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ABSTRACT

This thesis presents the sensorless BLDC motor controller designing. The
100 watts at 24 V and 700rpm without the hall effect sensors BLDC motor was used
in this experiment. But the controller must detect the magnetic pole of rotor
positionto control the motor. Then the data from all sensors have to transfer
via wire. This is one of weakness in the controller which is affected on wiring
conection. The sensorless BLDC motor controller mitigates this problem.The
sensorless BLDC motor controller uses the back EMF from crossing zero of the pole
in motor. The zero crossing was detected by the digital signal controller (DSC)
detection system which the phase is shifted by 30° from zero crossing position. The
controller will transform these signalsto PWM signals for driving the six step inverter
to drive motor. From the experimental this kind of controller can apply to the BLCD
motor speed rang 100 - 700 rpm. The performance comparison betaween sensorless
and sensor control are as follows: the error of position sensor at various speed up to
1.8 % while the motor voltage are different less than 3 %. System efficiency of
sensorless control shows 2 % better than that of sensor control for both continouns

load and step load.
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. di
Vi = Rpip + Ly f+ €hn (2.4)

dic

Ven = Reie + LCE

+ e (2.5)

s L3

InedudanwaidmnununewuRelfuiudafy

o

9
) at

Nt ussaulad vV, 9199zeduilanaunismaluil

. . d(iq—i
Var = Van =Wy = Rlg =gk L% + 8un — Ehn (2.6)
Jinilouriy
. . d(ib_f'c)
Vbc = Vbn_Vcn =R(lb—tc)+LT+€bn—ecn (2.7)
. d(ip—ig)
Vca:Vcn_VanER(lc_la)+LT+ecn_ean (2.8)
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> a ¢ ¢ o w
UM 3.7 29958unesinesids 3 g

V6

A

V3 4 Vg4

& J3
VLL1 = \/_E(VLL)l = 7z

Va

= 0.78V,

Vrey

Lers

?LL1
V2

18.72

V2

3.5.1 ANSANUIUNINNALSIAUAIUDBNYBIBULIBS DS
=J o [V 4 2/ Y] 1 1 &
IDMMAUALSIAUATIUD UTTunasInuunasans V, = 24 1an

T 2

=0.78x24 =1872V

=13.23V

3.5.2 wannanseualwilidiuaan

s

v

4 o va a
WaAUUALARN

ANAIRUD DN

17U 100 TaAATRIUsSENaUNTELYINAU 0.8

PLLl = -\/§VLL1]LL1COS®

lig,

I,

Iy, =V2x545=7714

P,

_-\ﬂgblLlcos¢

100

T \/3x13.23X0.

=5454

8

(3.2)
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3.5.3 ¥ANANIA R AL

o o v ]

= o Y a o as ot & 1 a a 3
WanmualiRnaf1dsiuesnviiu 100 ndaussdnsmnuaines 83 %

n = 22 % 100 % (3.5)
P = 2> % 100
=120 W

3.5.4 vnansewdlWildrudnvesduiasines

Pg =Vyly (3.6)
P
I = 7:
i
24
=5A
nmsFwnadowiu amnsnagUiitaiidasdunedinesly
WSIAUNTELARNTIAIULL (V) 24V
nseualWia 1w (/) 5 A
MaalnnnSaaIWTn (Py ) 120 W
usarulnWAsuean (V. ) 132V
nszualiaueen (/,,) 771l A
maalniagemusen (P,) 100 W
Usednsnn (eff) 83%  (lmeuszum)
fsenouniag (PF) 0.8 (meUszan)

v o t 2 d = o) i 2 ydl A s
Tunisidanldauueaadidudeiaiialun1sldaulin 70 % iwedaaiunis
A A = ﬁl; ] %) =l el af 5 = = 8
AszYn waznisilasuwvadveanssualniliiiindusdriuiiviule daduiadenld
yoawaridauad IRF2807 ffdawinAu 82 waul 75 1ad wuuduusuiua (N-channel) 1oy

=) 8/ o I‘J
fifnanusmumuvgingzua ( Ryon agi 0.0131e1u)

3.6 N159DNUUUINRTYUNALATU dmSuduinauaais

N1500NKUUNTAMSUTULNOLaIWaE Al TF 1T ULN AN DA W AT LT IAU
12 - 20 ad mudeyalenaisvesgunsal uidyaadlsanlulasaeulnsamesogisysy
33 - 5 Taadf Fedoswnsedu 5 Taad 1y 12 Toad mseenuuUNITBUREfmESaMIaTua
Usznaulusheueamannd uwaluauguonluwaza vislufuna Fezdeanennsind

20NIINTEUUNNGIUUY (High side) a19azdsldudaulaiuenninaaanainssu
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o at a e 5 £ = 5 . 1 =l
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Capacitor 7]
v NS v, P
PWMI1 ~ o s
ks HIN HO
PWM2
LIN v, s

COM Lo wr Motor

d o L3 L7
gw 3.8 'Nﬁ]'sgmlnm%mmuwLﬂmmaLWH

at o

rastuthinaeaaszfudyanatuihaindunniulasreulnsaosddayyodily
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3.7 N1S99NLUUVN9INTIIUNTEEINH T wazuseaulWdnsiLEan s

219957 luNseanwuUNIsATTUN T Al uazLswsulWinseLanss Wuaeas

dusutloanuusesulninaznszualniiiu Insfidnwauzvadsasaasaluil
3.7.1729957M5293UN52d (Current sensor)

) =g o ¢ ) I
waTATIRTunsEuafliidu IC Lwed ACST12-20A awunsansiadunsuanyly

| 6 <t Y o &l ) o a &
9390 - 5 wend@mdnnisvinauees IC wesdazilunisnsadunisivavesUszyiiiindu
Feazdl Hall effect sensor imihillumsasiadusamnisinavesseqlii anusonsiata

lananseua AC uay DC wlasrmidaanunluguvesdyayin DC 0 - 5 Taadlvidsanldou

Vel ) o £ A a1 = ; ot A ] 1 al (2
ey 5 haddeasiliidleldidnszuaiinludyyiufigndsesnuiazegi 25 1aad

U

'
= 1

LALALANTUNS DARAILAILANANI9YRINTEadaAnTewaluldazwaudazidu 100 mv/A

g A e
LLﬁﬂQN"ﬂiﬂQEU‘H 3.10 2995MTIIUNTELLA
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e 1 ., 8
{ DC Input > P VCC —

E +IPVIOUT — C Current sensor
3 C InF

Fp— -IFFILTER aF
+_DC Output —: [P GND

ACST12 304

A s
SUN 3.10 2995ATIUNTLLE

U

3.7.2 299303293UL59AU (Voltage divider sensor)

19939793k dunsiddunusesidesynsuiuwazidunisuus

'
e/ =f

usssueantuidudan mJaﬁqm3ﬁ1ﬂumsﬁwmmmﬁm"ﬁmmwﬁqLLaxaaqﬁ’aaumﬁ

R

2
Vout = Vin X RL+R, (3.6)
WU ATYAUA Vin = 24V, R1= 50 kQ , R2 = 3 kQ
wnuAluaunisagle
Ve =24X——
out — 50+3

Ve =135V
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Mator ‘Windings YPULL-UP
» R-
Vi l F‘\ N 2 Vour
< h JV\'A\J R 4
Ria < s PULL-UP Moy __
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% Vv \ A
Voo 4—A i ouT
R Ra Voo ﬂmﬂ. VoL P
= RER Vi
V1 Vi
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JUM 3.13 asuvuifsuussiudmivusaadeulwinidinsdugudvasuaines

Taesranunsaasadwassdalaenistaundunuuuinlalaeivual

11;1) VOH = VDDJVOL = 0 ,R3 >> R1LAY R3 > RPULL—UP leﬁ'jq
US98 Back EMF; Vi = (R;B) Vo By =y [ B (3.7)
Ria+R1p
v o Y a o | & R
WSIAUNYNDNDIRANIUAUY ; Vagr = Vpp X (R :R ) (3.8)
2 4
o o —(R{ XV
ussAuNveUAY; ¥, & (R1+R3)VR’;F (R3 xVpp) (3.9)
3
v o o R{+R3)V
WIIAUAVDUUY ; Vour = %ﬂ (3.10)
3
%ﬂmaﬁ%ﬂu‘i@ﬁu, VHYS = VTH - VTL (311)

Viys = (::_;) Vbp
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™

A

W ;
; Vot i "

Vou

Yor Vou
(n) (v)

= o 1 ° al al = = a
SUN 3.14 (n) HAYDIANUIUTUNIUNDNISVINNIUYDIMNITIUTHUNBEU (V) WITUTUULNEUN
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Veltage devider
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n1seanuuUdmMSUNIIAMMURfianIInIsuyuLowasnIriansa U sauny Un

LA2EAINTITUAIMUIVDALSLABS ML ULEDSATIIU TnenuINdaUdFuNuSIUNIS

wyudunuuddude wnardunistuadndlundazeina nsvyulufianiemuduuiing
a v o w a ea ' @ v o = .

uasyuduuinagldddun1sadindauanaety Lanaldsiamis1en 3.2 uay 3.3

M15719% 3.2 é"\ﬁuﬁw%’umwamaﬂuﬁﬂmamm%mmﬁm

Sequence | Hall Sensor Input Phase Current
Number | C | B | A Active PWMs A B C
6 1 1 0 PWM1H(Q1) | PWM3L(Q2) | DC+ Off DC-
5 0 1 0 | PWM2H(Q3) | PWM3L(Q2) | Off DC+ DC-
q 0 1 1 | PWM2H(Q3) | PWMIL(Q4) | DC- DC+ Off
3 0 0 1 | PWM3H(Q5) | PWMIL(Q4) | DC- Off DC+
2 1 0 1 | PWM3H(Q5) | PWM2L(Q6) | Off | DC- | DC+
1 1 0 0 PWM1H(Q1) | PWM2L(Q6) | DC+ DC- Off

=l 9 = a a Y o
1NA1519N 3.2 ﬂ’]'i‘U‘ULﬂﬁ@ﬂil@l.ﬁ@ﬂu%ﬁ%’mﬁﬂllL%QJU’I‘Wﬂ’W FEDIALATTNINIUUDY

gunsaladndnindidu 6 G 1 lunisadadiSeenszuaudazinaliifianisnunyuves

awmwiminlaeSesddunisaiod e Q1Q,0505,Q5Q0,Q5Qq,QsQs ot Q,Qs MNEWU

A o at o at = ]
191990 3.3 ﬁ'W]‘Uﬁ'WI3‘U‘WJ:I!‘I.JLIE]LC‘]B{LUV}WWNW’JUL%NU’TWH’]

Sequence | Hall Sensor Input Phase Current
Number | C | B | A SR P A B C
1 1 0 0 | PWM1H(Q1) | PWM2L(Q6) | DC+ DC- Off
g 1 0 1 | PWM3H(Q5) | PWM2L(Q6) |  Off DC- | DC+
3 0 0 1 PWM3H(Q5) | PWM1L(Q4) DC- Off DC+
4 0 1 1 PWM2H(Q3) | PWM1L(Q4) DC- DC+ Off
5 0 1 0 | PWM2H(Q3) | PWM3L(Q2) Off DC+ DC-
6 1 1 0 | PWM1H(Q1) | PWM3L(Q2) | DC+ Off DC-

A f dl = = 3 as o
NFAITIN 3.3 NITVULAF AULBMDS LUTAN ML RNTLALE1AENNTYINUTD S

gunsaladndeudndu 1 83 6 lunisadndiseanseuaudasiva Tiliianisniunyuves
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4.3 N1531829n1519UleglglUsINSY Power sim
4.3.1 Yayauamaslunisinasinsvinulaslusinsy Power sim
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Brushless DC Machine : 8L0C

