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ABSTRACT

This project presents the controlling of dc motor. By this techniques can control the

operation of brushless motor and can speed control, can turn the left motor in motoring, can turn

the right motor in motoring and can turn stop motoring of motor. Which the worker will live the

values feeder of the speed round the power switch equipment. By indicate values feeder of the

speed round fo the monitor (L.CD) of power circuit appropriately for can work to follow to want.

The merit of brushless motor is must not often maintain when it compares with the general motor

The project is experiment to control the speed of dc motor. By have used mosfet to the

switch equipment in the power circuit and control the speed of motor. And the value feeder of the

speed round give power switch equipment. By indicate values feeder of the speed round to the

monitor (LCD). The resulis get from the experiment doing for can lead to develop in the large

size dc motor drive system.
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: i ¢ bOus/div : mld’v
P (SHerdv) : : ¢ (S0Dub /)
NORM?MSIS : . : : : oo NORMERMS/S
=4 -4 } 1§ T
-1 Yy 'l e e e L e
1* T 4+ v
=Yracel= p-p  5,BoOV nTrat:BJ- pp  E.oov | ak 4.000v | Res  1.023Y
G By 2ir7ey o Fr "“'9 oA.990k o FrRq BST.OM2 1 i G

=Filera =0ffsala =Record Lenglh= =Triggera =Fillera =0l fselm =Recard Leaglh= aTrigger=
Smoothing ' OFF CH1 0.20v Main 1 10K Mode [ AUTO Smooihlng @ OFF CHI : .20y Main : 10K Mode : AUTO
BW [ FULL cHz ooy Zoom ;10K Type ! EDGE Ci2 & BY © FULL CH2Z : ooV Zoom @ 10K Type : EDGE CHZ 4
Detay 0.0ns Delay : Qns
Hold OIF ; Q2us Hald OFF ; h2us

Ui 4.5 veanladaf Lias 2 71N 4.6 vorvladaf 3 uag 4

2006/05/08 20: 1929
; : : . SODug/dY
: (SD0US/div)
'-; bl - .'. ey
iy RO i
aTracel= P-p  5.400v | bk 5.000v | R 4.736v
Lo ogav 1 Frpq oMz Gt o

=Filerm =0 set= =Record Lenglh= aTrigger=
Bmoothing | OFF CH1 : 2oy Mailn @ 10K Mode : AWUTO
BYY : FULL chz : agv Zogm 1 10K Type : EDGE cHz §
Delay : 0.ons
Hold OFF : 02us

31 4.7 voawladafi 5 uag 6

i i é aF ar o/ !
vngit 45, 4.6 uozgildl 47 Fadumsedygnaveussiuitldenns Trigger
~ 4 4 @ 'S 1 ~
voomHa inMT2991 5,000 pm  Fa9zgAnHAZNINIUINTIU09N15 on — off YOS
¥ 1 r
vomaia 6 i Taswemadaf 1 szvhaureuudinudeueaadaf 2,3, 4, 5 uazda

7 6 mudiau
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4.2.2 192130152501 8,000 rpm

Stopped 2006/05/09 20:1305 Stopped ¥ 2006/05/09 20:1656
CHI=5V - F ; ; : S00us/aiv CHISSV  : Ci2=50V : : : T 500us/Giv
oC 101 : (500ub/Giv) oC 1m1 [ bG iml : i (S00us/Giv)

Mﬂ:‘:‘ ' -,.:+F v I‘ﬂ“ u Mﬂ}:.“—q—u—p
;z' f_‘l“i."' ;.4'- “.E ! o i

=Tracel= P-p  5.400vV : =Tracel= P-P  5.600V MaX  4.800¥ :  Rms  1.481V
oM 30s.ze i Freq Wizt oL | SO req MNMKHz:

=Fler= =0Fffset= =Record Lenglh= =Trigger= =Filera =0ffsel= =Record Lenglh= =Trigger=
Smoathing @ OFF CHI 0z2o0v Main : 10K ldode ! AUTO Smoolhing : OFF CHI : 0.20v Main 10K hade . AUTO
BY/ @ FULL CHz © o0.ov Zoom ! 10K Type ! EDGE CH2 & BW ! AAL CHz @ o0.ov Zoom @ 10K Type : EDGE CH2 &
Defay : 0.0ns Detay 00ns
Hotd OFf : 02us Hold OFF : D2us

37 4.8 woawladaii 1 uaz 2 3N 4.9 weamladai 3 uos 4 |

Stopped 3 2006/05/09 2020:07
CHI=5V Cilz=50V : : : T B00uUs/div
DC X1 DG 101 ; : i (B00us/div)

coeeh NORMASS /5

< i

=Tracel= P-P  5.600Y | Mak 5.200v .  Rms  3.000V
: fivg  3.08%y Freq B800.0Hz © = :

=Hilerms =0ffsela =Record Lenglh= =Triggera
Smoothing : OFF CHI : 0.20V Main : 10K Mode : AUTO
BW @ FULL CH2 @ o.ov Zoom : 10K Type : EDGE CH2 £
Delay @ 0.0ns
Hold OFF ; D2us

Ui 4.10 voaladai 5 uaz 6

{ { d| v o [ {
nngilit 48 , 4.9 uazglit 410 dumstadygnavewsedudtldnnns Trigger
1 d 4 @ o 1
vowoaHa N5 2501 8,000 rpm  F9NEgANHAZMITUIUTIYBINS on— off VB4

9y ¥ v
wealani 6 i Taswoawaddf 1 sxinunoundmudrswemrlad i 2 , 3,4, 508267

16 Muday




4.2.3 inN315230 12,000 rpm

Stopped

¥ 2006/05/09 20:1358
CHi=SV = cCHz=50V : : : 500us/div
oC 1l [ bC il : : (50003 /Gv)

=Tracal= P-P  5.800V Wk  4.g00v
L fvg 7420w Freq  20:00kHz

=Filles= =0ffsel= =Record Lenglh= aTrigger=
Smoolhing : OFF CHI 020V Main ; 10K kMode : AUTO
BW : FULL CH2 : oov Zoom : 10K  Type ! EDOE CH2 £
Defay D.Ons
Hold OFF : 02us

U 4.11 wemvladafi 1 uag 2

Stopped

P

Stopped 2006/05/09 20:1733
Cill=5y : T 500uUs/div
DC 101  (s00ub/civ)

34

=Filera =0Ffsel=
8moolhing : OFF CHI : 020V
BW @ AL chz : ooV

=Trigger=

10K Mode : AUTO

Type : EDGE CH2 &
Delay : 00ns
Hold OFf ; 02us

31U 4.12 vorladaf 3 uag 4

CHISSV  :  CHZss0v ¢ T EOOus /v
DC 1E1 DG Xt : | (S00Ud/div)

2006/05/09 2020:49

L NoEaale

S

=Tracdi= P-P  6.600Y :  Mak

5.200v

...... fvg. .3:.078Y :  Freq 1.205kHz: .
=Filer= =0ffsel= =Record Lenglh= sirigger=
Smoolking : OFF CHI ; 0.20v Main ;10K kiade : AUTO
BW : FULL CH2 : ooV Zoom : 10K  Type : EDGE Ci2 £
Delay : 00ns
Hold OFF : 02us

g 411, 4.12 uazgilii 413 flumsSedayanamounssduii 18910 Trigger

{ =1 P [ ° 1
voswomra  1AWGIT0Y 12,000 tpm FI9LYANYULMININUTUFIV09IMT on — off

v [l [
voswoawlana 6 ¢ Taouearladan 1 sxhamneuudimudvueanladii 2 | 3 ,4,5

HaEAIN 6 MudFY




4.2.4 "ANM32500 15,000 rpm

=Tracel= P-p  5.800V

Stopped 3 2006/05/09 20:14:52
CHI=SV - CHz=s0V : : © 500U /div
oC 1t - De Iml : ; : (500us/div)

