.31 126.86 38.94 62.29 62.51
2.5 0.66 116257 0.39 121.74 47.83 72.47 66.01
3 | 086 | 117087 | 046 122.61 55.84 79.40 | 7033
3.5 1.01 1164.73 0.53 121.97 64.82 85.20 76.08
4 1.10 1147.23 0.62 120.14 74.26 93.33 79.57
45 | 132 | 1131.60 0.68 11850 80.32 101.28 | 79.31
5 1.48 111510 0.75 116.77 87.53 116.58 {{(5
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UseganSnmuames = (Maslvvviesnainasasduiemes / Mawnena
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= (55.8416 / 79.4) x. 100
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2 91.8 80 87.15 3 87.66 79.4 90.58
35 103.8 88 84.78 a5 100.64 85.2 84.66
4 1458 95 82.04 4 113193 2§33 81.92
4.5 1932 104 84.07 4.5 12254 101.28 82.67
5 1381 118 85.45 5 136.4 112.58 82.54
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i = o ot v - &
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i a a w e o FY = et
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1 o o ol o & %) aa
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Fast Response BLDC Monitoring System

suind wuen

stuA ay

wazIyImen My

a_  a a d o =1 &
.ﬂ'lfl'“f‘l'.'lﬂ'lﬂ‘ﬁﬂ‘lﬂ'ﬂ'l AUSIAINTTUAITNT Hﬂ]ﬂﬁlﬂﬂiﬁiﬂﬂﬂ1zﬂbﬂlﬂﬁ'l!él'lf]ﬂlﬂﬁ'l‘la'lﬂﬂiiiﬂ

AUUARBINY U NMANTTTY remmAnIzfa ngamn 10520 Iny/Insons. 027392478 Email. Tanet0596@gmail.com

unAnta
Foguszmesvosniadanilng silifennauens
oBNILLNAZE 19 YAAILNNIAZITAINANTABLAUDILLIINT
dmuuewnednszunasewiialufulyad iy Brashless DC Motor)
awnsoldmamoudssdnSnmuemefuaifudoyaTavldgunsol
nateuIiBIyaRE) eifoyananounisneuauoaiIIME1YB
vomednazuaaIewialfisdiu Soomesarsuans a1t
dudymsudodszininmganiwsinednazianseialy &
wemesnrzumansavialfissdminsfinofides 14 uns
Fing s uaunn iy Fyanaussduma (Phase Voltage), 39U
TEM e (Line-Line Voltage) 1udy #edoal¥niinsaflunista
Amsfinedd1eadmaumn ildgeindenisiaioudionaz
nawoyu 3¢18NnsRadunazadaganadenii oty nify
Amasifined 1801 lugananovides dwden mndoutionas
ranAomsnanod iagiinrwniu1 Indifolfuindosile Tafiute
aukenata Bniadaminainamaqudnyugve s daaa s

08149111181 (Monitoring)

AAARY: nemednizuansewila hiluzedm, msuaasma

Abstract

The objective of this paper aims to provide the design of
controller and show the fast response of Brushless DC Motor. In
addition, it can use to test the efficiency of motor and collect data by
only one tool.That is that is a fast response bldc monitoring tool. The
strength of this motor has higher ability than others and it can have
many parameters to analyze such as Phase Voltage, Line-Line Voltage
and etc. We found that it was difficult and complicated to measure too
many parameters, in order to do so, many equipments are needed. So
we created and made up the tool that can memorize all parameters

which is accessible and convenient to use, also the accuracy and

reliability monitoring were almost equal to the tools that available in

market.

Keyword: Brushless DC Motor , Monitoring
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Brushless DC (BLDC) Motor Fundamentals

Author:  Padmaraja Yedamale

Microchip Technology Inc.

INTRODUCTION

Brushless Direct Current (BLDC) motors are one of the
motor types rapidly gaining popularity. BLDC motors
are used in industries such as Appliances, Automotive,
Aerospace, Consumer, Medical, Industrial Automation
Equipment and Instrumentation.

As the name implies, BLDC motors do not use brushes
for commutation; instead, they are electronically com-
mutated. BLDC motors have many advantages over
brushed DC motors and induction motors. A few of
these are:

* Better speed versus torque characteristics

* High dynamic response

= High efficiency

* Long operating life

* Noiseless operation

* Higher speed ranges

In addition, the ratio of torque delivered to the size of

the motor is higher, making it useful in applications
where space and weight are critical factors.

In this application note, we will discuss in detail the con-
struction, working principle, characteristics and typical
applications of BLDC motors. Refer to Appendix B:
“Glossary” for a glossary of terms commonly used
when describing BLDC motors.

CONSTRUCTION AND OPERATING
PRINCIPLE

BLDC motors are a type of synchronous motor. This
means the magnetic field generated by the stator and
the magnetic field generated by the rotor rotate at the
same frequency. BLDC motors do not experience the
“slip” that is normally seen in induction motors.

BLDC motors come in single-phase, 2-phase and
J-phase configurations. Corresponding to its type, the
stator has the same number of windings. Out of these,
3-phase motors are the most popular and widely used.
This application note focuses on 3-phase motors.

© 2003 Microchip Technology Inc.

Stator

The stator of a BLDC motor consists of stacked steel
laminations with windings placed in the slots that are
axially cut along the inner periphery (as shown in
Figure 3). Traditionally, the stator resembles that of an
induction motor; however, the windings are distributed
in a different manner. Most BLDC motors have three
stator windings connected in star fashion. Each of
these windings are constructed with numerous coils
interconnected to form a winding. One or more coils are
placed in the slots and they are interconnected to make
a winding. Each of these windings are distributed over
the stator periphery to form an even numbers of poles.

There are two types of stator windings variants:
trapezoidal and sinusoidal motors. This differentiation
is.made on the basis of the interconnaction of coils in
the slator windings to give the different types of back
Electromotive Force (EMF). Refer io the “What is
Back EMF?” section for more information.

As their names indicate, the trapezoidal motor gives a
back EMF in trapezoidal fashion and the sinusoidal
motor's back EMF is sinusoidal, as shown in Figure 1
and Figure 2. In addition fo the back EMF, the phase
current also has trapezoidal and sinusoidal variations
in the respective types of motor. This makes the torque
output by a sinusoidal motor smoother than that of a
trapezoidal motor. However, this comes with an extra
cost, as the sinusoidal motcrs take extra winding
interconnections because of the coils distribution on
the stator periphery, thereby increasing the copper
intake by the stator windings.

Depending upon the contro! power supply capability,
the motor with the correct voltage rating of the stator
can be chosen. Forty-eight volts, or less valtage rated
motors are used in automotive, robotics, small arm
movements and so on. Motors with 100 volts, or higher
ratings, are used in appliances, automation and in
industrial applications.
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INTRODUCTION

Brushless Direct Current (BLDC) motors are one of the
motor types rapidly gaining popularity. BLDC motors
are used in industries such as Appliances, Automotive,
Aerospace, Consumer, Medical, Industrial Automation
Equipment and Instrumentation.

As the name implies, BLDC motors do not use brushes
for commutation; instead, they are electronically com-
mutated. BLDC motors have many advantages over
brushed DC motors and induction motors. A few of
these are:

* Better speed versus torque characteristics

= High dynamic response

= High efficiency

* Long operating life

= Noiseless operation

 Higher speed ranges

In addition, the ratio of torque delivered to the size of

the motor is higher, making it useful in applications
where space and weight are critical factors.

In this application note, we will discuss in detail the con-
struction, working principle, characteristics and typical
applications of BLDC motors. Refer to Appendix B:
“Glossary” for a glossary of terms commonly used
when describing BLDC motors.

CONSTRUCTION AND OPERATING
PRINCIPLE

BLDC motors are a type of synchronous motor. This
means the magnetic field generated by the stator and
the magnetic field generated by the rotor rotate at the
same frequency. BLDC motors do not experience the
“slip” that is normally seen in induction motors.

BLDC motors come in single-phase, 2-phase and
3-phase configurations. Corresponding to its type, the
stator has the same number of windings. Out of these,
3-phase motors are the most popular and widely used.
This application note focuses on 3-phase motors.

Stator

The stator of a BLDC motor consists of stacked steel
laminations with windings placed in the slots that are
axially cut along the inner periphery (as shown in
Figure 3). Traditionally, the stator resembles that of an
induction motor; however, the windings are distributed
in a different manner. Most BLDC motors have three
stator windings connected in star fashion. Each of
these windings are constructed with numerous coils
interconnected to form a winding. One or more coils are
placed in the slots and they are interconnected to make
a winding. Each of these windings are distributed over
the stator periphery to form an even numbers of poles.

There are two types of stator windings varants:
trapezoidal and sinusoidal motors. This differentiation
is made on the basis of the interconnection of coils in
the stator windings to give the different types of back
Electromotive Force (EMF). Refer to the “What is
Back EMF?" section for more information.

As their names indicate, the trapezoidal motor gives a
back EMF in trapezoidal fashion and the sinusoidal
motor's back EMF is sinusoidal, as shown in Figure 1
and Figure 2. In addition to the back EMF, the phase
current also has trapezoidal and sinusoidal variations
in the respective types of motor. This makes the torque
output by a sinusoidal motor smoother than that of a

" trapezoidal motor. However, this comes with an extra

cost, as the sinusoidal motors take extra winding
interconnections because of the coils distribution on
the stator periphery, thereby increasing the copper
intake by the stator windings.

Depending upon the control power supply capability,
the motor with the correct voltage rating of the stator
can be chosen. Forty-eight volts, or less voltage rated
motors are used in automotive, robotics, small arm
movements and so on. Motors with 100 volts, or higher
ratings, are used in appliances, automation and in
industrial applications.
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TRAPEZOIDAL BACK EMF

FIGURE 1:
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FIGURE 3: STATOR OF A BLDC MOTOR
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Rotor

The rotor is made of permanent magnet and can vary
from two to eight pole pairs with alternate North (N) and
South (S) poles.

Based on the required magnetic field density in the
rotor, the proper magnetic material is chosen to make
the rotor. Ferrite magnets are traditionally used to make
permanent magnets. As the technology advances, rare
earth alloy magnets are gaining popularity. The ferrite
magnets are less expensive but they have the disad-
vantage of low flux density for a given volume. In con-
trast, the alloy material has high magnetic density per

FIGURE 4:

volume and enables the rotor to compress further for
the same torque. Also, these alloy magnets improve
the size-to-weight ratio and give higher torque for the
same size motor using ferrite magnets.