Parameters |GherInfo | Color |
Brushless dc machine (trapezoidal) Help
Control of Motor 1 ey
BDCM Hame
R (stator resistance)
& Pt {stator self ind.) |
| Miststormutualind) | -0.00089 ™ =
! " 323 o
nm ik {brpm 23 T4
QQQ Vrms / krpm [229 .
tio. of Poles P [z —ra
= ;
é’ é ‘!' é’ Moment of Inertia .
H a “ Sensor Shaft Time Constant .zl
theta_0 {deg.} K
theta_advance {deg.) i
Conduction Puise Vidth i
(n) ()

s L3

= ) 3 | o a < ¢
JUN 4.3 () dyanunenes (1) MALUINITIRDIVDINDLADT

4.3.2 1531809028 1UsuNSUADUNILADS

1591809028 LUTWNTUNIABLAILADS Power sim 931a04N15YN9UNBLADS bUNIS
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Juipfaunuudygudivasy 120 Tagaziieanszuaiudunesinesunszau dmduns
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FULARDULBINDINTLLARSILSUUSIENUUSIAINAINGIIU  UARIFIANSINN 4.2 LLESEUVI 4.4
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M13197 4.2 Auduiusussdaulihfeunduwazmstuthaindlunsase wa

Zero crossing Commutation Phase
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UM 4.9 dnuaizusaadeulasnszualiinsdifinauiaun@iain Hall effect sensor
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nnanIsageulIsuiisuusaadeuiinaznszuadaguil 4.38 §1e3%
(1) FnTRsuiurdinas (@) Useaniansaadusuvs nagoumsenianagiatiimin
2 Alanfuasfimnuniisouwiniudl 550 sausawdl mmﬁagjﬁ 55.15 LS WUIWTIeU
ansLBueaEadailiviniy 17.310 uay 17.429 Tad mudidu nszuauatnasiidviify
2.145uay 2.448 waul mummuiﬂaammmmam fdnwazamnenwihlndifsafuss

wansdnunizdy el

Zoom Tngger Time: 31/5/2015 42415 Number of Data: 16.020
G?oum o Y d;n Samplmg interval. 10.000us

e [T : i ' : ‘ pncmms;dw]
: ‘Hall effeci sensor (l_oad oond on. Zkg speed 550rp )

¥CH1

“Rms 17310V~

V.Line ;to.i_ine, (A—B) - Freq" 55 157 Hz

TS DN PR SN SN P T I _ _
LI OO i i e O Wl e S| e e I SN i AR
....... :...,..‘.5.‘..,. I.,..‘ ,“ I .,‘anb 2‘E446V {
Qsmse 'Llne(A) ......... ......... ..... ?req ss’?iH?
Mo G000 - 50 00m [s] 50 131
2 o s o 1 L
) Toinsadudwmualsines
%?.f’{,?,f”gge’aﬁ% 31/6/201552.44 5 Humber of E:;La 10.020 Sl 10

50.000 & : 3 : £ i 3 { 3
-+ Sensorless (Load Condition 2 kg. speed 550 rpm)!10-00ms/div]

ST OO0 1D UEDURAUN 4FI00 ) UNNESSONS 0011 I RONSFINY Z0OON B NOOUOINR{ 0000 I SO 00 i
M9 i i g d : ; 3

-50 000
5.0000

ot ISR A JUINSE SO I (NN B V| DO N SRRV S Y -

Gt . Ll R Vo : PR rms24478 'V
B i e o S e . s -k
Ho 0000 -50.00m Isl 50.15m

(1) Us1AaneIns3umwvnualsimas
A s | 1 =3 2/ as at o 1
JUN 4.38 dygnusanfisunasnsvualniiseningdsledimgnduduntiazysimin
as s o 1 ei =S L7 = d 1 =
AIMTIVUMLAUINNITEN9NE 2A1anTH ANULSIASH 550 SaUmaui
P & ¢ o @ o al w
HANITNAABUNITENINATIANNLITOUNDIRRSIAIAURINUN 437 Hdnwny

zgqmmumﬂaauﬂmuuamaaumwu (Trapezoidal wave)uas nszualuiluuui
a
Auy (Quasi-Square Wave)ivunfimileufuiasanaianisiuindou

s

o

3
o
G4



73

4.6.6.1 NAFUAITENN9NEA 1 D19 10 Alansu AeATATIUILMUeLSmes
NAFBUATENNNAMIEITNITgNANUMTN 1, 2, 5, 7 waz 10Alansu laeasiiauisseuy
UDLMDY 550 SOUADUNYT WAAIRIAISI9N 4.4 way 4.5

= L3 as ot o ] g
M15199 4.4 HAVIPFRUYAAIHANNBIND TLUUTAINTIRT U UalsIm DT

Load Vin lin Pin Pout Vout lout ) Speed | THDy
(kg) V) (A) (W) (W) (V) (A) (rpm) (%)
1 249 | 246 | 61.25 | 48.00 178 | 1.7/78 | 098 | 55081 | 285
2 249 | 336 | 8366 | 61.00 | 1731 | 215 | 098 | 55160 | 29.1
5 249 | 42 |10458 | 78.00 | 17.16 | 2.82 | 0.98 | 55041 | 332
T 249 | 448 | 11155 | 8500 | 17.55 | 337 | 098 | 550.52 | 346

10 24.9 | 556 | 138.66 | 11500 | 1741 [ 4.19 | 098 | 550.20 | 36.1

‘J a = as P € L8 = o as o I &
1914940 4.5 U'ﬁxa“nﬁmmgmmm*uuma DULBMDI A NLADSLU VLIRS RTUUALSDS

(Pout/Pin) (Pm/Pout)

Drive Motor
(%1) (%1)
2 Q72| Q.72 |[571.76 5516 |B366| 61 4149 | 7291 68.02
5 333| 094 |[57.63] 55.04 |104.58| 78 |5395| 74.58 69.16

Wl WZ T a) fl Pil‘l Pout I:"m
(kg) |(kg)| (N.m) |(rad)] (Hz) | W) | (W) W)

£ 514 105 |57.65) 5505 |111.55| 85 60.71 | 76.20 71.42
10 718 159 |57.62 55.02 |138.66| 115 |91.89| 8294 79.90

MNANTNA 4.4 T 4.5 LAAKWANITNAZOUYRAIUANLBLADSUUULAINTIDTUATLIUA

lamesd uavdszdvinmeaanalianisauaukuy (Hall effect sensor) N15MARBUANTENNS

[

nasmegnduuIvin 2 fla 10 kgnan1snaasanudni Msenana 10kg diasBuny (Pr)
a/ o o L & A 1 = 1 =) dy

138 Tad Mdueminm (Poy) 115 Tad Araiuidaseu  55050udeuil AauinLiiey
| € € =Y EJ = al =3 -

sumdiulel (%THD,) 36.1 Wodidudusedad (T) 159 @awuiuns Ussdndnmyaniunu

uaLmes (%n drive) 82.94 WosiduduavuseanSnnuewnas (%n motor) 79.90 Wasidus
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4.6.6.2 MMFBUNTITENIGNG 1 019 10 Alansu A28735U51ANNARRU
8/ a g ‘a} s =y @t .:}
NAdaUMIENNAAIEITNITgNANLIMN 1, 2, 5, 7 way 10Alansu laeAsiauiiasey
[ 1 = 2 z:
1DLADS 550 SAURAUNY WARIFINIT1NN 4.6 LAy 4.7

o o | ¢ ) v o 1 s
MN19719N 4.6 NaﬂﬂﬂﬂU’qﬂﬂ'ﬂﬂJ‘UULF’]%E]UN@WIEﬁLL‘U'U‘LJ‘J']ﬂQ']ﬂm?C‘]i?QQUWTLLWUﬂIﬂWBS

Load | Vi, lin P P Vout i ) Speed THD,,
kg) | (V) | (A) (W) (W) V) (A) (rpm) (%)

1 249 | 201 | 5006 | 3200 | 1787 | 1.78 | 0.99 | 551469 224
P 249 | 3.24 | 80.68 | 60.00 | 1743 | 244 | 098 | 551.57 227
5 249 | 4.27 | 106.32 | 82.00 | 17.60 | 282 | 0.90 | 550.50 2.2
T 24 .9 | 464 | 11554 | 95.00 | 17.54 | 3.37 | 0.90 | 550.46 34.4

10 249 | 543 | 13520 | 117.00 | 17.54 | 419 | 0.98 | 550.24 352

ﬂ. s a s A & at a o 1 L3
A1919N 4.7 Nﬁ%ﬂﬁ@Uﬂ‘iSﬂ%’lﬁﬂﬂW‘lgﬂ“ﬂUma DUNBIADIUUUUTIFRINAIRTRIUALMIALSIRDS

(Pout/Pin) (Pm/Pout)

Drive Motor
(O/an) (%T])
2 0.67 0.75 |[57.76|55.16 | 80.68 60 43.41 74.37 17235

Wl WZ T a) fl Pl‘n Pout Pm
(kg) | (kg) | (Nm) | (rad) | (Hz) | (W) | (W) W)

5 314 | 105 |57.64|55.05(106.32| 82 60.77 77.13 74.11

i 476 | 1.26 |57.64|55.04 |11554| 95 72.86 82.22 76.70

10 | 7.05 | 1.66 |[57.62|55.02 13520 117 95.68 86.54 81.78

lngn157197 4.6 i3 4.7 Uaninan snaasuYaAIUALNaWasiuLiUTAINAINg Ty
dumnidlswas uardsedvsnmeasanaiinn1saiunuuuu (Sensorless control) N1sMAdBY

L L HOJ s = 1 £:J = o o o
ATENNNAATYFNANUINUN 2 69 10 kgWanNISVABBINUIN A158N19NS 10ke HNTAIDUNN

= a

v ¢ o w ¢ v & | 1
(P) 135 0A MduBWiNN(Py,) 117 Tad fnnmi3a50v 55050Ufeuil ArALRRLNEY

o & ¢ ¢ a o a  w a a
suaduletl (%THD,) 35.2 Wediudusedai (T) 1.e6Trduiuns UszBnsamyamiunu

3

LoLMD3(%n drive) 86.54 WasiduuazUsyansnmuewmas  (%n motor) 81.78 a5 idud

ad o

Tagaiursatannduns v suieuUseansnmieanddseasun 4.39 wag 4.40

U



<

% efficiency

e

Vil

10d - i 76.282.22 ). m
72.9174.37 E p
80 1 ammpd 2 ",
60 WWWWW I’ uuuuuuuuuuuu
40
20
4 Z 3 M;ﬁ'i;’
0 ¥ ! | )
2 5 7 10 Load
Condition

%N Drive (Hall effect sensor) %M Drive (Sensorless) (ke)

= a & ar P L4 ! S @ @ L
E‘U‘VI 4.39 Ui%ﬂﬂﬁﬂ?Wﬂ@&‘Qﬂ‘UULﬂaﬂuuBL‘FIEl‘S‘SS‘WJNiJG]’JM'ﬂQQULLﬁ%U‘ﬂﬂQ'Wﬂﬁnﬁl'ﬂi}QU

%efficiency

100 1 ) 7225 79.9

s | 6802 e 142

60 ‘

a0 + | \ I

20 17

,a//f '\-‘\' J

0 ! Load
2 5 T 10 condition
%T) Motor (Hall effect sensor) %T] Motor (Sensorless) (ke)

CJ a a L3 1 =l o/ o at at o I L2
3UN 4.40 UseAvinmresmaineiszniniddmiaduiarsimandingiaduiumidlsines