35

Stopped 2006/05/09 20:18.16
CHI=SV  : CHz=50V : : : i 500us/div

0C 1El D DG T H i (500us/div)

=Tracel= P-p

AL

P 1.801Y G Fre
=Filer= =0ffsel= =Record Lenglh= =Trigger=
Smoothing : OFF CHI : 0z0v Main | (0K Mode | AUTO
BW © FULL CH2 : oov Zoom ! 10K Type : EDGE CI2 §
Defay : D.0ns
Hold OfF ; 02us

311 4.14 womviadai 1 uag 2

Stopped

=Hiler= =0Ffsela =Record Lenglh= uTrigger=
Smoolhing : OFF CH1 : 0.20v Main : 10K Mode : MUTO
BW : FULL CH2 @ ooV Zoom : 10K Type : EDGE CH2 §
Delay : 0.0ns
Hold OFF 02us

311 4.15 woalada®i 3 uaz 4

Pel

2006/05/09 202130

CHIzSV :  Clz=50v
(1030 (1) T DC k1

" 500us/div
© (500us/div)
. NORMZMS /s

=Tracel= P-p 5,600V
" Avg  3.217V

Mak  5.000v | Rms 3,960V
Freq 1.493kHz: : :

=Hler= =0ffsel= x|
Smoolhing : OFF CHI : 0.zov
BW : FULL CHZ2 : ooV

Record Length= =Trigger=

Main ;10K Mode : AUTO

Zoom : 10K  Type : EDGE CH2 §
Delay : 0.0ns
Hold OFF : 02us

Ui 4.16 weanladai s uaz 6

nnglii 4.14 , 4.15 nazgli .16 Jumsiadamnamoasduitldonms Trigger

0 DU DR - = o o ]
YoIuo AN ﬁﬂ'ﬂulg'}ﬁﬂﬂ 15,000 rpm °]Nfl]$ﬂ“ﬂﬂﬂmgﬂ'ﬁ‘ﬂ"‘ﬂuiu‘ﬂ?\ﬁlﬂﬂﬂ'ﬁ on — off

L ] [
voaemylang 6 i Tavwemsladaf 1 swwdhnuneuudimudlsnemadas 2 ,3,4,5

HagAIn 6 Muddy




4.3 nndyanaildoin PHASE

4.3.1 N1A105250 5,000 rpm

36

2005/05/09 205117

=Tracgl= =Tracel= | p-p 5'0
=Filler= =Offsel= =Record Lenglh= =Trigger= =Filer= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CHI: 020V Main: 10K  hiode : AUTO Smoothing : OFF CHI:  020v  Man: 10K Modo : Mice
BW : FULL cHz 00V  Zoom: 10K  Type ! EDGE CHz £ AR G : 00V Zoom: 1K  Type : EDGE G2 &
Delay : 0.0ns Defay : 0.0ns
Hold OFF : 02us Hold OFF : s
; f
=f
3N 4.17 wla AB iU 4.18 wla BC
Stopped Y 2006/05/09 205339
CHIZSV | chz=s0v ; E0DUS/div
DG 11 (DG 1ol G 3 | (500us/dv)
i : : il

i

I)ORM_?P:

l.

E ' i il
" l_ H : ’ {
1 WL E
1 :
thg 16;hov e 10511V
L..Freq 10ipokH L L SO
. 4 s
=Fller= =0ffsel= =Record Lenglh= =Trigger=
Smoolking : OFF CHI : 0.zov Main 10K Mode ; AUTO
BW © AAL CH2 oov Zoom : 10K Type : EDGE CHz £
Defay : ~ 0oOns = = — -
— — = — o Hold OFF : 02us

U 4.19 e ca

nngUil 417, 418 wazgilii 419 WumsnSouifounswidyanavewssiuilld

P U A °
vl fAnnusasew 5,000 rpm 3¥M9A AB | BC uaz CA Fara A verimthsla B ,

wla B bl ¢ uasla ¢ dwthila A Wy 120 sy Mungui




4.3.2 1ANM133591 8,000 rpm

Stopped 3 2006/05/09 20:4%13
CHi=5v . ciiz=sal ! : © B0Ous/div
oc 1oy i o i H

37

Stopped ¥
CHIssV  © :
DQ 10

il : YNE
LA i artivli L
i ML
i | |
24 : 5
Haj e 1= 407
Fr : g 1 1i11kHz : :
=Filer= =Qffsel= =Record Length= =Trigger= =Fller= =0ffselm =Record Lenglh= =Triggers
Smoalhing 1 OFF CH1 : 020v Main i 10K Mode ; AUTO Smoothing : OFF CH1: 020V Main : 10K  Mode : AUTO
BW @ FULL CH2 : ooV Zoom @ 10K Type : EDGE CH2 £ BW : FULL Ci2 : 0.ov Zoom : 10K Type : EDGE CH2 £
Defay @ 0.0ns Delay : 0.0ns
Hold OFF ¢ 02us Hold OFf 02us
= =
31N 4.20 1ler AB i 4.21 wla BC
Stopped | 2006/05/09 2054:07
CHI=SV CHz=SoV : : : E00us/div
DC 11 - )T (1 4 1 : (500us/dgiv)
) ] : 5 .| Nk fe
: i i

) L2 ]
- 1 s : &.387v
2! pal 14 povaiz:
=Filei= =0ifsels =Record Lengih= =Trigger=

Smoolking : OFF CHIT : 020V Main ;
BW I FUAL CH2 : ooy Zoom

1Nzl 420, 421 waggili 422 dlumsnBouidounsldyanavesaduila

10K Hada ; AUTO
10K Type : EDGE CH2 £

Y

d' 1 é -]
nnsle finausasen 8,000 pm 3gHINGlA AB, BC uaz CA Favla A wriwmidwla B,

wler B asiwihwle ¢ wazsla ¢ dhmthole A dhuygy 120 ssmawdd @umgud

NMAKHUIN )
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433 fn1352590 12,000 rpm

Stopped g 2006/05/09 20:4958
CHI=SV ;[ CHz=sav] : ; ; :
DC fig !

|

2005/05/09 205226

=Filler= =0ffsel= =Record Lenglh= aTrigger=

=Filer= =0Ffset= =Record Lenglh= =Trigger=
Smoalking : OFF CHI : 020V KMain © 10K Lode : MUTO Smoothing : OFF CH1 : 020V Main ;10K Mode ; AUTO
BW : FULL CH2 : oov Zoom : 10K Type : EDGE CH2 £ BW : AAL cH2 : 0oV Zoom : 10K  Type : EDOE CH2 £
Detay @ 0.0ns Delay ! 0.0ns
Hold OfFF : 02us Hold OFF : 02us
< -
511 4.23 wla AB 31l114.24 wla BC
Stopped 4 2006/05/09 20:54:40
CHIESV  : CHz=s0v : ; T E00US/ GV
DC 11 DC 11 : : : : (500u$/div)

sl NRRREELE

‘.[
Ly s * H i
AN
U Ras @‘F‘W
=Filera =0ffsei= =Record Lenglh= =Trigger=
Smoolhing : OFF CHI : 0zov Main : 10K Mode : AUTO
BW ! FULL CH2 : oov Zoom : 10K  Type : EDGE CH2 £
Delay : 0.0ns
Hold OFf 02us

i 4.25 wlar ca

S onguii 423, 424 ezl 425 WumsnSouiounsiidyanaveussduily
- ; 4 .
vl finE9501 12,000 rpm seManle AB, BC uaz CA Sanle A sxrimdnla B,

wla B asihwmihwla ¢ uazla ¢ sl A s 120 eernaudidy CRIHIT
MAHUIN A)
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4.3.4 1n1052501 15,000 rpm