Neodymium (Nd), Samarium Cobalt (SmCo) and the
alloy of Neodymium, Ferrite and Boron (NdFeB) are
some examples of rare earth alloy magnets. Continu-
ous research is going on to improve the flux density to
compress the rotor further.

Figure 4 shows cross sections of different arrangements
of magnets in a rotor.

ROTOR MAGNET CROSS SECTIONS

Circular core with magnets
on the periphery

Circular core with rectangular
magnets embedded in the rotor

Circular care with rectangular magnets
inserted into the rotor core

Hall Sensors

Unlike a brushed DC motor, the commutation of a
BLDC motor is controlled electronically. To rotate the
BLDC motor, the stator windings should be energized
in a sequence. It is important to know the rotor position
in order to understand which winding will be energized
following the energizing sequence. Rotor position is
sensed using Hall effect sensors embedded into the
stator.

Most BLDC motors have three Hall sensors embedded
into the stator on the non-driving end of the motor.

Whenever the rotor magnetic poles pass near the Hall
sensors, they give a high or low signal, indicating the N
or S pole is passing near the sensors. Based on the
combination of these three Hall sensor signals, the
exact sequence of commutation can be determined.

DS00885A-page 4
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FIGURE 5:

BLDC MOTOR TRANSVERSE SECTION

Hall Sensors
Accessory Shaft “:

Hall Sensor Magnets

Stator Windings

Rotor Magnet S

Driving End of the Shaft

Figure 5 shows a transverse section of a BLDC motor
with a rotor that has alternate N and S permanent mag-
nets. Hall sensors are embedded into the stationary part
of the motor. Embedding the Hall sensors into the stator
is a complex process because any misalignment in
these Hall sensors, with respect to the rotor magnets,
will generate an eror in determination of the rotor posi-
tion. To simplify the process of mounting the Hall
sensors onto the stator, some motors may have the Hall
sensor magnets on the rotor, in addition to the main rotor
magnets. These are a scaled down replica version of the

rotor. Therefore, whenever the rotor rotates, the Hall

sensor magnets give the same effect as the main mag-
nets. The Hall sensors are normally mounted on a PC
board and fixed to the enclosure cap on the non-driving
end. This enables users to adjust the complete assem-
bly of Hall sensors, to align with the rotor magnets, in
order to achieve the best performance.

Based on the physical position of the Hall sensors,
there are two versions of output. The Hall sensors may
be at 60° or 120° phase shift to each other. Based on
this, the motor manufacturer defines the commutation
sequence, which should be followed when controlling
the motor.

a equired on the controlle

See the “Commutation Sequence” section for an
example of Hall sensor signals and further details on
the sequence of commutation.

Theory of Operation

Each commutation sequence has one of the windings
energized to positive power (current enters into the
winding), the second winding is negative (current exits
the winding) and the third is in a non-energized condi-
tion. Torque is produced because of the interaction
between the magnetic field generated by the stator
coils and the permanent magnets. Ideally, the peak
torque occurs when these two fields are at 90° to each
otherand falls off as the fields move together. In order
to keep the motor running, the magnetic field produced
by the windings should shift position, as the rotor
moves to catch up with the stator field. What is known
as “Six-Step Commutation”™ defines the sequence of
energizing the windings. See the “Commutation
Sequence” section for detailed information and an
example on six-step commutation.

® 2003 Microchip Technology Inc.
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TORQUE/SPEED CHARACTERISTICS

Figure 6 shows an example of torque/speed character-
istics. There are two torque parameters used to define
a BLDC motor, peak torque (TP) and rated torque (TR).
(Refer to Appendix A: “Typical Motor Technical
Specification” for a complete list of parameters.) Dur-
ing continuous operations, the motor can be loaded up
to the rated torque. As discussed earlier, in a BLDC
motor, the torque remains constant for a speed range
up to the rated speed. The motor can be run up to the
maximum speed, which can be up to 150% of the rated
speed, but the torque starts dropping.

FIGURE 6:

Applications that have frequent starts and stops and
frequent reversals of rotation with load on the motor,
demand more torque than the rated torque. This
requirement comes for a brief period, especially when
the motor starts from a standstill and during accelera-
tion. During this period, extra torque is required to over-
come the inertia of the load and the rotor itself. The
motor can deliver a higher torque, maximum up to peak
torque, as long as it follows the speed torque curve.
Refer to the “Selecting a Suitable Motor Rating for
the Application” section to understand how to select
these parameters for an application.

TORQUE/SPEED CHARACTERISTICS

Peak Torque
TP

Torque

Rated Torque
TR

Speed ————»

Maximum

1
Rated Speed ‘Speed
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COMPARING BLDC MOTORS TO
OTHER MOTOR TYPES

Compared to brushed DC motors and induction
motors, BLDC motors have many advantages and few
disadvantages. Brushless motors require less mainte-
nance, so they have a longer life compared with
brushed DC motors. BLDC motors produce more out-
put power per frame size than brushed DC motors and
induction motors. Because the rotor is made of perma-
nent magnets, the rotor inertia is less, compared with
other types of motors. This improves acceleration and

cycles. Their linear speed/torque characteristics pro-
duce predictable speed regulation. With brushless
motors, brush inspection is eliminated, making them
ideal for limited access areas and applications where
servicing is difficult. BLDC motors operate much more
quietly than brushed DC motors, reducing
Electromagnetic Interference (EMI). Low-voltage
models are ideal for battery operation, portable
equipment or medical applications.

Table 1 summarizes the comparison between a BLDC
motor and a brushed DC motor. Table 2 compares a
BLDC motor to an induction motor.

deceleration characteristics,

shortening operating

TABLE 1: COMPARING A BLDC MOTOR TO A BRUSHED DC MOTOR
Feature BLDC Motor Brushed DC Motor

Commutation Electronic commutation based on Hall position sensors.|Brushed commutation.

Maintenance Less required due to absence of brushes. Periodic maintenance is required.

Life Longer. Shorter.

Speed/Torque Flat— Enables operation at all speeds with rated load.|Moderately fiat — At higher speeds, brush friction

Characteristics increases, thus reducing useful torque.

Efficiency High — No voltage drop across brushes. Moderate.

Output Power/ High — Reduced size due to superior thermal Moderate/Low — The heat produced by the armature

Frame Size characteristics. Because BLDC has the windings on [is dissipated in the air gap, thus increasing the
the stator, which is connected to the case, the heat  |temperature in the air gap and limiting specs on the
dissipation is better. output power/frame size.

Rotor Inertia Low, because it has permanent magnets on the rotor. |Higher rotor inertia which limits the dynamic
This improves the dynamic response. characteristics.

Speed Range Higher — No mechanical limitation imposed by Lower — Mechanical limitations by the brushes.
brushes/commutator.

Electric Noise Low. Arcs in the brushes will generate noise causing EMI

Generation in the equipment nearby.

Cost of Building

Higher — Since it has permanent magnets, building
costs are higher.

Low.

Control

Complex and expensive.

Simple and inexpensive.

Control Requirements

A controller is always required to keep the motor
running. The same controller can be used for variable
speed control.

No controller is required for fixed speed; a controller
is required only if variable speed is desired.

TABLE 2: COMPARING A BLDC MOTOR TO AN INDUCTION MOTOR

Features BLDC Motors AC Induction Motors
Speed/Torque Flat — Enables operation at all speeds with Nonlinear — Lower torque at lower speeds.
Characteristics rated load.
Output Power/ High - Since it has permanent magnets on the rotor, | Moderate — Since both stator and rotor have windings,
Frame Size smaller size can be achieved for a given output power. |the output power to size is lower than BLDC.
Rotor Inertia Low — Better dynamic characteristics. High — Poor dynamic characteristics.

Starting Current

Rated — No special starter circuit required.

Approximately up to seven times of rated — Starter
circuit rating should be carefully selected. Normally
uses a Star-Delta starter.

Control Requirements

A controller is always required to keep the motor
running. The same controller can be used for variable
speed control.

No controller is required for fixed speed; a controller
is required only if variable speed is desired.

Slip

No slip is experienced between stator and rotor
frequencies.

The rotor runs at a lower frequency than stator by
slip frequency and slip increases with load on the
motor.

® 2003 Microchip Technology Inc.
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COMMUTATION SEQUENCE

Figure 7 shows an example of Hall sensor signals with
respect to back EMF and the phase current. Figure 8
shows the switching sequence that should be followed
with respect to the Hall sensors. The sequence numbers
on Figure 7 corespond to the numbers given in Figure 8.

Every 60 electrical degrees of rotation, one of the Hall
sensors changes the state. Given this, it takes six steps
to complete an electrical cycle. In synchronous, with
every 60 electrical degrees, the phase cumrent switch-
ing should be updated. However, one electrical cycle
may not correspond to a complete mechanical revolu-
tion of the rotor. The number of electrical cycles to be
repeated to complete a mechanical rotation is deter-
mined by the rotor pole pairs. For each rotor pole pairs,
one electrical cycle is completed. So, the number of
electrical cycles/rotations equals the rotor pole pairs.

Figure 9 shows a block diagram of the controller used
to control a BLDC motor. Q0 to Q5 are the power
switches controlled by the PIC18FXX31 micro-
controller. Based on the motor voltage and current
ratings, these switches can be MOSFETs, or IGBTSs, or
simple bipolar transistors.

Table 3 and Table 4 show the sequence in which these
power switches should be switched based on the Hall
sensor inputs, A, B and C. Table 3 is for clockwise rota-
tion of the motor and Table 4 is for counter clockwise
motor rotation. This is an example of Hall sensor sig-
nals having a 60 degree phase shift with respect to
each other. As we have previously discussed in the
“Hall Sensors” section, the Hall sensors may be at
60° or 120° phase shift to each other. When deriving a
controller for a particular motor, the sequence defined
by the motor manufacturer should be followed.

Referring to Figure 9, if the signals marked by PWMx
are switched ON or OFF according to the sequence,
the motor will run at the rated speed. This is assuming
that the DC bus voltage is equal to the motor rated volt-
age, plus any losses across the switches. To vary the
speed, these signals should be Pulse Width Modulated
(PWM) at a much higher frequency than the motor fre-
quency. As a rule of thumb, the PWM frequency should
be at least 10 times that of the maximum frequency of
the motor. When the duty cycle of PWM is varied within
the sequences, the average voltage supplied to the sta-
tor reduces, thus reducing the speed. Another advan-
tage of having PWM is that, if the DC bus voltage is
much higher than the motor rated voltage, the motor
can be controlled by limiting the percentage of PWM
duty cycle corresponding to that of the motor rated volt-
age. This adds flexibility to the controller to hook up
motors with different rated voltages and match the
average voltage output by the controller, to the motor
rated voltage, by controlling the PWM duty cycle.