A = - = a &
INgUN 4.39 B9 ddonanisnadeulszdnininvasyaduindauneinas

¢

(Drive efficiency) wazUszandnmassuainas (Motor efficiency) seningilfnsiadulay
s a/ o 1 1 = = L d t
USIARINAINTIATUALLUUALTLRES WUTIUSLEANTAINURINISTULAA D ULUUUSIATING
W o [ « = = a nu‘ | = (7] § @ L3 1 a o
ATIVUALNUILTLAD I LT UTLANSANNNINNEFINTI13U 3 Wasidus Tudaninuuin
o/ d L 1 L al L= 1
ATENNNE 95.68 AR Luaamﬂﬁ'm’ramhuumafy,fgflmmimuaumﬂafyfynmﬂmmuﬂué
P a & @ a a ' | W o W £ W
WeannsuiealuAraalsInuneadInte Tneviiaainaunisiseansewalviianudunusiu
< P val a a o | a a9 v ) ¢ ¢
ANULSITOUNDLADSAINA L US L ANTANANINNINNATAT LTAIRSIFULUUTDRA D WNAA

LU DS
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%efficiency

100

80

60

40

20

Va 5 i 10

Load

©9% N System (Hall effect sensor) [0 96N System (Sensorless) condition
(ke)

o a @ 1 =l a [v) ot s o I <
gﬂm 4.41 Uszansnwuaauanesseninilfinsiaduiazusiaaniinsaduimnnualsines

d a = I aa
Tugun 4.41 Wisuiisuuszansnimsiuvedssuy (Total system) Wuin3snis
as r.'I o o = oo 1 a a 1 = v
=U°uLmaauLmUﬂﬂm’mmmmwmamﬂuﬂmsaﬁmuamununmwﬂuﬂuéﬁﬂszawﬁmwgmn‘ﬁ’m%
windalvugoadloviindaueeiuszuim 2 89 5SiUasidud TulAazn1senienanieg

= o o & 1 14 i s <l a  a A -
e nmsanauduiusvessruunsIvANaRs g linsldwd s uiivseavaniniavy

4.6.7 HAVDIFYYIUATIAIUAVTAMIM Y UM UL TLLASIUTULNTRNT

nsmuauuaimasvuyulufiamsiidasnsiulnfudasdosaduivaiidrarsuas
vawoiglaguils sxvilinemesannsondufienanismuld uddmiuusimednszuanse
LSuUsadu 91fBnsmuaufiamensuyulimenisnsasdusiumidawmes dmsuimun
awiunsaindvesusazgiva nmstmuadyaadiduTueminmnisiuniseuaunisvyy
(Override control register; OVDCON) 1agm1319 OVDCON table state aglglunisiivun
doyauidudnduevinnirianuduiusiuusasiamenisugu Tnen1ssudygrndunm
1NN150TTUAUNUILTIMDS(Hall effect sensor state ; Hall state)uas (Zero crossing
state; Zc state) WaURINITAQYIUATIITUAILNUIEDAALOWINNFLTULYDS wasdyy
nTRTuIAAARIUALE zuansANFuTuSTaIn saFsediuTuudazaan sadindues
voaa saluiimmemanduiazmuduuniin nevesdygranisnsavdusuvdadsinesin
aediBazvimsiTeuliioulddagui 4.2 fa 4.05 Tlunisimuaianieanismguluuday

FnsmugurisuuiifnsRdumuisazmandnsduiumilsmes



T

= < v ad o ar 0 ' ' g
4.6.7.1 wﬂmwa,;umuwumﬁmmmsmmmwmLmuaaﬂaawuwas

= o @ o 1 ¢ a a 1 =
Tuguf 4.62 navesdnyaumsindudumisseadisueslufirnianiuduuiiing wuiiasd

anznsdygageadloviniulyes isaufe CBA (Hall state CBA)

at L7 s d v s o 1
M50 TUA YA AR lALUANS19T 4.8 LARINANISHTIIVUA YU IUAILIAULA

uiARUNIS
5 6,23, 1,

5 uag 4 sudrdu Inelddviunisaindluusiazding (Sequence) Ao 6,5, 4,3, 2 uag 1

lunsiniFeansyia nauanslansguuagmsewoluil

" goom Tngger Tane 187172015 01188 T o DEETTE 050
szrcupingg il i Jes Sampling Interval. 5.0000us

| 15:000ms/div]

CHall sensor G
| DRSS SORORSN SRR SN SO A S .

et , spmagag sl gy
W e IS B
.. I

YN Hall sensor B
it}

i L PP 5 1250 Vo
F T T S ity A 70 %

No 0O - 25.000m ' FR T G L fs8]  25095m

afl
(=2
=
=N
o
N
e
e
e
=y,
2
=
all
o)
2
s
Ba
=
=
il
Zo
il B
Q-
D
o)
s}
~—
wv
D
>
w
O
-
o
w
£
—2
£
=»
)
=
s |
Lo
=
)
=
20
=
=
—
b7
=9
- |

= o =l o a [ a
M990 4.8 A1AUNITLTENNSELARUUWALA Hall effect sensor MANIANIULTHUIWNI

o | Hall sensor(Rev) o | OVPCON Phase

3 £ | Table P

Zlule < % s R 5 c omutation

* 7 (Rev)

6 1 1 0 6 x0210 A+ O 01,Q2

2 0 1 0 5 x0810 B+ C- Q3,Q2

3 0 1 1 a4 x0801 A- B+ Q3,Q4

1 0 0 il 3 x2001 A- C+ Q5,Q4

5 1 0 1 2 %2004 B- C+ Q5,Q6

a4 1 0 0 1 x0204 A+ B- Q1,Q6
9InA9e9 4.8 FfunisiFeenseuaudazdainidmiunsuyuluiiamianudy

=

a w a ) a
WIRNIMIBNAUANITTULARDUWUU Hall effect sensor A Q;Q; , Q3Q; , Q3Qq, QsQq QsQs

ez Q,Qg MINANU
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4.6.7.2f A unauduu Rn1ie3saauAaInasRdud U

d st ast I r.'\' d 1% @/ o
Tugun 4.43 navesdgaunafudlsaseadevassundaulvihdounduluiimnmmaudy

WIRAN wuheelian1izvesdyngaarugudvivaIue CB,A (Zero crossing state CBA)

= o s s ot L7 A s at o 1
ellEAUNIINTIRIUAY YIRS LATUNI199 4.9 LERINANITNTINTUA YRR LU SAD

6,2,3,1,5uaz 4 mudrdu ngldawiunisaindluusazding (Sequence) o 6,5, 4,

3, 2 uway 1lunisdnseeanseia nananalanasiuwaznisramaluil
U

aom Tngoer Time 18/170015 0644 2 Fiumber of Data: 10,020 )
supt & 3 Sampling Interval: 5.0000us
45000 1 1 H p—
5000 I froeees S o U e [ 3.000mg/div]
1CH1 FEOOUE DU OSRUROY FONO : i
v ! : ;
i E
500 ofv L Zero crossingiC i » St
450001, ..., o 4
#CH2
500 0B Y Zero crossing B | :
L —— : i
BCH2 i 1
B Jeesisn TP e e
) SOOI S WK bt i e I i S G A L P-R 3.6458 V.
500 oft TZErocrossing (A . i e Dty —49-61
Ho 0000 - 26.000m A S S T A 25.095m

Reacy Zero Crossing State CBA! 5 4:6 12 13 ! 3 5

d at L3 sl =
JUN 4.43 §yay1aumsI93u Zero crossing (CBA) Tufirmienaudinuiiing

o o a al 1 1 i a a
M13740 4.9 'ﬁ']ﬂUﬂTiL'ﬁU\')ﬂ?:iLLﬁLLWﬁEﬂ@WJﬁLLUU Zero crossing .I,‘I.J%FW]’N‘V]'JUL%JJU’]WﬂW

% Zerocrossing (Rev) g OVDCON Phase

vy v Table Comutation
N NN N § State (Rev) w RS

6 1 1 0 6 0210 A+t C- 01,02

2 0 1 0 5 0810 B+ | C- Q3,Q2

3 0 | 1 4 0801 A- | B+ Q3,04

1 0 0 i 3 2001 A- C+ Q5,04

5 1 0 1 2 2004 B- | C+ Q5,02

4 1 0 0 1 0204 A+ | B- Q1,06

=‘ o [ 1 1 a € o ot =
INATNN 4.9 drdunisiseansuandazgalnnd msunisvyuluiianiamiudy
Y a Y A o
wRnwemallan1sduimaauwuy Sensorlesscontrol Az Q,Q;, Q4Q, , QsQs, QsQs QsQ;

way Q,Qq MUANY



4.6.7.3 HemavyumuduuRnfaeis

=Y

79

s o

AINSIIUALNUNTDAA LU DS

Tugud 4.44 wavasdgygrumsduimiseadiwugasiuiiananuduuiin wuiiezdl

ANz Y IUTOAAIYULLDIVINENAD CBA (Hall state CBA) azilandunisnsiadu

s at d s at o 1
Ay auaauanalalunisen 4.10 LanINan1In Tt Uy IMALlsARd | 5,1, 3, 2 uas

emudiu laglddrdunisaindluusiazeina (Sequence) fia 1,2,3, 4, 5 uag 6 lun1s

JaFeensuia mananslansguwazasselul

;acm Tﬁ'nmifme 181720150327 5
Group 15H

F:

Humber of Data 10,020

Sampling interval: 5 0000us

Hall sensorC |-+ i -1 .

4

i [5.000ms/div]

UG | HEPOU

Hall sensor B |

CZM ij S
B + | SET——— H i

Hall 'seinsut A

1CH3 it ;
™ T B e e
Bl PP sgs
20000 £ e ..+Duty 4985 %
NoOOO0 - 25000m ! bt | P 250%5m
Ready HallState CBA 3 "2 64! 5 5 O '

=D

U

4.44 FynunTIITUAILIMYS Hall effect sensor (CBA) lufianiemuduufing

C‘ o a’ 1 1 =3 =)
#1319 4.10 a'wvumiﬁmﬂizLLaLLmaxQLWaLLUU Hall effect sensor Tuem1an i duuRn

g Hall sensor (FW) g OVDCON Phase

] il Table i

E % @ % ;'J_ . & . - Comutation
a 1] o 0 1 0204 | A+ | B Q1,06

2 1 0 1 2 2004 B- £ Q5,Q6

1 0 0 1 3 2001 A- C+ Q5,04

3 0 1 1 4 0801 A- B+ Q3,Q4

2 0 1 0 5 0810 B+ c- Q3,Q2

6 1 1 0 6 0210 A+ C- Q1,Q2

d o al 1 U =Y o 7 =Y
INATN 4.10 Adunisiseanseiaudazadnidmsunisuyuluiianieniudy
a o a Y 4 "
UIHNINWINAUANITYULAR D ULLUU Hall effect sensor @D Q1Q6 p Q5Q5 " Q5Qa, Q3Qa '0302

uay Q;Q MUY
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4.6.7.47An19vun 1L nunin1dae3siausiaainasaaduiiuiia
lugﬂﬁ 4.45 navedy T TUElinTeaterasusundoulnideunduluficntm iy
wfin1 nudarilannivvesdyaradlsaseadaiauiio CBA (Zero crossing state CBA)
wdddunsnsndvdygaduanddlunisned 4.11 wansmanisnsadudyarusiumds
A0 6,2 3,1,5uay 4 pwardu Wnglddwunisaindlundaseina (Sequence) fio 4, 1,
5,2, 6 kay 3 lun1sinseansyLa NaLLﬂﬂﬂiﬁﬁ&gULLﬁzﬁ]’liNﬁiﬂlUﬁ,
égg‘ﬂé;w,wvfgneﬁ‘%i::ﬂif:‘! ) 'N:‘r‘.f:era-‘u?am 1107 R

%017 ¢ O —— 3 ! I s e
; e . i 1 S {5 000ms dv]