Stopped Stopped g 2006/05/09 205303
CHi=sv - = : : ; § CHI=5V . cCHzS0V T : i E00ug/dv
: : bC 11 : DG 10t i : i (500us/div)

: : : v NORMLEMS /5

=Filler= =0ffset= =Record Lenglh= =Trigger=

=Hller= =0ffsel= ERecord Lenglh= =Trigger=
Smoothing @ OFF CHI : 020V Main 1 10K Mode ; AUTO Smoolhing : OFF CHI : 020V Main ;10K Mode : AUTO
BW @ FULL chi2 : n.ov Zoom @ 10K  Type : EDGE CH2 BY : AL cHz : ooV Zoom : 10K  Type : EDGE CH2 §
Delay : 0.0ns Defay 0.0ns
Hold OFF : 02us Hold OFF 02us
= -
J1n 426 wla AB 51U 427 wla BC
Stopped 4 2006/05/09 2055:17
CHI=SV  : CHZ=50V . : : : EOOus/dv
DC 11 DC 101 i : ¢ (500us/Gv)

=Filler= =0ffsel= =Record Lenglh= =Trigger=
Smooiking : OFF CH1 : 0z0v Main ;10K Mode : AUTO
BW © FULL CH2 : ooV Zoom @ 10K Type : EDGE CHi2 §
Delay : 0.0ns
Hold OFF D2us

Ui 4.28 tla ca

vngU 426, 427 uazgilii 428 dumsafonifounswidygavewssiudly

H 1 é o
vnvle AnNuE591 15,000 rpm s A AB , BC oz CA Gavla A aviwmihele B,

wla B ahmviudler ¢ wazala ¢ hwhurla A i 120 esmaudiiy (UNHHR
MARLIN A)
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4.4 pviwamsnaaesvesnamesluvasiivaailiiivan

T T T
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5.1 agUwamInaaes

Qs 1 o y b1 L2 ='| 7 o c;
5.1.1 unfAveEd dyanaiildein Gate #3911 fu Gate A0 4

(B8] e 13 e £ )

- e e -~ - v -
i —_—— —_——— ~—
wtegipta Pop % oRnad Mer b opoud . 1Y

By UPUE o feey 10 QUL

1 5.1 a915250% 5,000 rpm

SO o Mgk

Ry (STt /A
G (R LY 1w 8w )
LLERTH TN
- 1y
biia
L yisky
PR R I SR bt % g enhd ¥ atns ¥ it
- -y B weray s L pawerian o e
i i | H
™ A= —— a—’ s — .
“froeles P L RBEE M LI B i, 2. B8V
L LY o Lreg 19 ades

Mapred 5 P e I PRLE]
CHiany My g |

= W [CEN BN P fav)
WEEM R z
{
i

T weps e

H i § RS
H it iy

1]
£ E O | i i

} Bt |

e o 0 i s W 4 i bbb s W

- ~ samam PRS-
oo
™ = S - e
racwls PP % gauy Meop L EGIE LT B
ivg 2040w Freq 1B.00M

5U152 AnS2500 8,000 rpm

fopred 3 SR Ar s e

Caitaty Oty RS VI
L v [Ea ] e S}
WAsa s

| pommay-s oy s ehessay sussmaty: ¢ g 5
I B T
] i
ne — -— e - -
|
|
Arracels P b EGHY Wi agav [ DR S
! v Il B Brweg  UE Jhkiy

U1 5.3 Anusase1 12,000 rpm
3 p

U1 5.4 721059391 15,000 rpm

13N 5.1,5.2, 5.3 uag 5.4 Wumsiadyanuveauswiunldan Gate daf 1 M 4

o o 1 1 ar @ ar
NANULITITOUANY Ll'u‘lﬁﬁnﬂﬁmﬂﬂ'ﬁ on — off ﬁlﬂﬂﬁﬂlufg']ﬂ-!”b‘iﬂﬁ)!ﬁﬁﬁu




42

% g & & N
nadyanuvewssui ldnnmsiamsninuoaeamaia 6 §1  Andlesmunm

P o ' J " w a d
(T) WNANULTITOUANG UDIUDINDT l'i'lfﬂll']'iﬂﬁi‘ﬂ‘lﬁ'ﬂﬁiyﬂ]u'lmﬂ'l'iﬂ'iﬂﬁllﬂﬂﬂﬁ'llﬂﬁ'ﬁﬂl]

5,000 591 LIUFIIAOING on-off  UIUAD 8,000 50, 12,000 58U LAY 15,000 501

(U-NYEYMAKUIN A)

5.1.2 o A anadiseneay

=Tracni= P-P 22,00V

1
4
1
1

Mk 21;00v Ras

10;14v

B oo, SOV ForRg WEAMHE: e
: 1
H
b I
=Filler= =0ffsel= =Record Length= =Trigger=
Smoathing : OFF CH1 020v Main : 10K Mode : AUTO
BW : FULL chz ooV Zoom @ 10K Type : EDGE Ci2 £

Delay !
Hold OIFF :

0.0ns
02us

i d
3UN 5.5 AN5I50U 5,000 rpm

=Tracals P-p 24,00V

MaX 23,00V © Rus

- NoRMEAR/s

Stopped 2006/05/03 205728
CHI=5V T B00US /Gy
0C 101 i (600us/aiv)

kb, v BN T EVRQ NSO L b
=fiter= =0ffsel= =Record Lenglh= =Trigger=
Smoalhing : OFF CHI @ ozov Main 1 10K Maode : AUTO
BW @ FULL CH2 : o0av Zoom 10K Type : EDGE Ci2 £
Defay : 0ons
Hold OFF 02us

Stopped
CHIZ

0q

=Tracels P-p 22,20V |

ol b e 8573V G Freq 11M1KHzE
=fiter= =0ffsel= =fecord Length= =Trigger=
Smoolhing 1 OFF CHI : Dzov Main @ 10K Mode @ AUTO
BW : FULL CH2 : ooV Zoom @ 10K Type : EDCE Ci2 £
Delay : 0ons
Hold OFF 02us

stopped

CHi=50V
DG 11

|
¥

=Filer= =0ffsel= =Record Length= =Trigger=
Smoolking : OFF CHI : ooV Main @ 10K Mode © AUTO
BW : FULL CcH2 : o.oov Zoom

100 Type : EDGE CH1 £

\
)

g ' ~ o A o @ Al Y A d .
————mernfSemfsufi e dyanumseduit Id—NamSa501-5,000—8:00012:000 TraT

= d
511 5.7 AMWEI50U 12,000 rpm

U1 5.8 A5159Y 15,000 rpm

13U 5.5, 5.6, 5.7 uag 5.8 Wumanhdyanavessduiinla A fnusasey
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g Y o =i o
15,000 591 151923 H @A 1U09A N5 2501M 5,000 rppm vz lUMS on-off UM
A1 8,000 591, 12,000 501 1A 15,000 50U 1FUALINUNS Trigger VOIUOAHN (MUNOYY
AAFHUIN A)
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* Name :UNTITLED.BAS *

* Author : [set under view...options] *

*

Notice : Copyright (c) 2006 [set under view...options]  *
¥ : All Rights Reserved *

'* Date :10/3/2006 *

"* Version : 1.0 &

"* Notes : *

Vokokok e okl s sk ok ok ok ook kR K R R ok ook ko ko Ok R KR SORRROR R kR R sk R ok ok ok ok Rk ok
@ DEVICE PIC16F877,HS OSC,WDT OFF
define  osc 20

DEFINE ADC BITS 10
DEFINE ADC CLOCK 3

DEFINE ADC _SAMPLEUS 500

define LCD BITS 4
define LCD LINES 2
define LCD DREG PORTB
define LCD DBIT 4
define LCD RSREG PORTB
define LCD_RSBIT 2
define LCD EREG PORTB

define LCD_EBIT 3

Define LCD_COMMANDUS 10000
Define LCD_DATAUS 250

Define LCD_INITMS 3000




KEY PRESS var bit
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define  PULSIN_MAX 40000

