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ABSTRACT

This research is purposed to control a Brushless DC (BLDC) motor, which is a high speed
motor and widely uses in various industrial applications. It concentrates in increasing motor speed
and torque in constant power operating using a Phase Advanced Angle Compensation (PAAC)
technique. This PAAC technique is to control phase angle between input current and back EMF of
such motor. This leads into the studying of the motor speed response and its toque in various values
of the phase advanced angle in order to design a BLDC drive control for a better performance.

This thesis is separated into two steps. Firstly, a BLDC motor is modeled and simulated
using MATLAB/Simulink program in order to investigate a motor speed and its torque both with
and without the compensation of such phase angle in PAAC technique. Secondly, a control of
BLDC motor of 500 Watt, 48 VDC power rating is built using the PAAC technique. However, the
control is implemented by dsPIC30F2010 DSP board and Graphic User Interfacing program in

order to display the experimental results.

From the experimental results of the BLDC motor control, it shows that when the motor
load is at 0.28 N-m motor is at 300 rpm. when the control has no compensation of such PAAC
angle. And at the same motor load, when the phase advanced angle is at 5, 10 and 15 , motor

speed is about 412, 442 and 451 rpm., respectively. It means that the BLDC motor control that using

PAAC technique can raise the motor speed in a constant power operating mode.

Keywords: phase advance angle commutation, brushless DC motor
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Trapezoidal Back EMF (ﬁmmwmgﬂ%mﬁaummg) 1z Sinusoidal Back EMF (ayayiasg1/anend)
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Back EMF 1191nan¥MzMIHUUAAIA Stator  aNbUzV03UAAUNTIAY Back EMF LD

Trapezoidal t8% Sinusoidal HaAIA3UN 2.3 Haz 31l 2.4 awdau
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2.4 sumauussdugUnaa I

=D.

il

1INANUUANA19YDI3UAAUUTIAY Back EMF A9n817 92dIHaDN1500NHUDYATY
A A 1 [ 1 [ = g’/ dy Y Iq YA 1

A UNUANANAUFUNY FINIUITABIDONUVUIZVUAIVANNOLADS INNNTIIN T LA

14 Yy 1 Y [ [ d' d' [l [
a3 11u313191naiAeanuus Ay Back EMF  1100iga 118991092 09Ha 1a8n 5360

a A a S { ) [

Usz@nSnmvewssdiavioonvewomss NeHn3a51929950709Nd 145D BLDC Motor 111
Sinusoidal Back EMF 9211A110g981011I0N11 N1583199995A20ANE 115U BLDC Motor LU
. =2 o Y . = ) Jq ¥
Trapezoidal Back EMF 399111 BLDC Motor 111 Trapezoidal Back EMF iJmiuﬂﬂﬂ’WQﬂGIGl%

w2 Tdannnauuy Sinusoidal Back EMF

2.4 nszIUMsAENTIATY [ 8]

Tag1t214 Brushed DC Motor vz 1futlsanuimihiiaauaums lnaveanszualy
YARIAAIUHY U Lﬁaa%'naummjmﬁﬂwwiw*jnwmﬂﬁmm Fauilumsniuquitama
AILUAUUUNIAA (Mechanical Commutation) ﬂmmﬁgﬁﬂsﬁu femsiadszme W iuseain
Favz lmmzausumah W Fouiidemandssmafalszmelil nazifansdnnsennns

A aa ' Y =2 ¥ A ' ° A
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X I ao {
Brushless DC Motor %1113 311115904 brushed DC Motor 'lﬁlﬂﬁﬂu?%mﬁmmumﬁ
ax A o . . I ax
Inavesnszualuvaaia 1nIEMIneuduarUNING (Mechanical Commutation) SIYORRY
a o ad a o . . = =) ¥ o A 19 9
ABUNAATUNNOLANNTOUNT (Electronic commutation) GINGﬂgllililﬂﬁﬁllNﬁﬂT\iﬂﬁ!uﬂQ%WﬂUliJGlclf

1159911 1ua9u Rotor 1U04

/ is ,{ O 5
M /

Commutation

Encoder

Commutator

) Brushed DC Motor Drive

%) Brushless DC Motor

317 2.5 13599519903 Brushed DC Motor 11az Brushless DC Motor

{ < ' 1 ] g’/
13N 2.5 dzmumsNenszua IiNUgAYAaIa Stator N91UHUD Brushed DC
[ [ d @ o 1 U

Motor a1 Brushless DC Motor 3 NAMNAUHUTAUAWHUIV0IAIMYY (Rotor) LETUD

AR 3 TUANUIYBIA MU (rotor) G T Brushless DC Motor Hratggilua e
a Y ) I (% [ < d o YY)
Honlaludaiiv suunsneztuaini299u0UL Hall Sensor B3 UAIAT199UTYIU9INNI3

~ ] < { | [ o [l %] ~
lasuudasduuuuman tazuuunged 32T UNITATIVNTVMIEIHUIVOIAINYUIINYATN
1% [N o

1133AU Back EMF @nadgn1gue (Zero crossing of Back EMF)

JUN 2.6 nazg 2.7 uaasda N Hall Sensor t1az31AauNsIAY Back EMF

2} [ a ) 4 a
ﬁ"lﬁ'ﬁﬂcléfﬂuﬂ']iﬂ@ﬂhﬁlﬁ%uﬂiﬂlﬁl’l‘ﬁﬁGlu"llﬂﬁi]ﬂﬁmm@‘i‘ﬂ@\‘] Brushless DC Motor $U® 3 e

25



HALL EFFECT SENSOR A

/5= |# (] v

/ Q1 K ZE C!2\ Z!S OBK )S
HALL EFFECT SENSOR B
¢ (]
b
HALL EFFECT SENSOR C ﬁ ﬁ A B C
VB O O -0
c
) § /j § Q Q5 Q6
DRIVE CIRCUIT FIRING | 0205 [ 01,05 | 91.06| 02.08| 0204 | 03.04| 03.05| Q1.05 | Q1.05 | == ‘1| Z|S | %S | ZIS
Sector 8 1 2 3 4 5 & 1 2 C
Hall States | & 4 6 2 3 1 5 4 &

f ZEro Crossing ea ﬁ Zero crossing €b j ZETO CTOS51NZ ec

517 2.6 Feyry10401n Hall Sensor ttaz3UnaY Back EMF 11 BLDC Motor %1i@ 3 Phase

A

ABC=100

ABC=110 ABC—011

ABC=001

ABC=101

£

ABC=010

Y o ; d
ﬁﬂﬁ 2.7 ﬁ]!!‘ﬁﬁﬂaﬂﬂﬂm@ﬂ Hall Sensor !lagﬁﬁﬂ1ﬂﬂ§$!!ﬁulﬁa1umﬂajﬂ!ﬁ!ﬂ!ﬂi’){lu 1 ]‘l"lﬂaa

L'

2.5 uuusrasamendinmansvaanamas Wihnszuaasal3ulsaon (9]

Taena 1 e ldaumanieasiamaas lumsesuienisdeuutlasidgs Tuih
I o w [
Fufmdaauna (Power developed) muvanwamans lunemes Iihnszuaasany1¥uilsa
] Y 1 = @ S a A
aIdu@eny luuemesyiindue

517 2.8 naasnasauyan Iihuazuuusaesnenavesnemes Iihnszuansa

U U

uuv'13ua)5981% (Brushless DC Motor)
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)

51 2.8 2995 auyama Ifluaznuuiiaesniesnaves BLDC Motor

U

11M299TTUYAVDI BLDC Motor dnsniouaglugilauminuaaamans 1a

. di
V, =R, + L==+¢, (2.3)
dt
. di,
V, = Ri, + L= +¢, (2.4)
dt
. di,
V. = Ri, + L—= +¢, (2.5)
dt
Tag
L Lﬂummmmﬁmﬁwmwa’mamma{(Stator coil ‘s inductance) [H]
R Lﬂuﬁwmmﬁﬁummmmamﬁmma%’ (Stator coil’s resistance) [Q]

I [ 1 o
Van Vi Ven  Huusaquannsongavaatnaiames [v]
. . . 3 4 .
[ Funszualvaluvaalamanes (Motor input current) [A]

€a eb € ﬁJuuNﬁu Back EMF 6U®Qﬂlﬂﬁ?ﬂﬁl¢ll@]ﬂ§1ﬂll§iﬁ$t‘l/\l’ﬁ [V]

U Brushless DC Motor ¥1i@ 3 W@ 1159AU Back EMF agduwiusnudmmisluaiu
iU (Rotor) Hau159AU Back EMFlundazmlavsgviuuniu 1200 Tl danaasluaunisi 2.4)

(2.5) 1ag (2.6) MUAIAY

e, = K, f(6,)o (2.6)
e, = K,f(6,-27/3)w 2.7
e. = K,f(6,+27/3)w (2.8)
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Tas K, mAaNvedussdudIunay (Back EMF Constant of each phase) [v/rad.S™]

w

0

e

mizliJ‘VlNulWi’ll\hsllmﬁjﬂﬁigu(electric rotor angle) [“el]

<3 @ _
o ANUTIVDIAINYU(rotor speed) [rad. $7*]

usadana Iiha lddumssaunsetulunaazmadosue ldamaunsn 2.7)

T el +ei, +e.l.

e

[0
Tae T L‘]C:Jm!,i atasauma i (Total Electromagnetic Torque) [N.m]

e

' a v Y {
Gluﬁ’)u"llﬂﬂﬁﬂﬂ'liﬂWQﬂaﬂ‘ﬁﬁJ'lEJGl,Wlﬁuhl@GﬂiJﬁiJﬂ'li‘ﬁ (2.8)
dw

T.-T =32 Bo
dt
Ty T, Huusadiafi Tnan (Load Torque)  [N.m]

B AT UTIANIUANUNUAAIN (Viscous friction constant)

9
v

2 A = 3 a 3 X A N Yo A
MU NFUNITN (2.3) D3 (2.8) u’]ll’]t‘llfJ'L!L‘]_]uﬁﬁﬂﬁﬁna@ﬁﬂWﬂﬂﬂ!ﬂﬁ’]ﬁﬂﬁklﬂ JU

3 o a J
5‘1Jﬁ 2.9 UAANTEUUNAINNAUAATATVDI Brushless DC Motor

Y
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2.6 msvumasunamas iihnszuansdl3uilssan

Rotor Position Sensing

Commutation TUnit [ee]
®
g 1 ]
g ) BLDC
- g
E! 5
N A 4 2
Voltage control Unit EJ
F
DC Supply

4 J Y 4 a
317 2.10 @3A1)3znEUTTVUTUIATEUVBY Brushless DC Motor tuugilitla

U

137 2.10 52UVAIVANMITUIAADY Brushless DC Motor o lluuunuvgyl

Alailszneuane

- @UATIIVUAUNUIURIT I F9919 1FAIAT 299 UT YUY Hall Sensor
¥30ATIVVAUMIA N UUTUALYDIUTIAY Back EMF uaazild a2onannis
Zero Crossing

1 < '
- @umugums lvavesnszualuvealadmamosuaazivla (Commutation Unit)
@ 1 @ o 1 1 3 v o 2
Taslddygraindauasrndudumisdrunyuiudrsivuagaisuduns
nszuauaazie
1 [ 4 @ 4 4 1
- dawmuguumanssaunnelinuuemes (Voltage Control Unit) tWeauen
<3 A Aa ag P,
ANNGIazuIIANNATY luNemB T U
- @IUAIVANIZVDIIN (Control Unif) 1H99910aIUAILANUARL TIUIZADIHITY
o o IR W @
dunusaanuaziu

1 1 [} Y v g}./
- LL‘HENﬁ]”lfJLLiQﬂLlll‘V\I@]Sﬂ‘lﬁﬂﬂigﬂ‘ﬂ‘ﬂﬂ‘ﬁuﬂ
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@ 4
2.6.1 ﬁaﬂﬂ’]iﬂﬂ‘ﬂﬂuﬂ’liVlﬁaﬂﬁgl!ﬁmﬂqsgﬂmﬂﬁjﬂﬁlﬁlﬂﬂﬁ

nszua Ivaludaygavaaindinneiued Brushless DC Motor luUt@agAILIAT

9 1% o v o

eRoIdUNUT AUAMH UMY (Rotor)  Aduaadluglin 2.11 FazI R U AU UT T

]
a

YA IAIVE 51 Back EMF finnduTundazimlasuiy failszuuaiuauenlddyanmen
#9599 ULUD Hall sensor 1udinsnndudunis juuvvesmsaIuqums navesnseue
4 a { @ @ <
YDIYAUARIAAIAADS 11 Brushless DC Motor wiaNIndynausian Back EMF 1ilugil
A A . a & o q Yo & '
ANABUANNY (Trapezoidal Back EMF) Tugaund asazinlvianyuzvesgiadunszualuuaay
d 4 { { X Q' 1
wenilunuy jUaaumnaey (Square Wave) F9gaisuauuoans Inavesnszualunaazian:

I A o o 2 1 @ [ {
Wua1ve9AduaIveaLT I Back EMF Tumlaniug  munu dwaaslugili 2.11
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)

e .-
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I E N

e

LE R B NN R
EEEsE eSS EE.
LR R N o BN NN
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Y
! 2

‘l.]ﬁ 2.11 3‘]Jﬂﬁu‘lJ’ENLLNﬂ‘Ll Back EMF N3¢ Llﬁulﬁﬁsluﬂlﬂﬁﬁﬂﬁlﬁlﬁﬂi Hazusaaninavy

luugazia ¥o9 Brushless DC Motor

U Y J .
2.6.2 AIUMIVANANLITIAUNDIADT (Voltage Control Unit)
{1 [ J ! v
UBNYINMIAILAUMS InavesnszuanieInnvaatamames lunaazild daaa
{ v o & o {1 o J 4

Tugiii 2.11 udr dsuiluszdesimsnrvguussaunselinuuemesondie e ldaunsa
< A Aa X 9 ' o s ¥ =
auguanuEwazusstanmavu iz aylunaazanzmsauveswenes Ia 1ingla

o w a s s A o
2.12 ﬂ). lLﬁﬂ\iqﬁjﬂ’J\WilLﬂﬁ\?ﬂWﬁ\ﬂV\l%W (L!‘]JU’J\Wi’E]uL’J’E]'iL@]’E]‘i) ﬁi‘%ﬂuﬂ1iﬂ’)ﬂﬂm!liﬂﬂuua%
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{ v 4 g 1
nszuailoulinuusalnamnosin 3 laues Brushless DC Motor @2u3liuunsaIuaums

9
[ Y %

Mauvesaindaidnnsedndmasia 6 # Q1 .... Q6) iel#AruguuTIRUIAZNITHATiTIY
T fuvaadnuemes luuaazya sxiilulamgi 2.12 ). Waddudludazsaazms
1 adadaidnnseiindmdnshamieutuadiazaesia Tavadadoiannsedindide
witalu 2 Mitkhaundeudy wgmihnszuadedyoauuuNeganamuANnNANWad (Pulse

. . A o Y A [ A A Y o s Y
Width Modulation; PWM) LWﬂﬂ?ﬁﬂWﬂﬂ?UﬂMﬂlﬂ?ﬂlLiﬂﬂuLﬂﬁﬂﬂﬁ]WﬂiﬁﬂUﬂlﬂa’Jﬂuﬂmﬂﬁqﬂ

+

O
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@ a ’a < a o w 4
[v] YYIUAIVANTIATDLANNIOUNTNIA (Q1-Q6) Lﬁﬁ)ﬂ?'ﬂﬂil Brushless DC Motor

o

510 2.12 2958uUneswesuazdyaunILnY

U

g‘/ - v A
MUNaNMINOYEANINANUN WA (Pulse Width Modulation ¥50 PWM) aunsald
[ A 9 [ a a a ’a a d o o
ﬂ’J‘]Jﬂ?JLLSQﬂ‘L!mﬁEJblV\l@5\‘16111?)6ﬂ]1@1 IﬂElﬂ'J‘]_lﬂﬂJf’J@51ﬂ"|’§°]Jﬂ/L1Jﬂmﬂﬂﬁﬁ@“ﬁﬂlaﬂﬂﬁi’)i‘lﬂﬁﬂTQ\ﬂu
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Volt A

Vac
---d-4—-4-4—--1%
Ion |Ir_‘|ff t>
IS

51 2.3 A lumsidlaAaadadamndnnis PWM
yiaid p=1 2.9)

TS

1 Ton TS T

V, = —[| Ve d(t)+ | 0d(t) = 2=V, (2.10)
: Tg[! Ld(®) Tj (0 = Vo

130 V, = DV, @.11)

2.7 ManiuANN5Maznsaialuenumainaily Brushless DC Motor
v H 9
Tugumsihaunuumaansilu Brushless DC Motor aanaaa3udrlugld 1.1 1w
o 1 <3 1 A aa é’ [} dy 9 9 o 1 ]
aunsodSumanuiazawsedaimnayuluguilla Taglsnmslsumanuasvesyuma
1 @ J 1 =X A ' @ Y 9
sEuIusIAULaznszuddaes luuaazla §a5en91 vann1syasayuan1Inil
9 Y
19 4 [
(Advanced Phase Angle Commutation, ) [1] 73 Tagn13nIuqUNTZLE AIAIADS 1T
s IauAUNAU(Back EMF) lunsazivla asnaaslugili 2.15
1 ~ A ] <3 x a a 2
anuladvihnlgil e 15 lumsyasaummiviangslugnzilndazimaiuan
= Y o v O Y 2. v 9 A = ' <3 @
nIAUNITUAAIHAWTIAUIRI NI an Iz lndsun)asnuainuGa [10] A9

AUNN 2.12

LI
o, = a)rv—, w, =2pnz (2.12)
dc
4' I 1 d' o J 1
13 L, Aumanumileninvesmaaaladamosuaazine
I o g ] 3 4
p FusuimanueINeInN e
I 1 3 4 a =~ A
n FHumanuEivenes (5oU/3119 190 ps.)
I [ N @ 4
V, Fuvnausaau lWihnnelituuemes (Volt)
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510 2.14 msvawoyuaiamiil (Advanced Phase Angle)

Tomgue (M)

1 1 1
3500 4000 4500 5000
Speed (rpm)

v
=

i.lﬁ 2.15 ﬂ’J”IllﬁllW‘Ll‘ﬁi ﬁ’JNﬂ’JTJJLS’JLLﬁ U3IUANDIADTNIY ML‘I/\'ﬁﬂTJ‘Vi‘lH 0,15,30 1ae 40 93

d Y Y \ \ o W d‘ﬁ/ U
2.8 mseanuuuszuumIunNName s Ihnszuaasdliulseonduaiumdnsiidaananms
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Bauseaulan v
% A 4 Y| 9y 1
MsooNIULYARILAUMTTUIAdo UL I nTzuaase1511)59011 (Brushless
Y
DC Motor Drive Unit) tito 19141143 ﬂﬂ%udﬁﬁmamm«juwaﬂq 4 AIUAIIAU AD
] ad a 4 a < o
1 ¥UYAILANNIZUIUMST DIaNNI0UNAADNLIATY (Electronic Comutation Unit) ¥
H ] | Y] H s 1 [ g’/
Wi lumsnugunszuIumnenszualugavaalInediuNveInomes luuaazIanIz iy

[ o
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] 9 . <
2 wmﬂmmﬂmﬂizmumiwwmgmvhmmﬁﬁ (Advance Angle Control Unit) 13]u
' v o v { ' 9 1 o @ Y
wmﬂwmmmimaaummwm%umﬂﬁmmﬁﬁ 33mNﬂmmﬂummuﬁ’mnaﬂwgﬂ
YARIA Stator (AMID 2.7)ANHIEUTZHIURANA1S
] A I ] 1 v o o
3 UL UNANA (Central Processing Unit) (JUnU8NAB8ALAUNMTINNIUYDY
g’/ o 1 Jd o 1
FEUUNINAIAI8AY 131 ADYATIVAOUFDIUNTUNNIUVNHUWAIVANNIEUIUNITADY
a @ o ' Y < o o ]
VAAYY mwuﬂmmw@wwumﬁmwﬁﬁ wag Wuanalumsdszauanunumiig
Aa Y <3| £y
ARTITHVRY A UAY
' a k4 o J
4 wmmmﬂzw%gmmzuﬁmNamimqmmamamas (Graphic User Interface
. I ] A o Y A D o T 9 1 [ ]
Unit) Wunignmuihndamanag TUMUDYAAN ] VOITSULIFU AnTzua Ivan (Load
@ <3 4 a
Current) 115991 1%aa (Load Voltage) ANUITIVDINDIADT (Motor Speed) Loy useiiaTvan
I o 1 1 o @ {3
(Load Torque) Wudu wag A 9 Tudedu uaawamsiavvesssunludnvasidu
4 g9 = a )
gﬂmwma"lwﬁzmﬂuﬂﬁﬁﬂymazmsamswmayja

v [
03 4 ausananludedunaasldamgla 2.16

NUILDTLATIZHL DA UAZUAPING
NI UABINBLAASF( Graphic

User Interface Unit)
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™
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( Electronic Comutation Unit)
>
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lundazdruvesnienunuiin g i esiondng Tumsadieil drdyn 2 dudroduie