Sampling interval. 5.0000us

E} H P S—

 Zero crossing C

0000 1
5006

4

LERInER

Zero crossing B

i i L PP 36458 Y
i ; —hDuty 49 70'%—

- 25.000m i o i 25 095m

o crossing A

| Ze

500 Ofm

Ready ZeroCrossing State CBA  :5 4 6.2 '3 1 5 4 6

as

JUN 4.45 dyay1eums233U Zero crossing (CBA) Tufiavnamnaunduuniin

o o as =l | | i =Y <] =Y
M19190 4.11 ﬁ?ﬂ‘Uﬂ’ﬁL'ﬁﬂﬁﬂ‘iBLLﬁLLG]E]BQLWE‘{LLUU Zero crossing IUV]PTW’NWWQJL‘E}MU']WﬂW

@ | Zerocrossing(Fw) | ¢ OVDCON Table Phase
g ¢ lals % s::)e A | B | c | Comutation
6 1 0 0 il 0204 A+ | B- Q1,Q6
2 1 0 il 1 2001 A- C+ Q5,04
5 0 0 1 5 2004 B- | C+ Q5,06
1 0 1 1 2 0810 B+ | C- Q3,Q2
0 1 0 6 0210 A+ C- Q1,02
4 1 1 0 3 0801 A- | B+ Q3,04

N5 4.11 WUIINITATINTUANIEURIA Y IHIUAUE (Zc state) Han1y
psafusERIfiAnNe MUz LN LU UUSIEINNEARTI9Ty Ae 6,2,3,1,5Uaz 4
puddu Fedndusosadunsidenszualuiienemuduunsindmemaiansiupdeunuy
Sensorless control Aa Q;Qs , QsQq , QsQg, Q3Q; Q1QMAY Q3Q; MUAINU ILAWITONAY
fmvnamsnyuldFaeiinismalsunsuwnunsaduinaevesmainasdlaguis
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4.7 NaNVNAHDUVUSNAADY

WASNLINARDINITTULARDUNBDLADINTYLANTILSLUTIDULUUUITIAIINGIRITU
° | ¢ v ad ) a W v Ao '3 e ¢
munalsines meTnsiaduusaadeuliihdoundundnnuagudvestiueimes gunsally
nsvinapsUsznaulufe uaiwas BLDC 24 1aad 12 TUnan YARULUUAIUANLBLNGDS

WUUUSIANAINGIIIU Oscilloscope  DL1620 d@msuiiuwa unasanglniinseuansa

(DC Power Supply 24 Volt) #asufl 4.46

U

(n) (v)
UM 4.46 (N) YAINITAULUUAIUALNBLABSLUUUIIARINAINTITY () Ynaunsniuay

d A
Lﬂ'ﬁ@ﬁﬂ]@lum’]imﬂﬁﬂﬂ

NANTISVIAADUNISVIIAINISODNFIVDINBLADS  tUSEUIBUTEIAINNT MIRINSIAU
#nUd (Hall effect sensor ) wazldld@insradudiunie daainisaansa 0.691 Auldi

_a o e q! 1 A "1 s Qs L ]
way 1.691 Furfimudwiu Fadifraaanfilivineiunindn dsgun 4.47

2kS/s S00n5Mie
| [CHY 10:1
[ |5.008 vsdiv
Hall senser detection ! BC Full |
Speed 691 rpm I
|

=

Starting time 0.691 sec

Sensorless control

Starting time 1.691 sec

Edge CH1 £

| &';
|
|
|
i
i
|
I
|
i
|
|
|
I
|
|
|
|

P-P(C1} 16.04170  f@Pasition |
Rise(C1) 1.69085s
-1.pedaie

v

5UN 4.47 WIsuliigun159onfITewameisendeiingiunasysImaIndIng9dy



=
umn 5

A3UNANITNNADY VALHUBLUY LAZHUININITARUN

5.1 UNUI

Tuns@nw198nUUUN1sVABIRTAMSUAIUAN AT INBIAB SULUUUTIAINGR

s [J 1 (3 s o/ d‘ 13 o n:Jru ] ¢ a 5
pyvdusumidlawed erfieudnmsusiadaulnirdeunduidneugudusinadiaeves
wawnesauma lagfiansananuuandaveinisdnsugudnilylunisasiedanaiiu Geay
A190d SN U IMEN DUTULUNULTWEDIIT AIITNITUULIAT 30 Bervsiniiain

o 1 L3 d‘ k5 o = L3 1 d Q.J

fnEuAugvasuafauiindoundu 3 nn1sAaTsvineasdlutinUisuiUasiivne
al 1 o & 1 < = = ] & v
30 9aMANUINIAINTARARIUAUY WuNameTaTaNITTuyuRUU Tl
1 @t L4 a = ada A}a & o o [
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1.lulasAaulnsaiaas dsPIC30F4011/2010[23]

dsPIC30F Huvesalulasmoulnsiaeslunsega 4011/2010dsPIC30F Faidanld
lulasmoulvisiaadiu 28 Pin Luad dsPIC30F40 %39 Ju 2010 Pin Lua$ dsPIC30F 484 4011
Microchips 18U MCU Usgduasa Tne dsPIC30F 1u 4011/2010MCU @eldnnsuszanana
foyauuu 9n 91nA1 168 Microchips dafigauulusuvssauanunsalunisuszana
foyada auvudineamunzegabidmiviluussgnaldluanumnuausieg Tnelasedns
meluszifunsnaunauszninalulasaeulnsaiass IMCU) waza9as DSP (Digital Signal
Processing) sautdlisneiu wioe1ai3un MCU mszna dsPIC30F 3du DSC w3e Digital
Signal Controller Ala lnslaseas1avesuasa ET-BASE dsPIC30FLA5UNNS 4011/2010
sanuwuulivasaivwiadin mugsemaiiluvssgndldaudundn lneaeluvesaldussy
l9199sfisndudenisldeu uazagaandenswaunlusunsy Taudangu amnsn
Usuwasudnaal/o werluuszendldemuludnuazdnnfaonndasuazimungauiu
anusssnsldanulalunateqdnuugaudesnisanauiivesuesa ienld MCU aszqa
dsPIC30F %38 2010dsPIC30F ¥83 4011Microchips LUy MCU Uszd1uain lneanaudf
LAu9Ue MCU leun

1. MieAusn Flash 12Kbyte(dsPIC20F2010) %38 48Kbyte(dsPIC30F4011)

2. 1miwA17ud RAM 9u1n 512Byte(dsPIC30F2010) e 2Kbyte(dsPIC30F40)

3. fimaeAudn EEPROM wunn 1Kbyte dwsuiiiudoyaldan

4. Iwadn I/0O vu1n 19 Bit(dsPIC30F2010) #38 29 Bit(dsPIC30F4011)
. 11 16Bit Timer/Counter §1u7u 3 ¥A(dsPIC30F2010) %38 5 YA(dsPIC30F4011)
.3 Input Capture 371U 4 %89
. 8 Output Compare 911U 2 ¥83(dsPIC30F2010) #38a 4 Ua(dsPIC30F4011)
. 1 ADC10Bit/500Ksps 91U7U 6 183(dsPIC30F2010) #58 9 ¥94(dsPIC30F4011)
. § PWM Motor Control 31u7U 6 %99 W5a4 Quadrature Encode Interface(QEI)

10. § UART 97u7u 1 999(dsPIC30F2010) %38 2 %84 (dsPIC30F4011)

11. 81 SPI 97wy 1 909 uag § 12C 91u7u 1 199

12. §7993 Watchdog, Power-ON Reset, PWM

13. 14 Crystal A210d 7.3728MHz  @nunsald PLLgmAwALD Run Adwd
29.491MHz

14, ﬁwa%mﬁaaﬁiaqﬂim UART WUy RS232 97u7U 19898 m35udsPIC30F20101a22
903 d1m3U dsPIC30F4011 wiau Jumper d@msuidanldans UART e GPIO lanufaenis
Tneld4a5ie UART Wuu CPA-4 Pin snsgu 877

15. §i47 ICSP 1m3g7u ICD2 uvy RI11 dmivlisiuduygaimuilusunsuuay
Debugger ﬁsaq%’umiﬁnmummmmgm ICD2 w83 Microchips 1tu ICD2 w3e Pickit2 le

16. 31 Switch dmiuadudygasening Program/Debug(PGM) wag THa1uusnf
(RUN) w¥ou LED uandlnunni1sviniauvasussa

17. ﬁ%ﬁdaﬁ’mumuwm /O WU Header 418 2x5 31U 3yauazHeader 1x8 Pindn 1

un

O 00 N O
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18. 1
19. 4
20. 1l
Aty

21. Power AC/DC Input W3au Regulate WUU Switching LUBS LM2575 9u1A
5V/1A anlyniAnniouaIneas Regulate wag LED uanan uzuasdng Power

22. UM PCB Size LANLAEN 8 x 6 cm.

Switch Reset @15Ud9 Reset N15¥i9uwes MCU mgluuase

Header 14Pin @ 13U Character LCD w¥ou VR U5unnuaing
LED dwiunaaaunisvinau laeld RBO Tunismiuan wisu Jumper dnsie

7
MCLR {1 4017 AvVOD
EMUDYANO/VREF+/CN2/REO 2 3000 AVss
EMUCHANIVREE-CNIRBT 113 3811 PWMIL/RED
AN2/SS1/CN4/RB2 L4 3701 PWMIHRE!
AN3/INDX/CNS/RB3 (15 360 PWM2LRE2
AN4/QEAICT/ICNE/RB4 L 6 a 350 PWM2HRE3
ANS/QEB/ICS/CN7/RES T 7 @ 340 PWM3LRE4
ANB/OCFA'RBS L. 8 U 330 PWM3HRES
AN7/RE7 19 6 20vw
ANS/RES [] 10 W O Vss
Voo U114 © 3007 CIRXRFD
Vsshz 0 2900 CITXRFI
OSCICLKIC]13 @ 2871 U2RXCN17/RF4
OSC2CLKORC1S (14 = 27[1 UZTXICN18IRFS
EMUD1/50SCIT2CK/UTATX/ICNI/RC13 0 15 2671 PGC/EMUCIUTRX/SDI/SDARF2
EMUC1/SOSCOTICKUTARX/CNORC14 [116 2511 PGD/EMUD/U1TX/SDO1/SCLIRF3
FLTAINTORRES [J17 240 SCK1/RFB
EMUD2/OC2IC2INT2RD1 [] 18 23[1 EMUC2/OCH/IC1/INT/RDO
OC4/RD3 1119 2201 OC3RD2
Vss 0120 210 Voo

TugawUasdyguezuiaaniduiinealugaudasdygyruezuiasnduiineavuin
10 O (10-bit high-speed analog-to-digital converter) n3aluga ADC iulugaiuusaiuas
waonuUasdyarandudiasainuaziBeavuin 10 9n Tuga ADC a4 dsPIC30F4011 &
1w 9 vesdnuad Usenaulumeur ANO/RBO, AN1/RB1, AN2/RB2, AN3/RB3, AN4/RBA,
AN5/RB5, AN6/RB6, AN7/RB7 uaz ANS/RBS Ufionlaszuniuuaziaasn1sviuresiuga
ADC

a I3

FFawmasmiuaunisinueedluga 10-bit ADCNsViNuveslugauUasdye
ouaoniduiineaszifeateaiuiiawmes 2 nqusedufe FRamoimuauiaridawmes
tinastoya lnefisoaziBondel

1. F3awmasUmneidaya (ADC Data Buffer) Sawmasdminesidayadiuiu 16 M
vun 10 T Mlumsifudeyaildannisuladynnezuasnifuiinea (§1ulfegnaien)
Usznaulueag ADCBUFO §ia ADCBUFF (ADC Buffers 0 — ADC Buffers F)