TARGET var word
RESULT var word
ESC var PORTB.1

TRIG VAR PORTB.O

ADCONI1 = %00000000
TRISA = %I11111111
TRISE = %00000111

TRISD = %]11110000

ADCONL.7 = 1
input trig

LOW ESC

Rowl var PORTD.O
Row2 var PORTD.1
Row3 var PORTD.2
Row4 var PORTD.3
Coll var PORTD.4
Col2  var PORTD.5
Col3 var PORTD.6

DIRECTION var PORTD.7

il var byte

KEY var byte

RPM var word
TH var word

TL var word




PULSE_WIDTH var word
FREQ var word

TARGET RPM var word
AUTO RPM MIN var word
AUTO_RPM_ MAX var word
AUTO RPM_CUR var word
MEM1 var word

ERROR COUNT var Byte
DIG COUNT var byte

PAUSE 1000

AUTO_RPM_MIN=500
AUTO_RPM_MAX=1000

AUTO _RPM_CUR=AUTO RPM_MIN

LCDOUT $FE,1

LCDOUT $FE,%00001100

LCDOUT $FE,$80,"BRUSHLESS MOTOR"
LCDOUT $FE,$C0," SPEED CONTROL "

foril =0to 100
PULSOUT ESC,400
pause 20

next

AUTO_MENU:

SETUP_MENU:
LCDOUT $FE,$1
LCDOUT $FE,$80,"1 TO NORMAL MODE"
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LCDOUT S$FE,$C0,"2 TO AUTO MODE "

MENU_LOOP!:

call ReadKey

if KEY=I then

goto NORMAL_MODE
endif

it KEY=2 then

goto AUTO MODE
endif

PULSOUT ESC,400

pause 20
goto MENU_LOOPI

ENTER_VALUE:
TARGET RPM=0
DIG_COUNT=0

rpm=0

NORMAL MODE:

LCDOUT $FE,$80," NORMAL MODE "
LCDOUT §$FE,$CO0," "

'pause 1000
PULSOUT ESC,400

pause 20

LCDOUT $FE,$C0,"*]FW #]RW O]EXIT"
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NORMAL MODE2:

call ReadKey

if rpm >0 then
goto NORMAL_MODE3
endif

if key= 10 then '*
low DIRECTION

LCDOUT $FE,$80,"Select : FORWARD"

endif

if key= 11 then '#

high DIRECTION

LCDOUT $FE,$80,"Select : REWARD "
endif

NORMAL_ MODE3:

'endif

if key= 0 then 'O
for i1=1 to 100
PULSOUT ESC,AUTO_RPM_CUR
pause 20

next
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goto SETUP _MENU
endif




ADCIN O,RESULT
result=result+350

if result <400 then
Result=400

endif

if result > 1000 then
Result=1000

endif

PULSOUT ESC,result

pause 20

pulsin trig,1,th

pulsin trig,0,tl

PULSE WIDTH=th+tl
PULSE_WIDTH=PULSE_WIDTH+PULSE WIDTH
RPM = 1000

RPM = RPM * RPM ' Preload internal registers with 1,000,000

RPM =DIV32 PULSE_WIDTH ' 1,000,000 / Pulse_Total

RPM =RPM * 60 ' Per minute

if RPM > 60000 then
rpm=0
endif

LCDOUT $FE,$80,"SPEED= ",dec5 rpm ," RPM"

59

goto NORMAIL_MODE2




AUTO_MODE:
LCDOUT $FE,$80," AUTO MODE "
LCDOUT $FE,$CO0," SETUP "

pause 1000

LCDOUT $FE,$80,"Select Direction"

LCDOUT $FE,$C0," 1]JFW 2]RW #]ENT"
SET_DIRECTION:

- call ReadKey
it KEY=1 then
low direction
LCDOUT $FE,$80,"Select : FORWARD"
endif

if KEY=2 then

high direction

LCDOUT $FE,$80,"Select : REWARD "
endif

if KEY=11 then
goto SET SPEED
endif

PULSOUT ESC,400

pause 20

goto SET DIRECTION
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SET_SPEED:
LCDOUT $FE,$80,"Speed=  RPM"
LCDOUT $FE,$CO0," *]Clear #]ENT "

pause 1000

SET_SPEED?2:

call ReadKey

target=0

LCDOUT $FE,$80,"Speed=",dec5 target," RPM"

RE ENTER:

LCDOUT $FE,$80,"Speed=  RPM"

LCDOUT $FE,$CO0," *]Clear #]ENT "

KEY_DGI:

PULSOUT ESC,400

pause 20

call ReadKey

if KEY PRESS=0 then

goto KEY DGI1
endif : :
if KEY=11 then

goto START AUTO
endif
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if KEY=10 then
goto RE_ ENTER
endif

TARGET=key
LCDOUT §$FE,$80,"Speed=",decS5 target," RPM"

pause 200

KEY DG2:
PULSOUT ESC,400
pause 20

call ReadKey

if KEY PRESS=0 then
goto KEY DG2
endif

if KEY=11 then
goto START AUTO
endif

if KEY=10 then
goto RE_ ENTER

endif

target=target*10
target=targett+key
LCDOUT $FE,$80,"Speed=",dec5 target," RPM"

pause 200
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KEY DG3:
PULSOUT ESC,400
pause 20

call ReadKey

if KEY PRESS=0 then
goto KEY DG3
endif

ifKEY=11 then
goto START AUTO
endif

if KEY=10 then
goto RE ENTER
endif

target=target*10
target=targett+key
LCDOUT $FE,$80,"Speed= ",dec5 target," RPM"

pause 200

KEY DG4:
PULSOUT ESC,400
pause 20

call ReadKey

if KEY PRESS=0 then

goto KEY DG4
endif
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iIfKEY=11 then

goto START AUTO
endif

if KEY=10 then
goto RE ENTER
endif

target=target*10
target=target+key
LCDOUT S$FE,$80,"Speed= ",dec5 target," RPM"

pause 200

KEY DGSs:
PULSOUT ESC,400
pause 20

call ReadKey

if KEY PRESS=0 then
goto KEY DG5
endif

if KEY=11 then
goto START AUTO

en;dif

if KEY=10 then
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goto RE_ENTER
endif




target=target*10

target=targettkey

LCDOUT $FE,$80,"Speed=",dec5 target," RPM"
PULSOUT ESC,400

pause 20

pause 200

PULSOUT ESC,400

pause 20

START_AUTO:

if target > 15000 then

LCDOUT $FE,$80,"Can't spin at"
LCDOUT $FE,$C0,"Speed > 15000RPM"
pause 1000

goto RE ENTER

endif

if target <4000 then

LCDOUT $FE,$80,"Can't spin at"
LCDOUT $FE,$CO0,"Speed < 4000RPM "
pause 1000

goto RE_ENTER
endif

LCDOUT $FE,$80,"Speed=",dec5 target," RPM"
LCDOUT S$FE,$C0,"*]Start #]EXIT"
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pause 1000
START_AUTO2:
PULSOUT ESC,400
pause 20

call ReadKey

if KEY=11 then
goto SETUP_MENU
endif

if KEY=10 then
goto START AUTO MODE
endif

goto START AUTO2

START AUTO MODE:
START PROGRAM:

TARGET RPM-=target

LCDOUT $FE,$C0,"SET:",dec5 TARGET RPM," #]STOP"

Main:

PULSOUT ESC,AUTO RPM_CUR
paus;: 50

pulsin trig,1,th

pulsin trig,0,tl

PULSE_WIDTH=th+l
PULSE_WIDTH=PULSE_WIDTH+PULSE WIDTH
RPM = 1000




RPM = RPM * RPM ' Preload internal registers with 1,000,000
RPM = DIV32 PULSE_WIDTH ' 1,000,000/ Pulse_Total
RPM = RPM * 60 ' Per minute

if RPM > 60000 then
pm=0
endif

if RPM <TARGET RPM then
meml = TARGET RPM - rpm

if  meml >2000 then
AUTO RPM_CUR=AUTO_RPM_CUR+S5
endif

if  meml > 1000 then
AUTO RPM_CUR=AUTO RPM CUR+3
endif

if  meml >3500 then
'AUTO_RPM_CUR=AUTO_RPM CUR+2
'endif

if  meml > 100 then

AUTO _RPM_CUR=AUTO _RPM_CUR+I
endif

endif

if RPM > TARGET _RPM then
meml = rpm-TARGET RPM

if  meml > 100 then
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AUTO RPM CUR=AUTO RPM_CUR-1
endif
endif

LCDOUT $FE,$80,"SPEED=",dec5 rpm ," RPM"
LCDOUT $FE,$C0,"SET:",dec5 TARGET RPM," 0]STOP"
call ReadKey

if KEY=0 then

PULSOUT ESC,AUTO_RPM_CUR
goto MOTOR_PAUSE

endif

goto main

MOTOR_PAUSE:
LCDOUT $FE,$80,">>>>>PAUSE <<<<<"

LCDOUT $FE,$C0,"*]Start #]EXIT "

PAUSE LOOP:

call ReadKey
ifKEY=11 then
goto SETUP_MENU
endif

if KEY=10 then

goto main

if AUTO RPM_CUR>400 then
AUTO RPM_CUR=AUTO RPM CUR-1




endif

PULSOUT ESC,AUTO_RPM_CUR

pause 20

goto PAUSE LOOP

ReadKey:
KEY PRESS=0
high rowl
high row2
high row3

high row4

low rowl

if coll=0 then
key=1

goto endreadkey
endif

if  col2=0 then
key=2

goto endreadkey
endif

if  col3=0 then
key=3

goto endreadkey

endif
high rowl
low row2

if coll=0 then
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key=4
goto endreadkey
endif
if  col2=0 then
key=5
goto endreadkey
endif
if  col3=0 then
key=6
goto endreadkey
éndif

high row2

low row3

if  coll=0 then
key=7

goto endreadkey
endif

if  col2=0 then
key=8

goto endreadkey
endif

if  col3=0 then
key=9

goto endreadkey

endif
high row3
771(; 7:‘0w4

if  coll=0 then

key=10
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goto endreadkey
endif
if  col2=0 then
key=0
goto endreadkey
endif
if  col3=0 then
key=11
goto endreadkey
endif

high row4
key=$FF

EndReadKey:

if key=8FF then
KEY PRESS=0
else

KEY PRESS=1
endif

high  rowl
high row2
high  row3
high row4

return

end
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NMARUIN A

1. PIC16F87X 28/40-pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:Microcontroller Core Features:

* High-performance RISC CPU

¢ Only 35 single word instructions to learn

* All single cycle instructions except for programbranches which are two cycle

* Operating speed: DC - 20 MHz clock inputDC - 200 ns instruction cycle

* Up to 8K x 14 words of FLASH Program Memory,Up to 368 x 8 bytes of Data
Memory (RAM)

Up to 256 x 8 bytes of EEPROM data memory

¢ Pinout compatible to the PIC16C73B/74B/76/77

» Interrupt capability (up to 14 sources)

» Eight level deep hardware stack

« Direct, indirect and relative addressing modes

* Power-on Reset (POR)

» Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)

» Watchdog Timer (WDT) with its own on-chip RCoscillator for reliable operation
* Programmable code-protection

* Power saving SLEEP mode

* Selectable oscillator options

* Low-power, high-speed CMOS FLASH/EEPROMtechnology

* Fully static design

+ In-Circuit Serial Programmingé (ICSP) via twopins

+ Single 5V In=Circuit Serial Programming capability — - -
* In-Circuit Debugging via two pins

* Processor read/write access to program memory

* Wide operating voltage range: 2.0V to 5.5V
* High Sink/Source Current: 25 mA
+ Commercial and Industrial temperature ranges

* Low-power consumption:
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- <2 mA typical @ 5V, 4 MHz
- 20 mA typical @ 3V, 32 kHz

< 1 mA typical standby current

Peripheral Features:
* Timer0: 8-bit timer/counter with 8-bit prescaler
* Timerl: 16-bit timer/counter with prescaler, can be incremented during sleep via
external crystal/clock
* Timer2: 8-bit timer/counter with 8-bit periodregister, prescaler and postscaler
* Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
* 10-bit multi-channel Analog-to-Digital converter
+ Synchronous Serial Port (SSP) with SPIi (MasterMode) and I2C4 (Master/Slave)
+ Universal Synchronous Asynchronous ReceiverTransmitter (USART/SCI) with 9-bit
address detection
* Parallel Slave Port (PSP) 8-bits wide, withexternal RD, WR and CS controls (40/44-pin
only)

* Brown-out detection circuitry forBrown-out Reset (BOR)

DEVICE OVERVIEW

This document contains device-specific information. Additional information may be
found in the PICmicro™ Mid-Range Reference Manual, (DS33023), which may be obtained

from your local Microchip Sales Representative or downloaded from the Microchip website. The

‘Reference Manual should be considered a complementary document to this data sheet, and is
highly recommended reading for a better understanding of the device architecture and operation

of the peripheralmodules.There are four devices (PIC16F873, PIC16F874, PIC16F876 and

PIC16F877) covered by this datasheet. The PIC16F876/873 devices come in 28-pin packages

and the PIC16F877/874 devices come in 40- pin packages. The 28-pin devices do not have a

Parallel
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Device Program Data Memory Data
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FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM

Program Memory Organization

The PIC16F87X devices have a 13-bit program counter capable of addressing an 8K x 14

program memory space. The PIC16F877/876 devices have 8K x 14 words of FLASH program
memory and the PIC16F873/874 devices have 4K x 14. Accessing a location above the physically

implemented address will cause a wraparound. The reset vector is at 0000h and the interrupt

vector-is-at-0004h.
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FIGURE 1-3: PIC16F877/876 PROGRAM MEMORY MAP AND STACK

Data Memory Organization
The data memory is partitioned into multiple banks which contain the General Purpose
Registers and the Special Function Registers. Bits RP1(STATUS<6>) and RPO (STATUS<5>)

are the bank select bits.

RP1:RPO Bank

a0 0
o1 1
10 z
- 1 e -—

Registers, implemented as static RAM. All implemented banks contain Special Function
Registers. Some “high use” Special Function Registers from one bank may be mirrored in another

bank for code reduction and quicker access.
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OPTION_REG REGISTER
The OPTION REG Register is a readable and writable register, which contains various
control bits to configure the TMRO prescaler/WDT postscaler (single assignable register known

also as the prescaler), the External INT Interrupt, TMRO and the weak pull-ups on PORTB.

INTCON REGISTER

The INTCON Register is a readable and writable register, which contains various enable
and flag bits for the TMRO register overflow, RB Port change and External RBO/INT pin

interrupts.

I/0 PORTS

Some pins for these I/O ports are multiplexed with an alternate function for the
peripheral features on the device. In general, when a peripheral is enabled, that pin may not be
used as a general purpose I/O pin. Additional information on I/O ports may be found in the PIC

micro™ Mid-Range Reference Manual, (DS33023).