There are different approaches of controls. If the PWM
signals are limited in the microcontroller, the upper
switches can be turned on for the entire time during the
corresponding sequence and the corresponding lower
switch can be controlled by the required duty cycle on
PWM.

The potentiometer, connected o the analog-fo-digital
converter channel in Figure 9, is for setting a speed
reference. Based on this input voltage, the PWM duty
cycle should be calculated.

Closed-Loop Control

The speed can be controlled in a closed loop by
measuring the actual speed of the motor. The error in
the set speed and actual speed is calculated. A Propor-
tional plus Integral plus Derivative (P.I.D.) controller
can be used to amplify the speed emor and dynamically
adjust the PWM duty cycle.

For low-cost, low-resolution speed requirements, the
Hall signals can be used to measure the speed feed-
back. A timer from the PIC18FXX31 can be used to
count between two Hall transitions. With this count, the
actual speed of the motor can be calculated.

For high-resolution speed measurements, an optical
encoder can be fitted onto the motor, which gives two
signals with 90 degrees phase difference. Using these
signals, both speed and direction of rotation can be
determined. Also, most of the encoders give a third
index signal, which is one pulse per revolution. This
can be used for positioning applications. Optical encod-
ers are available with different choices of Pulse Per
Revolution (PPR), ranging from hundreds to
thousands.

DS00885A-page 8
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HALL SENSOR SIGNAL, BACK EMF, OUTPUT TORQUE AND PHASE CURRENT

FIGURE 7:
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FIGURE 8: WINDING ENERGIZING SEQUENCE WITH RESPECT TO THE HALL SENSOR
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FIGURE 9: CONTROL BLOCK DIAGRAM
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TABLE 3: SEQUENCE FOR ROTATING THE MOTOR IN CLOCKWISE DIRECTION WHEN
VIEWED FROM NON-DRIVING END

Seqt;ence Hall Sensor Input v\ b Phase Current

A B Cc A B c
1 0 0 1 PWM1(Q1) [PWM4(Q4)| DC+ Off De-
2 0 0 0 PWM1(Q1) | PWM2(Q2) DC+ DC- Off
3 1 0 0 PWM5(Q5) [ PWM2(Q2) Off DC- DC+
4 1 1 0 PWM5(Q5) | PwMo(@o) | - DC- off DC+
5 1 1 1 PWM3(Q3) | PWMO(QO0) DC- DC+ Off
6 0 1 1 PWM3(Q3) | PWM4(Q4) Off DC+ DC-

TABLE 4: SEQUENCE FOR ROTATING THE MOTOR IN COUNTER-CLOCKWISE DIRECTION
WHEN VIEWED FROM NON-DRIVING END

Seqt:’ence Hall Sensor Input AN A Phase Current

A B c A B c
1 0 1 1 PWMS5(Q5) | PWM2(Q2) Off DC- DC+
2 1 1 1 PWM1(Q1) | PWM2(Q2) DC+ DC- Off
3 1 1 0 PWM1(Q1) | PWM4(Q4) DC+ Off DC-
4 1 0 0 PWM3(Q3) | PWM4(Q4) Off DC+ DC-
5 0 0 0 PWM3(Q3) | PWMO(QO0) DC- DC+ Off
6 0 0 1 PWMS5(Q5) | PWMO(QO) DC- Off DC+

© 2003 Microchip Technology Inc. DS00885A-page 11
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WHAT IS BACK EMF?

When a BLDC motor rotates, each winding generates
a voltage known as back Electromotive Force or back
EMF, which opposes the main voltage supplied to the
windings according fo Lenz's Law. The polarity of this
back EMF is in opposite direction of the energized
voltage. Back EMF depends mainly on three factors:

* Angular velocity of the rotor

* Magnetic field generated by rotor magnets

* The number of fums in the stator windings

EQUATION 1:
Back EMF = (E) «< NIrB®

where:

N is the number of winding turns per phase,
lis the length of the rotor,

r is the intemal radius of the rotor,

B is the rotor magnetic field density and

@ is the motor’s angular velocity

Once the motor is designed, the rotor magnetic field
and the number of turns in the stator windings remain
constant. The only factor that governs back EMF is the
angular velocity or speed of the rotor and as the speed
increases, back EMF also increases. The motor
technical specification gives a parameter called, back
EMF constant (refer to Appendix A: “Typical Motor
Technical Specification™), that can be used to
estimate back EMF for a given speed.

The potential difference across a winding can be
calculated by subtracting the back EMF value from the
supply voltage. The motors are designed with a back
EMF constant in such a way that when the motor is run-
ning at the rated speed, the potential difference
between the back EMF and the supply voltage will be
sufficient for the motor to draw the rated current and
deliver the rated torque. If the motor is driven beyond
the rated speed, back EMF may increase substantially,
thus decreasing the potential difference across the
winding, reducing the current drawn which results in a
drooping forque curve. The last point on the speed
curve would be when the supply voltage is equal to the
sum of the back EMF and the losses in the motor,
where the current and torque are equal to zero.

DS00885A-pags 12
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Sensoriess Control of BLDC Motors

Until now we have seen commutation based on the
rotor position given by the Hall sensor. BLDC motors
can be commutated by monitoring the back EMF sig-
nals instead of the Hall sensors. The relationship
between the Hall sensors and back EMF, with respect
to the phase voltage, is shown in Figure 7. As we have
seen in earlier sections, every commutation sequence
has one of the windings energized positive, the second
negative and the third left open. As shown in Figure 7,
the Hall sensor signal changes the state when the volt-
age polarity of back EMF crosses from a positive to
negative or from negative to positive. In ideal cases,
this happens on zero-crossing of back EMF, but
practically, there will be a delay due to the winding char-
acteristics. This delay should be compensated by the
microcontroller. Figure 10 shows a block diagram for
sensoriess control of a BLDC motor.

Another aspect to be considered is very low speeds.
Because back EMF is proportional to the speed of rota-
tion, at a very low speed, the back EMF would be at a
very low amplitude to detect zero-crossing. The motor
has to be started in open loop, from standstill and when
sufficient back EMF is built to detect the zero-cross
point, the control should be shifted to the back EMF
sensing. The minimum speed at which back EMF can
be sensed is calculated from the back EMF constant of
the motor.

With this method of commutation, the Hall sensors can
be eliminated and in some motors, the magnets for Hall
sensors also can be eliminated. This simplifies the
motor construction and reduces the cost as well. This
is advantageous if the motor is operating in dusty or oily
environments, where occasional cleaning is required in
order for the Hall sensors to sense properly. The same
thing applies if the motor is mounted in a less
accessible location.

FIGURE 10: BLOCK DIAGRAM OF SENSORLESS CONTROL
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RUN/
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e PWM3
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FWD/REV PWM1 Inverter Bridge
AN |
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Back EMF
Zero-Cross

Detect Circuit
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SELECTING A SUITABLE MOTOR
RATING FOR THE APPLICATION

Selecting the right type of motor for the given
application is very important. Based on the load char-
acteristics, the motor must be selected with the proper
rating. Three parameters govern the motor selection for
the given application. They are:

« Peak torque required for the application
* RMS torque required
< The operating speed range

Peak Torque (TP) Requirement

The peak, or maximum torque required for the applica-
tion, can be calculated by summing the load torque
(TL), torque due to inertia (TJ) and the torque required
to overcome the friction (TF).

There are other factors which will contribute to the
overall peak forque requirements. For example, the
windage loss which is contributed by the resistance
offered by the air in the air gap. These factors are com-
plicated to account for. Therefore, a 20% safety margin
is given as a rule of thumb when calculating the torque.

EQUATION 2:
< Upi= (TLF BT} W12

The torque due to inertia (TJ) is the torque required to
accelerate the load from standstill or from a lower
speed to a higher speed. This can be calculated by tak-
ing the product of load inertia, including the rotor inertia
and load acceleration.

EQUATION 3:

TrI=sJt+M*o
where:
JL+ M is the sum of the load and rotor inertia and

« is the required acceleration

The mechanical system coupled o the motor shaft
determines the load torque and the frictional torque.

RMS Torque Requirement (TRMS)

The Root Mean Square (RMS) torque can be roughly
translated to the average continuous torque required
for the application. This depends upon many factors.
The peak torque (TP), load torque (TL), torque due to
inertia (Tu), frictional torque (TF) and acceleration,
deceleration and run times.

The following equation gives the RMS torque required
for a typical application where Ta is the acceleration
time, TR is the run time and To is the deceleration time,

EQUATION 4:

Trms =V [{Tp? TA + (TL + TE)? TR +
(Ty=TL - TF)? TD}/(TA + TR + TD)]

Speed Range

This is the motor speed required to drive the application
and is determined by the type of application. For exam-
ple, an application like a blower where the speed vari-
ation is not very frequent and the maximum speed of
the blower can be the average motor speed required.
Whereas in the case of a point-to-point positioning sys-
tem, like in a high-precision conveyer belt movement or
robotic arm movements, this would require a motor with
arated operating speed higher than the average move-
ment speed. The higher operating speed can be
accounted for the components of the trapezoidal speed
curve, resulting in an average speed equal to the
movement speed. The trapezoidal curve is shown in
Figure 11.

Itis always suggested to allow a safety margin of 10%,

as a rule of thumb, to account for miscellaneous factors
which are beyond our calculations.

S0
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FIGURE 11: TRAPEZOIDAL SPEED CURVE
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TYPICAL BLDC MOTOR
APPLICATIONS

BLDC motors find applications in every segment of the
market. Automotive, appliance, industrial controls,
automation, aviation and so on, have applications for
BLDC motors. Out of these, we can categorize the type
of BLDC motor control into three major types:

* Constant load
« Varying loads
= Positioning applications

Applications With Constant Loads

These are the types of applications where a variable
speed is more important than keeping the accuracy of
the speed at a set speed. In addition, the acceleration
and deceleration rates are not dynamically changing: In
these types of applications, the load is directly coupled
to the motor shaft. For example, fans, pumps and
blowers come under these types of applications. These
applications demand low-cost controllers, mostly
operating in open-loop.