2. Saweiaunuluga ADC luga ADC f53a1903AIUANLALIARIEATUEN1TYINNY
vosluga 6 faall

2.1 S3awmeiatuAu ADCON1 (ADC Control Register 1)
2.2 F3aweiAruau ADCON2 (ADC Control Register 2)
2.3 FawmasaiuAu ADCON3 (ADC Control Register 3) 33anas ADCON1

fls ADCON3 huFiamesmunuuazimuanisvitnuediuga ADC

@

aa
3
aa
39
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2.4 ADCHS (ADC Input Channel Select Register) %‘ﬁama‘i‘ﬁaﬂﬂnﬁuwm

dm3uideusionuians S/H (Sample and Hold amplifiers)

2.5 ADPCFG (ADC Port Configuration) FRawnastmundoulunisviiany

yo1vmesndunaiudunnazuiaen wiedunmerdnednnufdnes

2.6 ADCSSL (ADC Input Scan Select Registeniu33ainasidanv1dumnes

dUTUNISEENEIRUNITE AR QY IMBEUIABN
n15iduluga ADC Hvunauaall
1. madaldanluga ADC

a. \donvwefndmiudunnarutaansiiunaidaimes ADPCFG<15:0>0af 0
fedail 15

b. tBonunainssdusiedediuivdunmazuitaoniiuniisianes

ADCON2<15:13>{m#l 13 fadnil 15

WWondaauunidnidmsultlunisulasdyauozuiasnuiuniesdames

ADCON3<5:0>Tmil 0 flednil 5

d. fvuasruutesduiudynia (S/H) lumne3dames ADCON2<9:8> T
8 fadmil 9 mugifuIdawmes ADPCFG<15:0>

e. fvuntasdudyyin (Sampling H1UM93TaIADS ADCON1<3>Tnil 3
MugfuNsALNUAYAIABUNRNIUNITIaADT ADCSSL<15:0> T 0 i
il 15

O

2. Weldauluga ADC sumeidames ADCON1<155Tnil 15

a. Msaldnuduneisud Mndaenis)
b. wAss0n ADIF Buwmassudunan
c. LaonTEAuANNEIAYIDBURDISUA

luga MCPWM Tui@a Motor Control PWM (MCPWM) tlulugaiugiudmsuadng
Fryeu10d PWM (pulse width modulated) LﬁaﬁmTlJi:fqﬂr-ﬁ'l%’am‘[,umsmwmﬁﬁwlwa:1
uLnosulnmiee) Ly

1

2.,
3.
4

oS kAW

LMD SUUUARE

UBLADINIEUAASULUUELWE (Three-Phase AC Induction Motor)
uaLasLUUEIRTAUMIULLLWAN SR (Switched Reluctance Motor)
walmasNIzIansILUUlsUUasEIY BLDC (Brushless DC Motor)
AnanTATIdAryvasluga MCPWM

srunmldiiaruazden Toy/2 vesvaudynyiod PWM
danlvivinululuuaierdwaniounu (Complementary Output Mode) #30
anlulnuaieinndase (Independent Output) I
g15ausanNnsnasAaIngn (dead time) 1ot
Mvuadygasednalamensyuunsnsgendwas (Configuration bit)
myualuuatednmele

flgsauasdunnnsnaaunuianain (fault) lasenislusunsy
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7. afndyarunseiuiiesdmiulugauvaidyanuezuasnidunineals
dsPIC30F lalnIanlugaadadeye i MCPWM $1uiutodne 6 uas 8 tos tned
AANTRLANIFINTTIT xx dWTU dsPIC30FA011 aefisiuiuloning 6 eq wazdumm 1
Paeusznaulume
1. NBIADIFNAAIUANATYIU PWM laun
- LN PWM %afl 1: 1iwasm PWMIL/REO, PWMIH/REL
- 10AWA PWM il 2: 1me$n PWM2L/RE2, PWM2H/RE3
- @A PWM 9l 3: awedn PWMB3L/RES, PWM3H/RES
2. vesndunAnIIvEaUANAANAIR Il Ymese FLTA/RES dwmsuluga
MCPWM LUy 6 oao1ina gnlilunumunuuuy 3 iwa vz 8 dososims
argnigluruneineiiiuu 4 e
FFanaiAIUANNITININU FFawmaiAIUaNNITYIIUTasiga MCPWM H51uasidun

as

il
1. 33aLmas PTCON (PWM Time Base Control register)33amasA1nualnuang

auwagmuauvedliga MCPWM 1y 1Wa/danisvinauvesluga Mvuadinisiu (A
Inaanalass) fen1sindumessud Amvianaaasdmiugiunaitasivunn1syinguees
luga MCPWM

2. S3awas PTMR (PWM Time Base register) 33ainasgiuniainisiuvealuga
MCPWM turimldgeanwiniu 32768 a1 (14ifes 15 Tnlunisiiv) Taedngagndndl 15 On
PTDIR LHufnnsrvaeumsiuresgiuiarindunisduiu (PTDIR = 0) wiailunisiuas
(PTDIR = 1)

3. 39am03 PTPER (PWM Time Period register) 33a6105AIUANNTSHUVRI3RALADT
PTMR Wusdawesimunmunawiaanuivesiuga MCPWM

4. 33ama3 SEVCMP (PWM Special Event Compare register) agfianuaaaaniia
nszaumMInulugauUasdyauesuwaenduiinea (A/D)

5. F3aumas PWMCON1 (PWM Control register #1) fmuantihfinisvinauvesudu
Fryey1os PWM Tsivinanudaseuieviouduguasdmualiilundudyaiaiedwn Pwm

o
=

[ a L3 aa a

NIDLUUVIBUNH/LDINWARINDAUNG

6. 53ama3 PWMCON2 (PWM Control register #2) 1us3aimasfivunalnaaina
\ae¥ (Post scale) dmiunszdunsyinauedluga A/D, Mvualnunn1syinauvesdyyin
duWusiu PWM nIadggaiuning (Tey), Wa/lanisulasdygin PWM Auilawmas
Uninasaunauaridamasivuniifluida

laazunsunisiauvasdiugas MCPWM saasiduaudentnazunsuluga MCPWM
Tnguvsypmuauwazyitaueenidusiail

1. 3awesniuauaiiu (PTMR period register)

aa ¢ ° a P o aa ¢ a o P <

33amas PTMR ihluieuiiisuiuidaimes PTPER tiafimuaAIuLIaImianud
Tuiudyiu MCPWM wagiTaulfisuiuiiamas PDC1 s PDCA

o

2. yad1adeyeyins PWM (PWM Generator)
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luga MCPWM anunsafivzasedugin PWM Tduanda 4 YALDIANA AfinuLIan
FenfuuifidiaRlmAadiunneiuld Tasflyaadadameding PWM S1uu 4 yaazny
181U dsPIC30F fifiuaurmesnsaud 64 vnfuduly nasadtsfadledaly PwWMm
Generator HuazHILYAAIUANNITASNAIIATINARALYAAIUANADIN (Dead Time
Generator and Override Logic) Insdgygnanerawaazriuludgamuauasdnieuiiayl
fyaenading PWM Tuilvn MCPWM Aillaldnuuaslvdyananeinniiug (PWMxH uaz
PWMXxL) LﬁE]ﬂ’.J"IiJa361’3ﬂlumi‘ﬁuﬁ’fgfy’]ElM’Nﬁ’]HGhLLﬁxV]NﬁWUEJWElx‘]@ﬂﬂ'iﬂjﬁ’m’lﬂ Power
Half-Bridge

1@19WAn PWM Tagnsea (PWM Output Override)lnuadudoyeyauaidnn PWM

as

Tooass lulwaaiannsoduduaia PWM, Fudyaiaueniinviedudygradusoniinly
PIUANNISIIURILTR POVDXH Waz POVDXL  LilafBan13miununissinatufienis
AmunAilaenss wazimuaAWIudn POUTKH Lag POUTXL WadasnsaunauHiuasy
a¥edyn PWM  wanssuuuunismuauvasinani lunisauauainmdinisguees
woLMas YYD WNA PWM 38gnTuniamsnudaimasaugs (high side transistors) wazly
dumasiailaday dusrmuarnaussiudunansitusesinesuaranninss

VInTIFaUtaRANATIN (PWM Fault Pins)u18unm Fault A (FLTA) waz B (FLTB)
Juvdunansavaeuanuianainvesdyqianerdnn PWM Lilafvualien PWMxL uaz
PWMxH virululuuaierdnadyaios PWM nMsvinauvesvdunadygias Fault A uas B
£ agUNUiiaN15AIUANYDINLITYINITADUALDIHDAINRANAIAUDIF YR IULD AN
PWM lipgnssaniauazaonfoundunn Fault A wae B 9evinnufiasin ‘0’ (Active Low)
Taefivn Fault A 9mIUANKNUN1TIaIMDS FLTACON Wag Fault B AruAusun1eidamas
FLTBCON JUKUUNSAIUANS Y104 59960 UAINURANG 1A

n334lasiudiulugaADC (A/D Synchronization)luga MCPWM anunsaululdlu
nInsEAUMITaUTesiuga A/D Ia funeanuduiiusvegiuiaivedluga MCPWM 113
nsedunisiauvedluga AD Aiaringasigaazegszuinenisidnadnivesnisulag
dtyaynnd A/D LLﬂ&ﬂ’]‘Jﬂ%JUU?ﬁFhﬁ’Jfﬁldeﬁﬁ

nsnsefunsviiuediuga AD ssFududeluidamesgiuna PTMR fin
psstutuailuiiames SEVTOMP lnsfmuslnuanisiiouifisutuiunetiuas dauvnsde
SEVTDIR (SEVTCMP<15>) uaxfatazlsiina vinfwualiluga MCPWM vharululvatiy
Tuas @mamﬁ’ﬁmiﬁ’mﬂﬂwmﬂisﬁuﬁﬁynﬁmﬁ azgﬂlﬁmﬂLﬁa‘iﬁﬁmmmﬁ’mﬁuémmﬂha
mstudmnaafiediudinisulenszia (shunt currents) wiesundurasustaioulvii
(emf) Tun1sAIuANNBLABSIUY sensorless BLDC uaimes
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‘Include

//
#include <p30fxxxx.h> // generic header file for dsPIC
#include <stdio.h> // for sprintf();

#include <pwm.h> // use MCPWM Module

#include <adc10.h>  // 10bit ADC module library functions
#include <timer.h> // timerl module

#include <incap.h>  // Input Capture module

:Config fuses

7/

_FOSC(CSW_FSCM_OFF & XT_PLL4); // Sw Disabled, Mon Disabled, XT w/PLL 1x

_FWDT(WDT_OFF); // Watchdog timer off
#define BACKWARD 1

#define FORWARD 0

#define START RB2

fidefine START TIMER1  T1CONbits. TON=1

#define STOP_TIMER1 T1CONbits. TON=0
#define START IC2 IC2CONbits.ICM=3
#define STOP_IC2 IC2CONbits.ICM=0
#define STOPT3 T3CONbits. TON=0
#define STARTT3 T3CONbits. TON=1
#define AUTOSTART 0

#define SENSERLESS 1

ftdefine TIMECONST 0.000016

et

----------- :Library

#include "LCD16x2.c"