PORTA and the TRISA Register

PORTA is a 6-bit wide bi-directional port. The corresponding data direction register is
TRISA. Setting a TRISA bit (=1) will make the corresponding PORTA pin an input (i.e., put the
corresponding output driver in a hi-impedance mode). Clearing a TRISA bit (=0) will make the
corresponding PORTA pin an output (i.e., put the contents of the output latch on the selected pin).
Reading the PORTA register reads the status of the pins, whereas writing to it will write to the
port latch. All write operations are read-modify-write operations. Therefore, a write to a port
implies that the port pins are read, the value is modified and then written to the port data latch.
Pin RA4 is multiplexed with the Timer0 module clock input to become the RA4/TOCKI pin. The
RA4ITOCI£I pin isia Sclinitt Trigge;' input andian ;p;:n drain O;prl:t. !;171 otliel'QOI;FA pin;av;
TTL input levels and full CMOS output drivers. Other PORTA pins are multiplexed with analog

inputs and analog VREF input. The operation of each pin is selected by clearing/setting the

control bits in the ADCONI register (A/D Control Registerl). The TRISA register controls the
direction of the RA pins, even when they are being used as analog inputs. The user must ensure

the bits in the TRISA register are maintained set when using them as analog inputs.
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TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting of two 8-bit registers (TMR1H
and TMRIL), which are readable and writable. The TMR1 Register pair (TMR1H:TMR1L)
increments from 0000h to FFFFh and rolls over to 0000h. The TMR1 Interrupt, if enabled, is
generated on overflow, which is latched in interrupt flag bit TMR1IF (PIR1<0>). This interrupt
can be enabled/disabled by setting/clearing TMRI interrupt enable bit TMRIIE (PIE1<0>).
Timerl can operate in one of two modes:

* As a timer

* As a counter

The operating mode is determined by the clock select bit, TMRICS (TICON<I1>). In
timer mode, Timerl increments every instruction cycle. In counter mode, it increments on every
rising edge of the external clock input. Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1ICON<0>). Timerl also has an internal “reset input”. This reset can be
generated by either of the two CCP modules (Section 8.0). Register 6-1 shows the Timerl control
register. When the Timerl oscillator is enabled (T1OSCEN is set), the RC1/T10SI/CCP2 and
RCO/T1OSO/T1CKI pins become inputs. That is, the TRISC<1:0> value is ignored. Additional
information on timer modules is available in the PIC micro™ Mid-range MCU Family Reference
Manual (DS33023).

Timer mode is selected by clearing the TMRICS (T1CON<1>) bit. In this mode, the
input clock to the timer is FOSC/4. The synchronize control bit TISYNC (T1CON<2>) has no

effect since the internal clock is always in sync.

Timerl Counter Operation

Timerl may operate in asynchronous or usynchronous mode depnding on the setting of

the TMR1CS bit. When Timerl is being incremented via an external source, increments occur on

a rising edge. After Timerl is enabled in counter mode, the module must first have a falling edge

before the counter begins to increment.
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FIGURE 1-5: TIMER! INCREMENTING EDGE

Timer1 Operation in Synchronized Counter Mode

Counter mode is selected by setting bit TMR1CS. In this mode, the timer increments on
every rising edge of clock input on pin RC1/T10SI/CCP2, when bit TIOSCEN is set, or on pin
RCO/T10SO/T1CKI, when bit TLOSCEN is cleared, If TISYNC is cleared, then the external
clock input is synchronized with internal phase clocks. The synchronization is done after the
prescaler stage. The prescaler stage is an asynchronous ripple-counter. In this configuration,
during SLEEP mode, Timer! will not increment even if the external clock is present, since tﬁe '

synchronization circuit is shut off. The prescaler however will continue to increment.

TIMER2 MODULE

Timer2 js an 8-bit timer with a prescaler and a postscaler. It can be used as the PWM
time-base for the PWM mode of the CCP module(s). The TMR2 register is readable and writable,
and is cleared on any device reset. The input clock (FOSC/4) has a prescale option of 1:1, 1:4 or
1:16, selected by control bits T2CKPS1:T2CKPS0 (T2CON<] :0>). The Timer2 module has an 8-
bit period register PR2. Timer2 increments from 00h until it matches PR2 and then resets to 00h
on the next increment cycle. PR2 is a readable and writable register. The PR2 register is
initialized to FFh upon reset. The match output of TMR2 goes through a 4-bit posts caler (which
gives a 1:1 to 1:16 scaling inclusive) to generate a TMR2 interrupt (latched in flag bit TMR2IF,
(PIR1<1>)). Timer2 can be shut off by clearing control bit TMR20ON (T2CON<2>) to minimize
power consumption. Register 7-1 shows the Timer2 control register. Additional information on
timer modules is available in the PIC micro™ Mid-Range MCU Family Reference Manua

(DS33023).
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Timer2 Prescaler and Postscaler
The prescaler and postscaler counters are cleared when any of the following occurs:
* a write to the TMR2 register
+ a write to the T2CON register

» any device reset (POR, MCLR reset, WDT reset or BOR) TMR2 is not cleared

when T2CON is written.

Output of TMR2

The output of TMR2 (before the postscaler) is fed to the SSPort module, which

optionally uses it to generate shift clock.

Set fisy
it THR2IF

Hote 1: TARZ register cutsut can be software sa'scted
by the SSP mogul: as o bavg clock.

FIGURE 1-6: TIMER2 BLOCK DIAGRAM

2. LM2940/LM2940C 1A Low Dropout Regulator

General Description

The LM2940/LM2940C positive voltage regulator features the ability to source 1A of

output current with a dropout voltage of typically 0.5V and a maximum of 1V over the entire

temperature range. Furthermore, a quiescent current reduction circuit has been included which
reduces the ground current when the differential between the input voltage and the output voltage

exceeds approximately 3V. The quiescent current with 1A of output current and an input-output

differential of 5V is therefore only 30 mA. Higher quiescent currents only exist when the
regulator is in the dropout mode (VIN = VOUT £ 3V).
Designed also for vehicular applications, the LM2940/ 1.M2940C and all regulated

eircuitry are protected from reverse battery installations or 2-battery jumps. Duringline
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transients, such as load dump when the input voltage can momentarily exceed the specified
maximum operating voltage, the regulator will automatically shut down to protect both the
internal circuits and the load. The LM2940/ LM2940C cannot be harmed by temporary mirror-

image insertion. Familiar regulator features such as short circuit and thermal overload protection

are also provided.

Features
Dropout voltage typically 0.5V @I, = 1A
- Output current in excess of 1A
- Output voltage trimmed before assembly
- Reverse battery protection
- Internal short circuit current limit
- Mirror image insertion protection

- P+ Product Enhancement tested

Typical Application
Vin Vour
UNREGULATED =——@———4 LA2940 REGULATED
{NPUT OUTPUT
[ s ]~ By
AT pf —y— l!n I 22 iF

*Required if regulator is located far fiom power supply filter.
**COUT must be at least 22 pF to maintain stability. May be increased without bound to

maintain regulation during transients. Locate as close as possible to the regulator. This capacitor

must be rated over the same operating temperature range as the regulator and the ESR is critical;

S€e curve.
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Ordering Information

Temperature Output Yoltage
Package
Range 5.0 8.0 9.0 10 12 15
CUET S0 | LM2S40CT 5.0 LMZ34OCT.60 LMZBOCT-12 | LM2edoeT15 | To.2%0
LM2340C550 LMZ940C54 0 LM2S4005-12 | LM2®40CS.15 | To.263
SUCET SIS [ LM24OT-50 | Le2920T-80 LM2940T.20 | LM204OT-10 | LMoed0T.12 T0.220
LM28406-50 | LM23208.90 | LM20405.00 LMIe408.10 [ LM20408.12 TO-263

SUTET 0 [ LM2%40IMR5.0 | LN224DIMP-5.0 LM2040MP-9.0 | LM2SOINP-10 | LMZS40ID.12 LMEIE40IKP-15 | SOT.223
LM2840IMPXE. LM22200MPY2 1 LM2040 MPX-3.0 LMIGOIMPX- 1] LM2C40IMEK- 1] LM2640I2314 S0T.223

8C T~E‘f$ Package L5316 L34B LOEB Less LEE3 L763
Ma N

Tz shyska size of the SOT223 05 100 1y g somiincce ful desios aaaunaer The PR3y rachiags ndsaizo sre wha il dozedron tha atual devica.