Applications With Varying Loads

These are the types of applications where the load on
the motor varies over a speed range. These applica-
tions may demand a high-speed control accuracy and
good dynamic responses. In home appliances, wash-
ers, dryers and compressors are good examples. In
automotive, fuel pump control, electronic steering con-
trol, engine control and electric vehicle control are good
examples of these, In aerospace, there are a number
of applications, like centrifuges, pumps, robotic arm
controls, gyroscope controls and so on. These
applications may use speed feedback devices and may
run in semi-closed loop or in total closed loop. These
applications use advanced control algorithms, thus
complicating the controller. Also, this increases the
price of the complete system,

Positioning Applications

Most of the industrial and automation types of applica-
tion come under this category. The applications in this
category have some kind of power transmission, which
could be mechanical gears or timer belts, or a simple
belt driven system. In these applications, the dynamic
response of speed and torque are important. Also,
these applications may have frequent reversal of rota-
tion direction. A typical cycle will have an accelerating
phase, a constant speed phase and a deceleration and
positioning phase, as shown in Figure 11. The load on
the motor may vary during all of these phases, causing
the controller to be complex. These systems mostly
operate in closed loop. There could be three control
loops functioning simultaneously: Torque Control Loop,
Speed Control Loop and Position Control Loop. Optical
encoder or synchronous resolvers are used for
measuring the actual speed of the motor. In some
cases, the same sensors are used to get relative posi-
tion information. Otherwise, separate position sensors
may be used to get absolute positions. Computer
Numeric Controlled (CNC) machines are a good
example of this. Process controls, machinery controls
and conveyer controls have plenty of applications in
this category.

SUMMARY

In_conclusion, BLDG motors have advantages over
brushed DC motors and induction motors. They have
better speed versus torque characteristics, high
dynamic response, high efficiency, long operating life,
noiseless operation, higher speed ranges, rugged con-
struction and so on. Also, torque delivered to the motor
size is higher, making it useful in applications where
space and welght are critical factors. With these advan-
tages, BLDC motors find wide spread applications in
automotive, appliance, aerospace, consumer, medical,
instrumentation and automation industries.

92
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APPENDIX A: TYPICAL MOTOR
TECHNICAL
SPECIFICATION

The following table shows a few of the parameters that
can be found in the technical specification of a motor and
explains how each parameter is useful o the application.
In addition, a physical name plate can usually be found
on a motor that lists many of the same parameters.

TABLE A-1: TYPICAL MOTOR TECHNICAL SPECIFICATION PARAMETERS
Electrical Typical . ;.
Peitsineler Symbol Unit Definition

Reference Voltage \% Volts This is the rated terminal voltage.

Rated Current Ir Amps Current drawn by the motor when it delivers the rated torque.

Peak Current (stall) Ipk Amps This is the maximum current allowed to be drawn by the motor.

No Load Current INL Amps Current drawn by the motor when there is no load on the motor shaft.

Back EMF Constant Ke V/RPM or Using this parameter, back EMF can be estimated for a

Viradfs given speed.

Resistance R Ohms Resistance of each stator winding.

Inductance L mH Winding inductance. This, along with resistance, can be used to
determine the total impedance of the winding to calculate the
electrical time constant of the motor.

Motor Constant Km Oz-inNW or | This gives the ratio of torque to the power.

NMINW
Electrical Time Constant 1E ms Calculated based on the R and L of the windings.
Mechanical Parameter Jypicyl Unit Definition
Symbol
Speed N RPM orrad/s |Rated speed of the motor.
Continuous Torque Tc Oz-in or This is the torque available on the shaft for the given speed range.
N-M

Peak Torque or Stall Tpk Oz-in or This is the maximum torque that motor can deliver for a short duration

Torque N-M of time. This torque may not be available for all the speed ranges.

Torque Constant Kt Oz-in/A or This is the torque produced for every ampere of current drawn by

N-M/A the motor. Since the torque varies linear with current, this
parameter can be used to interpolate the torque delivered for a
given current and vice versa.

Friction Torque TF Oz-in or This is the torque loss due to friction which includes mainly the

N-M bearing friction.

Rotor Inertia IM Oz-in-s%/N-M-s? | Rotor mament of inertia. This is useful to determine the
acceleration and deceleration rates, the dynamic response of the
system and to calculate the mechanical time constant of the rotor.

Viscous Damping D Oz-in/RPM or

N-M-s

Damping Constant Ko Oz-in/RPM or

N-M-s

Temperature T °For°C Operating ambient temperature.

Maximum Winding Bmax °For°C Maximum allowed winding temperature. If the winding temperature

Temperature exceeds this limit, winding leakage current may increase or there
are chances of winding breakdown.

Thermal Impedance RTH °FIW or °C/W | This is the thermal impedance posed by the motor to the ambient.

Thermal Time Constant tTH min Time constant based on the themmal impedance. A motor with a heat
sink will have a higher time constant than a motor without a heat sink.

© 2003 Microchip Technology Inc.
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APPENDIX B: GLOSSARY

Air Gap

Uniform gap between the stator and rotor.

Angular Velocity
Velocity in radians (27 x frequency).

Asynchronous Motor

Type of motor in which the flux, generated by the stator
and rotor, have different frequencies.

EMF

Electromotive Force. The potential generated by a cur-
rent carrying conductor when it is exposed to magnetic
field. EMF is measured in volts.

IGBT

Insulated Gate Bipolar Transistor.

Lenz’s Law

The Electromotive Force (EMF), induced in a conduc-
tor moving perpendicular to a magnetic field, tends o
oppose that motion.

MOSFET
Metal Oxide Silicon Field Effect Transistor.

Rated Speed

Speed specified on the name plate of a motor.

Rotor
Rotating part of the motor.

Slip Speed

Defined by the corresponding frequency difference
between the stator and rotor magnetic fields (applies
only to induction motors).

Stator

Stationary part of the motor.

Synchronous Motor

Type of motor in which the flux generated by the stator
and rotor have the same frequencies. The phase may
be shifted.

Synchronous Speed

Speed of the motor comresponding to the rated
frequency.

Torque

Rotating force in Newton-Meters or Pound-Inches.

DS00885A-page 18
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Sensored BLDC Motor Control Using dsPIC30F2010

Author:  Stan D'Souza
Microchip Technology

INTRODUCTION

The dsPIC30F2010 is a 28-pin 16-bit MCU specifically
designed for embedded motor control applications. AC
Induction Motors (ACIM), Brushless DC (BLDC) and
DC are some typical motor types for which the
dsPIC30F2010 has been specifically designed. Some
of the key features on the dsPIC30F2010 are:

* 6 independent or 3 complementary pairs of
dedicated Motor Control PWM outputs,

= 6 input, 500Ksps ADC with up to 4 simultaneous
sampling cagability,

« Multiple serial communications: UART, I2C™ and

SPI

Small package: 6 x 6 mm QFN for embedded

control applications

o DSP engine for fast response in control loops.

In this application note we discuss how the
dsPIC30F2010 is used to control a sensored BLDC
motor. Please refer to AN901 for cztails on how BLDC
motors operate and general information on what needs
to be done to run and control BLDC motors. This
application note discusses the specific implementation
using the dsPIC30F2010. It touches only briefly on
BLDC motor detzils

°

BLDC MOTORS

BLDC motors are basically inside-out DC motors. In a
DC motor the stator is a permanent magnet. The rotor
has the windings, which are excited with a current. The
current in the rotor is reversed to create a rotating or
moving electric field by means of a split commutator
and brushes. On the other hand, in a BLDC motor the
windings are on the stator and the rotor is a permanent
magnet. Hence the term inside-out DC motor.

To make the rotor turn, there must be a rotating slectric
field. Typically a three-phase BLDC motor has three
stator phases that are excited two at a time to create a
rotating electric field. This method is fairly easy to
implement, but to prevent the permanent magnet rotor
from getting locked with the stator, the excitation on the
stator must be sequenced in a specific manner while
knowing the exact position of the rotor magnets.
Position information can be gotten by either a shaft

©® 2004 Microchip Technology Inc.

encoder or, more often, by Hall effect sensors that
detect the rotor magnet position. For a typical three-
phase, sensored BLDC motor there are six distinct
regions or sectors in which two specific windings are
excited. These are as shown in Figure 1.

FIGURE 1: BLDC COMMUTATION
DIAGRAM
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By reading the Hall effect sensors, a 3-bit code can be
obtained with values ranging from 1 to 6. Each code
value represents a sector on which the rotor is
presently located. Each code value, therefore, gives us
information on which windings need to be excited. Thus
a simple lookup table can be used by the program to
determine which two specific windings to excite and,
thus, tumn the rotor.

MNote that state ‘0" and ‘7' are invalid states for Hall
effect sensors. Software should check for these values
and appropriately disable the PWM.

Change Notification Inputs

Taking this technique a step further, the Hall effect
sensors can be connected to dsPIC30F2010 inputs
that detect a change (Change Notification (CN) Inputs).
An input change on these pins generates an interrupt.
in the CN Interrupt Service Routine (ISR) the user
application program reads the Hall effect sensor value
and uses it to generate an offset in the lookup table for
driving the windings of the BLDC motor.

DS00957A-page 1
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MOTOR CONTROL PULSE WIDTH
MODULATION (MCPWM)

Using the above method, you can get full speed
rotation of the BLDC motor. However, to get variable
speed of the BLDC motor, you must apply a variable
voltage to the terminals of the windings. Putting this in
digital terms, the variable voltage can be obtained by
different duty cycles of a PWM signal going to the
windings of the BLDC motor.

The dsPIC30F2010 has six PWM outputs that can be
driven with the PWM signal. As shown in Figure 2, the
three windings can be driven ON High, driven ON Low
or not driven at all by using six switches, IGBTs or
MOSFETs. When one leg of the winding is connected
for example, to the high side, the variable duty cycle
signal PWM can be injected on the low side driver. This
has the same effect as having a PWM signal on the
high side and connecting the low side to Vss or GND.
When driving the PWM signal, low side drivers are
preferred over high side drivers.

FIGURE 2: BEMF SENSING
HARDWARE EXAMPLE
CZ - v
O-

8

PWM is provided by the dsPIC30F2010's dedicated
Motor Control (MC) PWM. The MCPWM module has
been designed specifically for motor control
applications. (Please refer to Figure 3 as you follow this
discussion of the MCPWM module.)

The MCPWM has a dedicated 16-bit PTMR time base
register. This timer is incremented by a user defined
clock tick, which can be as low as Tcy. The user also
decides the period required for the PWM by selecting a
value and loading it in the PTPER registers. The PTMR
is compared to the PTPER value at every Tcy. When
there is a match, a new period is started.

The duty cycle is controlled similarly, by loading a value
in the three duty cycle registers. Unlike the period com-
pare, the value in the duty cycle register is compared at
every TCY/2 interval (i.e., twice as fast as the period
compare). If there is 2 match between the PTMR value
and the PDCx value, then the corresponding duty cycle
output is driven low or high as dictated by the PWM
mode selected. The three outputs from the duty cycle
compare are channeled to a complementary output
pair where one output is high while the other is low, and
vice versa. The two outputs can also be configured as
independent outputs. When driven as complementary
outputs, a dead time can be inserted between the time
the high level goes low and the low level goes high.
This dead time is hardware configured and has a
minimum value of Tcy. Dead fime insertion prevents
inadvertent shoot-thru in output drivers.