/7

:Global variables
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//A13IN0OVDILUvauto start
unsigned int OVDTable[2][8]=
{{0x0000, 0x0210, 0x0810, 0x0801, 0x2001, 0x2004, 0x0204, 0x0000}, /i
{0x0000, 0x0204, 0x2004, 0x2001, 0x0801, 0x0810, 0x0210, 0x0000}}; //maidl
/fmnsrsnmnsien step 1110,12,14,16,18,20 Wasidus duty cycle
unsigned int DelayTable[6]={12000,10167,9167,7167,6250,5416};
/M3 duty cycle 71 10,12,14,16,18,20 (asius
unsigned int DutyTable[6] ={73 , 88 , 103, 118, 132, 147},
//a35103AUUY senserless control
unsigned int Statel.oTableClk[2](8]=
{{0x0000, 0x0210, 0x2004, 0x0204, 0x0801, 0x0810, 0x2001, 0x0000}, //Rev
{0x0000, 0x0204, 0x2001, 0x2004, 0x0810, 0x0210, 0x0801, 0x0000}}; //FW
unsigned int HallValue; //fuusiiiudn hall sencer
unsigned direction; //MmuUsiiuafianis 0 Taas Aevudy 5 1ad Aemuidy
char buf(16]; //buffer dmTudstoyalud cd
unsigned update_lcd=0;
unsigned blinking_ LED=0;
int rpm=0;
double freq=0;
char Int flag=0; // Interrupt flag
unsigned int time=0;
unsigned tick=0;
unsigned int pot=0;
unsigned state=0;
unsigned first=1;
unsigned int tick_t3=0;

unsigned int i=0;
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unsigned poten_ready=0;

// :Delay MS

void Delay MS(unsigned int ms)
{
unsigned int i
for(; ms>0; ms--)
for(i=0; i<728; i++)
Nop();

}

1/ Timerl Interrupt

void __ attribute  ((interrupt, no_auto_psv)) _Tlinterrupt(void)

{
if(blinking_LED==1) /andemenduunfinilivaseln D3 nensu
_LATD3 = | LATD3;
update lcd = 1; JAilonsu 200 ms THswan Led
_T1IF = 0; // Clear Timerl Interrupt flag
}
7/ Timer3 Interrupt

void __ attribute_ ((interrupt, no_auto_psv)) _T3Interrupt(void)

{
if(state==AUTOSTART) /8 Tnue auto start
{
tick_t3++;
if(tick_t3>200) //¥gn200n5a3 B duty cycle uagza delay
{
tick_t3=0;

i++;
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if(i>5) //énduty cycle fis 209 waD

; v P v e
if(poten_ready) //0n poten aglutaniimun iasudulnun senserless
cantrol

T3CONbits. TON=0;
state=SENSERLESS;
PWMCON1 = 0x0000;
OVDCON = 0x0000;
Delay MS(100);

lelse

}

PR3=DelayTable[i];
PDC1=DutyTablelil
PDC2=DutyTablelil;

PDC3=DutyTable[i];

HallValue++;
if(HallValue>6) HallValue = 1;
OVDCON = OVDTable[direction][HallValue];

Jelse //(state==SENSERLESS)//eluluum senserless T¥swan m1519 OVD T flad 40 ms

STOPT3;

Hallvalue = PORTB & 0x0038;



Hallvalue = HallValue >> 3;
OVDCON = StatelLoTableClk[direction][HallValue];

}

_T3IF = 0; // Clear Timerl Interrupt flag

7

void _ attribute ((interrupt, no_auto_psv)) _IC2Interrupt(void)
{
//_LATDO=!_LATDO;
if(tick==0){
TMR2=0;
T2CONbits. TON=1;
tick=1;
Jelsef
T2CONbits. TON=0;
time=(TMR2+time)>>1;
tick=0;
STOP_ICZ;
Int_flag=1;
}
//DisablelntIC2;
_IC2IF = 0, // Clear Interrupt flag

}

//
void __ attribute ((interrupt, no_auto_psv)) _CNinterrupt (void)

{

IFSObits.CNIF = 0;

:CN Interrupt

IC1 ISR

97



TMR3=0;

PR3=200;

STARTT3;

}

/'
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Timer2 ISR

void __ attribute_ ((interrupt, no_auto psv)) _T2Interrupt(void)
{
tick=0;

1 1234567890123456

LCDPrintxy(1,2,0,'RPM : 0 r/mm");//f’hLﬁunaﬁﬂ"muﬂLLﬂﬂddﬂM@M@%ﬂgWW RPM agL¥infiu 0

_T2F =0 // Clear Interrupt flag

/Y
void ADC10_Init(void)
{
unsigned int configl, config2, config3;
unsigned int configport, configscan;
unsigned int channel,
CloseADC10(); // Turn off A/D
// Configure ADCON1 register
configl = ADC_MODULE_OFF & // A/D Converter off
ADC_IDLE_CONTINUE &  // A/D Operate in Idle mode
ADC_FORMAT _INTG & // A/D data format integer
ADC_CLK_MPWM & // sampling/conversion (Auto convert)
ADC_SAMPLE_INDIVIDUAL & // sequence sampling
ADC_AUTO_SAMPLING _ON & // Auto sampling Select

ADC_SAMP_ON,; // sample / hold amplifiers are sampling

Initialize ADC 10bit
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// Configure ADCON2 register
config2 = ADC_VREF_AVDD_AVSS & // Vref+ is Avdd and Vref- is AVss
ADC _SCAN OFF & // Do notScan Input
ADC_CONVERT CH 0ABC & // A/D channels utilised
ADC_SAMPLES PER_INT 4 & // interrupt at 4th sample
ADC_ALT BUF OFF & // Buffer 16-word buffer
ADC_ALT_INPUT_OFF;  // use MUXA only
// Configure ADCONZ2 register
config3 = ADC_SAMPLE_TIME_3 &  // A/D Auto Sample Time 3 Tad
ADC_CONV_CLK SYSTEM & // Clock Source Clock derived from system clock
ADC_CONV_CLK 3Tcy2;  // A/D Conversion Clock Select bits
// Configure ADCHS register
channel = ADC_CHO POS_SAMPLEA ANO & // A/D Chan 0 pos i/p sel for SAMPLE A is AN3
ADC_CHO_NEG_SAMPLEA _NVREF &  // A/D Chan 0 neg i/p sel for SAMPLE A is -Vref

ADC_CHX POS_SAMPLEA_ANOAN1AN2 & // A/D Chan A B C pos i/p sel for SAMPLE A are
ANO, 1 and 2

ADC_CHX NEG_SAMPLEA NVREF; // A/D CHA, CHB, CHC neg input is VREF-
configport = OxFFFE; // ADPCFG register //RB0//1%1 RBO -> poten
// Configure ADCSSL register
configscan = SCAN_NONE; // Skip ANO-AN15 for Input Scan
// configures the ADC
OpenADC10(configl, config2, config3, configport, configscan);
// sets the positive and negative inputs for the sample multiplexers
SetChanADC10(channel);
IFSObits. ADIF = 0;
//IECObits. ADIE = 1;

_ADON =1;
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/7 :Init_ MCPWM
// Initialize MCPWM
void Init_ MCPWM(void)
{
unsigned int period, sptime;

unsigned int configl, config2, config3;

period = 367, // Set to PTPER register//mmﬁ PWM = 20kHz
sptime = 367; // Set to SEVTCMP register
configl = (PWM_EN & // Module enable

PWM OP SCALE1 & // Out put post scaler 1:1
PWM_IPCLK_SCALE1 & // Input pre scaler 1:1
PWM_MOD_FREE // Mode of operation Free Running
);
config2 = (PWM_MOD1_COMP &  // 1th channel in independant mode
PWM_MOD2_COMP &
PWM_MOD3_COMP &
PWM_PDISIH & // H of channel 1 works as PWM
PWM PDISZH &
PWM_PDIS3H &
PWM_PDISIL &
PWM_PDIS2L &
PWM_PDIS3L
)
configd = (PWM_SEVOPS1 &  // Special event post scaler 1:1
PWM_OSYNC_PWM &  // over ride syncronised with PWM clk

PWM_UEN // Update of PDCs and PTPER enabled
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);
OpenMCPWM(period, sptime, configl, config2, config3);
// Configre PWM to generate square wave of 0% duty cycle
PDC1 =73//duty cycle 15udu = 10%
PDC2 =73;

PDC3 =73;

OVDCON = 0x0000;

}

!/ Initialize

void Timerlinit(void)

unsigned int config, period;
CloseTimer1(); // Close Timer1
ConfigIntTimer1(T1_INT_ON); // Config Int Timer1

// Timer1 Control Register (TICON) Bit Defines

config = T1_OFF & // Timer1l ON
T1 IDLE_STOP & // stop operation during sleep
T1 GATE OFF & // Timer Gate time accumulation disabled
T1 PS 1 256 & // Prescaler 1:256
T1 SYNC_EXT _OFF & // Do not synch external clk input
T1 SOURCE_INT; // Internal clock source
period = 5760; // Set PR1 Register =0.2s
OpenTimer1(config,period); // Open Timerl

IPCObits.T1IP = 1;

// Initialize




void Timer3Init(void)

unsigned int config, period;

CloseTimer3(); // Close Timer3

ConfigIntTimer3(T3_INT_ON); // Timer3 Interrupt Enable
// Timer3 Control Register (T3CON) Bit Defines
config = T3_OFF & // Timer3 ON
T3_IDLE_STOP & // stop operation during sleep
T3 GATE_OFF & // Timer Gate time accumulation disabled
T3PS 1 8& // Prescaler 1:8
//T3 _32BIT_MODE_OFF & // Timer 32 bit Timer OFF
T3 SOURCE_INT; // Internal clock source
period = 12000; // PR3 Register //A1 flag 989 duty cycle 10%
OpenTimer3(config,period);  // Open Timer3

IPC1bits.T3IP = 2;

//
// Initialize Input Capturel
void 1C2_Init(void)
{
unsigned int config, period;
CloseCapture2(); // CloseCapture 2
// ConfigintCapture2
ConfigintCapture2(IC_INT_ON); // Input Capture Enable
// OpenCapture?

config = IC_IDLE_CON & //IC operate in sleep mode

102

IC1 Init
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IC_TIMERZ_SRC &  // Timer2 is the clock source for Capture

IC_INT_1CAPTURE & // Interrupt on first Capture

IC_INPUTCAP_OFF; // Every falling edge
OpenCapture2(config);
CloseTimer2(); // Close Timer2

ConfigintTimer2(T2_INT_ON); // Timer2 Interrupt Enable
// Timer2 Control Register (T2CON) Bit Defines
config = T2 OFF & // Timer2 ON
T2_IDLE_STOP & // stop operation during sleep
T2 GATE OFF & // Timer Gate time accumulation disabled
T2 PS 1 64 & // Prescaler 1:64
T2 32BIT_MODE_OFF & // Timer 32 bit Timer OFF
T2 _SOURCE_INT; // Internal clock source
period = OxFFFF; // PR2 Register
OpenTimer2(config,pericd);  // Open Timer2
IPC1bits.IC2IP = 3;

}

// :Main

int main(void)

unsigned runMotor;

_TRISB1 = 1; // RB1 input from Forward/Reward button
_TRISBZ = 1; // RBZ is START/STOP

_TRISB3 = 1; // RB3 input from HallA

_TRISB4 = 1; // RB4 input from HallB

_TRISB5 = 1; // RB5 input from HallC

_LATDO = 0;



_LATD3 = 0;

_TRISDO = 0; // LED for START/STOP
_TRISD3 = 0;  // LED for FORWARD/BACKWARD
_TRISD1 = 1; // Set RD1 input for IC2
LCDInit();

LCDPrintxy(1,1,0," Motor Control ";
LCDPrintxy(1,2,0,' By MoZo ")

Delay MS(2000);

LCDClrscr();

LATE = 0x0000;

TRISE = 0xFFCO;
//sEmAdusun s uvailaidy

Init_ MCPWM();  // Initialize MCPWM
Timer1Init(); // Initialize TIMER
Timer3Init(); // Initialize TIMER3
ADClO_Init(); // Initialize ADC10bit

IC2_Init(); // Initialize INPUTCAPTURE

//\oop infinity

while(1)