Temperature Cutput Voltage Package
Range 5,0 12 15
=8I0 4T,) e8¢ LM2840J.5.0/832 LM2840.0-12/833% L2800 15832 BELTY
SHI2BU58TOIES SU52.03%4010FA S982.60863010FA
LMD E3 01332 WEIRY
SH32.805070 x4

Connection Diagrams

(TO-220) Plastic Package 3.Lead SOT.223

8 __‘;:f-—‘uul uT (pLT
T:: T GHE e ]4—-— GND
LI033022 DUTFUT s
Front View 950822
Order Number LM2940CT.5.0, LM2940CT.-9,0, Front View
LM2940CT-12, LM2940CT-15, LM2940T-5.0, Order Part Number LII29401MP.5.0,
L129407.8.0, LM2940T-9.0, LM2940IMP 8.0, Li29401MP.9.0,
LM29407-10 or LM2940T-12 LM2940IMP-10, LM2940IMP.12 or LM2940iMP.15

See NS Package Number TO3B See NS Package Number MPO4A

16-Lead Dual.in-Line Package (J) 16.Lead Ceramic Swiface-Mount Package (WG)

§ S
NC— 1 16 _VIN Ne—] \J 16 v
nec 2 15 NG —— e -—N%ﬁ e
o Your—] 2 il Sl outT— 3 1 ne
[ 13 }-Gno ol s i leiges
i B il g e 2 -ann
i [ e ki NG & 1 |eno
vt et Rl Ne—| 7 10 |-NG
NC—] 8 o |-rne Sl 5 Lo i
OIICE —
Top View Top View
Order Number LM2940J.5.0/883 (5962-8953?01EA]. Order Humber LM2940WG5.0/883 (5952-3953701)(1\]
L2940..8.0/883 (5962-9038301OEA). See NS Package Number WG16A
Lhi2940J.12/883 (5962—9083401051&], ~

LM2940J.15/883 (5962.90885010QEA)
See NS Package Number J1GA
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3. Brushless DC Motor Control
INTRODUCTION

This application note discusses the steps of developing several controllers for brushless
motors. We cover sensored, sensorless, open loop, and closed loop design. There is even a
controller with independent voltage and speed controls so you can discover your motor’s
characteristicsempirically.

The code in this application note was developed with the Microchip PIC16F877
PICmicro® Microcontroller, in conjuction with the In-Circuit Debugger (ICD). This combination
was chosen because the ICD is inexpensive, and code can be debugged in the prototype hardware
without need for an extra programmer or emulator. As the design develops, we program the target
device and exercise the code directly from the MPLAB® environment. The final code can then be
ported to one of the smaller, less expensive, PICmicro microcontrollers. The porting takes
minimal effort because the instruction set is identical for all PICmicro 14-bit core devices.

It should also be noted that the code was bench tested and optimized for a Pittman
N2311A011 brushless DC motor. Other motors were also ftested to assure that the code was
generally useful. Anatomy of a BLDC Figure 1 is a simplified illustration of BLDC motor
construction.

A brushless mofor is constructed with a permanent magnet rotor and wire wound stator
poles. Electrical energy is converted to mechanical energy by the magnetic attractive forces
between the permanent magnef rotor and a rotating magnetic field induced in the wound stator

poles.

FIGURE 1: SIMPLIFIED BLDC MOTOR DIAGRAMS
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In this example there are three electromagnetic circuits connected at a common point.
Each electromagnetic circuit is split in the center, thereby permitting the permanent magnet rotor
to move in the middle of the induced magnetic field. Most BLDC motors have a three-phase
winding topology with star connection. A motor with this topology is driven by energizing 2
phases at a time. The static alignment shown in Figure 2, is that which would be realized by
creating an electric current flow from terminal A to B, noted as path 1 on the schematic in Figure
1. The rotor can be made to rotate clockwise 60 degrees from the A to B alignment by changing
the current path to flow from terminal C to B, noted as path 2 on the schematic. The suggested
magnetic alignment is used only for illustration purposes because it is easy to visualize. In
practice, maximum torque is obtained when the permanent magnet rotor is 90 degrees away from
alignment with the stator magnetic field.

The key to BLDC commutation is to sense the rotor position, then energize the phases
that will produce the most amount of torque. The rotor travels 60 electrical degrees per
commutation step. The appropriate stator current path is activated when the rotor is 120 degrees
from alignment with the corresponding stator magnetic field, and then deactivated when the rotor
is 60 degrees from alignment, at which time the next circuit is activated and the process repeats.
Commutation for the rotor position, shown in Figure 1, would be at the completion of current
path 2 and the beginning of current path 3 for clockwise rotation. Commutating the electrical
connections through the six possible combinations, numbered 1 through 6, at precisely the right
moments will pull the rotor through one elecirical revolution. In the simplified motor of Figure 1,
one electrical revolution is the same as one mechanical revolution. In actual practice, BLDC
motors have more than one of the electrical circuits shown, wired in parallel to each other, and a
corresponding multi-pole permanent magnetic rotor. For two circuits there are two electrical
revolutions per mechanical revolution, so for a two circuit motor, each electrical commutation

phase would cover 30 degrees of mechanical rotation. Sensored Commutation

The easiest way to know the correct moment to commutate the winding currents is by
means of a position sensor. Many BLDC motor manufacturers supply motors with a three-

element Hall effect position sensor. Each sensor element outputs a digital high level for 180

electrical degrees of electrical rotation, and a low level for the other 180 electrical degrees. The
three sensors are offset from each other by 60 electrical degrees so that each sensor output is in
alignment with one of the electromagnetic circuits. A timing diagram showing the relationship

between the sensor outputs and therequired motor drive voltages is shown in Figure 2.
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FIGURE 2: SENSOR VERSUS DRIVE TIMING
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The numbers at the top of Figure 2 correspond to the current phases shown in Figure 1. It
is apparent from Figure 2 that the three sensor outputs overlap in such a way as to create six
unique three-bit codes corresponding to each of the drive phases. The numbers shown around the
peripheral of the motor diagram in Figure 1 represent the sensor position code. The north
pole of the rotor points to the code that is output at that rotor position. The numbers are the sensor
logic levels

where the Most Significant bit is sensor C and the Least Significant bit is sensor A.

Each drive phase consists of one motor terminal driven high, one motor terminal driven low, and
one motor terminal left floating. A simplified drive cireuit is shown in Figure 3. Individual drive
controls for the high and low drivers permit high drive, low drive, and floating drive at each
motor terminal. One precaution that must be taken with this type of driver circuit is that both high
side and low side drivers must never be activated at the same time. “Pull-up and pull-down
resistors must be placed at the driver inputs to ensure that the drivers are off immediately after a

microcontoller RESET, when the microcontroller outputs are configured as high impedance

inputs.
Another precaution against both drivers being active at the same time is called dead time
control. When an output transitions from the high drive state to the low drive state, the proper

amount of time for the high side driver to turn off must be allowed to elapse before the low side
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driver is activated. Drivers take more time to turn off than to turn on, so extra time must be
allowed to elapse so that both drivers are not conducting at the same time. Notice in Figure 3 that
the high drive period and low drive period of each output, is separated by a floating drive phase
period. This dead time is inherent to the three phase BLDC drive scenario, so special timing for
dead time control is not necessary. The BLDC commutation sequence will never switch the high-
side device and the low-side device in a phase, at the same time.