DS00957A-page 2
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FIGURE 3:

PWM BLOCK DIAGRAM
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Note: Details of PWM Generator #1 and #2 not shown for clarity.
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There are several modes in which the MCPWM module
can be configured. Edge aligned output is probably the
most common mode. Figure 4 depicts the operation of
an edge aligned PWM. At the start of the period, the
outputs are all driven high. As the PTMR increments, a
match with the duty cyde registers causes the cormre-
sponding duty cycle output to go low thereby marking
the end of the duty cyde. The PTMR match with
PTPER register caused a new period to start and all
outputs go high to start a whole new cycle.

FIGURE 4: EDGE-ALIGNED PWM

New duty cycle loaded from PDCx

The other modes that the MCPWM can be set up for
are center-aligned PWM and single-shot PWM. These
modes are not discussed here because they were not
used for controlling the BLDC motor. For details on
these modes, please refer to the dsPIC30F Family
Reference Manual (DS70046).

The important feature of the MCPWM used in this
application is the Override Control. The Override
Control is the last stage of the MCPWM modute. It
allows the user to direclly write to the OVDCON
register and control the output pins. The OVDCON reg-
ister has two 6 bit fields in it. Each of the six bit fields
corresponds to an output pin. The high byte portion of
the OVDCON register, determines if the corresponding
output pin is driven by a PWM signal (when set to 1) or
(when set to 0) driven Active/Inactive by the corre-
sponding bit field in the low byte portion of the
OVDCON register. This feature allows the user to have
PWM signals available, but not driving, at all output
stages of the pins. For BLDC motors, the same value is
written to all PDCx registers.

Depending on the value in the OVDCON register, the
user can select which pin gets the PWM signal and
which pin is driven active or inactive. When controlling
the BLDC sensored motor it is necessary to excite two
winding pairs depending on where the rotor is located
and dictated by the value of the hall sensors. In the CN
Interrupt Service routine the hall sensors are read and
then the value of the sensors is used as an offset in a
lookup table which corresponds to the value which will
be loaded in the OVDCON register. Table 1 and
Figure 5 show how different values are loaded in the
OVDCON register depending on which sector the rotor
is located in and thereby which windings need to be
excited.

TABLE 1: PWM OUTPUT OVERRIDE
EXAMPLE
State OVDCON<15:8> OVDCON<T:0>
1 00000011b 00000000b
2 00110000b 00000000b
3 00111100b 00000000b
4 00001111b 00000000b
FIGURE 5: PWM OUTPUT OVERRIDE
EXAMPLE
" STATE

1 i | [ !
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Note: Switching times between states 1-4 are controlled
by user software. The state switch is controlled by
writing a new value to OVDCON. The PWM
outputs are operated in the independent mode for
this example.

DS00957A-page 4
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HARDWARE DESCRIPTION

The block diagram in Figure 6 depicts how the BLDC
motor is driven using a dsPIC30F2010. For a detailed
schematic pleasa refer to Appendix C.

FIGURE 6: HARDWARE BLOCK
DIAGRAM
P|C30F2010 BLDC
MOSFET
Drive O

Circuit

Hall Effect Sensor Feedback

The six MCPWM outputs are connected to three
MOSFET driver pairs (IR2101S), which in fum are
connected to six MOSFETs (IRFR2407). These
MOSFETs are connected in a three-phase bridge
format to the three BLDC motor windings. In the current
implementation, the maximum MOSFET voltage is 70
Volts, and the maximum MOSFET currentis 18 Amps.

It is important to note that adequate heat dissipation
must be provided if the maximum capabilities are being
used. MOSFET drivers also require a higher voltage
{15V) to operate, so ihis voltage level needs to be pro-
vided. The motor is a 24V BLDC motor so the DG+ to
DC- bus voltage is 24V. A regulated 5V is provided to
drive the dsPIC30F2010. The three Hall effect sensor
inputs are connected to input pins that have Change
Notification circuits associated with them. These inputs
are enabled along with their interrupt. If a change
occurs on any of these three pins, an interrupt is gen-
erated. To provide a speed demand, a potentiometer is
connected to an ADC input (RB2).

To start and stop the motor, a push button switch is
provided at RC14. To provide some current feedback to
the motor, a low value resistor (25 milliohms) is con-
nected between the DC- bus voltage and ground or
Vss. The voltage generated by this resistor is amplified
by an external op amp(MCP6002) and fed to an ADC
input (RB1).

FIRMWARE DESCRIPTION

Two firmware programs are included in Appendix A
and Appendix B fo illustrate the methods described in
the Application Note. One program uses open-loop
speed control. The other uses proportional and integral
feedback for closed loop speed control.

The open-loop method is generally not practical for
actual applications. It is included here primarily to
illustrate the BLDC motor drive methodology.

Open-Loop Control

in open-loop control, the MCPWM directly controls
motor speed based on the voltage input from the Speed
Pot. After initializing the MCPWM, ADC, Ports and the
Change Nofification inputs, the program waits for an
activation signal (e.g., a key press) to indicate a start
(see Figure 7). When the key is pressed, the Hall
sensors are read. Based on their value, a correspond-
ing value is retrieved from the table and written to the
OVDCON. At this point the motor starts spinning.

OPEN-LOOP FLOW

Initialize MCPWM, ADC &
Ports

|
Key Pressed?
Yes

Read Hall Effect Sensaors;
Load OVDCON with
TableLoState

FIGURE 7:

]

Demand Pot Read?

Load PDCx with
Demand Value

Key Pressed?

Yes
Stop MCPWM using OVD-
CON

|

© 2004 Microchip Technology Inc.
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At first the duty cycle value is held at a default 50%. On
the very next loop of main program, however, the
potentiometer is read and its value (i.e., the correct
demand value) is inserted as the duty cycle. This deter-
mines the speed of the motor. The higher the duty cycdle
value the faster the motor will spin. The speed is
controlled by the voltage control pot, as shown in
Figure 8.

FIGURE 8: OPEN VOLTS CONTROL
MODE
BLDC
gednt:g:d Motor
dsPIC®
%"—_* MCPWM o

The Hall effect sensors are connected to the Change
Notification Pin. The CN interrupt is enabled. As the
rotor spins, the position of the rotor magnet changes,
and the rotor enters a different sector. Each new posi-
tion is signaled by a CN Interrupt. In the CN Interrupt
routine, which is shown in Figure 9, the Hall effect
sensors are read and based on the value, a table
lookup value is got and written to the OVDCON
register. This action wiil insure that the correct windings
are excited in the right sector and the motor will
continue to spin.

FIGURE 9: CN INTERRUPT FLOW

I Read Hall Effect Sensors—l

{

l Get TableLoState Value ,

t
L Load OVDCON —,

For details on Phase Advance and how to implement,
please refer to AN901.

Phase Advance

Closed-Loop Controi

in the closed-loop control version of the firmware, the
main difference is that the pot is used for setting the
demand. The control loop provides Proportional and
Integral (Pl) control of the speed. To measure the
actual speed, TMR3 is used as a timer to gate a com-
plete electrical cycle. Since we are using a 10-pole
molor, five electrical cycles result in one mechanical
cycle. If T seconds is the time for one electrical cycle
then the speed S = 60/(P/2'T) rpm, where P is the
number of poles of the motor. The control is as shown
in Figure 10. A closed-loop control flow chart is shown
in Figure 11.

CLOSED VOLTS CONTROL
MODE

3 Speed PI dsPIC®
% "(?’—’ Canteoller [~>{ MCPWM —‘@
I
1
1

Calculated Motor Speed

FIGURE 10:

FIGURE 11: CLOSED-LOOP CONTROL

FLOW

l Initialize MCPWM, ADC ]

and Ports
I
Key Pressed?
Yes
Read Hall Effect Sensars;

Load OVDCON with
TableLoState

Actual Speed Read?
Yes

Calculate Proportional and
Integral Speed Errors *

Key Pressed?
Yes

I Stop MCPWM using

OVDCON

* PDCx = ip(Proportional Speed Error) + Ki{Integral Speed Ermor)

DS00957A-page 6
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CONCLUSION REFERENCES

The dsPIC30F2010 is well suited for closed-loop = ANBBS - Brushless DC (BLDC) Motor

control of a sensored BLDC motor. The peripherals and Fundamentals

DSP engine provide an excellent bandwidth for a = AN901 ~ Using the dsPIC30F for Sensorless
sensored BLDC applications with sufficient code space BLDC Control

available for the customer’s application program. + ANB57 — Brushless DC Motor Control Made Easy

* ANB89 - Brushless DC Motor Control Using
PIC18FXX31 MCUs

© 2004 Microchip Technology inc. DS00957A-page 7
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APPENDIX A: SOURCE CODE LISTING FOR OPEN-LOOP CONTROL
This appendix contains the source code listi

ot
: iith by’
: WARE Paé-é; S5 xg‘n ST
LA La al=is > M o .' .; Bl .’:J't_l'!_ g ey
LUDING, BUT-NOT LIM1 ESS FOR/A P2
OSEARPLYSTO THIS SORTW NCE
INCIDENTAL OR CONSEQUENT,

¥ Software License Agreement

// The software supplied herewith by Microchip Technology Incorporated

// (the “Company”) is intended and supplied to you, the Company’s customer,

// for use solely and exclusively with products manufacture by the Company.

// The software is owned by the Company and/or its supplier, and is protected under
// applicable copyright laws. All rights are reserved. Any use in violation of the

// foregoing restrictions may subject the user to criminal sanctions under applicable
// laws, as well as to civil liability for the breach of the terms and conditions of
// this license.

// THIS SOFTWARE IS PROVIDED IN AN “AS IS” CONDITION. NO WARRANTIES, WHETHER EXPRESS,
// IMPLIED OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF

// MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE.

// THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL OR
// CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

// File: ClosedLoopSenBLDC.c
// Written By:Stan D'Souza, Microchip Technology
// The following files should be included in the MPLAB project:

1/ ClosedLoopSenBLDC.c-- Main source code file
/! p30£2010.gld-- Linker script file

// Revision History

!
// 10/01/04 -- first version

Low side driver table is as below. In this StateLoTable,
the Low side driver is PWM while the high side driver is

either on or off. This table is used in this exercise
****t*i!’****t*tt*i*******ti’i’i**ttl’ttt!i*t*t**ti’t&iitt*tiiit!l’/

unsigned int StateLoTable[] = {0x0000, 0x0210, 0x2004, 0x0204,
0x0801, 0x0810, 0x2001, 0x0000};

/ttl’tﬂ**ttti!*t**tttt*i****itt*tt*i*tt!tt!*t*i'&tttti**iﬁ*tit*t***

Interrupt vector for Change Notification CNS, § and 7 is as below.