1 @2uveallsunsu(Software) 11/514A51 PROGRAM PIC  C COMPILER 1414n15
wannTusunsulugiuues vileaIwaNNTZUIUMS BiEnNToNdABNTIUATU(Electronic
Comutation Unit) wﬂwmuaumzmumwm%ﬂumwaﬁ’nﬁﬁﬁ (Advance Angle Control
Unit) uag 11eUsiiunanald (Central Processing Unit) iag 19 11/54n5%4 Visual Basic M
MIRaIMie Iz iveyauazaAINaNsHINIUYBIUDIADS (Graphic User Interface Unit)

2 @IUUDI HANITAIVAY 1HU LIRIITHUIBAILANATZUIUNT BiannTotnd
ABNIUATY (Electronic Comutation Circuit Board) WHINITHUIIAILANATZLIUMIBAIBE
yuladmiuagwinelszidiuna H52VVA19 9 §an817 Digital  Signal  Controller

I o a ]
DSPIC30F20103 ] uan1lseiumavian

2.8.1 M3l%¥ PROGRAM PIC C COMPILER V 4.084 [11]

PIC C COMPILER iun3esdiodndinilaniinldluineinus e 1415w
dana19lunsuilassds (Translators) 321319N B INYBITUNTBUATOI (Machine Language) ¥
Tuneddu 4084 Idnuanuansanasdsdiureanuazainlinudlduediauin lae

9
1113919911 187D pic microcontroller laaau@ PIC12, PIC16 PICIS , PIC24 1auda DSPIC
' . 3 9 ax ] 3 1o P ' 9y <3
nagludaIuues user interface NUTNAIALNMIULOeNTUMLIANY 1R heaensIFauiu

1 Y [ d'
BYIUIN ‘Vi‘LlW]NGIJ@QI‘ﬂﬁuﬂimm’ﬂﬁﬂﬂgﬂ‘ﬂ 2.18
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CLEX

B

(D.' Project | Edit Search  Options Compile View Tools Debug Document UserToolbar @/

Lo

- = PIC =1
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Project PIC Wizard 24 BitWizard Create  Qpen AllFiles Close Project Files Project

Project Options

sipuapy S | | s3aaloud [y | | 53|14

-A Peiw Insert  CAP Pit: ref313_1

519 2.17 User Interface Of PIC C V4.08

U

A =< 1 J < 1w dy
10JUN 2.17 BaaanamsuinguIylunguAaAll

. I A Y 9 Y A v . A o
1) TAB project Lﬂumwimuiumiaﬁwm NUIMUANVDIUNY project ADUT source file
x 1 < 1 {
(*.¢) Baluuaazlisi9nevvzlseasudienais source file AR 1 source file N
& . ' . A 4 gy X2 ¢ o Y, &
WaBY (main) 014 project 1HDININNUNATIUNIHUAVLYNUYBINTAIIW %Y
(main)}1103
o I @
2) TAB Edit 1#lumsud lvdsulsamsdieuTisunsudundn
3) TAB Search 1981178 NazaInlumsauas unuis lu project
o o 1 <3 (] I
4) lFlumsmuaguanymza1s 9 ¥93 125190 15U Editor Tollbar 1ag Project 1iludu
4 < I
5) Tab Compile 1¥lumsasrvaonlrennsainazuilsalysidnily HEX File
. Y = 4 1 1 I~ 1
6) Tab view 1% 1UMIBoNTNDIALTENOUAIIAE ) Vo 15190 19U datasheet cpu, CPU
[ I
Register M3l Preprocesser 119 9 Fudu
o 4 o
Tumsl¥auldsunsu PiIc . ¢ COMPILER  suiludeaihladnuas Iaseadanms
e Tilsunsy 37 2.19 vaaslnseas19ansauved PIC_ C COMPILER Tagilatu

I o (% a [ ¥ @ 1
(main) WuWesuranlumsusnissamsseuuaulu project N9HUA WUADIT  sub function
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1 { [ 1 <
a199) Noglu project azgnisonlda1ulnag function main 1AZIZNII sub function NAINITD
X o o [ o < ] o
Fonldranuuaziuls Tudiuvesddsdrdsemal3uenilesulidedntudnsuuy
¥ 4 ' ° ' ' o { o I o .
global (BANUANHIBAMNT106190125) aaudwmsnysemaluilaruazitudansuuy private

Bldy A ] o A~ = 9 o ' 3’,
(%wumwmﬂmmmmanﬂm,iaﬂ“lﬁvﬂwummu)

Project

Function F1

NT16 AB,C;

gﬂﬁ 2.18 Structure pic ¢ compiler

o

wenninmsthanus leiy TasaadeveslUsunsy PIC C COMPILER uddafias
A9 Asuilugail

- Pre-Processor

- Data Definition

- Function Definition

- Operators

- AAUAIAUM I3 1151051 (Process Control)

- Built-in-function

- M3a$19 Project

- Pre-Processor
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[

Y o [ ~ 9 Y v . Y o 9 o
Pre-processor l¥dmisuasouanunioulvny compiler 6lflfi‘l/]”lﬂﬂug nnueInlsznou

199 V04 Project 194 cpu (#include<30F2010.h>) MIMHUANI¥UNTHUIHAY cpu#Fuse

NOWDT, NOPUT, PROTECT) tagnvua clock speed ¥nu cpu (#use delay(clock=20000000))

Fludu

- Data Definition

mswa TdsunsuluGeala o Aawnsisemadindlstuaanuamase 1den

A P o 3 o a P A A a '
Weavnaumuian Tlsunsudumsihsunnieyaninisnasunlsanuaniizaiann

a 4 I Y1 s { 9 o a o
Usziliunaiia1n laa e vinnamiindesmsiues yiauazismsdsgmsanls

M9 2.2 wiauazismadszlddauals

type Number bit value signint
int 1 Otol n/a
Int8 8 0 to 255 -128 to 127
Intl6 16 0 to 65535 -32768 to 32767
Int32 32 0 to 4294967295 -2147483648 to 2147483647
Float32 32 -1.5x 10 to 3.4x10™

Constance Data

A=123;

B=0123;

C = 0XO0F;

D=0B00110011;

- Function Definition

Y
sinuumsadazmsiionld sub function Nl

91UAY

guila

FIUANN

DGERN

(2

9

- dsgmenladiu prototype 1% compiler ns1unnassneumsizonldiedu

o Y] U 1 o 9 9
- ﬂ'l’ﬂu@gﬂlL‘U‘UﬂTﬁiULLﬁ$ﬁQﬂ16U’ENﬁQ‘HuGlWQﬂ§I@Q
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sheghalusunsuiiszneudaeilafudesnuusma q
#include <30F2010.h>

#device adc=8

#Fuses HS #Fuses BROWNOUT

#Fuses NOMCLR

#Fuses PUT4

#Fuses NOWDT

#use delay(clock=10000000,restart wdt)

#use rs232(UART1,baud=19200,parity=N,bits=8,)

void fl(void); Function
void f2(int8 data); prototype

int16 f3(int8 a,int8 b);

void main(){
intl6 x;
while(true)
' Call Function T
f10; f2(10); f3(10,20);
H
H
void f1(void)
{ output_b(0xff); }
void f2(int8 data)

{ output_b(data);}
int16 f3(int8 a,int8 b)
{ return a+b;}
- Operators
Operator 1uT1/51n5 PIC C Compiler tisoonldiflu 4 ngudlsiuie
1 nq'w#?%’fﬁuﬁumsnNﬂa?mmaﬁ(Arithmetic Operator)

I U o 1 a 4
111 Operator 15 1umMsMUIUMNNANATAAT
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M3 2.3 daduiumInuadamans

+ Addition Operator

+= Addition assignment operator, x +=y ,is the sameasx =x +y
++ Increment

-- Decrement

- Subtraction assignment operator, X -=y ,is the same as X =X -y

/ Division Operator

/= Division assignment operator, X /=y ,is the same asx =x/y

* Multiplication Operator
*= Multiplication assignment operator, X *=y ,is the same asx =x *y

2 nguilyduiiumsneaodn(Logic Operator)

< AqQ Yo A 1 a 1% A
11)u Operator Wl%mmumimq ] NNABIN ﬂﬁllﬁﬂﬂiu@ﬂiﬁ‘ﬂ 2.4

d‘ Aqg Yo A 1 a
M1919% 2.4 Operator ‘V]i%ﬂ'lluuﬂ?ﬁ@]'l\? ] NNAvIN

& Bitwise

&= Bitwise assignment operator X &=y, is the sameasx =x &y

Bitwise exclusive Opertor

| Bitwise inclusive OR Operator

|= Bitwise inclusive OR assignment Operator

&& Logic AND Operator

| Logic OR Operator

! Logic Negation Operator

~ One Complement Operator

nguilianiiunsinfseuneudoyaRelational Operator)

) [ X { < J a <3
Tdmsuneuieudoyadwai Idezilua 959(True) 150 19 (False)
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519 2.5 nqui lgduiumsnfseuiiendeya(Relational Operator)

<== Left shif assignment operator, x <==y,, is the same as x =x<y
< Less than Operator
<< Left Shif Operator
>> Right Shif Operator
>>= Right Shif assignment operator,x >>=y, is the same as X = x>>y
== Equality
1= Inequality

nauiilduiiuns mudndedoyaluyiienudiioya(Memory Excess Operator)
3 Hq Yo A Y =R 9 ' o
1y Operator NlFAutUMlUMsndIvoyalunirenIuN

a ' Ag Yo a Y 2 g ' °
fM1919N 2.6 ﬂqnﬂ%mmumi ﬂﬁmmwayaiuwuwmmm

* Indirection Operator

& Address Operator

- FIUAIVYNNMIN UV U5UN3H (Process Control)

1 Aq ¥ o w o 9 J o o 1 Y v A
’ﬁ’)u%i%ﬂ’)ﬂﬂ‘hﬁW]‘UﬂTi‘i/]NTwUfJ\‘]IlJ‘iLLﬂ‘ﬁJﬂ§$ﬂ®‘Uﬂ’JEJﬂQ3JﬂTdQ 3 NAUAIYNUAD

ﬂfjiJﬁYSflﬁ Branching , Iteration (t81¢ Condition

nq'wﬁn?’e Branching

v
o o

I 1 A Y Y o o v & v A o &
lﬂuﬂquﬂ’]ﬁ\‘]ﬂiﬂfl’uﬂ'ﬁﬂ3319@51]13Jﬂ']51’]1\11u{1]’]ﬂﬂ’]ﬁ\1ﬁu\11ﬂﬂqaﬂﬂ']ﬁ\iﬁuq

@390 2.7 NQUAITY Branching

M gunuums lé
Goto Label; Goto loop;
Label : statement; Loop :at+;
break Break;
continue Continue;
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ﬂfjﬂlﬁmv\? Iteration

I o AN o o aol ] g}/ A o & Y o ~ g o 9
Wumaaniany s U@ﬂﬂﬁ\?ﬂT‘]JﬁLLﬂﬁﬂJﬂ?Lﬂu@]@Qﬂ%ﬂuw“ﬁ']“] ﬂumﬂﬁl@

dou'lulan

M3197 2.8 NQUAIAN Iteration

Mifq sunuums g
While(Expr) {statement; } While(x<10) {x++;}
Do {statement;} while(Expr) Do {x++;}while(x<10)
For(exprl;expr2;expr3){statment} For(x=0;x<10;x++) {printf(“x™); }

NGNAIGY Condition

o 1 o ¥ o 4 { o 3 a
lémmualdnguidahaumeldtoulanfuuaiusa

M3 2.9 NGUAIAN Condition

e suunums 1y
If(expr) {statment} If(x==10){x=0;}
If(expr) If(x==1)
{statment} ty=1;}

Else if(expr) Else if(x==2)
{statement} 1y=3;}
Else{statment} Else{y=4;}
Switch(expr) Switch(x)

Case exprl:{statement} Case 0:{y=2;break;}
Case expr2: {statement } Case 1:{y=4:break;}
Default {statement} Default {y=0;break;}

- Built-in-function
o g A A ° 1Y . .
Built in function W'lainiudsigredennuazainiugldTisunsw pic ¢ compiler

I ] { 1 o o U ] Y 1 <
WuedrawinTashdlduananudrledumsdeiuaidinlsuag M5 e Arvoaladuy
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=1

v v 9
MY @089 190089 19U Delay ms (100) Delay us (200) i uiasunlddmsuasnuig

2~ o Y Y A
n’mclf\‘mﬂﬂﬂJmL‘ﬂuﬁ@ﬂ‘mﬂ@‘UnﬂTﬂiLlﬂiﬂJ

- M3a519 Project
Y LA A v o A&
M3a319 Project Imadonld 2 meaatine
Y . .
) 1% Project Wizard
9y .
2) 1% Manual create Project
Project Wizard
] 1 Eal A I [l 4
' ldndilse TeaninodizudulsTUsunsuiluegraun 1iieain pic microcontroller &
. J 9 o Y ' o 9 1 [ . .
register ABUV19WINT 1He1nAONTS config Tun151 11 15 au Tunnazee19 1ag project wizard

v [
wyhmiileInigithmneld duaouns1d Project wizard naasaagili 2.20 uaz 2.21

m
'®; Project | Edit Search Options Compile View  Tools Debug Document UserToolbar

L

Make File
Project

Find Text
Files

aaaaa

L

= :

7 Projects
-

=

=

=

| Data Shel test_bldc
|1 Debugger Prdjles % Default.pit
| i Devices
(4l oL

L4 Drivers

| L ex_GLCD

= | Examples
= Projects

) temp1820
il | Templates
|l test15f818

My Recent
Documents Ll test232_4011
L test258
| e | testa77
™ L0 test2010
My Network
Places
g Fils name |PROJECTON ~| [ sav=_]
—
My Computer | Save astype: | .PUT Project file only ~| [ cancel |

53 project wizard Step 1

San
i
=n.
[
—
=)

- 139N Tab Project 9 Pic Wizard & m%‘u(s bit databus) or 24 bit Wizard(16 bit data bus) 9

project name - save
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Project Name: C:\Program Files\PICC\PROJECTO0O1 pjt

Options | Code

Diivers
140 Fins

Header Filas (&) Opening brace on the follow)

UsRT Setup
WwWDTATimerl Setup
16432 Bit Timers
Analog Setup

12C and SPI Setup
Input Capture

PAsM /0 utput Compa L Enab

> Opening brace on the same line

Device: | FICZ4F)128GA010 ) Oseilator Freguency; 20,000,000 HZ
ICD ) L AR estart WD Thduring calls to DELAY

One fuse per bne with comments
Fuses

DSPIC20F2023 -~
JTAG enabled
[] Code protected fram reads
[] Proaram kermany swrite Pratected
[[] Debug mode for use witk ICD

[ Device will raset into Clip-On-Emulation maode

ICD communication channel 1 ~

< >

Ok ][ Cancel | [ Help

gﬂﬁ 2.20 Step 2 register config

v
=1

Pic ¢ compiler dzutangudIunGldRoaimuaasuAdulRny compiler 1311 List box
Y 9y A ' U . . 3 Y =R o ' 1
NIATUH 18D 1¥U dIUVDI general,Interrupt,Driver,/O Pin 1Hududanismivuasluunas
[ g‘/ o I o < ) ] o {
anniudiludevinanuinly Iaseaanazfedunisinauedinazdea vasonnisud 1y
MruadINA19 Seudeandd click ok 11/5unsuazadia source code arunilanla 3 uiadu

o A o ° A g Yo A Yy A ) Y 1
‘ViﬁﬂLWi’JﬂTWuﬂﬂTiVlNTulﬁJ@u{lﬁﬂU CPU Lwawiaumﬂmmmummmmmsm‘lﬂ

M20819 code 1AD1NM3I wizard

/I #include "C:\Program Files\PICC\PROJECTO01.h" ’

#include <30F2010.h>

#FUSES NOWDT //No Watch Dog Timer

#FUSES HS //High speed Osc (> 4mhz for PCM/PCH) (>10mhz for PCD)
#FUSES PR //Primary Oscillator

#FUSES NOCKSFSM //Clock Switching is disabled, fail Safe clock monitor is disabled
#FUSES WPSB16 //Watch Dog Timer PreScalar B 1:16

#FUSES WPSAS512 //Watch Dog Timer PreScalar A 1:512

#FUSES PUTo64 //Power On Reset Timer value 64ms
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#FUSES NOBROWNOUT //No brownout reset

#FUSES BORV47 //Brownout reset at 4.7V

#FUSES LPOL_HIGH //Low-Side Transistors Polarity is Active-High (PWM 0,2,4 and 6)
//PWM module low side output pins have active high output polar

#FUSES HPOL HIGH //High-Side Transistors Polarity is Active-High (PWM 1,3,5 and 7)

//PWM module high side output pins have active high output

polarity
#FUSES NOPWMPIN //PWM outputs drive active state upon Reset
#FUSES MCLR //Master Clear pin enabled
#FUSES NOPROTECT //Code not protected from reading
#FUSES NOCOE //Device will reset into operational mode
#FUSES ICSO //ICD communication channel 0
#FUSES RESERVED //Used to set the reserved FUSE bits

#use delay (clock=10000000)
#use rs232 (UART1,baud=9600,parity=N,bits=8)
// TODO: USER CODE!!}

Manual Create Project

3 ax d A g X v & . . <
1Wu2Fn1511 source file NYNAINVYUNULAD nsznousiumilu project E]EJNUliﬂG]HJ
~ . | 1 Y 4 4 ~ A . <
i]%él’ﬁ]ﬂll (function main) E]Eﬂu source file WJEJLﬁ’ENMﬂﬂ;]Lﬂm"VIBUENﬂTHWG]ﬁ/I project Glﬂc] AN
9 9
vedoaly (function  main) TUAITUTHITIANTAU project MINHUA YUADUNIT manual create

project ttaaa I¥Ifiudag1li 2.22 2.23 way 224 awddu
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i

1

=
N

'(D Pro)ect| Edit Search Options Compile View Tools Debug Document UserToolbar

Widngd 24 Bit Wizard

L e

Open AllFiles Close Project

Find Textin ~ Make File
Files Project

s303(0

=

Projects

My Recent
Documerts

-
My Metwork
Places
A

Wy Computter

Lookin: | [} PIcC

¥ 02 e E

| 1 Data Sheets

|1 Debugger Profiles
|1 Devices
| yoL

|_L Drivers
B ex_GLCD
| Examples

| test_blde

|k temp 1820
|1 Templates
| test1af318
|0 test232_4011
) test258

| 1 testa77

| & test2010

Date Modified: 4/22/2012 11:54PM
Size: 1.75KB

Type: C Source File

File name: “

Files of type: ‘Suurce Code

2.21 step 1 Lz?fummj A131890 source file

View Tools Debug Document UserToolbar

'(D‘J Project | Edit Search Options Compile

T -3

Project

PIC Wizard 24 Bit Wizard

Qpen All Files Close Project

s738l0l,

Slaynus|

e .
2.22 1a9n Device

QutputFiles
—_—

— N\
| l /
Find Textin ~ Make File
Files Project

DSPIC30F2011
DSPIC30F2012
C:\Prog{DSPIC30F2020
I’ DSPIC30F2023
i DSPIC30F3010
DSPIC30F3011
DSPIC30F3012

Link Separately

[ Multiple Compilation Units

Froject Filename C:%Program Files\PICCAPROJECTO1. pit

LY

=l

[ Make these settings the default for new projects

Apply
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£ pew

@; Project | Edit Search Options Compile View Tools Debug Document UserToolbar
-

s = = = o
P
- =

Broject  PICWizard 28itWizad  Creste  Open Al Fles closerrojet Tiior " Makerl

PROJECTOLC

oL [
"

WPSAS512
PUT&4
NOBROWNCUT
BORV4T

2
&
£

141 iuse delay(clock=1
2232 (UARTL, ba

188 5 void main ()

20 setup_spi (SPI_SS_DISABLELD) :
21 - -7

22

23 setup_wdt (WDT_ON) :

23 setup_timerl (TMR_DISASBLED |TMR_DIV_BY 1}

28 TODO: USER CODE

Y < s
gﬂﬁ 2.23 119 manual create project I3 VANY I

2.8.2 anilaenssunagn1s 19 1uga Power Control PWM 11 DSPIC30F2010 [12]

NMCLR 11 877 AVoo
EMUD3/ANONREF+CN2RBD 12 2177 Avss
EMUC3/ANNVREF-/CN3RBT [13 267 PWMILIRED
AN2ISSTICNARB2 4 257 PWMIHRE
ANYINDXCNSRES 5§ 24[] PWMRLRE2
ANJQEAICTICNGRB4 16~ 3 2317 PWM2HRE3
ANSIQEBACHICNTIRBS 17 8 2217 PWM3LRE4
Vss 8 BEAE PWMSHRES
OSCICLK 09— » 207 Voo
OSC2CLKORCIS (10§ 1977 Vs
EMUD1/SOSCIT2CKIVTATXICNTIRCIS 1t © 18 PGC/EMUCIUIRXISDHISDARF2
EMUC1/SOSCO1CKIUIARXICNDIRC14 712 1717 PGDIEMUDIUITXISDO1ISCLIRFS
Voo 13 167 FLTAINTOISCK1/OCFAIRES
EMUDZIOCIC2INT2IRD1 ] 14 157 EMUCZIOCTICHINTYRDO0
[n]

NN—y
MCU / DSP CORE Y ADY *' Output Compare
16-bit ALU 1 00 ksps ndar
16 x 16 MAC |\ 10-bif y (8 ch / 16-bit)
Dual 40-bit ACC IS —