{

_LATDO = 0; //vanlwDO0 uay D3 diu
_LATD3 = 0;

while(ISTART); //58 &0 start

_LATDO = 1; //vaanl DO fin

TMR1 = 0;

START TIMER; //Guutiuaan Swiam LCD

direction = RBI,

104
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if(direction==BACKWARD)//\¥AfiAn1a

{
blinking_LED=1; /A Enennadnld D3 newsu
Jelse
{
blinking LED=0;
_LATD3=1; //iniamamuidy T D3 fanaen
}
HallValue = 1; //L%'uﬁwguumcﬂai'uuu auto start duty 10%

QOVDCON = QVDTable[direction][HallValue];
TMR3=0;

T3CONbits. TON=1;

PWMCON1 = 0x0077;

runMotor = 1,

START IC2;  // Enable IC2//5uduiac RPM
while(runMotor) {

if(state == SENSERLESS && firsty/dndulnum senserless luasausnlida fladdu
CNGUnn1587uA121127 RB3,4,5)

{
first = 0;
// Hall Senser to CNInt
CNEN1 = Ox00EQ;
IFSObits.CNIF = 0;
IECObits.CNIE = 1;

IPC3bits.CNIP = 3;

HallValue = PORTB & 0x0038;
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HallValue = HallValue >> 3;
OVDCON = StatelLoTableClk[direction][HallValue];
PWMCON1 = 0x0077;
// Enable ADC10bit
//_ADON =1
}
iflupdate_lcd)
{
_DONE = 0; //87UF1N poten
while(!_DONE);
pot = (ADCBUFO+pot)>>1;
int duty = 0.89688*pot-91.75;
if(duty>734) duty=734; //ARRA"7 0-1009% duty cycle
else if(duty<0) duty=0;
else;
if(state==AUTOSTART)//éuduluua auto start
{
if(140<duty && duty<150)//th poten asﬂwﬁ’n 19-209% 1o %dﬁuﬁﬂﬁiﬂmsensertess control
{
poten ready=1;
// 1234567890123456
sprintf(buf,"Duty: %4d %% OK'",(int)(duty/7.34));
LCDPrintxy(1,1,0,buf);
Jelse//dn poten liagflutiag 19-20% lisas dad
{
sprintf(buf,'Duty: %4d %% " (int)lduty/7.34));

LCDPrintxy(1,1,0,buf);
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}
else //(state==SENSERLESS)duTulvum senserless lU5urn duty cycle a1l poten
{
PDC1 = duty;
PDC2 = duty;
PDC3 = duty;
// 1234567890123456
sprintf(buf,'Duty: %4d %% Syn"(int)(duty/7.34)),//lamstoA11371 Syn 7 98LCD
LCDPrintxy(1,1,0,buf);

}

ifint_flag)

{
freq = 1.0/(time*TIMECONST),//inf1 RPM lasuainas = 12 pole
rpm = 120.0*freq/12.0;

sprintf(buf,"RPM : 9%4d r/min",rpm);

LCDPrintxy(1,2,0,buf);

Int_flag = 0;

START IC2;
}

1

if(direction = _RB1) { /i aBsuwiashi S seuu
STOP_TIMER1; /fAdEnszuu

T2CONbits. TON=0;
STOP_ICZ;
PWMCON1 = 0x0000;

OVDCON = 0x0000;



}

state = AUTOSTART;
first = 1;

CNEN1 = 0x0000;
tick_t3=0;
T3CONbits. TON=0;
PR3=12000;

i=0;

poten_ready=0;

LCDPrintxy(1,1,0,"Duty:

LCDPrintxy(1,2,0,"RPM :

PRCL = 73;

PDCZ = 73;

PDC3 = 73;

runMotor = 0;

if(ISTART) {

STOP_TIMER1;
T2CONbits. TON=0;
STOP_IC2;

PWMCON1 = 0x0000;
OVDCON = 0x0000;
state = AUTOSTART;
first = 1;

CNEN1 = 0x0000;
tick_t3=0;

T3CONbits. TON=0;

PR3=12000;

O % u);

0 r/min");

//8na@3nd start off Tisw@nszuy

//Rd@nszun
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return 0;

i=0;

poten_ready=0;

7/

LCDPrintxy(1,1,0,"Duty:

LCDPrintxy(1,2,0,"RPM :

PDC1 = 73;
PDC2 = 73;
PDC3 = 73;

runMotor = 0;

1234567890123456
0% ")

0 r/min");

109
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3. Oscilloscope

Oscilloscope Yokogawa D1620

4, AMYIWUVULYIUEINTUNISNAFDUAITZNING

ANFALUULYVIY

AFILUULUIU OFM Tainaiminyiaudials 10 ¢ 819 45 kg ANNAZLDIANYS 10 ¢
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2. LM2575HVT-12

i3 TExAS
INSTRUMENTS LM1575, LM2575-N, LM2575HV
www B corm SNQS*.N_E = WAY 1§8-REVISED ARRIL 2013

LM1575/LM2575/LM2575HV SIMPLE SWITCHER® 1A Step-Down Voltage Regulator

Check for Samples: LM1575, LM2575-N, LM25TSHV

FEATURES DESCRIPTION
« 3.3V, 5V, 12V, 15V, and Adjustable Output The LM2575 serles of rogulaters are monolithic
Versions integrated circuits that provide all the active functions
X for a step-down {buck) switching regulator, capable of
* Adjustable Version Qutput Voltage Range, driving a 1A load with excellent line and load
- 123V to 3TV {57V for HV Version) 4% regulation. These devices are avallable In fixed output
Max Over voltages of 3.3V, 5V, 12V, 15V, and an adjustable

~  Line and Load Conditions Qutga version.

«  Specified 1A Output Current Requiring a minimum number of external

. y components, these regulators are simple to use and
Wide Input Voltage Range, 40V up to 60V for include internal frequency compensation and a fixed-

m"v‘l’"b; b e i frequency oscilfator.
* uires On| xternal Components
9 ¥ o The LM2575 series offers a high-efficiency

* 52 kHz Fixed Frequency Intemnal Osclllator replacement  for  popular  three-terminal  linear

* TTL Shutdown Capability, Low Power Standby regulators. It substantially reduces the size of the
Mode heat sink, and in many cases no heat sink is

+ High Efficiency requiead.

< Uses Readily Available Standard Inductors A standard series of inductors optimized for use with

the LM2575 are available from several different
manufacturers. This feature greatly simplifies the
design of switch-mode power supplies.

Other features include a specified £4% tolerance on

+  Thermal Shutdown and Current Limit
Protection
+  P* Product Enhancement Tested

output voltage within specified input voltages and

APPLICATIONS output load conditions, and £10% on the oscillator
+ Simple High-Efficiency Step-Down {Buck) frequency. External shutdown is included, featuring
Regulator 50 pA (typical) standby current. The output swilch

« Efficient Pre-Regulator for Linear Regulators '2‘3“**’? cytie-by-cycia ?«""W’“ limiting. as woll as
« On-Card Switching Regulators ;o?lr:;!?m:hmdmm for full protection under fault

«  Pesitive to Negative Converter (Buck-Boost)

Typical Application
{Fixed Output Voltage Versions)

FEEORALK
I - 40¥(80V} o] LM2575/ |

UNREGULATER 3 3
oe NPT ! LME%?{-JS%-EY ouTHUT it ;;;umto
. . W DUTFUY
O SIOME ] g 1A Lost

2
3{oND 5 | GN/okF
O 4 1] i)
D £
Pin numbers are for the TO-220 package.
Vs LM1575, LM257 SHY
INSTRUMENTS , LM2575-N, LM257
Mﬂsm SINVE OBE - LAY Iw“i‘dﬁi‘:} AN & 13
Connection Diagrams
{XX indicates output voltage option )
Top View Top View Side View
g 4~ GHjOFF ot G- DRFOFF Piny 1.5 K $
T g Peedbaeh T e Fend B
O oy - Cround O e - Ground Fins 2 & &
oy ¥« Gulpat gy 24 Dytput
L 3 Yoy 2 Ll ™
Figure 2. Straight Leads Figure 3. Bont, Staggored Leads Figure 4. LM25757.XX Flow LBO3
S-iead TO-220 Package 5-Lead TO-220 Package or
EM2575T-XX or LM2575HVT-XX  See Package Number NOHO005D LM2575HVT-XX Flow LBO3
See Package Number KCO005A See Package Number NDH00O5D
Top View Top View
o 4 Ry R N 24
e B ] PHR GH weeed @ ot *
o vl 2.
X 3 i3
DUTPLT et W o] .
PO et o,
Y % 20 .
G h e _ i
8 O L
7 ¥ 5
F i mrrd T et Pratadiad
"t LGN o sty
] KL
*No Intermal Connection onjorr Ja] i‘f"
11 14 3
= Fragl]
PHR GND s AL
“Ho inbertial Conneclion
Figure 5. 16-Lead COIP and PDIP Packages Figure 6. 24-Lead Surface Mount SOIC Package
LM25T5N-XX or LM25T5HVN-XX LM25T5M-XX or LM2575HVM-XX
LM15762-XX-QML See Package Number DW0024B

See Package Numbers NFEOO16A and NBG
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dsPIC30F4011/4012

High-Performance, 16-Bit Digital Signal Controllers

Note:  This data sheetl summarizes features of
this group of dsPIC30F davices and is not
intendad to be a complete reference
source. For more information on the CPU,
peripherals, register dascriptions and
general device functionality, refer to the
“dsPIC30F Family Reference Manual®
(DST0046). For more information on the
device instruction set and programming,
rafer fo the “18-bit MCU and DSC
Referance Manual” {DST0157).

High-Performance, Modified RISC CPU:

+ Modified Harvard architecture

C compiler optimized instruction set architecture

with flexible addrassing maodes

« B3 base instructions

24-bit wide instructions, 16-bit wide data path

+ 48 Kbyles on-chip Flash program space

(16K Instruction words)

2 Khytes of on-chip data RAM

+ 1 Kbyte of nonvolatile data EEPROM

Up to 30 MIPS operation:

- DC 1o 40 M2 external clock input

- 4 MHz-10 MHz ascillator input with
PLL active {4x, 8x, 16x}

30 intarrupt soutces:

- Three axlernal inlerrupt sources

- Elght user-selectable priority levels for sach
intarrupt source

- Four processor frap sources

16 x 16-bit working register array

"

.

DSP Engine Features:

Diual data fetch

Accumulator write-back for DSP operations
Module and Bit-Reversed Addressing modes
Two, 40-bit wide accumulators with oplional
saturation logic

17-bit x 17-bit single-cycle hardware
fracionaliinteger multiplier

All DSP instructions are single cyde

» #16-bit, single-cycle shift

-

.

*

.