When a Hall sensor changes states, an interrupt will be caused

which will vector to the routine below.

The user has to then read the PORTB, mask bits 3, 4 and 5,

shift and adjust the value to read as 1, 2 ... 6. This

value is Lhen used as an offset in the lookup table StataLoTable

to determine the value loaded in the OCDCON register
ﬂfi’tiiit*****ttitl'l‘***t***ti*i*tt**tt**ttt*t*it&***tttt*itﬁi*****/

DS00957A-page 8 © 2004 Microchip Technology Inc.
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void _ISR _CNInterrupt (void)

IFSObits.CNIF = 0;

Hallvalue = PORTB & 0x0038;
Hallvalue = HallValue »>> 3;
OVDCON = StateLoTable[HallValue] ;

}

// clear flag
// mask RB3,4 & §
// shift right 3 times

/***ﬂ'*t*itit*"****ti’Qitiliiﬁ*it*t*ttiﬂﬁl'i?l‘**!‘!’ti*ﬁﬁ***ti*tt*l*****t*iﬁ'

The ADC interrupt loads the PDCx registers

with the demand pot walue.

This is only done when the motor is running.

!ttﬁi’****itt*******t**it!t****t**f*ﬁ&‘&#1)'k*ﬁ'*!‘1'*Wﬂﬁ@*ﬁttt**ﬁ*ﬂﬁ***itit/

void _ISR _ADCInterrupt (void)

IFSObits.ADIF = 0;

if (Flags.RunMotor)
PDC1 = ADCBUFO; /Y
PDC2 = PDC1; Wi
PDC3 = PDCL; 17
}

}

int main(void)

LATE = 0x0000;

TRISE = O0XFFCO; i’/

CNEN1 = 0x00EOQ; AL

CNPULl = 0x00E0; Y

IFSObits.CNIF = 0; /1

IECObits.CNIE = 1; /7

InitMCPWM() ;

InitADC10();

while (1)

{ while (182); 1/
while (s2) 1

DelayNmSec (10) ;

get value
and load all three PWMs
duty cycles

PWMs are outputs

CNS,6 and 7 enabled
enable internal pullups
clear CNIF

enable CN interrupt

wait for start key hit
wait till key is released

// read hall position sensors on PORTB

HallValue = PORTB & 0x0038; 1/

HallValue = HallValue >> 3; //
OVDCON = StateLoTable[HallValue); //
PWMCON1 = 0x0777; Wl
Flags.RunMotor = 1; ) 2

while (Flags.RunMotor) Vi

if (52) /7
PWMCON1 = 0x0700; V&'
OVDCON = 0x0000; //
Flags.RunMotor = 0; o
while (52) lid

DelayNmSec (10} ;

}
}  // end of while (1)

mask RB3,4 & &

shift right to get value 1, 2 ... 6
Load the overide control register
enable PWM outputs

set flag

while motor is running

if S2 is pressed

disable PWM outputs
overide PWM low.
reset run flag

wait for key release

© 2004 Microchip Technology Inc.

D500957A-page 9



AN957

106

/iit******tttttlﬁtt****ttti*iﬁ****it*tt&******ttt&&tﬁ****tt*tt******
Below is the code required to setup the ADC registers for
1. 1 channel conversion (in this case RB2/AN2)
2. PWM trigger starts conversion
3. Pot is connected to CHO and RB2
4. Manual Stop Sampling and start converting
5. Manual check of Conversion complete

ti**tt!****Rt***l**t**t*ﬁt***&***tttitl!ﬁ*&****!ti!ﬂ!ﬁﬁttt**t!*t**ﬁ**/

void InitADC10 (void)

ADPCFG = OXFFF8; // all PORTB = Digital;RBO to RB2 = analog
ADCON1 = 0x0064; // PWM starts conversion
ADCON2 = 0x0200; // simulataneous sample 4 channels
ADCHS = 0x0002; // Connect RB2/AN2 as CHO = pot

// chi=="Vbus, Ch?™= Motor, Ch3 = pot
ADCON3 = 0x0080; // Tad = internal RC (4us)

IFSObits.ADIF = 0;
IECObits.ADIE

n
=

ADCON1bits.ADON = 1; //-turn ADC ON

}

/*****i**Q***ttft*tt*******t*****t****ﬁt**ﬂﬁi*kﬂ*ﬁttti&**t****i**iﬁﬂ*

InitMCPWM, intializes the PWM as follows:

1. FPWM = 16000 hz

2. Independant PWMs

3. Control outputs using OVDCON

4. Set Duty Cycle with the ADC value read from pot
5. Set ADC to be triggered by PWM special trigger
*

*****tti****itittti*******tti*i****t*t*!Q&Q**ﬂt**itt****ttti***ti#ﬁt/

void InitMCPWM (void)

PTPER = FCY/FPWM - 1;

PWMCON1 = 0x0700; // disable PWMs

OVDCON = 0x0000; // allow control using OVD
PDC1 = 100; // init PWM 1, 2 and 3 to 100
PDC2 = 100;

PDC3 = 100;

SEVTCMP = PTPER;

PWMCON2 = 0x0F00; // 16 postscale values

PTCON = 0x8000; // start PWM

// This is a generic 1lms delay routine to give a ImS to 65.5 Seconds delay
// For N = 1 the delay is 1 mS, for N = 65535 the delay is 65,535 mS.

// Note that FCY is used in the computation. Please make the necessary

// Changes (PLLx4 or PLLx8 ete) to compute the right FCY as in the define
// statement above.

void DelayNmSec (unsigned int N)
unsigned int j;

while (N--)
for(j=0;1 < MILLISEC;i++);

DS00957A-page 10 © 2004 Microchip Technology Inc.
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APPENDIX B: SOURCE CODE LISTING FOR CLOSED LOOP CONTROL

This appendix contains the source code listing for closed loop control.

// Software License Agreement

s

// The software supplied herewith by Microchip Technology Incorporated

// (the “Company”) is intended and supplied to you, the Company'’s customer,

// for use solely and exclusively with products manufacture by the Company.

// The software is owned by the Company and/or its supplier, and is protected under
// applicable copyright laws. All rights are reserved. Any use in violation of the

// foregoing restrictions may subject the user to criminal sanctions under applicable
// laws, as well as to civil liability for the breach of the terms and conditions of
f// this icense.

// THIS SOFTWARE IS PROVIDED IN AN “AS IS" CONDITION. NO WARRANTIES, WHETHER EXPRESS,
// IMPLIED OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF

// MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE.

// THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL OR
// CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

i b A Bt T Y IpE I
// File: ClosedLoopSenBLDC.c

//

// Written By:Stan D'Souza, Microchip Technology

//

// The following files should be included in the MPLAB project:

1/

// ClosedLoopSenBLDC.c-- Main source code file

L p30£2010.gld-- Linker script file

!/

Jlommmmee e BB b QB I - MUNS 2 LA ARNAARAINA NN 2 NIV P
// Revision History

Fi

// 10/01/04 -- first version

D S L 1 NI e I 1 0

//t**t**I‘*t*tti&**i****tttttttt*ti’tﬁl\‘ﬁﬁ****i*itl‘i*tttii’t*i**‘*ﬁﬁ*****i****ﬁt*

ClosedLoopSenBLDC.c is a sensored Closed Loop Control for a BLDC motor.
The task consists of the following:

Sense changes in the Hall Sensors connected to CN5,6 & 7 (PortB)
During the CNInterrupt, read the sensors input by reading PortB

Mask and determine the state of the position 1, 2, ... 6.

Use the StateLoTable and the lookup table provided to determine the
Overload Control Register value. Set the OVDCON to this value.

The PWM is initialized to generate independant continuous PWMs.

The value of the Pot REF is used to determine the demand or desired

speed of the Motor. The desired speed value is then used with the

actual speed value to determine the Proportional Speed Error and the
Integral Speed Error. With these two values the new DutyCycle is determined
as: NewDutyCycle = Kp* (Portportional Speed Error) + Ki*(Integral Speed Error)
All 3 PWM Duty cycles are then loaded with the NewDutyCycloe 10-bit value.

The FPWM = 16000hz

The ADC is setup for a PWM trigger to start the conversion

*t**i**f**ttt**l’tl’t&**i’**ﬁ***tt*iﬁﬁ*iﬂ'tQﬁﬁQitﬂ'****t*tt*'*'**f*i*ii!kit'ﬂﬁ*fi’l’l’ttt/

© 2004 Microchip Technology Inc. DS00957A-page 11
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#define _ dsPIC30F2010
#include "c:\pic30_tools\support\h\p30F2010.h"

#define FCY 10000000// xtal = 5.0Mhz; PLLxS8
#define MILLISEC FCY/10000// 1 mSec delay constant
#define FPWM 16000

#idefine Kspl200

#define Ksilo

#define RPMConstant&0* (FCY/256)

#define S2!PORTCbits.RC14

void InitTMR3 (void);

void InitADC10 (void) ;

void AverageADC (void) ;

void DelayNmSec (unsigned int N);
void InitMCPWM(void) ;

void CalculateDC(void) ;

void GetSpeed(void);

struct {
unsigned RunMotor : 1;
unsigned Minus : 1;
unsigned unused : 14;:
}  Flags;

unsigned int HallValue;
int Speed;

unsigned int Timer3;
unsigned char Count;
unsigned char SpeedCount;
int DesiredSpeed;

int ActualSpeed;

int SpeedError;

int DutyCycle;

int SpeedIntegral;

//tttt**ttﬁ&t*it*tttt**ttttittitii*t***iﬂ***i*tt*tﬁ**k*ﬁ*tt't*t
Low side driver table is as below. In this StateLoTable,
the Low side driver is PWM while the high side driver is

either on or off. This table is used in this exercise
ﬁﬁﬁﬁ*t*t***ttttti**tt**tﬁ*****t*t*t*!‘“ﬁ**f*ti**ittit‘fﬁ******/

unsigned int StateLoTable(] = {0x0000, 0x1002, 0x0420, 0x0402,
0x0108, 0x1008, 0x0120, OxOOOO};

/*ﬁﬁﬁ*tt*ttttti**&t*ttttt*t*tt*tttiitt**&*t*****ttttiQi'!*********

Interrupt vector for Change Notification CNS, 6 and 7 is as below.