Input Capture

-—
TIMER1 (8 ch / 16-bit)
Program Memory Real Time Clock
Flash ~
256 KB 16 / 32 bit Timers{ ““‘fﬁr S_‘;“é’g' ':]WM
TIMER2 / TIMER3 g -bit, 6-8 cl A

i iy 16 / 32 bit Timers | Quadrature Encoder
SRAM TIMER4 [ TIMERS (TIMERG)

Data Memory o~ E) ]
EEPROM ol (N g
4 KB N B

sUfl 224 ) ANBATNINENINYDI DSPIC30F2010 1)o4A1l5znoUN1811 DSPIC30F2010
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4 4 o [
peAlsznounieluves DSPIC30F2010  ldeonuuun1WesessunNUSZUIUAIUAY
% [ 1 ] <3 1
Taomwiza0dnilsznoudinannezutisesnilungug fe
1 Aq Y v & o @ o @ ' A A @ 9 v
- aguilglumssanuaaumdy vinelsslumananaznIsuINITIANITVOYD 15U
I
MCU/DSP CORE,Program Memory,Data Memor (181 Data Memory EEPROM Wudu
- nguilFianmInuT e ues T uIuiULALIaT 15U Timerl, Timer2, Timer3,0utput
I Y
Capture 1% Input Capture wWuau
I oAq Yo o A o < I an A
- nguilddmsunlasu dygruemndeniludtnea Aie ADC
[ d' EY a 1 d’ [ J ]
- ngunlglumsaanedoasnuglnsalnieusn 154 UARTI,UART2,SPI1,SPI2,12C,
I v
CAN1 tiag CAN2 1Wuau
- nguil¥lunisesnniuqunsiaIUUeINDIABS 1¥U Motor Control PWM 1@z
2 & 1 o w o 9 I Ao X a =
Quadrature Encoder Failuaiudiaglumaihunlslse Tomiluanuide 3eezeTuienvazidon
Tu dravoaly
o o a a o’dy [ A Y- I o = ~
dwisuluanentinusiiazaya lin1s 14 Tuaa Motor Control PWM il uriandanisfioy
9) o ' Y 1 A a a Gt A A £y 9 o
19 Tuganena lasdniidsz@nsnmuusuiiuedsganzdoudilaninsaumsiauaes
! { < 1 1 I [ o
Tugaldmniga a3 226 wmuldaniimsutsmsnuauesniu 4 daudenuie
1 @uveImsmruAnNRvesd e PWM U3znouais REGISTER PTMR,
I 9
PTPER,PTCON (Tuau
2 @IUVeINIAIMUA DUTY CYCLE Ao PDC1,PDC2 1ag PDC3
3 @IUv0INININUAA DEAD TIME iag DISABLE OR ENABLE dyay1a: PWM

4 @7V BUFFER AND DRIVE dya18) PWM
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[ PWMCON1

I PWMCONZ2

I DTCON1

— FLTACON

[ OVDCON

16 Bit D@us

=

|

%

1 _’D PWM3H
_,D PWM3H
—)D PWM3H

_>D PWM3H

. jtor

—{ SEVTCMP |

SEVTDIR

PTDIR

D\‘ Special Event Postscaler H

Special Event Triger

3 U# 2.25 Block Diagram of Motor Control PWM

[

(2

i1 Y
TageudianylumsiSeufiioasedynia PWM witeon ldasiife

9

o wrhuazmsl¥a1Y Register

o

o msuwasuag Duty Cycle ¥D3ayi1d PWM 111U Free running mode

9 9

o

o msuasunad Duty Cycle Yosdayaal PWM 1UU Up/Down Counting Modes

0 g

® M3fmuAA DEAD TIME MWAuadaana PWM Midlu Complementary

U g g

e 314 INPUT FAULT PINS lumistlosnuanunadndlumavessiga i

Register PWMCONI

Register PWMCONI 1dihviua Tnuamsiavvesgdyaia PWM,,, PWM,, uay

Tilulszailadlavesdannm PWM
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M39N 2.10 Register PWMCONI1 Upper Byte (bit8 — bit15)

U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
- - - - PMOD4 | PMOD3 | PMOD2 | PMODI
Bitl5 Bitl4 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
90 b N‘ﬁ 2.11 Register PWMCON1 Lower Byte (Bit0 — Bit7)
U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
PEN4H PEN3H | PEN2H PENI1H PEN4L PEN3L PEN2L PENIL
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

BIT 15-12 Unimplement : read as 0

BIT 11-18 PMOD4:PMOD1: PWM I/O Pair Mode Bit

1 = PWM I/O pin pair is in the independent mode

0 = PWM I/O pin pair is in the complementary mode

BIT 7 -4 PEN4H — PEN4L: PWM I/O Enable Bit

1

0

PWMxH pin is enable for PWM output

PWMxH pin disable I/O pin become general perpose /O

BIT 3 — 0 PEN4L-PEN1L: PWMXL I/O Enable bit

1

0

PWMXL pin is enable for PWM output

PWMXL pin disable I/O pin become general perpose [/O

Register PWMCON?2

o o 2 I ' @
Register PWMCON2 1dimuanissiaiuvesdyais PWM oonidlu 3 ngualeny Ao

1 ldisneaimsadndyais PWM lunisauna

2 T¥mruqumseyanamsnlasuuiasai Duty Cycle vosdaaa PWM

3 1Fauauanuduiug senianilsmunainudyaia PWM
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MmN 2.12 Register PWMCON2 Upper Byte (bit8 — bitl5)

U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

- - - - SEVOPS<3:0>

Bitl5 Bitl4 Bitl3 Bitl2 Bitl1 Bitl0 Bit9 Bit8

M519N 2.13 Register PWMCON2 Lower Byte (bit0 — bit7)

U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

- - - - - IUE OSYNC UDIS

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

BIT 15 — 12 Unimplemented read as ‘0’

BIT 11 — 8 SEVOPS<3:0>:PWM Special Event trigger output Post scale Select Bit
1111=1 : 16 postscale
0001= 1 : 2 postscale
0000= 1 : 1 postscale

BIT 7 -2 Unimplemented : Read as ‘0’

BIT 2 IUE: Immediate Update Enable bit

1 = Update to the active PDC register immediate

0 = Update to the active PDC registers are synchronize to the PWM time base

BIT 1 OSYNC : Output Override Synchronization bit

1 = Output override via the OVDCON register are synchronized to the PWM time base

0 = Output override via the OVDCON register occur on next Tcy boundary
BIT 0 UDIS: PWM Update Disable bit

1 = Updates from duty cycle and period buffer registers are disable

Register DTCONI :

Register DTCON1 {inihfilunisiivuan Dead Time ldnugdayau

PWM,,,, PWM,,
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MmN 2.14 Register DTCON1 Upper Byte (bit8 — bit15)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DTBPS<1:0> DTB<5:0>
Bitl5 Bitl4 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
msnﬁ 2.15 Register DTCON1 Lower Byte (bit0 — bit7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DTAPS<1:0> DTA<S5:0>
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

BIT 15-14 DTPS<I1:0> Dead Time Unit B Prescale select bit

11 = Clock period for Dead Time Unit Bis 8§ Tcy

10 = Clock period for Dead Time Unit B is 4 Tcy

01

00

Clock period for Dead Time Unit B is Tcy

Clock period for Dead Time Unit B is 2 Tcy

BIT 13 — 8 DTB<5:0> Unsigned 6 — bit Dead Time value for Dead Time Unit B

BIT 7 — 6 <1:0> Dead Time Unit A Prescale select bit

BIT 5 -0 : Unsigned 6 — bit Dead Time value for Dead Time Unit A

Register FLTACON :

Register FLTACON l¥inuanisngan1isiiaiuuesdyaia PWM n3ginaniu

a a 1 1 v [ I
Aallnaoe191aoe19n i 19U N3l Over Load 11udu

Ms1eh 2.16 Register FLTACON Upper Byte (bit8 — bitl5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FAOV4H | FAOV4L | FAOV3H | FAOV3L | FAOV2H | FAOV2L | FAOV1H | FAOVIL
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
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M9 2.17 Register FLTACON Lower Byte (bit0 — bit7)

R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
FLTAM - - - FAEN4 FAEN3 FAEN2 | FAENI1
Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bitl Bit0

BIT 15-8 FAOV4H — FAOVIL : Fault input A PWM Override Value

1 = The PWM Output pin is driven ACTIVE on an external input

0 = The PWM Output pin is driven INACTIVE on an external input
BIT 7 FLTAM : Fault a Mode bit

1

The fault A input pin Function in the cycle by cycle Mode

0
BIT 6 — 4 Unimplement read as ‘0’
BIT 3 FAEN: Fault input a enable bit

1

PWM4H/PWMA4L Pin pair is controlled by fault input A

0

PWM4H/PWMAL Pin pair is not controlled by fault input A
BIT 2 FAEN: Fault input a enable bit

1

PWM3H/PWM3L Pin pair is controlled by fault input A

0

PWM3H/PWM3L Pin pair is not controlled by fault input A
BIT 1 FAEN: Fault input a enable bit

1 = PWM2H/PWM2L Pin pair is controlled by fault input A

0 = PWM2H/PWM2L Pin pair is not controlled by fault input A
BIT 0 FAEN: Fault input a enable bit

1 = PWMIH/PWMIL Pin pair is controlled by fault input A
0 = PWMIH/PWMIL Pin pair is not controlled by fault input A
Register FLTBCON :

Register FLTBCON 1imthfimiloufuiy Register FLTACON (N5

luTasnouInsames NS udyanadumnn Fault 2 ¥04)
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The fault A input pin latches all control pins to the program states in FLTA<15:8>




MmN 2.18 Register FLTBCON Upper Byte (bit8 — bit15)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FBOV4H FBOV4L | FBOV3H | FBOV3L FBOV2H FBOV2L FBOV1H FBOVIL
Bitl5 Bit14 Bit13 Bitl2 Bitl1 Bit10 Bit9 Bit8
ﬂﬁN‘ﬁ 2.19 Register FLTBCON Lower Byte (bit0 — bit7)
R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
FLTBM - - - FBEN4 FBEN3 FBEN2 FBENI1
Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bitl Bit0

BIT 15-8 FBOV4H — FBOVIL : Fault input A PWM Override Value
1

The PWM Output pin is driven ACTIVE on an external input
0

The PWM Output pin is driven INACTIVE on an external input
BIT 7 FLTBM : Fault a Mode bit

1

The fault A input pin Function in the cycle by cycle Mode

0
BIT 6 — 4 Unimplement read as ‘0’
BIT 3 FBEN: Fault input a enable bit

1 = PWM4H/PWMAL Pin pair is controlled by fault input B
0 = PWM4H/PWMA4L Pin pair is not controlled by fault input B
BIT 2 FBEN: Fault input a enable bit

1

PWM3H/PWM3L Pin pair is controlled by fault input B

0 PWM3H/PWM3L Pin pair is not controlled by fault input B

BIT 1 FBEN: Fault input a enable bit

1 PWM2H/PWM2L Pin pair is controlled by fault input B

0

PWM2H/PWM2L Pin pair is not controlled by fault input B
BIT 0 FBEN: Fault input a enable bit

1

PWMI1H/PWMIL Pin pair is controlled by fault input B

0

PWMI1H/PWMIL Pin pair is not controlled by fault input B
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Register PTCON :

Register PTCON l#fmuagiunarldiudyana PwM  uaziluilszqiladladayana

wwimldnunszuaumsadudyana PWM

MIN 2.20 Register PTCON Uper Byte (bit8 — bitl5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTEN - PTSIDL - - - - -
Bit15 Bit14 Bit13 Bit12 Bitl1 Bit10 Bit9 Bit8
90 b N‘ﬁ 2.21 Register PTCON Lower Byte (bit0 — bit7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTOPS<3:0> PTCKPS PTMOD
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

BIT 15 PTEN :PWM Time Base Timer Enable Bit
1 =

0 =

PWM Time Base is ON

PWM Time Base is OFF

BIT 14 Unimplemented read is ‘0’
BIT 13 PTSIDL : PWM Time Base is off in idle mode bit

1

PWM Time Base halts in CPU Idle Mod

0

PWM Time Base Run in CPU Idle Mod
BIT 12 — 8 Unimplemented read is ‘0’

BIT 7 —4 PTOPS<3:0> PWM Time Base Output Postscale Select bits

1111 = 1:16 postscale
0001 = 1 : 2 postscale
00 = 1 : 1 postscale
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BIT 3 —2 PTCKPS<1:0> PWM Time Base Input clock prescale select bits

11 = PWM Time Base input clock period is 64 Tcy ( 1 : 64 prescale)
10 = PWM Time Base input clock period is 16Tcy ( 1 : 16 prescale)
01 = PWM Time Base input clock period is 4 Tcy ( 1 : 4 prescale)
00 = PWM Time Base input clock period is 1 Tcy (1 : 1 prescale)

BIT 1 -0 PTMOD<1:0> PWM Time Base Mode Select Bits

11 = PWM Time Base operates in a continuous up/down mode with interrupts for
double PWM update

01 = PWM Time Base operates in a continuous up/down counting mode

10 = PWM Time Base operates in single event mode

00 = PWM Time Base operates in a free running mode

Register PTMR
. 9 I v W 1 < [ @ a = o
Register PTMR THduariuauazinun1ves ﬂJuﬂJ"Iil‘!UWWﬂﬂuﬁu\iiﬂ‘UﬂTTVINTLl

(Period)y0ad Y18t PWM

Mmsei 2.22 Register PTMR Uper Byte(bit8 — bitl5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PTDIR PTMR<14:8>

Bitl5 Bitl14 Bitl3 Bitl2 Bitl1 Bitl0 Bit9 Bit8

M319N 2.23 Register PTMR Lwer Byte(bit0 — bit7)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PTMR<7:>

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

BIT 15 PTDIR: PWM Time Base Count Direction Status bit (read only)
1 = PWM Time base is counting down
0= PWM Time base is counting up

BIT 14 - 0 PTMR<14 : 0> PWM Time Base Register count value
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Register PTPER

Register PTPER 191uaA1n100(Time Period) 1¥nudayaiar PWM

@15197 2.24 Register PTPER Uper Byte(bit8 — bit15)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- PTPER<14:8>
Bitl5 Bitl4 Bitl3 Bitl2 Bitl 1 Bit10 Bit9 Bit8
m’iN‘ﬁ 2.25 Register PTPER Lower Byte(bit0 — bit7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTPER<7:>
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
BIT 15 Unimplemented read as ‘0’
BIT 14 — 0 PTPER<14:0> PWM Time Base Period value bits
Register OVDCON :
Register OVDCON loiwuaginuumsasdygiass PWM 090019 Output
mﬁwﬁ 2.26 Register PTPER Uper Byte(bit8 — bitl5)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POVD4H | POVD4L | POVD3H | POVD3L | POVD2H | POVD2L | POVDIH | POVDIL
Bitl5 Bit14 Bit13 Bit12 Bitl1 Bit10 Bit9 Bit8
msnﬁ 2.27 Register PTPER Lower Byte(bit0 — bit7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
POUT4H | POUT4L | POUT3H | POUT3L | POUT2H | POUT2L | POUTIH | POUTIL
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
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BIT 15 -8 POVD4H - POVDIL: PWM Output Override bits

1 = Output on PWMzxx I/O pin is controlled by the PWM generator
0 = Outpu: on PWMxx I/O pin is controlled by the value in the corresponding
POUTxx Bit

BIT 7—-0 POUT4H — POUTIL : PWM Manual output bits

1 PWMzxx I/0 pin is driven Active when the corresponding POVDxx bit is cleared

0 = PWMxx I/O pin is driven InActive when the corresponding POVDxx bit is
cleared
N
I:)OVDXX 0 0 1
POUT,,| : 0 X

PWM ]H””

51 2.26 Ms1aARIRNNFNILFT21MI19 POVDxx t1ag POUTxx

Vv

Register PDC1 PDC2 PDC3

Register PDC1 PDC2 PDC3 1dwuani Duty Cyclel#iuaazfdnya o PWM

A1519% 2.28 Register PDC1 PDC2 PDC3  Uper Byte(bit8 — bit15)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PWM DUTY CYCLE<15:8>

Bitl5 Bitl14 Bitl3 Bit12 Bitl1 Bitl10 Bit9 Bit8

A1519% 2.29 Register PDC1 PDC2 PDC3 Lower Byte(bit8 — bitl5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PWM DUTY CYCLE<7:0

V

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
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19190 2.30 ADDRESS 194 REGISTER 71118199401 MOTOR CONTROL PWM MODULE

REGISTER ADDRESS
PTCON 0X01CO0
PTMR 0Xxo01C2
PTPER 0X01C4
PWMCONI1 0X01C8
PWMCON?2 0X01CA
DTCON 0X1CC
FLTA 0X1DO0
FLTB -
PDCI1 0X01D6
PDC2 0X01D8
PDC3 0X01DA

mstmuamunaIdyn s PWM fdeuldnuiiog 2 1Y Ao Free running  uag Up/Down

Counting Modes Aa11aada431 2.28 uag 2.30 MuaIAl

PWM Period Buffer Updates in Free Running Count Mode

Period value loaded from PTPER buffer register

PTMR Value
A A\

Mew PTPERvalve - — — — — — — — — — — —— — — — oA -

g
Old PTPER value - — — — — —_—— = —— — — = P - _

/./ o /'/ﬂ
-~
X / e
.a"f/
// /"/ ’/i

b

f— New value written fo PTPER buffer

4‘ d' v d‘dy |- 1 .
sii 227 manlaswlasmunavesdyaia PWM Nvuegiualu Register PTER

TuTviua Free running
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o [ I
msaumMUnaIveIdyIa PWM 1uTvua Free Running mode 11w lamanmsi 2.17

Fey _ 2.17)
(PTM RPRESCALE)

PTPER =—

pwm

@20819 MIAIUIUATPTPER 11 1%u@ Free running

FCY = 20MHZ
FPWM =20,000HZ
PTMRPRESCALE =11
PTPER _ 20,000,000 3
20,000.1
=1000-1
= 999

m3/deuutas DUTYCYCLE vesdayanar PWM 1uTHua Free Running mode

New duty cycle loaded from PDCx

PWM1H 4| Duty Cyc\e !
“—-"

PW/IIZH l—‘ ‘ |—|_r

Period

i 2.28 ANMUFUWUTUDY REGISTER PTPER,PTMR,PDC lun15M%ua DUTY CYCLE ¥4
dna PWM

m3ulaguuilas DUTYCYCLE voedgygies PWM 11 Inua Up/Down Counting Modes

PWM Period Buffer Updates in Up/Down Counting Modes

Period value loaded from PTPER Buffer register

- v -

New PTPER value

Old PTPER value o

T— New value written to PTPER buffer

4' d' G [ d‘dy [ XY
3‘].]7] 2.29 AN YT AMUNAVDIAYYI1 PWM nUuagny v lu Register PTER



PTPER = Fey -1
( PTM RPRESCALE) 2

pwm
@20819  NMSAUINAT PTPER 1uTnua Up/Down Counting
F., = 20MHZ
Foun, 20,000 HZ
PTMRegescae =11
PTPER _ 20,000,000 B
20,000.1.2
=500-1
= 499

Center Aligned PWM

Period/2

F’TPER-: ————————— ____FTF*‘IR_ —————————————————

_____________________

! | :
0o/ L __i___ XN A N N

PWMIH L ! | : ! :

! 1 1 1 1
PWM2H ' : L————f———J —\\! L————%———J

C : AR : e

. ; PDCx 1 . !

! y Value | | !