Peripheral Features:

» High-cutrant sink/source HO pins: 25 mAZE mA

+ Timer module with programmable prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit timer modules

18-bit Capture input functions

16-bit Compare/PWM output functions

J-wire SPI modules {supports 4 Frame modas)

2C™ module supports Multi-Master/Slave mode

and 7-bitl 10-bit addressing

Two UART modules with FIFO Buffers

CAN module, 2.08 compliant

+

*

*

+

Motor Control PWM Module Features:

* Six PWM oulput channels:

- Complementary or Independent Oulput
modes

- Edge and Center-Aligned modas

Threa duty cyche generators

Dedicated lime base

Programmable output polarity

Dead-time control for Complermentary mode

Manual oulpul control

Trigger for A/D conversions

+

-

+

*

+

*

Quadrature Encoder Interface Module
Features:

+ Phase A Phase B and Index Pulse inpul

= 16-bit up/down position countar

« Count direction status

+ Position Measurement (x2 and x4) mode

+ Programmable digital noise filters on inputs

+ Alternate 16-bit Timer/Counter mode

« Interrupt on position counter rolfoveriunderfiow

Analog Features:

+ 10-bit Analog-to-Digital Canvedar (ADC) with
four Sample and Holde (S&H) inputs:

- 1 Msps conversion rate

- Nire input channels

- Conversion available during Sleep and kdle
Frogrammable Brown-out Reset

.
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40-Pin PDIP
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FIGURE 1-1:

dsPIC30F4011 BLOCK DIAGRAM
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3. LM324

£ LM124
Y/ LM224 - LM324

4]

LOW POWER QUAD OPERATIONAL AMPLIFIERS

WIDE GAIN 8ANDWIDTH : 1.3MHz

INPUT COMMON-MOOE VOLTAGE RANGE
INCLUDES GROUND

LARGEVOLTAGE GAIM : 100dB

VERY LOW ZUPPLY CURRENT/AMPLE : 3TEpA
= LOW IINPUT BIAS CURRENT © Z0nA

= LOW INPUT OFFBET WVOLTAGE : BmV max. N D

{for mcre sccurate apclcations, use S sgqubisient sark DiPi4 5014

LM 24 A T4 AL MIT4A which Teatirs 3mY man {Flastic Package} {Plastic Mizropackagzi
» LOW INPUT OFFSET CURRENT : 2nA
= WIDE POWER SUPPLY RANGE :

SINGLE SURPLY : +3V TO +30V

DUAL SUPPLIES : +1 5V TC £15W

P
TSSOP14
{Thn Shriok Small Cut'ne Packapge)

DESCRIPTION ORDER CODES

Th.ma circuits consist af four independent, _?'ugh! Part Te ture "~ Pach

gain, internally frequency compensated operational Nu ﬁng@ N o P
ampifers . They cperate from a single powersupply i BC P95 . % ™
over awide range of voliages. Operation from split ..,; i )

power supplies is also possible and the low power i U.:“.:-i -4:?5‘ +:D_!EFC Pt = g
supply current drain is independent of the magni- Eh324 0%, #7070 L2 B | Wi

tude of the power supply voltage. Example : LMZ24N

PIN CONNECTHONS {top view}

Ouipnti 1 {: Quiput 4

Inverting Input 1 2 E Ioveriee Input &

Nop-inverting Input § 3 Hon~-mvertng lupur+

o™ Vee ™

Hon-mverting Input 2 3 Non-mverting Input 3

Invertnz Imput 2 4§ Inverteg Input 3

011 LR

Jutput 3

Outpur 2
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4. 1R2101

Data Sheet No. PD60043 Rev.C

International
TSR Rectifier IR2101(S)/IR2102(S) &(PbF)

HIGH AND LOW SIDE DRIVER
Features Product Summary
# Floating channel designed for bootstrap operation _
Fully operational to +600V VOFFSET 600V max.
Tolerant to negative transient voltage lo+/- 130 mA 7 270 mA
dv/dt immune
e Gate drive supply range from 10 to 20V VouT 10 - 20V
* Undervoltage lockout
® 3.3V, 8Y, and 15V logic input compatible ton/off (typ.) 160 & 150 ns
# Matched propagation delay for both channels
® Outputs in phase with inputs (IR2101) or out of Delay Matching 50 ns
phase with inputs (IR2102)
* Also available LEAD-FREE Packages
Description
The IR2101(S¥IR2102(S) are high voltage, high speed
power MOSFET and IGBT drivers with independent
high and low side referenced ocutput channels. Pro-
prietary HVIC and latch immune CMOS technologies Rg“q-ﬁgj gg;‘gzs 8-Lead PDIP
enable ruggedized monolithic construction. The logic Gl IR2101/IR2102

input is compatible with standard CMOS er LSTTL
output, down to 3.3V logic. The outputdrivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. The floating channel can be used to drive an N-channel power MOSFET or IGBT in
the high side configuration which operates up to 600 volts.

Typical Connection

W 10 S
o > —
- "";a e
+ Vi v 4 o (%
[ P— HIN HO E |
i Lt Yy - s
LA i) 359
 IR2101
+
Yo ot
-, Ve Y P
e HIN HO
{Refer to Lead Assignments for correct pin o i Wy -
configuration}. This/These diagram(s) show COM L
electrical connections only. Plaase refer to
our Application Notas and DesignTips for IR2102
proper cireuit board layout, -
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IR2101(S)/IR2102(S) & (PbF) Internationa

TOR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage 1o the device may occur. All voltage param-
aters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and stll air conditions.

Symbol Definition Min. Max. Units
Ve High side floating supply voltage -0.3 625
Vg High side floating supply offset voltage Vg~ 25 Vg + 03
Vo High side floating output voltage Vg -0.3 Ve+0.3 v
Vee Low side and logic fixed supply voltage 0.3 25
Vio Low side output voltage 0.3 Ve +0.3
Vin Logie input voltage (HIN & LIN) 0.3 Veg+ 0.3
dVgldt Allowable offsel supply veltage transient — 50 Vins
Po Package power dissipation @ Ta £ +25°C (8 lead PDIP) — 1.0
{8 lead SOIC) - 0.625 w
Rthygs Thermal resistance, junction to amblent {8 lead PDIP) — 125 —
(8 lead SOIC) — 200
Ty Junction ternperature —_ 150
Ts : Smrage' temperature 58 180 *C
T Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The inputfoutput legic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg offset rating is testad with all supplies tiased at 15V differential.

Symbol Definition Min. Max. Units
Vg High side floating supply absolute voltage Vg + 10 Vg + 20
Vg High side floating supply offset voltage Note 1 600
Vo High side floating output voltage Vg Vg v
Vee Low side and logic fixed supply voltage 10 20
Mo | Low side cutput voltage 0 Vee
Vin Logle input voltage (HIN & LIN) (JR2101} & (HIN & TIN) (IR2102) 0 Vee
Ta Ambiant temperature -40 125 °C

Note 1: Logic operational for Vg of -5 to 4600V, Logic state held for Vg of -5V to<Vgg. (Please refer to the Design Tip
OT87-3 for more details).



122

5. IRF2807
l ) - [ PD-91517A
nternationa IRE2807
ISR Rectifier
HEXFET® Power MOSFET
o Advanced Process Technology o
+ Dynamic dv/dt Rating Vpss = 75V
e 175°C Operating Temperature
¢ Fast Switching _ ;
e Fully Avalanche Rated o Rsen] = 0108
Description Ip = 82AG
Fifth Generation HEXFETs from International Rectifier

utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer TR
with an extremely efficient and reliable device for use %-

in a wide variety of applications. G

TO-290AR

The TC-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220
contribute to its wide acceptance throughout the
industry.

Absolute Maximum Ratings

Parameter Max. Units
Ip @ Tg=25°C Continuous Drain Current, Vs @ 10V 82
Ip@ Tc=100°C| Continuous Drain Current, Vias @ 10V 58 A
o Pulsed Drain Current @ 280
Py@Te = 25°C Power Dissipation 200 w
Linear Derating Factor 1.3 Wi*C
Vas Gate-to-Source Yoltage =20 W
Eas Single Pulse Avalanche Energy@ 570 md
lar Avalanche Current® 43 A
=] Repetitive Avalanche Energy 20 md
dvidt Peak Dicde Recovery dvidt & 50 Vins
Ty Operating Junction and -E5 to + 175
Tere Storage Temperature Range "
Soldering Temperature, for 10 seconds 300 (1.6mm from case
Mounting torque, 6-32 or M3 srew 10 Ibfin {1.1Nm)
Thermal Resistance
Parameter Typ. Max. Units
Rasc Junction-to-Case R 0.75
Rucs Case-to-Sink, Flat, Greased Surface 0.50 fR— *CIwW
Rega Junction-to-Ambient e 62
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Electrical Characteristics @ T; = 25°C {unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Conditions

Wpross Drain-te-Source Breakdown Voltage Th | — ] — Vo Vos =0V, Ip = 250pA

AVgrpae/iT, | Breakdown Voitage Temp. Coefficient | — (0078, — | VI"C | Refarence 10 25°C, Ip = 1mA

Rosgon) Static Drain-to-Source On-Resistance | — | — (0.013| 0 | Vgg = 10V, Ip = 434 &

Vs Gate Threshold Voltage 20 | — 140 | V | Vos=Vas, Io = 250pA

Ofs Forward Transconduclance 3 ||~ | § | Vos=50V. In=434

: ) . R — Wog = T5V, Vg = OV

loss N N L, T T38| PR [ Vie S 60V Ve S0V, T, = 150°C

I Gate-io-Source Forward Leakage —_— = 100 o Vgg = 20V

st Gate-to-Source Reverse Leakage — | <100 Wgg = <20V

Qg Total Gate Charge s | e | 150 lp =434

Qs Gate-lo-Source Charge — - 24 nC | Vs = 680V

Qg Gate-to-Drain {"Milier"} Charge e ) Vag = 10V, See Fig. Band 13 @

Lt Turn-On Delay Time e 1 ] e Vngn = 38V

t Rise Time — B2 | i o =434
| Lafom Turn-Off Delay Time | AT e Rg =250

iy Fall Time — B8 — Ry = 0.8711 See Fig. 10 @

kg Internal Drain Inductance _— P Batee: o,

iy | amm {0.25in.)
from package 4

b DRt SOmece s T and center of die contact

Ciss Input Capacitance e | 3400 e YVes = 0V

i Output Capacitance —— | B30 | —— | pF | Vpg=25V

Crss Revarse Transfer Capacitance — | 240§ — f=1.0MMz, See Fig. &
Source-Drain Ratings and Characteristics

) Parameter Min.| Typ.| Max. | Units Conditions

Is Continuous Source Currant | we MOSFET symbol i

_ (Body Dicda) A showing the

L= Pulsed Source Current waiaid st Bl : integral reverse %
! {Body Diode) @ p-n junction dicde. =
| Vsn Diode Forward Voltage — ] | 13| V¥ | T;=25°C, Ig=43A Vos=OV &
B Reverse Recovery Time — 120| 190 | ns | 1) = 25°C, Iy = 43K

Q.. Reverse RecoveryLharge — 1510 760 | nC | dildt = 100A/ps &

[N Forward Tum-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Le+y)
Notes:

@ Repatitive rating; pulse width limited by
max. junction temperature. { See fig. 11)

@ Starting Ty= 25°C, L = 620uH
Ry = 2802, 1ag = 434 (See Figure 12)

@ lsn 5 434, difdt £ 330A0us, Vo € V(agwgs,
Tis1¥5°C

& Pulse width £ 300ps; duly cycle € 2%.

@ Caculated continuous current based on maximum allowable
junction lemperature; for recommended current-handling of the

package refer to Design Tip # 934
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Abstract

This paper presents the sensorless BLDC motor controller
designing. The 100 Watts at 24 V and 4000 rpm without the Hall Effect
Sensors BLDC motor was used in this experimental. But this kind of
controller must detect the magnetic pole of rotor position to controlled
motor. So the data from all sensors have to tansfer by wire. This is one
of weakness i the controller which is making the distortion. So the
sensorless  BLDC  motor  controller  mitigate  these  problems,
The sensondess BLDC motor controller uses the back EMF that crossing

zero of the pole in motor, The zero crossing was detected by the

497

detection system (DSC) then shift phase 30° from zero crossing
position. After that the controller will mansform these signals to PWM
signal for drive the six step mverter and send to drive motor. From the
this kind of controller can apply to the BLCD motor

experimental

speed range 500 - 4,000 rpm.

Keywords: Back EMF, BLDC motor, Senseless control, Zero crossing
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I inderugt
A
Halt
Senvar
fput 8
¢
A
Phage
Current

‘ |
| i
| |
| : |
1 0 1t 1 ¢ 1

710§t 3 FR Hall sensor UAZNSIUA Six Step Inverter
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