When a Hall sensor changes states, an interrupt will be caused which

will vector to the routine below.

The user has to then read the PORTB, mask bits 3, 4 and 5,

shift and adjust the value to read as 1, 2 ... 6. This

value is then used as an offset in the lookup table StateLoTable

to determine the value loaded in the OCDCON register
i***ti****t!’tﬁ‘t*ttttt***ttt*tttt*ﬁt****t****tttttit*&*ttt*t*tt*it/

DS00957A-page 12 © 2004 Microchip Technology inc.
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void _ISR _CNInterrupt (void)

{

IFSObits.CNIF = 0; // clear flag

Hallvalue = PORTB & 0x0038; // mask RB3,4 & 5

Hallvalue = HallvValue >> 3; // shift right 3 times

OVDCON = StateLoTable[HallValue];// Load the overide control register
}

/*ti*tti**t*t**ti*ittﬁt*it*t&t****tt*tﬁ'ﬂ\&*t*nﬁ'fitﬂ'i**t*tt*tii******tti
The ADC interrupt loads the DesiredSpeed variable with the demand pot
value. This is then used to determing the Speed error. When the motor
is not running, the PDC values use the direct Demand value from the pot.
*ttt*t‘:*t*tﬂ't*tt'&ﬁi'*t*t**tik&**i**tt*i******l\'&ﬁ*t!iitt*tttit!!t**t*ti/
void _ISR _ADCInterrupt (void)
(

IFSObits.ADIF = 0;

DesiredSpeed = ADCBUFO;

if (!Flags.RunMotor)

{

PDC1 = ADCBUFO0; // get value

PDC2 = PDCl; // and load all three PWMs
PDC3 = PDC1; // duty cycles

}

}

/******l—*tl'i'*itttﬁ**ti‘ttt*ﬁ'*ﬁ**i**tl’*‘*i\?****t*tl‘tt&****t*tt*&***i*t*tt*

The main routine controls the initialization, and the keypress to start

and stop the motor.
t*iit*&*&ﬁ-*ttt&iﬁti\'ﬂﬂtttttﬁt**itittt!tal'r*ﬁﬂ!ti'***!***itiitf**ﬁ*i*ti*t*ti/

int main(void)

{
LATE = 0x0000;
TRISE = 0xFFCO; // PWMs are outputs
CNEN1 = 0x00EOQ; // CN5,6 and 7 enabled
CNPUl = 0x00EOQ; // enable internal pullups
IFSObits.CNIF = 0; // clear CNIF
IECObits.CNIE = 1; // enable CN interrupt

SpeedError = 0;

SpeedIntegral = 0;

InitTMR3 () ;

InitMCPWM () ;

InitADC10() ;

while (1)

{
while (182); // wait for start key hit
while (S2) // wait till key is released

DelayNmSec (10) ;

// read hall position sensors on PORTB

Hallvalue = PORTB & 0x0038; // mask RB3,4 & 5
HallValue = HallValue >»> 3; // shift right to get value 1, 2 ... §
OVDCON = StateLoTable [HallvValue];// Load the overide control register
PWMCON1 = 0x0777; // enable PWM outputs
Flags.RunMotor = 1; // set flag
T3CON = 0xB8030; // start TMR3
while (Flags.RunMotor) // while motor is running
if (182) // if S2 is not pressed

© 2004 Microchlp Technology inc. DS00957A-page 13
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if (Hallvalue == 1)

{

Hallvalue =
if (++Count

{

Timer3
TMR3 =
Count =

OxFF;
5)

0;
0;

//IF in sector 1

// force a new value as a sector
// do this for 5 electrical revolutions or 1
// mechanical revolution for a 10 pole motor

TMR3;// read latest tmr3 value

GetSpeed() ;// determine spped

}

1

else

{
PWMCON1 =
OVDCON =

// else S2 is pressed to stop motor

0x0700;// disable PWM outputs
0x0000; // overide PWM low.

Flags.RunMotor = 0;// reset run flag
while (S2)// wait for key release

DelayNmSec(10) ;

}

}  // end of while (1)

)

/**ttttil’i'*titﬂ*-&ﬁ**-l'i.'kk"ti*t*tl’***ﬁ***i*'*ti*itﬁﬁ'*ﬁ*tii'titit**!il"

Below is the code required to setup the ADC registers for :
1. 1 channel conversion (in this case RB2/AN2)

e wWwn

PWM trigger starts conversion

Pot is connected to CHO and RB2

Manual Stop Sampling and start converting
Manual check of Conversion complete

i**t‘it*i***it**iti’ttttt*ﬁt**t*t*ttttil’!*&ﬁ***#t**ﬁﬁi*ttt&ﬂﬁ**ﬂ***tt*[

void InitADC10 (void)

{

ADPCFG = OxFFF8; //
ADCON1 = 0x0064; /!
ADCON2 = 0x0000; S
ADCHS = 0x0002; 1
ADCON3 = 0x0080; //
IFSObits.ADIF = 0; Va4
IECObits.ADIE = 1; bea
ADCON1bits.ADON = 1; //

all PORTB = Digital;RBO to RB2 =
PWM starts conversion

sample CHO channel

Connect RB2/AN2 as CHO = pot.
Tad = internal RC (4us)

clear flag

enable interrupt

analog

turn ADC ON

DS00957A-page 14
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/tttt*tt*t*iitt**ttiﬁtﬁ**ii**tt***i*ttii*t*tﬂii&*lti**t*ii**tﬁit**iii

InitMCPWM, intializes the PWM as follows:

1. FPWM = 16000 hz

2. Independant PWMs

3. Control outputs using OVDCON

4. Set Duty Cycle using PI algorithm and Speed Error
5. Set ADC to be triggered by PWM special trigger

*

**Q*t**ttiﬁti**'t*tﬁﬁ*&**itti*ttit*ﬁﬁtttt*itwtﬁ&t***i*t*i‘*****i*itt/

void InitMCPWM (void)

{

PTPER = FCY/FPWM - 1;

PWMCON1 = 0x0700; // disable PWMs

OVDCON = 0x0000; // allow control using OVD

PDC1 = 100; // init PWM 1, 2 and 3 to 100

PDC2 = 100;

PDC3 = 100;

SEVTCMP = PTPER; // special trigger is 16 period values
PWMCON2 = 0x0F00; // 16 postscale values

PTCON = 0x8000; // start PWM

}

/i*t***ﬁ*tii***tt*tt*&**tt*ﬂt*t*tl*****‘ﬁ**tt*#&Q***ti**i**********i**f**

Tmr3 is used to determine the speed so it is set to count using Tcy/256

*tt*RittkQ*t*ittt*t*iﬁ*titit*ttr*&*t*k*R*tti!*&**t*t*t*!tﬂ******ﬁii*tt*!i/

void InitTMR3 (void)

{
T3CON = 0x0030; // internal Tcy/256 clock
TMR3 = 0;
PR3 = 0x8000;

}

/ti*ti***ttiti**Qéi*t*tttt*i*******t*tfiﬁif**ﬂk**ﬁt*!ﬁ*tt*!ti**tt**l*ﬁ*i*

GetSpeed, determins the exact speed of the motor by using the value in

TMR3 for every mechanical cycle.
*ttt*t*iﬂ**tttttittfﬁt*t'*kit'it****ti**tttt*i&*'ttttt*ﬂﬁﬁ***t**t*t**tﬂ**/

void GetSpeed(void)

{

if (Timer3 > 23000) // 1if TMR3 is large ignore reading
return;

if (Timer3 > 0)
Speed = RPMConstant/(long)Timer3;// get speed in RPM

ActualSpeed += Speed;

ActualSpeed = ActualSpeed »>> 1;

if (++SpeedCount == 1)
{Speedcount = 0;CalculateDC() ;}
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/iﬁi***t**it&*l&ﬁ*tt**ltittiQﬁ***tt***iE*tﬁi**tttﬁ*t*itt*i*****ttttti***i*****

CalculateDC, uses the PI algorithm to calculate the new DutyCycle value which
will get loaded into the PDCx registers.

* &

***itl’itt&*t*tt't*‘kt*!tt*&i{*tlttt*it*&**tﬂ*&*#iita't!t******t*iittiiti*****/

void CalculateDC(void)

{

DesiredSpeed = DesiredSpeed+3;
Flags.Minus = 0;
if (ActualSpeed > DesiredSpeed)
SpeedError = ActualSpeed - DesiredSpeed;
else
{
SpeedError = DesiredSpeed - ActualSpeed;
Flags.Minus = 1;
}
SpeedIntegral += SpeedError;
if (SpeedIntegral > 9000)
SpeedIntegral = 0;
DutyCycle = (((long)Ksp* (long)SpeedError + (1ong) Ksi* (long) SpeedIntegral) »»> 12);
DesiredSpeed = DesiredSpeed/3;
if (Flags.Minus)
DutyCycle = DesiredSpeed + DutyCycle;
else DutyCycle = DesiredSpeed - DutyCycle;
if (DutyCycle < 100)
DutyCycle = 100;
if (DutyCycle > 1250)
{pbutyCycle = 1250;SpeedIntegral = 0}
PDC1 = DutyCycle;
PDC2 PDC1;
PDC3 PDC1;

[}

i

This is a generic 1ms delay routine to give a 1mS to 65.5 Seconds delay
For N = 1 the delay is 1 mS, for N = 65535 the delay is 65,535 mS.

Note that FCY is used in the computation. Please make the necessary
Changes (PLLx4 or PLLX8 etc) to compute the right FCY as in the define
statement above.

void DelayNmSec (unsigned int K)

unsigned int j;
while (N--)

}

for(j=0;j < MILLISEC;j++);

DS00957A-page 16 © 2004 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:
*  Microchip products meet the specification contained in their particular Microchip Data Sheset.

*  Microchip believes that its family of products s one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concemed about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as "unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip's code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION, INCLUDING BUT NOT
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and
its use. Use of Microchip's products as critical companents in
life support systems is not authorized except with express
written approval by Microchip. No licenses are conveyed,
implicitly or otherwise, under any Microchip intellectual property
rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

—150/T$ 16949:2002 —

Trademarks

The Microchip name and lego, the Microchip logo, Accuron,
dsPIC, KEeLoOQ, microl D, MPLAB, PIC, PICmicro, PICSTART,
PRO MATE, PowerSmart, fPIC, and SmartShunt are
registered trademarks of Microchip Technology Incorporated
in the U.S.A. and other countries.