Period

51 2.30 AWAUNUTYOY Register PTPER,PTMR,PDC Tumsiinua Duty Cycle

PWMCOM1: PWM Control Register 1

(2.18)

Upper Byte:
U-0 U-0 U-0 u-0 RIW-0  RW-0  RAW-D RAW-0
= ] — N = pPMOD4 | PMoD3 [ PMoD2 | PMODI
0 0 0 0 1 1 1 0
BIT 15 «& BIT §
Lower Byte:

R/W-1 RIW-1 RIW-1 R/W-1 RIW-1 RIW-1 RAW-1 R/W-1
PEN4H | PEN3H | PEN2H | PENTH | PENAL | PEN3L | PEN2L | PENIL
1 1 1 1 1 1 1 1
BIT 7 BIT 0

ﬂﬁ 2.31 PMODI1 =0PWMI V]WQ”I‘L!L’]JL! Complementary
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U

M3M¥uAM DEAD TIME l#nugdayaa PWM Miilu Complementary

o

Adyana PWM  #tdlu Complementary $1flufiagdosiiansanlu@osvesal DEAD
TIME 1i10491n903117AN 191981 TURN OFF ve3gilnsal ELECTRONIC SWITCHING fioglu
2993093107 2.33

+

(5 20

FEFES T
Q3 Q4
(I N
1L 2L

a . . Ao d& Y A 3
qil‘l.l‘ﬂ 2.32 1999 Switching NI uADINA1 Dead Time

a1061911Usunsulunsmvuan1 DEAD TIME

void main(void)

{
ptper=0x007D; ptmr=0x1ff; PWMCONI1=0X00FF; PWMCON2=0X0002;
PTCON=0X8000;

OVDCON=0XFFO00; » N
mvuan1 DEAD

PDC1=PDC2=PDC3=100;
DTCON1=0X00FF;
while(true) { }}

MIAUIVAT Dead Timé
_ DeadTime
Prescale valueT,

(2.19)

TagA1v0d DT MU lag DTA<S:0> 158 DTB<5:0> 14 register DTCON
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#20819 MIA1UIUAT DEAD TIME 910 11511033 DTCON1=0X00FF;aduaadlugii 2.23

DTCON1: Dead Time Control Register 1

Upper Byte:
RAN-0O RAN-0 RAN-0 RAN-0 RAN-0 RAN-0 RAW-0
0 0 | 0 0 0 0 1]
Lower Byte:
RAN-0 RAN-0 RAN-0 RAW-0 RAW-0 RAN-0 RAN-0O
1 1 [ 1 1 1 1 1

311 2.33 A1l Register DTCONT

DT = 111111b= 64d; Prescale =8 ; TCY =20000000/4 = 5000000

Dead Time = (1/5000000) x 8 x 64 = 102 usec

<«—

Dead Time

51 2.34 A1 Dead Time

L'

M3l¥ INPUT FAULT PINS lumsilosduanuainalumaverssidaldiih INpUT

FAULT PINS

o w 1 a a o a % I
NAVYIYNIAY LBU NISUTDUNDA W%’EJ INANTTANINVT Lﬂuﬁu
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O

D +DC
s G — —
: . ‘% a1 ‘H Q3  Bus
I T | |
C
3 E
0 D
F R
2 | f | E——
: ’ - o -~
0 E ‘ \ ‘ - DC Bus
/R o
Fault Pi
au n \I/ Current Sensor

51 2.35 M543 FAULT PIN

Y

feenalysunsn mM31¥914 FAULT PIN

#include <30f2010.h>

#device adc=8

#Fuses XT PLL16

#Fuses BORV27

#fuses PUT64

#fuses BROWNOUT

#FUSES MCLR

#use delay(clock=160000000,restart wdt)

#use rs232(UART1,baud=19200,parity=N,bits=8,)
int16 PTCON; #locate PTCON = 0x1C0
INT16 PTMR; #LOCATE PTMR = 0X1C2
INT16 PTPER; #LOCATE PTPER = 0X1C4
INT16 SEVTCPP; #LOCATE SEVTCPP = 0X1C6
INT16 PWMCONI1; #locate PWMCON1 = 0x1c8

INT16 PWMCON?2; #locate PWMCON2 = 0x1ca
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o A Y =
INT16 DTCON1: #LOCATE DTCON1 = 0X1CC Usgmadaulsinensiig

Woyalu Register

INT16 FLTACON;

#LOCATE FLTACON = 0X1DO0

INT16 OVDCON; #LOCATE OVDCON = 0X1D4
INT16 PDC1; #INT16 PDC2;
#LOCATE PDC2 = 0X1D8
INT16 PDC3; #LOCATE PDC3 = 0X1DA
void main(void)
{
ptper=0x0080;
PWMCON2=0X0F00; PWMCONI1=0X00FF;

PWMCONZZOXOFOO, PTCON:0X8000; ﬁmuﬂmiﬁnmiﬁ’ﬁ’u

OVDCON=0XFF00; PDCI1=PDC2=PDC3=0; Input Fault Pin(FLTA)

FLTACON=0x000F;

while(true)
{ restart wdt();

i

U

2.9 1AMINUITNN IV
[1] Chun-Lung Chiul ], Yie-Tone Chen_, Yu-Hsiang Shen , and Ruey-Hsun Liang “An
Accurate Automatic Phase Advance Adjustment of Brushless DC Motor” Department of
Electrical Engineering, National Yunlin University of Science and Technology
Wuauemsiulsz@n5a I uaz u59AvY Brushless DC Motor  1A8N15H3192905
duyaseyulaniavuii (Phase Advance Circuit) Tagviimsuenariuetinandayaaued 42
[ = 1 <3 . A Y o J
a5299UMsasunlasvesdguuuan (Hall Sensor Signal) LW’(’)iﬁﬁiyﬂﬁmli’ﬂﬂw%mﬂﬂ Hall

Ay YA Y Y A ' 3 s
Sensor “I/I”l,ﬂllﬂTi‘]fﬂ!G])'EJiEIiJW‘IﬁﬂTJ“ViLlTVIH’TiﬂZﬁllcl,u“l/c]ﬂ“] YTUANULIIUDIUDLIND T
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V+

\\}7

ﬂﬁ 2.37 Nﬂwm%ﬂumwﬁmmummmua (Proposed phase advance circuit)

3
ORZ=50my

he 1a1 - H(500mVidiv).

D S

T L T T o S S B e o e S <(]0m5/d|v) '
V. (50mVidiv) :

: new .
\ \ t A
: / 3 | f 2
1 1
Tra ;- Freq 34.25Hz
TVICQ voq ‘ 25"2

i & N
511 2.38 wamsneasIdynIwO1MYNUEI Hall Sensor 91 1A IN99svAayUW A1

wa'lal

—0-’0‘40——0— Py
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CHZ=50mV
AC 1051

~ = H*500mVAdiv) 1

R R R I I S SN

K i
|V . (S0mVAidiv)

Tracel: Freq 100.0H,
Trace2: Freq 100, et
¥ )

S
e~

S e B EE ST B a

a o s Ay ¥ Y Y A
TIJTI 2.39 WaﬂTﬁﬂﬂﬁﬂﬂﬁﬂJﬂJ’]m!ﬂ’]ﬂﬂﬂﬂlﬂﬂ Hall Sensor 1/]llﬂflﬂﬂ'Nﬂﬁ%ﬂl%ﬂuﬂlﬂﬁﬂ’nﬁu’lﬂ

U

WUAUD

[2] ROBERT ISTVAN L(")RINCZ, MIHAI EMANUEL BASCH, DAVID CRISTEA,IVAN
BOGDANOV, VIRGIL TIPONUT “Hardware Implementation of Field-Weakening BLDC Motor
Control” Electronics and Telecommunications “Politehnica” University of Timi§oara
Iinausitmsiunemesnszuanse fudsesmunuuisiloundudumisveuny
YU (Sensored BLDC) LL“IJ“IJTJﬂﬁ%m%EleJLW amInin (Phase advance angle or Field weakening)
Talddmvendumiununyuveseme’ tannsanldeuudasgasiedaiumisgudosmues
LAUNBIADS 1A (Programmable Rotary Encoder) HuMuefand Rotary Encoder @131130151
yudalinudaneuInsaaes lumsduvemesuvuiimssasolainami vie d1mds

(Advance angle Or Restart angle) fdfl@g]}
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encoder

Motor assambly with rotary encoder
d‘ J Y 1 Y o ]
g‘l.l‘ﬂ 2.40 wooinszuase 5useauly Programmable rotary encoder UDNHAULH UIUD

UAUHU

VDD 5V

B

o2 4%, <1 DIC

> Absolute | cs

! ik

L sS) e c2

‘ Y~ = Lo A HN < 1

| power management ‘*—J[_OTP [
e « PROG
GND J

3 19 2.41 Block diagram programmable rotary encoder

[ o ! s
Programmable rotary encoder wadn YIUUDNAULHUIVOIUNUN YU lﬂu uvw

* o 4 @ o 1 g
ganne Hy Hg uaz Hgidledeusunmsld Hall sensor vondumaunummtiueg
o v

AN

Y o 1 s Y v o v & A v
DI HINFUIDIM VDD UNYUTDANANNY ) = 50 muuﬂwmuwmu"lﬂmﬂ
Rotary encoder (a,) azdesaudis 50° oTineladaeaums 2.20
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o = o — (2.21)

A, mesnnunavodunuryuiagiu

o aeamnenldan Encoder

9

[ g’/ A a o Y 1 <3 . 9 9 1 3
muumawmimwmmu@muumaﬂ(Pole palr)LLa’JfﬂﬁiulﬂﬂWﬂﬁ“b'ﬂL‘I)'EJHMW\I?(@’NL“IJH

aadvance
a=o — (o, ——dee)

. (2.22)
polepair
Tl
I ' 1
o Aumyamsoyulaalanth
o & Y A ' 9 Y < '
asiwsnz ldyn a, T dimsvanmvesyulanimiitu o,
' aadvance
X, =&, ¥ ———— (2.23)

Polepair

BLDC motor

‘inverter | —}: ‘y%
: =
57 . m. ! ‘
T

o ]
SPI Bty ecoder

=

517 2.42 szvvraweyu a1 1aeld Programmable Rotary Encoder

U
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51N 2.43 wamsnadeuszuvwareyualagld Programmable Rotary Encoder
[3] S.K. Safi, PhD, P.P. Acarnley, PhD, CEng, FIEE , A.G. Jack, PhD, CEng, MIEE “Analysis and
simulation of the high-speed torque performance of brushless DC motor drives “
I@tuausnuusiasuiol¥lunisiiuie aussouzvesgavuinaounonos
nszuaasel¥nlsediu ludrunisiiauild usala vag a1n3a ga Teoyaduiiu

a 4 4
sunedwmesuuy PWM lulvua 120 taz 180 9971 A2835M5 Advance Commutation Angle

'
A ) v 1

2 g g 5 A 7
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v
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NATBUMITINNIUVBINBADT METUAMAIRININULNLaY
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v
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llﬁﬂu!ﬂﬂﬂwa'ﬂhlﬂﬂ']ﬂ!!uuﬂ‘]ﬁ@\?ﬂﬂ Waﬂ‘lﬂﬂ’]ﬂﬂéﬂﬂﬂaaq

v

agiman laananise
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3UN 3.1 FuaeumsAuiinauITy
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3.2 n1sa%nszum°1am‘meﬂéﬁﬂmam%nﬁaﬁnmwqﬁmsmmmma%mzuame"l%'uﬂsadm
(Brushless DC Motor )1usi1uﬁ1’Efaﬂaﬁ&i’;ﬂﬁﬁnmiﬂmwmgmwaﬁnﬁ% [13] [14]
SLUDTIA0INHATIAMAASYDY BLDC Motor aansataieenily 4 du'ldasil
32.1 uyudasaneadiamani uemesnszuansa151d39911( Breushless DC  Motor
Mathematical Model )
HUUTIa0IN AN aA3 voanamesnzuansa1511)3901%( Breushless DC Motor
Math Model ) 1/52nouaae
1. dauﬁ%uﬁ’mtymmqﬁw( Input Signal Ao Lgiqﬁﬂauiﬁﬁuuagﬁag( V.V, V)
uazusada Ivaa (Load Torque)
2. dauﬁdqﬁﬂgﬂﬁmaaﬂmﬂuaﬂ( Output Signal ) laun ussdudundu(e, e e,)
mmgf}’mw”lW‘?/\Iwmﬁummjmﬁﬂwyu(a)e)ﬂ’nmf%mwﬂa(a))ﬁ’aumunm Hall Efect

(H, Hy H) nazusadanmaluih (T,)

51 3.2 uuusaeawenes lWihnszuansel3umlsan

3.2.2 @319 S-Function 15IAUAUNAY (Back EMF) agdayay1at Hall sensor
o { @ L) ] 1 4 ..
S-Function vt lumsiumdumtsaiunyuuenemos (Rotor Position) 1Az
< 4 a 9 o [ @
ANMUITIVBINBIADS (Motor Speed) Tumisilsziliuma aiwdygiuussaudundy (e, e, €,)

uazdayy I Hall Sensor (H, Hy H)
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80° a)t
H, —
ea

@,
H B
€y
H. @,
e C
300 - 360 0 -G 60 -120 [120- 150 |[180 - 240 |240 - 300

v 9 o @
[n] NFIMNUTIAUAIUNAD AL U Hall

Theta i e, (sys,)
L

Up 3 % e,(sys,)
£ Selsys)
-
\ 2
! H, (sys

(@p~/e S — SHa(s)
) e (oys,)

a 14
K BUNN LDINNNUDI S — Function

@

51U 3.3 S - Function ussaudunay naz dyn1a Hall Sensor

giuvvvesTsunsulu s - Function Tuaiuvewssaudundy (s1vazidoavesdias

Tu S - Function g 1dn1nnanuan )

Sys (1) = LA*N*BM*RI*Rr*u (1);
sys (2) = LB*N*BM*RI*Rr*u (1);

sys (3) = LC*N*BM*RI*Rr*u (1);
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Tae

Sys (1) 15y usedudunduveanla A

Sys (2) 15y usesdudunauveanla B

Sys (3) 15y usesdudunduveanla ¢

< 1 { o @
N*BM*RI*Rr (Husinsiveaussdudundy (K, )

I [ ~
LA,LB,LC umddguityy 0 la o vaunea AB uaz C

S < ¢
un WunnuEIvomes

A20e13115un 53]y s-function MYUAA Hall Sensor N 0 — 60 D37

sys@)=5; HALL A
sys(5) = 0; HALL B

sys(6) = 0; HALL C

323 ﬂ”l'iﬁ%jNS—Function Inverter

Tag S-Function vimthnlumssy

1 [ { o s
uag Awssaunelinuuenes (Vo) tiodse

(V, V; Vo)

[

QRTTRE

da91n Hall  Efect (H, H, H.)

a Y o A Y o I'4
muwaﬁﬁNLLNﬂuﬂmﬂiwﬂ‘]JiJE)L@]E)ﬁ

) v
UH, ——5
U)H; ———>

(U 1)VBATT %

S-Function

Inverter

———,(SY8))
———>V,(8YS,)
L WV (SYSy)

[ 0] S-Function Inverter
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80 ‘ : : : :

v,

~04 041 042 043 044 045 0.46 047 048 049 045

[v] Lﬂ?ﬁ‘l/gifl S- Function Va,Vb,Vc

gﬂﬁ 3.4 S —Function Inverter

a0619T15unsulu S-Function vvanlumsadn V, V, V. #i Ha = 0:Hb = 0:He = 0;
iftha>0 & hb==0 & hc==0)%100
if(vb > vmax)
vb=vmax;
end
sys(1)=vb;
sys(2)=-vb;
sys(3)=0;

end
9 \ 1 9y Y
3.2.4 NMIETIN S-Function ﬁ?ﬂ%ﬂl%ﬂﬂﬂlﬂﬁﬂ?’)ﬁlﬂ

o 4 @ T o 1 U 4 ..
Tag S-Function vt lumssuadmiad unyuueausines (Rotor Position)

1Az AN Advance Angle tolsziliumaadadyann H, Hy H_
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———> H,(sys)
(U,)Theta ———>

S

Fun(_:tion ' > H |'3 (sysl)

Advance
Angle

(U,)Advance Angle———>
v 9 j % Hc (sysl)
yulamani

/ [n] S-Function Phase Advance

) = Y
’ 0.2z 0.23 0.24 0.25 028 027
O,
I | S e SR SRS SO ]
R N SRR O [ AU (S A | [y Gy R SR — U ——————— -
Ha
N IO | W IRUN - Saaisans iy S (RN W N ]
Q
0.2 a.21 o2z 0.23 0.24 a.25 026 027

[v] dyaa Hall Sensor H, theunuy H,

gﬂﬁ 3.5 S-Function Phase Advance

Gﬁi‘u@]@uﬁ/ﬂllﬂﬁﬁﬂﬁ]']ﬂﬁ']ﬂ']iﬁ%j]ﬂ!ﬂﬂi]o'lﬂ@ﬂ ﬁﬁ 4 ﬁauﬁluﬂgfwﬁ}u f’d]ﬂ LUVIDD
YoI03NIzIan3 11511159911 (Breushless DC  Motor Math Model) 1111512998 U105 19195
(S — Function Inverter) 411318849 Back EMF (S-Function Back EMF & Hall sensor) tta%
uuusians vaseylaiiIme (S - Function Advance Angle) muady ulszneunilu
iZ1J’UiimEN‘V]Nﬂiﬁ@lmﬁﬁglﬁ'ﬂﬁﬂy1wqaﬂi‘ihﬂmﬂuf}ma§ﬂ§$Lmﬂhl%}uﬂﬂﬂl1u (Brushless DC

Il o w Ay [ Y Y o @ A
Motor) Gl,uEl’luﬂ’la\‘]ﬂ\?‘ﬂﬂﬁfﬂ’iaﬂﬂ’]i“]fﬂl‘]fflﬂglllﬂﬁﬂ’\')ﬂu’] muﬁmmgﬂ‘ﬂ 3.6
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Inverter - i N
Cladk e e >
W ) 4 .
Tofs—s
I-’ -_
—PI e
] | » . >
. IrI HC r’ oldz_sdvl
BV g | S
Comstant Ny > RESULT
BLD >
~ _ +
U=t T =
==l Advance Angle
BLDC
|
L ALDC_ady_2i F
—r _ :_"_i:— I‘— ’rsﬁ'_s:-.-'_.‘.‘t'
R 5-Functioni
ADVANTE ANGLE

3 o 4 1 {
51U 3.6 nuuieewemeinszuaase liulseoundnssameyuaiiomi

Y

° o s 9 ' A ' v Y A
fl]']ﬁi’)\‘]ﬂ']i‘l’l'l\‘l'luallﬂx‘lili’]m@5ﬂ5$!£ﬁﬂ3\3131!ﬂ3\301uIﬂﬂ@uﬂﬂﬂ?uﬂlﬂﬁﬂ’nﬁu’]‘ﬂ 10 20

1 Y
9 v v A

o o Jd A a = o A Y o 4
HaE 30 BNAIAINEIAL JANDIADS U UADINTIAYAIU useaunelinuuemes
o 1 { o
(VB) =24 VDC ﬂamﬁmmumawﬂwamuamm ®R) = 15Q mmmmﬁmuwmajﬂ
2 o B T ' 7 A A
YAIANBADT (L) = 1.92 mH  31UINVIIHMaN (P) = 48 Pole A1 luNuUAANmBENINAT
k4 - T o a £ 1 ~ - o g 1 I
uowos (J) = 1xX10™ 1<gm2 Amdulszansanurysmal (B) = 1X107 Ut uman
(P) =4, AN (Kw) = 0.0545 1z 4331 1naa (TL)= 0— 0.5 Nm Wan1391a0dn lauaaind

JUn 3.7
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0.34 T I
Torque : — advance = 10
i ; ; ; ; ; — cdvance = 20
] . Wi ah, N R i peoeeane —dvance = 30 ]
03, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
R S N TN -
U e
PN S . N S N S SN S
e
0z | | | | | | | |
1600 1700 1800 1900 2000 100 2200 2300 2400 2500 2600
, . Speed
[ n] nfSeumeunsitalnaananuEiseueIny
Torque | |
: s adbvance = 10
; : : ' : : s sdbvance = 20
. Mo Rl N7 TS O3 D O T proseeene —dvance = 30 ]
03_ ____________________________________________________________________________________________________________
SANNE S W) s . N I ——
T R SRR . WAL N | D o) T . VA S S
7Y OURRRRON UURRR Ut B _JREEA RERNED, NS R
[ e e e e T s S RO T TR
0z i | | i | i i | |
1600 1700 1600 1900 2000 2100 2200 2300 2400 2500 2600
a < >, | @Y a o Speed
[v] LIEEJ‘UWWJ‘UWNMS?N@W]ﬂiﬂ!tﬁﬂﬂﬂiﬁﬂﬂmﬂ’)ﬂu
! v o v v
s 3.7 wai ldoinmssraoamssameyumaiiam

d av
3.3 yanaaevszuurawspulaiIvinuane s Iihnszuansdliulssouiing 500 w 48
volt
@ A < o < S o
wasni lddneianuiiu 1y ldnnuuosassau lddoagdtsnnuiiuly ldudans
9 J ' o o A =2~
MIBONUUVAFTNIIAIUANAINBIALTENEUAN 9 TutuuTiasa 31038 waz 3.9 &l
4 v dy
peAlsznounanaail
1 Wﬂ’;ﬂ%@t%&lymv\lﬂﬁH’MﬁH (Advance Angle Operating System )
2 wiesziliunanals (Central Processing Unit)

] @ < 4
3 HUIIANNNIINDNDT (Speed Sensor Unit)
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4 viurw5unseiaTnaa ( Torque Control Unit )

5 M0AILANMIVLIARDUNBIABS ( Motor Drive Unit )

6 MineAAREAMINUABNNUABS( GUI Data Analysis)

GUI DATA
AMALYSIS

3

ventral
JFrocessing Unit)
v

~

S

Advance Angle)
Operating

Gy

TORQUE & I
SPEED

System =

MOTOR

i

BLDC
AMotor

S00 w

ﬂﬁ 3.8 ENﬂ‘]J53ﬂE)“LI“])’ﬂ‘ﬂﬂﬁ@ﬂﬂ@tﬁ@ﬁl’lﬂw'lﬂi“’uﬁﬁ3thitlﬂiﬂﬂ'lu1/‘lﬂﬂ 500 W 48 volt

‘ljﬁ 3.9 ﬂfﬂﬂﬂﬁﬂﬂwﬂlﬁﬂihlV\'V\"lﬂi“L!ﬁﬂﬁ\illillﬂix‘lﬂWuWﬂﬂ 500 W 48 VDC
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3.3.1 miholsziliumaszuusareyulaniimh

= Y A

A wa Y 9 o o a Ay ¥
ﬁxﬂﬂﬂgﬁﬁﬂ'ﬁ m‘s%m%ymﬂﬁm’mm lI’ViLl'WIGlHﬂ'lﬁﬂillll@]\?ﬁﬂ]ﬂ]']ﬂ!@uwvl ‘Vlhlﬂ

g9 q

1 4 I ' ' ' °
910 Hall Sensor H, Hy ta H, udrdsesnmaemumily H, Hguaz H, Tagmsi 1@

mamsmaanuszIgdauagie H, nu H, Hg 7o H, wag H, 7o H, swdidu
[ o v 1 a 14 . 1 ] a

TagFumdayuaaunaInAeNNInes (GUI Data Analysis) AUnHI81/521iUMaNa14 (Central

Processing  Unit) Ingansagmsaraudavesdyaiauiaesgiuunie H, dmdas waz H,

i H, awaaslugdfnzionifa]

Volt e

I

N

Time
[n]
Volt/
| I Ad\lance Angle
_— e

N

/ Time

[v]

sUf 310 n) H, dwmds H, ) Hihwh H,
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s Ha
7
e N D S
g —> =
H H, M He %
A
Advance Angle u ﬁ =4
" X He &
H Processing Unit HB
B
o
Hc <

Normal/Advance
Torque/Speed Central Processing MODE
Unit

RS232 Communication

51 3.1 esdilsznoumsyhauvesieweyai’Imii (Advance Angle Operating

System)

A4 | Uh

H/\' *iz‘n (L
‘\‘ﬁ, S\

‘ljﬁ 3.12 umawwmﬂmwmﬂmumwﬁmmm
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Tugruveaieesvesniieyaweyulanimi uaasdsgli 3.13

51 3.13 29sszuulfriams msvaeiuanianiil (Advance Angle Operating System

Y

Circuit)

mIAauazmseenuuva aynmaavesgayana H, H, H. auH, Hy* Hg
" v @ U 9 a 1 1 o w 2 { a 3
myasugdyauainanlaunnaeiuantazaaianyazvesdyauinaiulusia
A < v o x \ Y o 9 o 2 PN A (%
ANgUnuTuIaTng (Time Period) tdawhmsadudyanayvluemnaalilianyazimiouny
o A a X 2 a 1 A o 1 a o o Y
dyarainadulusfaiiswasiaimsadoudiuuanismnataz nisauvesdyg i 14
' o a 9 @ [ ' A ' 9 £y I~ Y '
sanallnndyarosdnla vnuanmsasnanfinanudeau szmulains luawso
9 [ [l o v o Y ] 9 o ' Y
aswdyaralninndyapavesaniuedd wu s hiawnse adedyaw H, 9 H, 14

{ < Y1 o o W . .
i 3.9 sgrvlandyone H, Hy uaz Ho linmanlunilaiadng(Time Period)
1w o @ a v & Y o P~ ' 9 9y 9
ININY ummdf\umama1m'§l,ﬂmm$mmumuuljﬁ]ﬂé}maﬂm‘iﬂﬂanmﬂluﬂnmuiﬂﬂh

H, a519 Ho Head Hy mag Hy adw H, awda asgii 3.14
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He —— 3 Advance Processing A '%H‘A

He —> Advance ProcessingB ——H,

Hi ———  Advance ProcessingC ——— He

Y ' o 9 ' ' '
5 3.14 gamanamsainn H, H, uag H,

% @ fl a 9 Y ' . .

Fadregumsdsziliunanssawoyulaniamiiiues H, ( Advance Processing Unit C)Ue®q
Y < Y o H

Trmulaaagan 3.15

e

/

s 3.15 malddyanw H, afe Hy

g

12

a4 awglit 3,15 aunsaetuielddail
T, = T,./3 G.1)
T,=To - T, (3.2
Tagl#
T, awawoyuvlaalnrh
T, yuamaaszrin H, nu H,

T, amiaanaimsng H,

T, fsamunamaliih
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3.3.2 nudeilsuiliumana 13(Central Processing Unit)
v v
wihelsziuranashriNnunuguaszuugesnviualaun

1. AUAUMSINNUEAAILAUMsTUIRAEY ( BLDC Motor Drive Unit)

v o o a Y
2. ﬂUﬂUﬂ'lﬁvl']\j'luslfﬂﬂﬁxllluWaﬂqisﬁﬂ!%ﬂuNLWﬁﬂqﬁﬁﬁH (Advance Angle Process

Unit)
3. AUAUMIMAIUAIAIAUIIILA THAA ( Load Torque Control Unit )
4. iﬂﬂ’Jmﬁ’J(Speed Sensor Unit)
5. us9lalvana(Load Torque Unit)
6. AanodomItuneNiNnes A1 TI5HATY GUI Data Analysis

) < o Y
911150081 Block Diagram laaail

VRS - NI
( RS232 )
Communication )
) e

‘ Advance Angle

’ BLDC Drive Unit

S

Central Processing Unit

p \—/\

Load Torque Control

Processing Unit

Speed sensor Unit
Unit

— \>Z

317 3.16 Block diagram Yoan281l5EiiuManaiy

Tagavsnuielssiivpananauaaensglin 3.17
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> ot ANGVRIT « N2 730 AVSS
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AN OV R PUMIBREL oI
| Womres 5 e e |
@ e = £ e e
2N
o5t V00 <
lul
hutord OsCIRCLE 151Y
* | J ] TXRAIATNACH RCUIRXRIS - )
= TICKATARNACH KOUITXRI I—"'
ALS

o ) FUTAINTORE b
. » INTRD! INT} RO ot
1ont 1007 | Dsmc20i0

BT}
Admin Systems 0
¥JD
o

X4
™ -
W ue /:?17 AN ' W g;: :
Juonc |- 2 €l TIOT iy
[l O 'S ,.. G N
e e KT o g € RIOLT e
| = 7 3 u Ve TIN b
3 Lo IV - 3 PIPRLER § % § Y
L [ O ] R Rt
" v S ) — [ pr
ot =
= x:\uu 4 a
=t o HORTAY PP s an '[ l [‘T I
oy | oy RES
sléfdle]é
2 2 -
- n
o [l J]

311 3.17 5190210892995 11120 52U UNANA N (Central Processing Unit)

_é

317 3.18 UH99TH UYL UNANa1N (Central Processing Unit)

86



1 @ < 4
3.3.3 fUNYIANNNTINDNDT ( Speed Sensor Unit )
@ @ < aa @ v o a {
wannmsasatuanwiiluszuuainealdvanmsiudya 1auiitniniinay
~ 1 = 1 . . a Y =
NIATIFINDHUINUIBIAT( Clock/Time Unit) aﬁmﬂ"lﬂmugﬂm.w

fryeynnuunfing

U JTU

—

ALIANANNIEL = uﬁwaumwgmmmmmﬁ

AN
/7

1 Y @ < aa
gﬂﬁ 3.19 1aNNITIANNULIITESUUAINDD

A29619
s lddyanaunminnudmay 1000000 Hz
WINAUNAIVOIT QY IVUINNT 11D 1/1000000 = 0.000001 sec
fmilasoumsuyuvesemo Tudyanauimla 1000000
) = 1 ’q Y [ é
UUHeDIINeMe S IHa 1My uaoniNT o
= (1000000 x 2 0.000001) = 2 sec

=2x60=120 RPM
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S 5| RES
GND E ) R
INT2 l%

[ ] 4
s 3.21 ITMINTIVANVTINONDS
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Interrupt INT2
Get Counter
Timerl and disable

| ]

namsvyulu 1 seu

A4

namsvyuluasisou

Interrupt
INTO

Ctart

v 7
T1 // .
N Time

12
51 3.22 Ay aPUNNNVI INTO , INT2
// —

[ OSC 20 MHZzZ

SN

N NSz J
b

b _
4’ OSC /4/Prescale ]

counterl
Int2 ————
5 L

s 3.23 MavudyaIUIANIVE9 Counter 1

\%
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= < N Yo X
mﬂgﬂ‘n 3.19 uag 3.20 ﬁﬁJﬁﬂ“l’ﬂﬂ”ﬂllLi’JiE]iJsUEN?JE]LG]E]']"UIQ dU

XTAL = 20 MHZ
OSC/4 = SMHZ
Prescale = 64

MIERLUUAMUDVEIT Y AUIRNINEUE1 Counter 1 = 5000000/64 = 78125 HZ

fedamImuInANSIToUNINDS
eruu@anii 18210 counter 1 = 10000
T1 (e 19 1uAT9501) = 10000 x 64 x(1/5000000) = 0.128 sec
T2 (a1 13 umnilesew) = 0.128 x 2 = 0.256 sec
Sy 1dnnuEIseueInes = 60/0.256 =234 RPM drsanaiiiu mdaludinues
Tsunsuusmsoumessu INTO uaz INT2 lumseumanuEiseuvemos;
#int_ EXTO
void EXTO_isr(void)
{
output_toggle(pin_e5); if(input(pin_dl1));
{
set_timer1(0);flg_t1=0;setup timerl(TMR INTERNAL|TMR DIV BY 64);}}
#int EXT2
void EXT2 isr(void)
{
GET_T2=get_timerl();
flg_ext2=1;setup timerl (TMR_DISABLED);

}
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3.3.4 MU28AILUAUITIUA THAA (Load Torque Control)

Phase A

Phase B

Phase C

DSPIC30F2010

100K

oc1

AN2

10K AN3

PWM

1 500 w load

AN2 LOAD VOLTAGE

AN3 LOAD CURRENT

0.6 OHM /‘
\‘

suf 3.24 2995 Taedav)vearitennuguussiialvan

u

51 3.25 gadraausialvian
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#annMsnIuANNIIDAIHan ( Load Torque Control Concept)

110314 3.24 naz 3.25 151 1HaTesdudia lifhauna s00 witluTnaaliiuuenes Tag

Tiinsesduiiasumse Inaagega 500 W msnfasunlasmsz Tvaari 1d laemsSunszualu
v ] 9

YAAIA Exit Field 399nd9n1591n 1151051 GUI Data Analysis A4tiumsmsaiia lvaaaz 14

o A o A 1 2 s g
1N ﬂ']il!'lﬂﬁ%t!’d“ﬂllﬁa uae Lliﬂﬂu‘ﬂﬂﬂﬂiﬂuiﬂaﬂ uaxmmLﬁwmmmaﬁmgﬂu"lﬂmu

AUNIT9819
P=E.l (3.3)
T=Plw (3.4)

o a . { 9 1 1 v
Tagmsmuinsdiialvian ( Load Torque Calculation) 910317 3.18 19 AN2 811A 5 9AY
J 1 o Y [ 2
Tvan uag AN3 owAnszua Ivaa lagnmualissauanuazeealumsulasdyaiaan
< I aa a 1 1 o '
pudonuATABaIUIA 10 TAVDVIANITOIUAMIIAUTENIN VSS — VCC (0 — 5VDC )

naanagIln 3.26

Vmax 5V —— 1111111111
. 4005y —1—— 1111111110
ouaon 499 v —+— 1111111101
4985y ——— 1111111100
4908V —— 1111111011
0.025V 1+ 0000000101
0.02V 1 0000000100 A3n0a
0.015V 1 0000000011
001V —| 0000000010
0.005V —— 0000000001
Vin 0V —+— 0000000000

H @ U i i I o aa { A
gllﬁ 3.26 f]@]ﬁ’lﬁ")ui%W'J’l\‘]ﬂ’lGU’f]\‘]’f]u'l'ﬁ@ﬂﬂﬂﬂﬁ]@]@aﬁﬂﬂ’]ﬂaglaﬂﬂ 10 us
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LN

‘ﬁﬂ']'lﬂJl%'Jﬁ@UﬂJfJ\‘]iJ@L@]f’)gWi'lﬁ/U 350 RPM

ly AN2 = 1111111110 92 18u598UT AN2 = 4.995 V uaz 1299331 3.18 9214
139U ANATON IHAA ( Viead ) =4.995 x 10 = 49.95 V

il AN3 = 1111111011 92 1]us el AN2 = 4.98 V uasningd 3.18 a2 1@minssuai
Inaru Tviana(load) = 4.98/0.6 = 8.3 Amp
MNAIRINaTNAY 12 18

P = EI=49.95X83= 414.63 WATT

T=P/w= 414.63/350=1.18 N.m

3.3.5 Ggﬂmmsﬂuﬂﬁﬂ‘fumﬁau ( BLDC Motor Drive )
I J o Jq Y v 9 A R A
Wudauarugumshiauvaenei lniuldamluiden 2.6.1 Feliamilsznou
7 U 9 q./ ] a U . ] %
nan9 4 AIUALNUAD wmaﬂizmuwaﬁmmmmmu (Controller Unit) WUIGVLYAYYIM
] Aa g a d Aa 4 U
IAYUIU ( Gate Drive Unit) 1HI8UDIBLANNTBDUNTAINY (Power r Electronic Switch) LagaIU

2 3 o H 4 .. . .
TULASVIYAYYIUAUUHUIUNUNYUVDINDIADT (Rotor Position Sensing Unit )
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L R W
L [ |
E v T A
R E c

N N NI
HB HC

Advance Angle

EH\A/_J
Processing

\ Unit J

RS232

10 3.27 leezunsuganiugunmsvinaen BLDC Motor
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MANHIN D

Source Code Advance Angle Processing ita1¢ Central Processing Unit
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Source Code Advance angle processing And Central Processing Unit

Source Code Advance angle processing
#include <16F818.h>

#device adc=8

#FUSES NOWDT //No Watch Dog Timer

#FUSES HS //High speed Osc (> 4mhz for PCM/PCH) (>10mhz for PCD)
#FUSES NOPUT //No Power Up Timer

#FUSES MCLR //Master Clear pin enabled

#FUSES NOBROWNOUT //No brownout reset

#FUSES NOLVP //No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/O
#FUSES NOCPD //No EE protection

#FUSES NOWRT //Program memory mnot write protected

#FUSES NODEBUG //No Debug mode for ICD

#FUSES NOPROTECT //Code not protected from reading

#use delay(clock=20000000) #use rs232 (baud=9600,parity=N,xmit=PIN_A3,rcv=PIN A2 bits=8)

struct sel adv{

int NON :2; int data :3;

int nonl :3;
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}select adv;

#locate select_adv=0x005

int8 tOcon;

#locate tOcon= 0x081

#bit tOse = tOcon.4 #BIT tOcs = tOcon.5 #bit psa = tOcon.3

int8 trisb; #locate trisb = 0x086

#bit trisb7 = trisb.7 #bit trisb6 = trisb.6 #bit trisb5 = trisb.5

#bit trisb4 = trisb.4 #bit trisb3 = trisb.3 #bit trisb2 = trisb.2

#BIT trisbl =trisb.1 #BIT trisb0 =trisb.0

int8 portb; #locate portb = 0x006
#bit b7 = portb.7 #bit b6 = portb.6  #bit b5 = portb.5
#bit b4 = portb.4 #bit b3 = portb.3  #bit b2 = portb.2

#BIT bl = portb.1

#BIT b0 = portb.0

#priority EXT,RTCC

intl6 get tl;  intl6 loop check; intl6 triger time; intl flg t0;

intl6 advance tl; int8 k; int8 get angle; floatadv_angle; intl flg ext;

void advance(void); void ini(void); void select angle(void);
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#int CCP1

void CCP1_isr(void)

{select_angle();}

#int EXT

void EXT isr(void)

{ get_tl=get timerl(); set timer1(0); flg ext=1;}

void main()

setup_adc_ports(NO_ANALOGS);

setup_adc(ADC_OFF);

setup_spi(SPI_SS DISABLED);

setup_timer O(RTCC_INTERNAL[RTCC DIV 1);

setup_timer 1(T1 EXTERNAL|T1 DIV BY 1);

setup_timer 2(T2 DISABLED,0,1);

enable_interrupts(INT _EXT);

enable_interrupts(INT_CCP1);

setup_ccpl(CCP_CAPTURE fE);

enable_interrupts(GLOBAL);
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ext_int edge(h TO 1);

get_tl=loop_check=0;

flg_ext=0;flg_t0=0;

set_timerl(0);

trisb1 = trisb4 =trisb5 = 0;

trisb0 = 1;t0se=0;t0cs =1;psa=1;

b1=b4=b5=0;k=0;

ini();

while(true)

{ triger time=get t1/3;

advance tl=triger time*adv_angle;

triger_time-=advance tl;

if(flg_ext)

{ delay_us(triger time);

bd=1;

b5=1;

delay us(get tl);
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b4=0;b5=0;flg_ext=0; } } }

void ini(void)

while(k<=10)

{ b5=~b5; delay ms(100); k++;}

b5=0; }

void select_angle(void)

{ get angle=select adv.data;

switch (get_angle) {

case 0:

adv_angle= 0;

break;

case 1:// advance 5 degree

adv_angle= 0.025;

break;

case 2:// advance 7 degree

adv_angle= 0.075;

break;
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case 3:// advance 9 degree

adv_angle= 0.135;

break;

case 4:// advance 15 degree

adv_angle= 0.27;

break;

case 5://// advance 20 degree

adv_angle= 0.33;

break;

case 6:// advance 25 degree

adv_angle= 0.422; break;

case 7:// advance 30 degree

adv_angle= 0.455; break;

default:

break; }}

Source Code Central Processing Unit

//master operating system of advance angle brushless dc motor

//detail of system
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//'1 control advance angle by pin_e2 pin_e3 pin_e4

// 2 control running mode (advance or normal) pin_e0 pin_el

// 2.1 normal pin_e0 = low pin_e1 = high

// 2.2 advance pin_e0 = high pin_el = low

#include <30F2010.h>

#device adc=10

#FUSES NOWDT //No Watch Dog Timer

#FUSES HS //High speed Osc (> 4mhz for PCM/PCH) (>10mhz for PCD)
#FUSES PR //Primary Oscillator

#FUSES NOCKSFSM //Clock Switching is disabled, fail Safe clock monitor is disabled
#FUSES WPSB16 //Watch Dog Timer PreScalar B 1:16

#FUSES WPSA512 //Watch Dog Timer PreScalar A 1:512

#FUSES PUT64 //Power On Reset Timer value 64ms

#FUSES NOBROWNOUT //No brownout reset

#FUSES BORV47 //Brownout reset at 4.7V

#FUSES LPOL_HIGH //Low-Side Transistors Polarity is Active-High (PWM 0,2,4 and 6)

//PWM module low side output pins have active high output polar

#FUSES HPOL_HIGH //High-Side Transistors Polarity is Active-High (PWM 1,3,5 and 7)
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//PWM module high side output pins have active high output polarity

#FUSES NOPWMPIN //PWM outputs drive active state upon Reset

#FUSES MCLR //Master Clear pin enabled

#FUSES NOPROTECT //Code not protected from reading

#FUSES NOWRT //Program memory not write protected
#FUSES NODEBUG //No Debug mode for ICD

#FUSES NOCOE //Device will reset into operational mode
#FUSES ICSP1 //ICD uses PGC1/PGD1 pins

#FUSES RESERVED //Used to set the reserved FUSE bits

#use delay(clock=20000000) #use rs232(UARTI1,baud=19200,parity=N,bits=8)

#priority RDA,EXT0,EXT2, TIMER |

int16 trise;

#locate trise = 0x02d8  #bit tris_e2 = trise.2

#bit tris_e3 = trise.3 #bit  tris_e4 = trise.4

int16 Porte; #locate Porte = 0x02da

#bit €2 =DPorte.2 #bit e3 =Porte.3 #bit e4 =Porte.4

intl16 late;  #locate late = 0x2dc

#bit late 2 =late.2 #bitlate 3 =late.3 #bitlate 4 =late.4
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int16 trisb;  #locate trisb = 0x02c6

#bit tris b4 =trisb.4 #bit tris_b5 = trisb.5

int16 portb; #locate portb = 0x02c8

#bit b4 =portb.4 #bit b5 =portb.5

intl16 latb;  #locate latb = 0x02ca

#bit latb 4=latb.4 #bit lath 5= lath.5

void get speed(void);

void recive_data(void);

byte n; byte datacom[3];

intl flg rda,flg com; int32k;

intl flg_ext0,flg_ext2,flg t1; intl6 sec;

int32 GET _T2; int32 get over; int32 loadl;

intl6 pwm; int8 cmdl,cmd2; intl16 adc0,adcl,adc2,adc3;

#int EXTO

void EXTO _isr(void)

{ output toggle(pin_e5);

if(input(pin_d1))

{ set_timer1(0);flg_t1=0;setup_timerl (TMR_INTERNAL|TMR DIV _BY 64); } }
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#int EXT2

void EXT2_isr(void)

{ GET T2=get timerl(); flg_ext2=1;setup timerl(TMR_DISABLED);}

#int TIMER|

void TIMERI1 _isr(void)

{ flg_t1=1; }

#int RDA

void RDA_isr(void)

{ datacom[n]=getc(); n++;

if(n>1)

{ flg_com=1;

//disable_interrupts(INT _RDA);

void main()

setup_spi(SPI_SS DISABLED); setup wdt(WDT_OFF);

SETUP_ADC_PORTS(sANO|sAN1[sAN2[sAN3|VSS_ VDD );
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SETUP_ADC(ADC_CLOCK_INTERNAL);

setup_compare(1,COMPARE PWM | COMPARE TIMER3 ),

setup_timer3(TMR_INTERNAL | TMR_DIV_BY_1,1000 );

setup_timerl(TMR_INTERNAL|TMR_DIV BY_8);

SETUP_TIMER2(TMR_DISABLED);

set_timer2(0);

ext_int edge( 0, L _TO H); ext int edge( 2, H TO L); enable interrupts(INT_EXTO0);

enable_interrupts(INT EXT?2); enable interrupts(INT _TIMER1); enable interrupts(INT RDA);

enable_interrupts(INTR_GLOBAL);

k=0; flg_ext0=0; output_low(pin_e0); output high(pin_el);

output HIGH(pin_d1); set timer1(1000); sec=0;flg_rda=0;

set pwm_duty(1,0); n=0;

tris_e2=tris_e3=tris_e4=0; e2=e3=e4=0; tris_ b4=0;tris b5=0;

b4=1;b5=1; k=0;get over=0; flg ext2=0;

e2=1;e3=1;e4=1; late 2=1;late 3=1;late 4=1;