Amplab, FilterLab, MXDEV, MXLAB, PICMASTER, SEEVAL,
SmartSensor and The Embedded Controf Solutions Company
are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, dsPICDEM,
dsPICDEM.net, dsFICworks, ECAN, ECONOMONITOR,
FanSense, FlexROM, fuzzyl AB, In-Circuit Serial
Programming, ICSP, ICEPIC, Migratable Memory, MPASM,
MPLIB, MPLINK, MPSIM, PICKkit, PICDEM, PICDEM.net,
PICLAB, PICtail, PowerCal, Powerinfo, PowerMate,
PowerTool, rfLAB, rfPICDEM, Select Mode, Smart Serial,
SmartTel and Total Endurance are frademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2004, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

4;:5 Printed on recycled paper.

Microchip received ISO/TS-16949:2002 quality system certification for
its worldwide headquarters, design and wafer fabrication facilities in
Chandler and Tempe, Arizona and Mountain View, California in
October 2003. The Company's quality system processes and
procedures are for its PICmicro® 8-bit MCUs, KeeLoq® code hopping
devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quallty system for the design
and manufacture of development systems is ISO $001:2000 certified.

® 2004 Microchip Technology Inc.
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International
ISR Rectifier

Data Sheet No. PD60043 Rev.O

IR2101(S)/IR2102(S) &(PbF)

HIGH AND LOW SIDE DRIVER

Features

*® Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dV/dt immune

@ Gate drive supply range from 10 to 20V

* Undervoltage lockout

@ 3.3V, 5V, and 15V logic input compatible

@ Matched propagation delay for both channels

® Qutputs in phase with inputs (IR2101) or out of
phase with inputs (IR2102)

@ Also available LEAD-FREE

Description

The IR2101(S)/IR2102(S) are high voltage, high speed
power MOSFET and IGBT drivers with independent
high and low side referenced output channels. Pro-
prietary HVIC and latch immune CMOS technologies
enable ruggedized monolithic construction. The logic
input is compatible with standard CMOS or LSTTL

Product Summary

VOFFSET 600V max.
lo+/- 130 mA /270 mA
Vout 10 - 20V
tonsofi (typ.) 160 & 150 ns
Delay Matching 50 ns
Packages

ﬁ;%

8-Lead PDIP
IR2101/IR2102

8-Lead SOIC
IR21018/IR2102S

output, down to 3.3V legic. The output drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. The floating channel can be used to drive an N-channel power MOSFET or IGBT in
the high side configuration which operates up to 600 volts.

Typical Connection

Vo >
- VCY" VB
L p— HIN HO
e LN Ve .
COoM LO }
IR2101
w b 000y
Vee >
= Voo Va P
i HIN HO
(Refer to Lead Assignments for comrect pin = 0N Vs r 0%
configuration). This/These diagram(s) show COM Lo —
electrical connections only. Please referto ,'T[r
our Application Notes and DesignTips for iR2102

proper circuit board layout.

www.irf.com
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IR2101(S)/IR2102(S) & (PbF)

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions.

International
IGR Rectifier

Symbol Definition Min. Max. Units
Ve High side floating supply voltage -0.3 625
Vs High side floating supply offset voltage Vg-25 Vg + 03
VHo High side floating output voltage Vs -0.3 Vg +0.3 "
Vece Low side and logic fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Ve + 0.3
VIN Logic input voltage (HIN & LIN) 0.3 Ve +0.3
dVg/dt Allowable offset supply voltage transiént — 50 Vins
Pp Package power dissipation @ To <+25°C = (8 lead PDIP) — 1.0
(8 lead SOIC) 28 0.625 L
Rthya Thermal resistance, junction to ambient (8 lead PDIP) —— 125 oW
(8 lead SOIC) — 200
Ty Junction temperature — 150
Ts Storage temperature -55 150 °Cc
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the

recommended conditions. The Vs offsel rating is tested with all supplies biased at 15V differential.

| Symbol Definition Min. Max. Units

\'(:) High side floating supply absolute voltage Vs +10 Vg + 20

Vs High side floating supply offset voltage Note 1 600

VHo High side floating output voltage Vs Ve v
Vee Low side and logic fixed supply voltage 10 20

Vio Low side output voltage 0 Vce

ViN Logic input voltage (HIN & LIN) (IR2101) & (HIN & TIN) (IR2102) 0 Vee

TA Ambient temperature -40 125 °C

Note 1: Logic operational for Vs of -5 to +600V. Logic state held for Vg of -5V to -Vas. (Please refer to the Design Tip
DT97-3 for more details).

2

www.irf.com
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International IR2101(S)/IR2102(S) & (PbF)

IoR Rectifier

Dynamic Electrical Characteristics
Vaias (Vce. VBs) = 15V, C = 1000 pF and Ta = 25°C unless otherwise specified.

Symbol Definition Min. | Typ. |Max. | Units |Test Conditions
ton Tum-on propagation delay — 160 | 220 Vg =0V
toff Tum-off propagation delay — 150 | 220 Vg = 600V
i Tum-on rise time — |00 470 | ™S
tf Tum-off fall time — 50 90
MT Delay matching, HS & LS tum-on/off — e 50

Static Electrical Characteristics

Veias (Vce. Ves) = 15V and Ta = 25°C unless otherwise specified. The Vi, V1 and liy parameters are referenced to
‘COM. The Vp and lp parameters are referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Min. | Typ. | Max.| Units |Test Conditions
ViH Logfc 4 fnpul voltage (IR2101) Y 4 — Ve = 10V to 20V
Lagic “0" input voltage (IR2102) 3
ViL Logic “0" input voitage (IR2101) A, n 0.8 Vee = 10V to 20V
Logic “1“input voltage (IR2102)
VoH High level output voltage, Vgias - Vo — — 100 iy Ip = 0A
Vou Low level output valtage, Vg — — 100 g =0A
ILk Offset supply leakage current —_— e 50 Vg = Vs = 600V
laBs Quiescent Vgs supply current — 30 55 Vin =0V or 5V
lacc Quiescent Ve supply current — 150 | 270 Vin =0V or 5V

lin+ Logic “1” input bias current HA Vin=5V (IR2101)
Vin=0V (IR2102)
IiN- Logic “0” input bias current Vin=0V (IR2101)

Vin=5V (IR2102)

Vecuvs Ve supply undervoltage pasitive going 8 8.9 9.8
threshold
Vecuv- Vce supply undervoltage negative going 7.4 8.2 9 v
threshold
lo+ QOutput high short circuit pulsed cument 130 210 — Vo=0V
mA VN = Logic “1°
PW<10ps
lo- Output low short circuit pulsed current 270 | 360 — Vo=15V
Vin = Leglc 0"
PW<10ps

www.irf.com 3
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IR2101(S)/IR2102(S) & {PbF) Infernational

IGR Rectifier

Functional Block Diagram

[o]]

PULSE _—1E —+v,

GEN | ,
]

A

IR2101

T T T e e e e e e e e e e e

g,
e
22
oE
Aam
wn
ot

PULSE E
GEN {

||}-
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International

ISR Rectif

ier

Lead Definitions

IR2101(S)/IR2102(S) & (PbF)

Symbol| Description

HIN Logic input for high side gate driver output (HO), in phase (IR2101)
HIN Logic input for high side gate driver output (HO), out of phase (IR2102)
LIN Logic input for low side gate driver output (LO), in phase (IR2101)
LIN Logic input for low side gate driver output (LO), out of phase (IR2102)
VB High side floating supply

HO High side gate drive output

Vs High side floating supply retum

Vee Low side and logic fixed supply

LO Low side gate drive output

COoM Low side retum

Lead Assignments

E— ch U Vg E] E Vcc \J Vg E
[2] uin Ho [ 7] [2]mn Ho [7]
(3w vs 6] [3]uw vs 8]
E coM to|s] [Z coM 0|5 ]
8 Lead PDIP 8 Lead SOIC
IR2101 IR2101S
Y .
[ vee B Li—l ] vee ~ vl o]
[z]Am wo[7] (2] mn Ho [7]
[o]ow Vs €] B vs[e]
4 | com o[s] 4 | com w|s]
8 Lead PDIP 8 Lead SOIC
IR2102 IR2102S

122
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iIR2101(S)/IR2102(S) & (PbF) International

TIGR Rectifier

HIN -\
LI X 50% 50% /-
FIN |
LI
HIN
LIN
HO
LO
Figure 1. Input/Output Timing Diagram Flgure 2. Switching Time Waveform Definitions

LO, HO

10%
MT—’I‘ “* *ﬁ i‘-—-w

90%

LO HO

Figure 3. Delay Matching Waveform Definitions
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Figure 6A. Turn-On Time vs Temperature
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Figure 9A. Turn-On Rise Time vs Temperature
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IR2101(S)/IR2102(S) & (PbF)
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2. CONTROLLING DMENSION: MLLIMETER (6] DMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
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LEADFREE PART MARKING INFORMATION

Part number——| R XXXXXX

osecat—— YWW?2 || TEAR 1 rio
= ‘?XXXX——b
Eﬂlenljﬁa — T i
I Lot Code
7 MARKING CODE (Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free
Released
Assembly site code
PerSCOP 200-002
ORDER INFORMATION
Basic Part (Non-Lead Free) Leadfree Part
8-Lead PDIP IR2101 order. IR2101 8-Lead PDIP IR2101 order IR2101PbF
8-Lead SOIC IR2101S order IR2101S 8-Lead SOIC IR2101S order IR2101SPbF
8-Lead PDIP IR2102 order iR2102 8-Lead PDIP IR2102 order IR2102PbF
8-Lead SOIC IR2102S order IR2102S 8-Lead SOIC IR2102S order IR2102SPbF

International

IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
This product has been qualified per industrial levei
Data and specifications subject to change without notice.  4/2/2004

14 www.irf.com



WIEsINg wnen

 (feYuil 31 Aenay 2534

- pdunegiminaymsunmsfinuilussdulsendnulssSevansaymsusins
Anwlusziudiggminedvimnssulwi anedmnssumans
anUumalulagwszasmndiamumsainnseds lneauleamAdedidnvsetindrda

WLELLA Nade

\Ainduil 9 nunus 2536
glidwegiamiaynsnsnslusdulseufnualsadaugnemis
Anwilussiuliyaniniatyimnisulid aurisinssumand
anntumalulagnszgaamndndgammsaansaly neaulosnidudidnmseiindids

BTN HIATEY

\Redudi 14 mates 2535
giidmnegiidmiauussnednuilussdutsuadneissGouyumwinenns
AnwluszduUSggansnednimnisuli angiminssumians
anuwalulagnszesundnigaansaansyds legaulasuidedidnnsetindds