WHILEC(true)
{
[[~======= get an0

133



set_adc_channel(0);

adc0 = read_adc();

set_adc channel(1);

adc1 =read_adc();

[[========= get an2 current

set_adc channel(2);

adc2 =read_adc();

[]====mmmm= get an3 voltage

set_adc channel(3);

adc3 =read_adc();

if(flg_ext2)

{ get over=k*65535;

GET T2 += get over;

/fprintf("speed = %lu \r\n",GET _T2);

flg ext2=0;get over=0;k=0; }

if(flg_t1)

{ k++;
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flg_t1=0;

if(flg_com)

{ cmdl = datacom[0];cmd2=datacom[1] ;

switch (cmd1) {

case 1:// check data communication from comport

printf("%u %03u %041lu %041lu %06lu ",datacom[0],datacom[1],adc2,adc3,GET_T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 2:// command load torque

load1 = datacom[1];

load1*=1000;

load1/=255;

pwm=load1;

printf("%u %03u %041lu %04lu %061u ",datacom[0],datacom[1],adc2,adc3,GET T2);

printf("s\r\n");

set pwm_duty(1,pwm);
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flg_com=0;n=0;

break;

case 3:// command adjust advance angle

switch (cmd2){

case 0:

e2=1;e3=1;e4=1;

late 2=1;late_3=1;late 4=1;

b4=0;delay ms(1);b4=1;

printf("%u %03u %041lu %041lu %06lu ",datacom[0],datacom[1],adc2,adc3,GET_T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 5:

e2=1;e3=1,e4=0;

late 2=1;late_3=1;late 4=0;

b4=0;delay ms(1);b4=1;

printf("%u %03u %041lu %041lu %06lu ",datacom[0],datacom[1],adc2,adc3,GET _T2);

printf("'s\r\n");
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flg_com=0;n=0;

break;

case 7:

e2=1;e3=0;e4=1;

late 2=1;late 3=0;late 4=1;

b4=0;delay ms(1);b4=1;

printf("%u %03u %041lu %041lu %06lu ",datacom[0],datacom[1],adc2,adc3,GET_T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 9:

e€2=1,;e3=0,;e4=0;

late 2=1;late_3=0;late 4=0;

b4=0;delay _ms(1);b4=1;

printf("%u %03u %041lu %041lu %06Iu ",datacom[0],datacom[1],adc2,adc3,GET_T2);

printf("s\r\n");

flg_com=0;n=0;

break;
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case 15:

e2=0;e3=1;e4=1;

late 2=0;late 3=1;late 4=1;

b4=0;delay_ms(1);b4=1;

printf("%u %03u %041u %041lu %061u ",datacom[0],datacom[1],adc2,adc3,GET _T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 20:

€2=0;e3=1,e4=0;

late 2=0;late_3=1;late 4=0;

b4=0;delay _ms(1);b4=1;

printf("%u %03u %041u %04lu %06Iu ",datacom[0],datacom[1],adc2,adc3,GET T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 25:

€2=0;e3=0;e4=1;
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late 2=0;late _3=0;late 4=1;

b4=0;delay_ms(1);b4=1;

printf("%u %03u %041u %04lu %061u ",datacom[0],datacom[1],adc2,adc3,GET T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 30:

€2=0,e3=0,e4=0,

late 2=0;late_3=0;late 4=0;

b4=0;delay ms(1);b4=1;

printf("%u %03u %041u %041u %061u ",datacom[0],datacom[1],adc2,adc3,GET T2);

printf("s\r\n");

flg_com=0;n=0;

break;

default:

break;

break;
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case 4:// command select drive mode (advance or normal)

switch (cmd2){

case 0 :// normal mode

// floating hall sensor

output_high(pin_e0);

output_high(pin el);

delay ms(10);

output_low(pin_€0);

output_high(pin_e1);

printf("%u %03u %041lu %041lu %06Iu ,datacom[0],datacom[1],adc2,adc3,GET T2);

printf("s\r\n");

flg com=0;n=0;

break;

case 1 :// advance mode

output_high(pin_e0);

output_high(pin_el);

delay ms(10);

output_high(pin_e0);

140



output_low(pin_el);

printf("%u %03u %041lu %041lu %06Iu ,datacom[0],datacom[1],adc2,adc3,GET_T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 2 :// floating hall sensor

output_low(pin_e0);

output_low(pin_el);

printf("%u %03u %041lu %041lu %06lu ,datacom[0],datacom[1],adc2,adc3,GET T2);

printf("s\r\n");

flg_com=0;n=0;

break;

default:

break;

break;

case 5: // command enable or disable drive

switch (cmd2){
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case 0://disable drive

b5=0;

latb_5=0;

printf("%u %03u %041lu %041lu %06Iu ,datacom[0],datacom[1],adc2,adc3,GET_T2);

printf("s\r\n");

flg_com=0;n=0;

break;

case 1:// enable drive

b5=1;

latb_5=1;

printf("%u %03u %041u %041u %061u ,datacom[0],datacom[1],adc2,adc3,GET T2);

printf("s\r\n");

flg_com=0;n=0;

break;

default:

break;

break;
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case 6:// get speed ,torque

printf("%u %03u %041lu %041lu %06Iu ",datacom[0],datacom[1],adc2,adc3,GET_T2);

printf("s\r\n");

flg_com=0;n=0;

break;

default :

break;

Y
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MANHIN VU

Source Code BLDC Drive

144



//Hall effect PIN_B3-->Blue:PIN_b4-->Green:PIN_b5-->Yellow

#include <30F2010.h>

#device adc=10

#Fuses HS

/H#Fuses BORV20

#Fuses BROWNOUT

#Fuses noMCLR

#Fuses PUT4

#Fuses NOWDT

#fuses WPSB10

#use delay(clock=20000000,restart wdt)

#use rs232(UART1,baud=19200,parity=N,bits=8,)

//#include <math.h>

/HFUSES HPOL_LOW //High.Side Transistors Polarity is Active.High (PWM 1,3,5 and 7)

/MFUSES LPOL_HIGH //Low.Side Transistors Polarity is Active.Low (PWM 0,2.4 and 6)

#priority TIMER1,EXT1

intl6 trisB;
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#locate trisB=0x02C6 #bit trisb3=trisb.3

#bit trisb4=trisb.4  #bit trisb5=trisb.5

struct sensor{

INT NON :3;

int data :3;

thall data;

#locate hall data=0x02C8

int16 PTCON;

#locate PTCON = 0x1C0O0  #bit PTEN =PTCON.15

#bit PTSIDL =PTCON.13 #bit PTOPS3 = PTCON.7

#bit PTOPS2 = PTCON.6  #bit PTOPS1 = PTCON.5

#bit PTOPSO = PTCON.4  #bit PTCKPS1 = PTCON.3

#bit PTCKPSO =PTCON.2  #BIT PTMOD1 =PTCON.1

#BIT PTMODO =PTCON.0

INT16 PTMR;

#LOCATE PTMR = 0X1C2

INT16 PTPER;
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#LOCATE PTPER = 0X1C4

INT16 SEVTCMP;

#LOCATE SEVTCMP = 0X1C6

INT16 PWMCONTI;

#locate PWMCONI1 = 0x1c8

#bit PMOD3 = PWMCONI1.10

#bit PMOD2 = PWMCONI1.9

#bit PMOD1 = PWMCONI1.8

#bit PEN3H = PWMCONI1.6

#bit PEN2H = PWMCONI.5

#bit PEN1H = PWMCONI1.4

#bit PEN3L = PWMCONI1.2

#bit PEN2L = PWMCONI.1

#bit PENIL = PWMCON1.0

INT16 PWMCON?2;

#locate PWMCON?2 = Ox1ca

#bit SEVOPS3 = PWMCON2.11
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#bit SEVOPS2 = PWMCONZ2.10

#bit SEVOPS1 = PWMCON2.9

#bit SEVOPS0O = PWMCON?2.8

#bit OSYNC =PWMCON2.1

#bit UDIS =PWMCON2.0

INT16 DTCONI;

#LOCATE DTCONI1 = 0X1CC

#BIT DTAPS1 = DTCONI.7

#BIT DTAPSO = DTCONI.6

#BIT DTIMES = DTCON1.5

#BIT DTIME4 = DTCONI1.4

#BIT DTIME3 = DTCON1.3

#BIT DTIME2 = DTCONI1.2

#BIT DTIME1 = DTCONI1.1

#BIT DTIMEO = DTCONI1.0

intl6 ifs2;

#locate 1fs2=0x088

148



#bit Afltaif = ifs2.11

INT16 FLTACON;

#LOCATE FLTACON = 0X1DO0

#BIT

#BIT

#BIT

#BIT

#BIT

#BIT

#BIT

#BIT

#BIT

#BIT

FAOV3H =FLTACON.13

FAOV3L =FLTACON.12

FAOV2H =FLTACON.11

FAOV2L =FLTACON.10

FAOV1H =FLTACON.9

FAOVIL =FLTACON.8

FLTAM =FLTACON.7

FAEN3 =FLTACON.2

FAEN2 =FLTACON.1

FAEN1 =FLTACON.0

INT16 OVDCON,;

#LOCATE OVDCON = 0X1D4

#BIT

#BIT

POVD3H = OVDCON.13

POVD3L = OVDCON.12
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#BIT POVD2H = OVDCON.11
#BIT POVD2L = OVDCON.10
#BIT POVDIH = OVDCON.9
#BIT POVDIL = OVDCON.8
#BIT POUT4H = OVDCON.7
#BIT POUT3H =OVDCON.5
#BIT POUT3L =OVDCON.4
#BIT POUT2H =OVDCON.3
#BIT POUT2L =OVDCON.2
#BIT POUTIH = OVDCON.!
#BIT POUTIL = OVDCON.0
INT16 PDCI;

#LOCATE PDCI1 = 0X1D6

INT16 PDC2;

#LOCATE PDC2 = 0X1D8

INT16 PDC3;

#LOCATE PDC3 = 0X1DA
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INT16 CONST TABLE FW[]={0x0000,0x2001,0x0810,0x0801,0x0204,0x2004,0x0210};

INT16 CONST TABLE RW/[]={0x0000,0x0210,0x2004,0x0204,0x0801,0x0810,0x2001 };

INT8 INDEX, TEMPINDEX;

intl flg_int,flg t4,FLG _RDA;

intl6 n;

INT32 GET T23;

int16 duty;

INT8 GET DUTY;

int16 loop;

#int RDA

void RDA _isr(void)

GET DUTY=GETC();

FLG RDA=I;

#int EXT1

void EXTI1 isr(void)
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flg_int=1;

GET _T23=get _timer23();

set_timer23(0);

#int. TIMER1

void TIMERI isr(void)

{set_timer1(500);

set_adc_channel( 0 ); duty = read_adc();pdc1= pdc2= pdc3=duty;

flg t4=1;

clear_interrupt(int_timer1);

void main(void)

{ setup_ wdt (WDT OFF);

flg_t4=0;

/Mrisb=0x000f;

trisb3=trisb4=trisb5=1;
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ptper=0x0080;

SEVTCMP=ptper;

ptmr=0x0000;

/ PMOD3(PWM3 MODE) PMDO2(PWM2MODE) AND

PMODI1(PWMIMODE) FOR SELECT COMPLEMENTARY OR Independent mode

PMOD3=1;//PWM3

PMOD2=1;//PWM2

PMODI1=1;// PWM1

pten=1; // ENABLE INPUT CLOCK FOR PWM

PTSIDL=0;

//[m===========PTMODO0 AND PTMOD1 FOR SELECT MODE PWM

ptmod0=0; // 00 Free Running mode

ptmod1=0; //01 Single-shot mode

// 10 Continuous Up/Down Counting mode.

// 11 Continuous Up/Down mode with interrupts for double PWM

/|============PTCKPS0 AND PTCKPS1 BIT FOR PTMR PRESCALE

ptckps0=1; // 00 (1:1 prescale)

153



ptckps1=0; // 01 (1:4 prescale)

//10 (1:16 prescale)

// 11 (1:64 prescale)

e PENxh PENxI for enable pwmoutput

pen3h=1; // pen2h=1; //penlh=1; // pen3l=1; //

pen2l=1; // penll=1; //

pdc1=0x120; // pdc2=0x120; // pde3=0x120; //

//

OSYNC=1;UDIS=0;

POVDIH =1; POVDIL =1; POVD2H =1; POVD2L =1;

POVD3H =1; povd3l=0; Pout3L =1;

I/

PWMCON2=0X0F00; INDEX=0;

SETUP_ADC_PORTS(sANO|VSS_VDD );

SETUP_ADC(ADC_CLOCK_INTERNAL);

enable interrupts(INTR_GLOBAL);
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ENable_interrupts(INT _TIMER1);

disable_interrupts(INT RDA);

set_timer1(500);

I SET TIMER23 32 BIT=======

SETUP_TIMER2(TMR_EXTERNAL [TMR_DIV _BY_1|TMR_32_BIT);

set_timer23(0);

setup_timer] (TMR_INTERNAL|TMR_DIV_BY_38);

disable interrupts(INT EXT1);

ext int edge( 1, H TO L);

pdcl= pdc2= pdc3= 20;

flg_int=0;FLG_RDA=0;

n=0;duty=200;

OVDCON=TABLE FWI[0];

FLTACON=0XFF87,;

WHILE(N<5)

OUTPUT TOGGLE(PIN d1);
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DELAY_MS(1000);

N++;

>

OUTPUT_HIGH(PIN_d1);loop=0;

while(true)

INDEX=hall data.data;

while(INDEX==hall data.data)

OVDCON=TABLE FW[INDEX];

n+-+;

if(n>30000)

output_toggle(PIN_d1);

n=0;

I
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Private Sub Form_Load()

On Error Resume Next

MSComml.PortOpen = True

Timerl.Enabled = False

get_speed torque.Enabled = False

cmd_advance.Enabled = False

cmd load.Enabled = False

cmd_drive adv.Enabled = False

cmd _enable drive.Enabled = False

cmd_disable drive.Enabled = False

cmd _floatint_hall.Enabled = False

cmd_drive normal.Enabled = False

step_pwm.Enabled = False

st rec.Enabled = False

t normal.Enabled = True

t_advance.Enabled = False
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start_rec.Enabled = False

auto_step load.Enabled = False

MANUAL LOAD.Enabled = False

AUTO_LOAD.Enabled = False

c data=0

CLEAR DATA.Enabled = False

CLR.Enabled = False

REPORT EXCEL.Enabled = False

report.Enabled = False

ref datax =0

ref datay =0

num_data =0

step_load =0

max_load =0.3

min_load =0

num_plot=0
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max_speed = 500

min_speed = 200

scalex]1 =0
scaley2 =0
dx=0
dy=0

record = False

toggle =0

avr_value=0

avr_value2 =0

avr_value3 =0

value x=0

value y=0

load data=0
End Sub

Private Sub Label25 Click()

End Sub
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Private Sub Form MouseMove(Button As Integer, Shift As Integer, x As Single, Y As Single)

BLDC2013.Caption = "ADVANCE ANGLE BLDC TECHNOLOGY"

End Sub

Private Sub Form_Unload(Cancel As Integer)

End

End Sub

Private Sub MANUAL LOAD Timer()

If c_data =0 Then

MSComm1.Output = Chr$(2)

c data=c data+1

End If

If c_data=1 Then

MSComm1.Output = Chr$(PWM _.Value)

c data=c data+1
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End If

If ¢_data =2 Then

MSComm1.Output = Chr$(0)

c data=0

MANUAL LOAD.Enabled = False

'Exit Sub

End If

End Sub

Private Sub max_t_Click()

input_var.Show

End Sub

Private Sub MSComm1 OnComm()

Dim finish$

Dim offset$

Dim datain$, AS$, b$, c$, d$, G$, h$
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Dim loop_check

Dim rpm$

Dim count$

Dim real speed

Do

buffer$ = buffer§ & MSComm1.Input

loop_check =loop check + 1

If loop_check > 100000 Then

Exit Sub

End If

Loop Until InStr(buffer$, "s")

datain$ = buffer$

Textl = datain$

A$ = Mid$(datain$, 1, 1)

If Val(A$) < 1 And Val(A$) > 6 Then GoTo 1b7

If Val(A$) = 1 Then GoTo Ibl

If Val(A$) = 2 Then GoTo 1b2
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If Val(A$) = 3 Then GoTo 1b3

If Val(A$) = 4 Then GoTo 1b4

If Val(A$) = 5 Then GoTo 1b5

If Val(A$) = 6 Then GoTo 1b6

Ib1:

b$ = Mid$(datain$, 17, 6)

'SHOW_SPEED.Text =b$

If Val(b$) > 1000 Then

real_speed = Val(b$) * 64 * 0.0000002 'time/0.5rev (64 is div_clk 64 and 0.0000002 is 1 T

of clock)use t1

real _speed =real speed * 2 ' time/rev

Ifreal speed > 0 Then real speed =60 / real speed 'rpm

End If

Ifavr_value3 <=9 Then

sum_rpm = sum_rpm + real_speed

avr_value3 = avr_value3 + 1

Else
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sum_rpm = sum_rpm/ 10

real speed = sum_rpm

rpm =real speed

SHOW_SPEED.Text = Format$(real _speed, "###")

avr_value3 =0

sum_rpm = 0

power = real _current * real voltage

If rpm > 0 Then torque = power / rpm

show_loadtorque.Text = Format$(torque, "0.##")

End If

display current

¢$ = Mid$(datain$, 7, 4)

current = Val(c$) * 5

current = current / 1024

current = current * 3

If avr_value <=9 Then
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sum_current = sum_current + current

avr_value = avr_value + 1

Else

sum_current = sum_current / 10

current = sum_current

current = current / 0.6

real current = current

show_loadcurrent. Text = Format$(current, "##.00")

avr_value=0

sum_current =0

End If

display voltage

d$ = Mid$(datain$, 12, 4)

voltage = Val(d$) * 5

voltage = voltage / 1024

voltage = voltage * 10

Ifavr value2 <=9 Then
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sum_voltage = sum_voltage + voltage

avr_value2 = avr_value2 + 1

Else

sum_voltage = sum_voltage / 10

voltage = sum_voltage

real voltage = voltage

show_loadvoltage.Text = Format$(voltage, "##.00")

avr_value2 =0

sum_voltage =0

End If

display load torque

1b2:

1b3:

1b4:
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Ib5:

Ib6:

Ib7:

End Sub

Private Sub PWM_LOAD_Change()

PWM_LOAD.Enabled = True

End Sub

Private Sub Optionl_Click()

adv_angle=0

cmd_advance.Enabled = True

End Sub

Private Sub Option2_Click()

adv_angle =15

cmd_advance.Enabled = True

End Sub

168



Private Sub Option3_Click()

adv_angle =7

cmd_advance.Enabled = True

End Sub

Private Sub Option4 Click()

adv_angle =9

cmd_advance.Enabled = True

End Sub

Private Sub Option5_Click()

adv_angle =15

cmd_advance.Enabled = True

End Sub

Private Sub Option6_Click()

adv_angle =20

cmd_advance.Enabled = True

End Sub

Private Sub Option7_Click()
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adv_angle = 25

cmd advance.Enabled = True

End Sub

Private Sub Option8 Click()

adv_angle =30

cmd advance.Enabled = True

End Sub

Private Sub Picture] MouseMove(Button As Integer, Shift As Integer, x As Single, Y As

Single)

BLDC2013.Caption = "ADVANCE ANGLE BLDC TECHNOLOGY" & " " & "speed =" & x

& nn & "RPM" & nn & Uload =n & Y & nn & IIN‘m"

End Sub

Private Sub Picturel Paint()

divy = (max_load - min_load) / 10

divx = (max_speed - min_speed) / 10

' DISPLAY SCALE LOAD-----mmmmmeme

Ibt1.Caption = min_load + (divy * 1)
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1bt2.Caption = min_load + (divy * 2)

1bt3.Caption = min_load + (divy * 3)

1bt4.Caption = min_load + (divy * 4)

1bt5.Caption = min_load + (divy * 5)

Ibt6.Caption = min_load + (divy * 6)

1bt7.Caption = min_load + (divy * 7)

1bt8.Caption = min_load + (divy * 8)

1bt9.Caption = min_load + (divy * 9)

1bt10.Caption = min_load + (divy * 10)

! DISPLAY SCALE E SPEED

Ibsp1.Caption = min_speed + (divx * 1)

Ibsp2.Caption = min_speed + (divx * 2)

Ibsp3.Caption = min_speed + (divx * 3)

Ibsp4.Caption = min_speed + (divx * 4)

Ibsp5.Caption = min_speed + (divx * 5)

Ibsp6.Caption = min_speed + (divx * 6)

Ibsp7.Caption = min_speed + (divx * 7)
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Ibsp8.Caption = min_speed + (divx * 8)

1bsp9.Caption = min_speed + (divx * 9)

Ibsp10.Caption = min_speed + (divx * 10)

! SET SCALE

Picturel.Cls

Picturel.DrawWidth = 2

Picturel.DrawStyle = 0

scalex] = min_speed

scaleyl = max_load

scalex2 = max_speed

scaley2 = min_load

Picturel.Scale (scalex1, scaleyl)-(scalex2, scaley2)

draw gride scale x

Picturel.DrawWidth = 1

Picturel.DrawStyle = 2

For x =min_speed To max_speed Step divx

Picturel.Line (x, 0)-(x, max_load)
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Next x

draw gride scale y

For x = min_load To max_load Step divy

Picturel.Line (0, x)-(max_speed, x)

Next x

'Me.Circle (1500, 1500), 150, vbBlack

End Sub

Private Sub PWM __ Change()

MANUAL LOAD.Enabled = True

End Sub

Private Sub report_Click()

Dim MYOBJECT As Object

Dimk

Dim j

Dim t$

Dim S$

Dim A, b As Integer, c
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Dim colum As String

Dim index

index = 65

colum = Chr$(index)

Set MYOBJECT = CreateObject("Excel. Application")

MYOBJECT.workbooks.Add

"MsgBox (W2$)

For j=0 To ref datax -1

Ifj =0 Then

For k=0 To save_numdata(j)

colum = Chr$(index)

t$ = colum & k + 1

colum = Chr$(index + 1)

S$=colum & k+ 1

MYOBJECT.range(S$).Value = save datax(j, k)

MYOBJECT.range(t$). Value = save_datay(j, k)
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Next k

End If

Ifj=1 Then

For k=0 To save_numdata(j)

colum = Chr$(index + 2)

t$ = colum & k + 1

colum = Chr$(index + 3)

S$ =colum & k+ 1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBIJECT.range(t$).Value = save datay(j, k)

Next k

End If

Ifj =2 Then

For k=0 To save_numdata(j)

colum = Chr$(index + 4)
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t$=colum & k + 1

colum = Chr$(index + 5)

S$ =colum & k+ 1

MYOBJECT.range(S$).Value = save_datax(j, k)

MYOBIJECT.range(t$).Value = save_datay(j, k)

Next k

End If

If j=3 Then

For k =0 To save_numdata(j)

colum = Chr$(index + 6)

t$ = colum & k + 1

colum = Chr$(index + 7)

S$=colum&k+1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBJECT .range(t$).Value = save datay(j, k)

Next k
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End If

Next j

MYOBJECT.Visible = True

' ENABLE COMMAND----------

CLEAR DATA.Enabled = True

CLR.Enabled = True

CLEAR DATA.Enabled = True

CLR.Enabled = True

REPORT EXCEL.Enabled = False

report.Enabled = False

End Sub

Private Sub REPORT EXCEL_Click()

Dim MYOBJECT As Object

Dimk

Dim j

Dim t$
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Dim S$

Dim A, b As Integer, c

Dim colum As String

Dim index

index = 65

colum = Chr$(index)

Set MYOBJECT = CreateObject("Excel. Application")

MYOBJECT.workbooks.Add

For j=0 To ref datax -1

Ifj=0 Then

For k =0 To save numdata(j)

colum = Chr$(index)

t$ =colum & k + 1

colum = Chr$(index + 1)

S$=colum&k+1

MYOBIJECT.range(S$).Value = save datax(j, k)

178



MYOBJECT.range(t$). Value = save_datay(j, k)

Next k

End If

Ifj=1 Then

For k =0 To save numdata(j)

colum = Chr$(index + 2)

t$ =colum & k + 1

colum = Chr$(index + 3)

S$=colum & k+1

MYOBIJECT.range(S$).Value = save_datax(j, k)

MYOBIJECT.range(t$).Value = save datay(j, k)

Next k

End If

Ifj =2 Then

For k=0 To save_numdata(j)

colum = Chr$(index + 4)
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t$=colum & k + 1

colum = Chr$(index + 5)

S$ =colum & k+ 1

MYOBJECT.range(S$).Value = save_datax(j, k)

MYOBIJECT.range(t$).Value = save_datay(j, k)

Next k

End If

If j=3 Then

For k =0 To save_numdata(j)

colum = Chr$(index + 6)

t$ = colum & k + 1

colum = Chr$(index + 7)

S$=colum&k+1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBJECT .range(t$).Value = save datay(j, k)

Next k
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End If

Next j

MYOBIJECT.Visible = True

End Sub

Private Sub run_advance Click()

cmd drive adv.Enabled = True

t_advance.Enabled = True

t normal.Enabled = False

End Sub

Private Sub run_normal Click()

cmd_drive normal.Enabled = True

t normal.Enabled = True

t advance.Enabled = False

End Sub

Private Sub scal rpm Change()

If record = True Then
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x1 = Val(scal rpm.Text)

y1 = Val(scal_t.Text)

If (x1 < value x) Then

save datax(ref datax, num_data) = x1

save datay(ref datay, num_data) =yl

num_data = num_data + 1

Picturel.Line (value_x, value y)-(x1, y1), QBColor(num_plot)

End If

value x =x1

value y=yl

End If

End Sub

Private Sub scal t Change()

End Sub

Private Sub SCALE Click()

scal rpm.Text=""
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input_var.Show

st rec.Enabled = False

End Sub

Private Sub show_loadtorque Change()

scal _t.Text=show_loadtorque.Text

End Sub

Private Sub SHOW_SPEED_Change()

scal rpm.Text=SHOW_SPEED.Text

End Sub

Private Sub st rec_Timer()

If toggle = 0 Then

Timerl.Enabled = True

toggle = toggle + 1

Else

Timerl.Enabled = False

toggle =0

End If
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End Sub

Private Sub start_rec_Click()

show_loadtorque.Text ="0.00"

SHOW_SPEED.Text = "000"

show_loadcurrent.Text ="0.00"

show_loadvoltage.Text ="0.00"

st rec.Enabled = True

avr_value=0

avr_value2 =0

avr_value3 =0

sum_current =0

sum_voltage =0

sum_rpm = 0

value x=0

value y=0

x1 = Val(scal_rpm.Text)

y1 = Val(scal t.Text)
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save datax(ref datax, num_data) = x1

save datay(ref datay, num_data) =yl

record = True

Picturel.DrawWidth = 2

Picturel.DrawStyle = 0

! DISABLE COMMAND-----

CLEAR DATA . Enabled = False

CLR.Enabled = False

REPORT EXCEL.Enabled = False

End Sub

Private Sub step_pwm_Timer()

step_load = step_load + 15

PWM_.Value = step_load

If step_load > 240 Then

step_pwm.Enabled = False

record = False

save_numdata(ref datax) = num_data
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ref datax =ref datax + 1

ref datay =ref datax

num_data =0

num_plot =num_plot + 1

PWM_.Value=0

CLEAR DATA . Enabled = False

CLR.Enabled = False

REPORT EXCEL.Enabled = True

report.Enabled = True

End If

End Sub

Private Sub t_advance Timer()

If display_mode = 0 Then

displaymode.BackColor = QBColor(12)

display_mode = display_mode + 1
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displaymode.Caption = "ADVANCE MODE"

Else

displaymode.BackColor = QBColor(7)

display_mode = 0

displaymode.Caption = ""

End If

End Sub

Private Sub t normal Timer()

If display_mode = 0 Then

displaymode.BackColor = QBColor(10)

display _mode = display_mode + 1

displaymode.Caption = "NORMAL MODE"

Else

displaymode.BackColor = QBColor(7)

display_mode = 0

displaymode.Caption = ""

End If
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End Sub

Private Sub Text2 Change()

code = Val(Text2.Text)

End Sub

Private Sub Text3 Change()

PWM = Val(Text3.Text)

End Sub

Private Sub Timerl Timer()

If c_data =0 Then

MSComm1.Output = Chr$(1)

c data=c data+1

End If

If c_data=1 Then

MSComm1.Output = Chr$(0)

c data=c data+1
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End If

If ¢_data =2 Then

MSComm1.Output = Chr$(0)

c data=0

Timerl.Enabled = False

'Exit Sub

End If

End Sub

PUBLIC VARIABLE

Public max_load

Public min_load

Public max_speed

Public min_speed

Public scalex1

Public scalex?2

Public scaleyl

189



Public scaley2

Public divx

Public divy

Public dx

Public dy

Public toggle

Public current

Public voltage

Public avr_value

Public avr_value2

Public avr_value3

Public sum_rpm

Public sum_current

Public sum_voltage

Public real_current

Public real voltage

Public torque
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Public power

Public rpm

Public step_load

Public record As Boolean

Public x1

Public y1

Public value x

Public value y

Public num_plot

Public save datax(5, 500)

Public save datay(5, 500)

Public ref datax

Public ref datay

Public num_data

Public load_data

Public save numdata(5)
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[1] S-Function Inverter

function [sys,x0,str,ts] = timestwo(t,x,u,flag,vmax)

% Dispatch the flag. The switch function controls the calls to

% S-function routines at each simulation stage.

%INPUT VECTOR

%u(1) Ha

%u(2) Hb

%u(3) He

%u(4) Vbatt

% output vector

%sys(1) Va

%sys(2) Vb

%sys(3) Ve

switch flag

case 0

[sys,x0,str,ts] = mdlInitializeSizes(t,x,u,flag,vmax); % Initialization
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case 1,

sys = mdlderivatives(t,x,u,flag,vmax);

case 3

sys = mdlOutputs(t,x,u,vmax); % Calculate outputs

case {1,2,4,9}

sys = []; % Unused flags

otherwise

error(['Unhandled flag = ',num2str(flag)]); % Error handling

end;

% End of function timestwo.

%

% Function mdllInitializeSizes initializes the states, sample

% times, state ordering strings (str), and sizes structure.

%

function [sys,x0,str,ts] = mdlInitializeSizes(t,x,u,flag,vmax)

% Call function simsizes to create the sizes structure.

sizes = simsizes;
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% Load the sizes structure with the initialization information.

sizes.NumContStates= 0;

sizes.NumDiscStates= 0;

sizes.NumOutputs= 3;

sizes.NumlInputs= 4;

sizes.DirFeedthrough=1;

sizes.NumSampleTimes=1;

% Load the sys vector with the sizes information.

sys = simsizes(sizes);

x0 = []; % No continuous states

str = []; % No state ordering

ts = [-1 0]; % Inherited sample time

% End of mdlInitializeSizes.

%

% Function mdlOutputs performs the calculations.

%

function sys = mdlOutputs(t,x,u,vmax)
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%a=2;b=3;c=4;

ha=u(1);% = a*u(1);

hb=u(2);%=b*u(2);

hc=u(3);%=c*u(3);

vb=u(4);

if(vb > vmax)

vb=vmax;

end

%sys = rccvmaxt(t,x,u);

% End of mdIOutputs.

if(ha>0 & hb==0 & hc==0)%100

if(vb > vmax)

vb=vmax;

end

sys(1)=vb;

sys(2)=-vb;

sys(3)=0;
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end

if(ha>0 & hb>0 & hc==0)%110

if(vb > vmax)

vb=vmax;

end

sys(1)=vb;

sys(2)=0;

sys(3)=-vb;

end

iftha==0 & hb>0 & he==0)%010

if(vb > vmax)

vb=vmax;

end

sys(1)=0;

sys(2)=vb;

sys(3)=-vb;

end
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if(tha==0 & hb>0 & hc>0)%011

if(vb > vmax)

vb=vmax;

end

sys(1)=-vb;

sys(2)=vb;

sys(3)=0;

end

if(tha==0 & hb==0 & hc>0)%001

if(vb > vmax)

vb=vmax;

end

sys(1)=-vb;

sys(2)=0;

sys(3)=vb;

end

if (ha>0 & hb==0 & hc>0)%101
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if(vb > vmax)

vb=vmax;

end

sys(1)=0;

sys(2)=-vb;

sys(3)=vb;

end

[2] S- Function Back EMF And Hall sensor

function [sys,x0,str,ts] = blde(t,x,u,flag,R,L.J,P.kw)

% BLDC An example M-file S-function for defining a system of

% The expected input vector is:

% (1): Wr

%(2): theta

%OUTPUT VECTOR GENERATED BY THE SYSTEM:

%(1): Emf u

%(2): Emf v
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%(3): Emf w

%(4): Ha

%(5): Hb

%(6): Hc

%(7): theta

% Dispatch the flag.

switch flag,

case 0,

[sys,x0,str,ts]=mdlInitializeSizes(R,L,J,P.kw); % Initialization

case 1,

sys = mdlDerivatives(t,x,u,R,L,J,P.kw); % Calculate derivatives

case 2, %model update

sys = mdlUpdate(t,x,u,R,L,J,P.kw); % update the model

case 3,

sys = mdIOutputs(t,x,u,R,L.J,P.kw); % Calculate outputs

case 4, % Unused flags

sys=[];
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case 'reset’

% name = 'mybldc_mdl2/mybldc/my state-space';

%LocalResetController(name);

case 9,

% sys=mdITerminate(t,x,u);

%%%%6%0%0%%%%0%6%%%%:%%%%%

% Unexpected flags %

%%%%6%0%0%%%%0%%%%%%%%%%

otherwise

error(['Unhandled flag = ',num2str(flag)]);

end

% End of csfunc.

%

% mdlInitializeSizes

% Return the sizes, initial conditions, and sample times for the

% S-function.

%
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function [sys,x0,str,ts] = mdlInitializeSizes(R,L,J,P,kw)

% Call simsizes for a sizes structure, fill it in and convert it

% to a sizes array.

sizes = simsizes;

sizes.NumContStates = 0;

sizes.NumDiscStates = 0;

sizes.NumOutputs =7;

sizes.Numlnputs = 2;

sizes.DirFeedthrough = 1; % Matrix D is nonempty.

sizes.NumSampleTimes = 1;

sys = simsizes(sizes);

% Initialize the initial conditions.

% str is an empty matrix.

%
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% Initialize the array of sample times; in this example the sample

% time is continuous, so set ts to 0 and its offset to 0.

%

ts =0 0];

% End of mdllInitializeSizes.

%

% mdlDerivatives

% Return the derivatives for the continuous states.

% Nothing needs to be done here.

%

function sys = mdlDerivatives(t,x,u,R,L,J,P,kw)

sys=[1;

%

% mdlUpdate

% Update the model parameters.

% Nothing needs to be done here

%
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function sys = mdlUpdate(t,x,u,R,L,J.P,kw); % update the model

sys=[1;

%

% mdlOutput

% calculate the model outputs and update other blocks ( Adaptive coefficients)

%

function sys = mdlOutputs(t,x,u,R,L,J,P.kw)

theta = rem (u(2),2*pi); % make theta betweeen 2*pi and -2*pi

sys(7)=theta;

if (theta>=0 & theta<pi/6) % 0 TO 30 DEGREE

LA= 6*theta/pi;

LB=-1;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1);  %Back emf for phase W

% 12
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sys(4)=5; %HALL SENSOR A

sys(5)=0; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
end;

if (theta>=pi/6 & theta<pi/3) % 30 TO 60 DEGREE

LA=1;

LB=-1;

LC=-6*(theta-(2*pi/6))/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=5; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
end;

if (theta>=pi/3 & theta<pi/2) % 60 TO 90 DEGREE

LA=1;
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LB=-1;

LC=-6*(theta-(2*pi/6))/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=5; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
end;

if (theta>=pi/2 & theta<2*pi/3) % 90 TO 120 DEGREE

LA=1;

LB=( theta-(4*pi/6) )*6/pi;

LC=-1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=5; %HALL SENSOR A
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sys(5)=5; %HALL SENSOR B

sys(6)=0; %HALL SENSOR C

end;

if(theta>=2*pi/3 & theta<5*pi/6) % 120 TO 150 DEGREE

LA=I;

LB=( theta-(2*pi/3) )*6/pi;

LC=-1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1); = %Back emf for phase V

sys(3)=LC*kw*u(1);  %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
end;

if (theta>=5*pi/6 & theta<pi) % 150 TO 180 DEGREE

LA=(pi-theta)*6/pi;

LB=1;
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LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1); = %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
% 7
end;

if(theta>=pi & theta<7*pi/6) % 180 TO 210 DEGREE

LA=(pi-theta)*6/pi;

LB=1;

LC=-1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1); %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
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sys(5)=5; %HALL SENSOR B

sys(6)=5; %HALL SENSOR C
% 6
end;

if(theta>=7*pi/6 & theta<4*pi/3) % 210 TO 240 DEGREE

LA=-1;

LB=1;

LC=( theta-(4*pi/3))*6/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C
% 5
end;

if (theta>=4*pi/3 & theta<3*pi/2) % 240 TO 270 DEGREE
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LA=-1;

LB=1;

LC=( theta -(4*pi/3))*6/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C
% 4
end;

if(theta>=3*pi/2 & theta<5*pi/3) % 270 TO 300 DEGREE

LA=-1;

LB=((5*pi/3)-theta)*6/pi;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V
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sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C
% 3
end;

if(theta>=5*pi/3 & theta<l1*pi/6) % 300 TO 330 DEGREE

LA=-1;

LB=((5*pi/3)-theta)*6/pi;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); = %Back emf for phase W

sys(4)=5; %HALL SENSOR A
SyS(5)=0; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C

%
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end;

if(theta>=11*pi/6 & theta<2*pi) % 330 TO 360 DEGREE

LA= 6*(theta-2*pi)/pi;

LB=-1;

LC=1,

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)= LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(l1); %Back emf for phase W

sys(4)=5; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B

sys(6)=5; %HALL SENSOR C

%

end;

%%%-------=----- CALCULATION FOR%%%SY S(4)<0

if (theta>=-2*pi & theta<-11*pi/6) %-360 to -330

LA= (theta+2*pi)*6/pi;

LB=-1;
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LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1);  %Back emf for phase W

sys(4)=5; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C
%

end;

if (theta>=-11*pi/6 & theta<-5*pi/3)%-330 to -300

LA=1;

LB=-1;

LC=-(theta+(10*pi/6))*6/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1);  %Back emf for phase W

sys(4)=5; %HALL SENSOR A
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sys(5)=0; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C

)

%

end;

if (theta>=-5*pi/3 & theta<-3*pi/2)%-300 to -270

LA=1;

LB=-1;

LC=-(theta+(10*pi/6))*6/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C
%

end;

if (theta>=-3*pi/2 & theta<-4*pi/3)%-270 to -240
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LA=1;

LB=( theta+(4*pi/3) )*6/pi;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C
% 4
end;

if(theta>=-4*pi/3 & theta<-7*pi/6)%-240 to -210

LA=1;

LB=( theta+(4*pi/3) )*6/pi;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V
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sys(3)=LC*kw*u(1);  %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B

sys(6)=5; %HALL SENSOR C

end;

if (theta>=-7*pi/6 & theta<-pi)%-210 to -180

LA=-(theta+pi)*6/pi;

LB=l1;

LC=-1;

sys(1)= LA*kw*u(1); ~ % Back emf for phase U

sys(2)=LB*kw*u(1); = %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=5; %HALL SENSOR C
% 6
end;
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if(theta>=-pi & theta<-5*pi/6)%-180 to -150

LA=-(theta+pi)*6/pi;

LB=1;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1); = %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

% i
sys(4)=0; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
end;

if(theta>=-5*pi/6 & theta<-4*pi/6)%-150 to -120
LA=-1;
LB=1;

LC=( theta+(4*pi/6))*6/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U
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sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=0; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
% 8
end;

if (theta>=-4*pi/6 & theta<-3*pi/6)%-120 to -90

LA=-1;

LB=1;

LC=( theta+(4*pi/6))*6/pi;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1); = %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=5; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
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end;

if(theta>=-3*pi/6 & theta<-2*pi/6)%-90 to -60

LA=-1;

LB=-(theta+(2*pi/6))*6/pi;

LC=1,

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)= LB*kw*u(1);  %Back emf for phase V

sys(3)= LC*kw*u(l); %Back emf for phase W

sys(4)=5; %HALL SENSOR A
sys(5)=5; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
end;

if(theta>=-2*pi/6 & theta<-pi/6)%-60 to -30

LA=-1;

LB=-(theta+(2*pi/6))*6/pi;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U
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sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

sys(4)=5; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
% 11
end;

if(theta>=-pi/6 & theta<0)%-30 to 0

LA= 6*theta/pi;

LB=-1;

LC=1;

sys(1)= LA*kw*u(1); % Back emf for phase U

sys(2)=LB*kw*u(1);  %Back emf for phase V

sys(3)=LC*kw*u(1); %Back emf for phase W

SyS(4): 5; %HALL SENSOR A
sys(5)=0; %HALL SENSOR B
sys(6)=0; %HALL SENSOR C
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end;

[2] S-Function Advance Angle

function [sys,x0,str,ts] = bldc(t,x,u,flag,angle)

% BLDC An example M-file S-function for defining a system of

% The expected input vector is:

% (1): Wr

%(2): theta

%OUTPUT VECTOR GENERATED BY THE SYSTEM:

%(1): Emf u

%(2): Emf v

%(3): Emf w

%(4): Ha

%(5): Hb

%(6): Hc

%(7): theta

% Dispatch the flag.
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switch flag,

case 0,

[sys,x0,str,ts]=mdlInitializeSizes(angle); % Initialization

case 1,

sys = mdlDerivatives(t,x,u,angle); % Calculate derivatives

case 2,

sys = mdlUpdate(t,x,u,angle); % update the model

case 3,

sys = mdlOutputs(t,x,u,angle); % Calculate outputs

case 4, % Unused flags

sys =[I;

case 'reset’

% name = 'mybldc_mdl2/mybldc/my state-space';

%LocalResetController(name);

case 9,

% sys=mdITerminate(t,x,u);

% Unexpected flags %
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otherwise

error(['Unhandled flag = ',num2str(flag)]);

end

% End of csfunc.

%

% mdlInitializeSizes

% Return the sizes, initial conditions, and sample times for the

% S-function.

function [sys,x0,str,ts] = mdllInitializeSizes(angle)

% Call simsizes for a sizes structure, fill it in and convert it

% to a sizes array.

sizes = simsizes;

sizes.NumContStates = 0;

sizes.NumDiscStates = 0;

sizes.NumQOutputs = 3;

sizes.Numlnputs  =2;

sizes.DirFeedthrough = 1; % Matrix D is nonempty.
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sizes.NumSampleTimes = 1;

sys = simsizes(sizes);

% Initialize the initial conditions.

% str is an empty matrix.

str=[];

% Initialize the array of sample times; in this example the sample

% time is continuous, so set ts to 0 and its offset to 0.

ts =10 0];

% End of mdlInitializeSizes.

%

% mdlDerivatives

% Return the derivatives for the continuous states.

% Nothing needs to be done here.

%

function sys = mdlDerivatives(t,x,u,angle)

sys=[1;
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%

% mdlUpdate

% Update the model parameters.

% Nothing needs to be done here

%

function sys = mdlUpdate(t,x,u,angle); % update the model

sys=[1;

% mdlOutput

% calculate the model outputs and update other blocks ( Adaptive coefficients)

function sys = mdlOutputs(t,x,u,angle)

u(1)=u(1) + u(2); % + advance and - restard

theta = rem (u(1),2*pi); % make theta betweeen 2*pi and -2*pi

%sys(7)=theta;

%sys(11)=theta; %output normalised angular position

if (theta>=0 & theta<pi/6) % 0 TO 30 DEGREE

sys(1)=5; %HALL SENSOR A

sys(2)=0; %HALL SENSOR B
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sys(3)=0; %HALL SENSOR C

end;

if (theta>=pi/6 & theta<pi/3) % 30 TO 60 DEGREE

sys(1)=5; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
end;

if (theta>=pi/3 & theta<pi/2) % 60 TO 90 DEGREE

sys(1)=5; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B

sys(3)=0; %HALL SENSOR C

end;

if (theta>=pi/2 & theta<2*pi/3) % 90 TO 120 DEGREE

sys(1)=5; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
end;
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if(theta>=2*pi/3 & theta<5*pi/6) % 120 TO 150 DEGREE

sys(1)=0; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
end;

if (theta>=5*pi/6 & theta<pi) % 150 TO 180 DEGREE

sys(1)=0; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
end;

if(theta>=pi & theta<7*pi/6) % 180 TO 210 DEGREE

sys(1)=0; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
end;

if(theta>=7*pi/6 & theta<d*pi/3) % 210 TO 240 DEGREE

sys(1)=0; %HALL SENSOR A
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sys(2)=5; %HALL SENSOR B

sys(3)=5; %HALL SENSOR C

end;

if (theta>=4*pi/3 & theta<3*pi/2) % 240 TO 270 DEGREE

sys(1)=0; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
end;

if(theta>=3*pi/2 & theta<5*pi/3) % 270 TO 300 DEGREE

sys(1)=0; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
% 3
end;

if(theta>=5*pi/3 & theta<l1*pi/6) % 300 TO 330 DEGREE

sys(1)=5; %HALL SENSOR A

sys(2)=0; %HALL SENSOR B
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sys(3)=5; %HALL SENSOR C

end;

if(theta>=11*pi/6 & theta<2*pi) % 330 TO 360 DEGREE

sys(1)=5; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B

sys(3)=5; %HALL SENSOR C

end;

%%%0-=-=--------- CALCULATION FOR%%%SYS(4)<0

if (theta>=-2*pi & theta<-11*pi/6) %-360 to -330

sys(1)=5; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
end;

if (theta>=-11*pi/6 & theta<-5*pi/3) %-330 to -300

Sys(l): 5; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
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end;

if (theta>=-5*pi/3 & theta<-3*pi/2)%-300 to -270

sys(1)=0; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
end;

if (theta>=-3*pi/2 & theta<-4*pi/3)%-270 to -240

sys(1)=0; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
end;

if(theta>=-4*pi/3 & theta<-7*pi/6)%-240 to -210

sys(1)=0; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
end;

if (theta>=-7*pi/6 & theta<-pi)%-210 to -180
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sys(1)=0; %HALL SENSOR A

sys(2)=5; %HALL SENSOR B
sys(3)=5; %HALL SENSOR C
end;

if(theta>=-pi & theta<-5*pi/6)%-180 to -150

% 7
sys(1)=0; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
end;

if(theta>=-5*pi/6 & theta<-4*pi/6)%-150 to -120

sys(1)=0; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
end;

if (theta>=-4*pi/6 & theta<-3*pi/6)%-120 to -90

sys(1)=5; %HALL SENSOR A
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sys(2)=5; %HALL SENSOR B

sys(3)=0; %HALL SENSOR C

end;

f(theta>=-3*pi/6 & theta<-2*pi/6)%-90 to -60

sys(1)=5; %HALL SENSOR A
sys(2)=5; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
% 10
end;

if(theta>=-2*pi/6 & theta<-pi/6)%-60 to -30

sys(1)=5; %HALL SENSOR A
sys(2)=0; %HALL SENSOR B
sys(3)=0; %HALL SENSOR C
end;

if(theta>=-pi/6 & theta<0)%-30 to 0

sys(1)=5; %HALL SENSOR A

sys(2)=0; %HALL SENSOR B
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sys(3)=0; %HALL SENSOR C

end;

Private Sub Form_Load()

On Error Resume Next

MSComml.PortOpen = True

Timerl.Enabled = False

get_speed torque.Enabled = False

cmd_advance.Enabled = False

cmd_load.Enabled = False

cmd _drive adv.Enabled = False

cmd _enable drive.Enabled = False

cmd_disable drive.Enabled = False

cmd_floatint hall.Enabled = False

cmd _drive normal.Enabled = False

step_pwm.Enabled = False

st rec.Enabled = False
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t normal.Enabled = True

t_advance.Enabled = False

start_rec.Enabled = False

auto_step load.Enabled = False

MANUAL LOAD.Enabled = False

AUTO _LOAD.Enabled = False

c data=0

CLEAR DATA.Enabled = False

CLR.Enabled = False

REPORT EXCEL.Enabled = False

report.Enabled = False

ref datax =0

ref datay =0

num_data =0

step _load =0

max_load =0.3
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min_load =0

num plot=10

max_speed = 500

min_speed = 200

scalex1 =0
scaley2 =0
dx=0
dy=0

record = False

toggle =0

avr_value=0

avr_value2 =0

avr_value3 =0

value x =0

value y=0

load data=10

End Sub
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Private Sub Label25 Click()

End Sub

Private Sub Form MouseMove (Button As Integer, Shift As Integer, x As Single,

Y As Single)

BLDC2013.Caption ="ADVANCE ANGLE BLDC TECHNOLOGY"

End Sub

Private Sub Form_Unload(Cancel As Integer)

End

End Sub

Private Sub MANUAL LOAD Timer()

If ¢ _data=0 Then

MSComm1.Output = Chr$(2)

c data=c data+1

End If

If c_data=1 Then
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MSComm1.Output = Chr$(PWM_.Value)

c data=c data+1

End If

If ¢ _data=2 Then

MSComm1.Output = Chr$(0)

c data=0

MANUAL LOAD.Enabled = False

'Exit Sub

End If

End Sub

Private Sub max_t Click()

input_var.Show

End Sub

Private Sub MSComm1_OnComm()

Dim finish$

Dim offset$
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Dim datain$, AS, b$, c$, d$, G$, h$

Dim loop_check

Dim rpm$

Dim count$

Dim real speed

Do

buffer$ = buffer§ & MSCommI.Input

loop_check =loop check + 1

If loop_check > 100000 Then

Exit Sub

End If

Loop Until InStr(buffer$, "s")

datain$ = buffer$

Textl = datain$

A$ =Mid$(datain$, 1, 1)

If Val(A$) < 1 And Val(A$) > 6 Then GoTo 1b7

If Val(A$) = 1 Then GoTo Ibl
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If Val(A$) = 2 Then GoTo 1b2

If Val(A$) = 3 Then GoTo 1b3

If Val(A$) = 4 Then GoTo 1b4

If Val(A$) = 5 Then GoTo 1b5

If Val(A$) = 6 Then GoTo 1b6

Ibl:

b$ = Mid$(datain$, 17, 6)

'SHOW_SPEED.Text = b$

If Val(b$) > 1000 Then

real_speed = Val(b$) * 64 * 0.0000002 'time/0.5rev (64 is div_clk 64 and 0.0000002 is 1 T of

—_—

clock)use t

real_speed =real speed * 2 ' time/rev

Ifreal _speed > 0 Then real speed = 60 /real speed 'rpm

End If

Ifavr_value3 <=9 Then

sum_rpm = sum_rpm + real_speed

avr_value3 = avr_value3 + 1

239



Else

sum_rpm = sum_rpm/ 10

real_speed = sum_rpm

rpm =real speed

SHOW_SPEED.Text = Format$(real speed, "###")

avr_value3 =0

sum_rpm = 0

power = real current * real voltage

If rpm > 0 Then torque = power / rpm

show_loadtorque.Text = Format$(torque, "0.##")

End If

display current

c$ = Mid$(datain$, 7, 4)

current = Val(c$) * 5

current = current / 1024

current = current * 3
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If avr_value <=9 Then

sum_current = sum_current + current

avr_value = avr_value + 1

Else

sum_current = sum_current / 10

current = sum_current

current = current / 0.6

real current = current

show_loadcurrent. Text = Format$(current, "##.00")

avr_value=0

sum_current =0

End If

display voltage

d$ = Mid$(datain$, 12, 4)

voltage = Val(d$) * 5

voltage = voltage / 1024

voltage = voltage * 10

241



If avr_value2 <=9 Then

sum_voltage = sum_voltage + voltage

avr_value2 = avr_value2 + 1

Else

sum_voltage = sum_voltage / 10

voltage = sum_voltage

real voltage = voltage

show_loadvoltage.Text = Format$(voltage, "##.00")

avr_value2 =0

sum_voltage =0

End If

display load torque

1b2:

1b3:

1b4:

Ib5:
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Ib6:

Ib7:

End Sub

Private Sub PWM_LOAD_Change()

PWM LOAD.Enabled = True

End Sub

Private Sub Optionl_Click()

adv_angle=0

cmd advance.Enabled = True

End Sub

Private Sub Option2 Click()

adv_angle=15

cmd_advance.Enabled = True

End Sub

Private Sub Option3_Click()

adv_angle =7

cmd_advance.Enabled = True
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End Sub

Private Sub Option4 Click()

adv_angle =9

cmd_advance.Enabled = True

End Sub

Private Sub Option5 Click()

adv_angle =15

cmd_advance.Enabled = True

End Sub

Private Sub Option6_Click()

adv_angle =20

cmd_advance.Enabled = True

End Sub

Private Sub Option7_Click()

adv_angle = 25

cmd_advance.Enabled = True

End Sub
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Private Sub Option8_ Click()

adv_angle =30

cmd_advance.Enabled = True

End Sub

Private Sub Picturel MouseMove(Button As Integer, Shift As Integer, x As Single, Y As

Single)

BLDC2013.Caption = "ADVANCE ANGLE BLDC TECHNOLOGY" & " " & "speed =" &
X&""&"RPM" &""& "load="& Y & " " & "N.m"

End Sub

Private Sub Picturel Paint()

divy = (max_load - min_load) / 10

divx = (max_speed - min_speed) / 10

' DISPLAY SCALE LOAD----mcnmemmeme

Ibt1.Caption = min_load + (divy * 1)

1bt2.Caption = min_load + (divy * 2)

1bt3.Caption = min_load + (divy * 3)

1bt4.Caption = min_load + (divy * 4)
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Ibt5.Caption = min_load + (divy * 5)

Ibt6.Caption = min_load + (divy * 6)

Ibt7.Caption = min_load + (divy * 7)

1bt8.Caption = min_load + (divy * 8)

1bt9.Caption = min_load + (divy * 9)

Ibt10.Caption = min_load + (divy * 10)

' DISPLAY SCALE E SPEED------------------

Ibsp1.Caption = min_speed + (divx * 1)

Ibsp2.Caption = min_speed + (divx * 2)

Ibsp3.Caption = min_speed + (divx * 3)

lbsp4.Caption = min_speed + (divx * 4)

Ibsp5.Caption = min_speed + (divx * 5)

Ibsp6.Caption = min_speed + (divx * 6)

lbsp7.Caption = min_speed + (divx * 7)

Ibsp8.Caption = min_speed + (divx * 8)

lbsp9.Caption = min_speed + (divx * 9)

Ibsp10.Caption = min_speed + (divx * 10)
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' SET SCALE

Picturel.Cls

Picturel.DrawWidth = 2

Picturel.DrawStyle = 0

scalex] = min_speed

scaleyl = max_load

scalex2 = max_speed

scaley?2 = min_load

Picturel.Scale (scalex1, scaleyl)-(scalex2, scaley2)

draw gride scale x

Picturel.DrawWidth = 1

Picturel.DrawStyle = 2

For x = min_speed To max_speed Step divx

Picturel.Line (x, 0)-(x, max_load)

Next x

draw gride scale y

For x = min_load To max_load Step divy
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Picturel.Line (0, x)-(max_speed, x)

Next x

'Me.Circle (1500, 1500), 150, vbBlack

End Sub

Private Sub PWM__ Change()

MANUAL LOAD.Enabled = True

End Sub

Private Sub report_Click()

Dim MYOBJECT As Object

Dim k

Dim j

Dim t$

Dim S$

Dim A, b As Integer, ¢

Dim colum As String

Dim index

index = 65
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colum = Chr$(index)

Set MYOBJECT = CreateObject("Excel. Application")

MYOBJECT.workbooks.Add

"MsgBox (W2$)

For j=0 To ref datax - 1

Ifj =0 Then

For k =0 To save numdata(j)

colum = Chr$(index)

t$ = colum & k + 1

colum = Chr$(index + 1)

S$=colum & k+ 1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBJECT.range(t$).Value = save_datay(j, k)

Next k

End If
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Ifj=1 Then

For k=0 To save_numdata(j)

colum = Chr$(index + 2)

t$ =colum & k + 1

colum = Chr$(index + 3)

S$=colum & k+1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBIJECT.range(t$).Value = save_datay(j, k)

Next k

End If

Ifj =2 Then

For k = 0 To save_numdata(j)

colum = Chr$(index + 4)

t$ =colum & k + 1

colum = Chr$(index + 5)

S$=colum & k+ 1
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MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBJECT.range(t$).Value = save datay(j, k)

Next k

End If

Ifj=3 Then

For k=0 To save_numdata(j)

colum = Chr$(index + 6)

t$ =colum & k + 1

colum = Chr$(index + 7)

S$ =colum & k+1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBIJECT.range(t$). Value = save datay(j, k)

Next k

End If

Next j
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MYOBIJECT.Visible = True

' ENABLE COMMAND----------

CLEAR DATA.Enabled = True

CLR.Enabled = True

CLEAR DATA . Enabled = True

CLR.Enabled = True

REPORT EXCEL.Enabled = False

report.Enabled = False

End Sub

Private Sub REPORT EXCEL Click()

Dim MYOBIJECT As Object

Dim k

Dim j

Dim t$

Dim S$

Dim A, b As Integer, ¢

Dim colum As String
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Dim index

index = 65

colum = Chr$(index)

Set MYOBJECT = CreateObject("Excel.Application")

MYOBIJECT.workbooks.Add

For j=0 To ref datax -1

Ifj=0 Then

For k=0 To save numdata(j)

colum = Chr$(index)

t$ =colum & k + 1

colum = Chr$(index + 1)

S$=colum & k+ 1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBJECT.range(t$).Value = save_datay(j, k)

Next k

End If
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Ifj=1 Then

For k =0 To save_numdata(j)

colum = Chr$(index + 2)

t$ =colum & k + 1

colum = Chr$(index + 3)

S$=colum & k+ 1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBIJECT.range(t$).Value = save_datay(j, k)

Next k

End If

Ifj =2 Then

For k=0 To save_numdata(j)

colum = Chr$(index + 4)

t$ =colum & k+ 1

colum = Chr$(index + 5)

S$=colum & k+ 1
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MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBJECT.range(t$).Value = save datay(j, k)

Next k

End If

Ifj = 3 Then

For k=0 To save_numdata(j)

colum = Chr$(index + 6)

t$ =colum & k + 1

colum = Chr$(index + 7)

S$ =colum & k+1

MYOBIJECT.range(S$).Value = save datax(j, k)

MYOBIJECT.range(t$). Value = save datay(j, k)

Next k

End If

Next j

MYOBIJECT.Visible = True
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End Sub

Private Sub run_advance_ Click()

cmd _drive adv.Enabled = True

t advance.Enabled = True

t normal.Enabled = False

End Sub

Private Sub run_normal Click()

cmd _drive normal.Enabled = True

t normal.Enabled = True

t advance.Enabled = False

End Sub

Private Sub scal rpm_Change()

If record = True Then

x1 = Val(scal rpm.Text)

y1 = Val(scal_t.Text)

If (x1 < value_x) Then
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save datax(ref datax, num_data) = x1

save_datay(ref datay, num_data) =yl

num_data = num_data + 1

Picturel.Line (value_x, value y)-(x1, y1), QBColor(num_plot)

End If

value x =x1

value y =yl

End If

End Sub

Private Sub scal t Change()
End Sub

Private Sub SCALE_Click()
scal rpm.Text=""
input_var.Show

st_rec.Enabled = False

End Sub
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Private Sub show_loadtorque Change()

scal t.Text =show_loadtorque.Text

End Sub

Private Sub SHOW_SPEED_Change()

scal rpm.Text=SHOW_SPEED.Text

End Sub

Private Sub st rec_Timer()

If toggle = 0 Then

Timerl.Enabled = True

toggle = toggle + 1

Else

Timerl.Enabled = False

toggle =0

End If

End Sub

Private Sub start rec Click()

show_loadtorque.Text = "0.00"

258



SHOW_SPEED.Text = "000"

show_loadcurrent. Text ="0.00"

show_loadvoltage.Text ="0.00"

st rec.Enabled = True

avr_value =0

avr_value2 =0

avr_value3 =0

sum_current =0

sum_voltage =0

sum_rpm = 0

value x=0

value y=0

x1 = Val(scal rpm.Text)

y1 = Val(scal_t.Text)

save_datax(ref datax, num_data) = x1

save_datay(ref datay, num_data) = y1

record = True
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Picturel.DrawWidth = 2

Picturel.DrawStyle = 0

' DISABLE COMMAND-----

CLEAR DATA.Enabled = False

CLR.Enabled = False

REPORT_EXCEL.Enabled = False

End Sub

Private Sub step pwm_Timer()

step_load = step load + 15

PWM_.Value = step_load

If step_load > 240 Then

step_pwm.Enabled = False

record = False

save_numdata(ref datax) = num_data

ref datax = ref datax + 1

ref datay = ref datax

num_data =0
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num_plot =num_plot + 1

PWM_.Value=0

CLEAR DATA.Enabled = False

CLR.Enabled = False

REPORT_EXCEL.Enabled = True

report.Enabled = True

End If

End Sub

Private Sub t_advance Timer()

If display mode = 0 Then

displaymode.BackColor = QBColor(12)

display mode = display_mode + 1

displaymode.Caption = "ADVANCE MODE"

Else

displaymode.BackColor = QBColor(7)
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display _mode =0

displaymode.Caption = ""

End If

End Sub

Private Sub t normal Timer()

If display_mode = 0 Then

displaymode.BackColor = QBColor(10)

display _mode = display _mode + 1

displaymode.Caption = "NORMAL MODE"

Else

displaymode.BackColor = QBColor(7)

display_mode =0

displaymode.Caption =""

End If

End Sub

Private Sub Text2 Change()

code = Val (Text2.Text)
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End Sub

Private Sub Text3 Change()

PWM = Val(Text3.Text)

End Sub

Private Sub Timerl Timer()

If c_data =0 Then

MSComm1.Output = Chr$(1)

¢ data=c data+1

End If

If c_data=1 Then

MSComm1.Output = Chr$(0)

c data=c data+1

End If

If c_data=2 Then
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MSComm1.Output = Chr$(0)

c data=0

Timerl.Enabled = False

'Exit Sub

End If

End Sub

Public max_load

Public min_load

Public max_speed

Public min_speed

Public scalex]1

Public scalex2

Public scaleyl

Public scaley?2

Public divx

PUBLIC VARIABLE
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Public divy

Public dx

Public dy

Public toggle

Public current

Public voltage

Public avr_value

Public avr_value2

Public avr_value3

Public sum_rpm

Public sum_current

Public sum_voltage

Public real current

Public real voltage

Public torque

Public power

Public rpm
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Public step_load

Public record As Boolean

Public x1

Public y1

Public value x

Public value y

Public num_plot

Public save datax(5, 500)

Public save datay(5, 500)

Public ref datax

Public ref datay

Public num_data

Public load data

Public save numdata(5)
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MATLAB/Simulink
Modeling of the speed-torque extending in Brushless DC Motor using
MATLAB/Simulink
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Abstract

This paper presents the investigation and the development of a mathematical model of the
Brushless Direct Current (BLDC) Motor using MATLAB / Simulink program. It concemns in Performance
analysis of the BLDC Motor when it operates in a constant power region. This leads into an
implemented of Phase Advanced Angle Compensation (PAAC) method in order to improve the
torque/ speed characteristic when running in an over-rated speed range. Hence, this paper considers
in studying of motor performances both without PAAC and without PAAC. Furthermore, it may useful
for the implementation of the Phase Advance Angle Compensation method with the BLDC Motor in

practice.
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