At this point we are ready to start building the motor commutation control code.
Commutation consists of linking the input sensor state with the corresponding drive state. This is
best accomplished with a state table and a table offset pointer. The sensor inputs will form
the table offset pointer, and the list of possible output drive codes will form the state table. Code
development will be performed with a PIC16F877 in an ICD. I have arbitrarily assigned PORTC
as the motor drive port and PORTE as the sensor input port. PORTC was chosen as the driver
port because the ICD demo board also has LED indicators on that port so we can watch the
slow speed commutation drive signals without any external test equipment. Each driver requires
two pins, one for high drive and one for low drive, so six pins of PORTC will be used to
control the six motor drive MOSFETS, Each sensor requires one pin, so three pins of PORTE will
be used to read the current state of the motor’s three-output sensor. The sensor state will be linked
to the drive state by using the sensor input code as a binary offset to the drive table index. The

sensor states and motor drive states from Figure 2 are tabulated in Table 1.

FIGURE 3: THREE PHASE BRIDGE
+Vy +Via +Viq
AHigh |/ E;\J' BHigh , [ E}hl C High I'/( E}l,
control v cantrol ¢ control
\I” __? // \_- - |/ '\\‘" .’/;'
- . = ToA ¢ ToB > Too
A 213
A Low { 3‘!' B Low ! ' ‘ \| C Low /] }l\]
control 4 control ) control
NTH 4/ \-~.. __,/ :l i _f,/
e i "Ny




86

TABLE 1: CW SENSOR AND DRIVE BITS BY PHASE ORDER

Pin RE2 RE1 REO RCSH RC4 RC3 RC2 RC1 RCO
Plidon Sensor | Sensor | Sensor | C High C L.ow B High B L.c:w A High A i._ow
C B A Drive Drive Drive Drive Drive Drive
L 0 1 o o O 1 1 o
2 1 L3 b 1 o o 1 0 o
A 1 1 a 1 0 a 0 Q
4 a 0 ) o o 0
5 a 1 1 0 1 ] o )
& 9 o 1 ] 1 ] 0 1 o

Sorting Tab'e 1 by sensor code hinary weight resulis in Table 2. Activating the motor érivers, accorcing to a ctata table
huilt rom Takle 2, wil cause the miotor of Figure 1 1o rotate clockwise.

TABLE 2: CW SENSOR AND DRIVE BITS BY SENSOR ORDER

Pin RE2 RE1 REO RCSH RC4 RC3 RC2 RC1 RCO
Phasd Sen__sor Sensor | Sensor | CHigh s L_ow B H_igh B pr A H]gh AlLow
& B A Drive Drive Drive Drive Orive Drive
8 a o ¥ o 1 a 0 1 o
4 o 1 a b 0 1 0 Q 1
g ] 1 1 o 1 1 o 0 0
2 1 0 b} 1 o [ 1 0 ]
1 1 o 1 0 O a il 1 [
3 1 1 o 1 0 a 0 a 1
Cotinter clackwise rotalion is accomplished by driving current through the motor colls in the direction epposite of that

for clackwis ation. Table 3 was constructed by swapoing all the high and 'ow drives of Tahie 2. Activating the motor
cole, accord na o a state takle built from Table 3, will cause the motor lo rotate counter clockwise. Fhasa numbers in
Tale 3 are oreceded by a slash dencting that the EMF is opposite that of the chasss in Table 2.

TABLE 3: CCW SENSOR AND DRIVE BITS

Pin RE2 RE1 REQ RE{5 RC4 RC3 RC2 RC1 RCO
Phase Sen~sor Sensor Sensor C Hiul1 C L‘c-w B High B Low A H_igh A L'ow
C B A Drive Drive Drive Drive Drive Drive
0 O 1 1 9 a O a 1
4 9 1 0 0 0 a 1 1 o
5 .:. 1 & ¥ ( a X a o
2 1 g 9 0 1 1 0 a9 @
1 L O L o o 1 ¥ I 1
3 1 i, () o 1 9 0 1 o
The code ssament for determining the appropriate drive word from the ssnsor inputs 13 shown in Figure 4.

Before we try the commutation code with our motor, lets consider what happens when a

voltage is applied to a DC motor. A greatly simplified electrical model of a DC motor is shown in

Figure 5.

FIGURE 5: DC MOTOR EQUIVALENT
CIRCUIT
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When the rotor is stationary, the only resistance to current flow is the impedance of the
electromagnetic coils. The impedance is comprised of the parasitic resistance of the copper in the
windings, and the parasitic inductance of the windings themselves. The resistance and inductance
are very small by design, so start-up currents would be very large, if not limited.

When the motor is spinning, the permanent magnet rotor moving past the stator coils
induces an electrical potential in the coils called Back Electromotive Force, or BEMF. BEMF is

directly proportional to the motor speed and is determined from the motor voltage constant KV.

EQUATION 1:
RPM = KKy x Volts
BEMF = RPM /K,

In an ideal motor, R and L are zero, and the motor will spin at a rate such that the BEMF
exactly equals the applied voltage. The current that a motor draws is directly proportional to the

torque load on the motor shaft. Motor current is determined from the motor torque constant KT.

EQUATION 2:

Torque = K1 x Amps

An interesting fact about KT and KV is that their product is the same for all motors.
Volts and Amps are expressed in MKS units, so if we also express KT in MKS units, that is N-

M/Rad/Sec, then the product of KV and KT is 1.

EQUATION 3:
— Ky *Kp=1

This is not surprising when you consider that the units of the product are

[1/(V*A)*[(N*M)/(Rad/Sec)], which is the same as mechanical power divided by electrical
power.
If voltage were to be applied to an ideal motor from an ideal voltage source, it would

draw an infinite amount of current and accelerate instantly to the speed dictated by the applied
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voltage and KV. Of course no motor is ideal, and the start-up current will be limited by the
parasitic resistance and inductance of the motor windings, as well as the current capacity of the
power source. Two detrimental effects of unlimited start-up current and voltage are excessive
torque and excessive current. Excessive torque can cause gears to strip, shaft couplings to slip,
and other undesirable mechanical problems. Excessive current can cause driver MOSFETS

to blow out and circuitry to burn.

We can minimize the effects of excessive current and torque by limiting the applied
voltage at start-up with pulse width modulation (PWM). Pulse width modulation is effective and
fairly simple to do. Two things to consider with PWM are, the MOSFET losses due to switching,
and the effect that the PWM rate has on the motor. Higher PWM frequencies mean higher
switching losses, but too low of a PWM frequency will mean that the current to the motor will be
a series of high current pulses instead of the desired average of the voltage waveform. Averaging
is easier to attain at lower frequencies if the parasitic motor inductance is relatively high, but high
inductance is an undesirable motor characteristic, The ideal frequency is dependent on the
characteristics of your motor and power switches. For this application, the PWM frequency will
be approximately 10 kHz.

We are using PWM to control start-up current, so why not use it as a speed control also?
We will use the analog- to-digital converter (ADC), of the PIC16F877 to read a potentiometer and
use the voltage reading as the relative speed control input. Only 8 bits of the ADC are used, so
our speed control will have 256 levels. We want the relative speed to correspond to the relative
potentiometer position. Motor speed is directly proportional to applied voltage, so varying the
PWM duty cycle linearly from 0% to 100% will result in a linear speed control from 0% to 100%
of maximum RPM. Pulse width is determined by continuously adding the ADC result to the free
running Timer0 count to determine

When the drivers should be on or off. If the addition results in an overflow, then the

drivers are on, otherwise they are off. An 8-bit timer is used so that the ADC to timer additions
need no scaling to cover the full range. To obtain a PWM frequency of 10 kHz Timer0

must be running at 256 times that rate, or 2.56 MHz. The minimum prescale value for Timer0 is

1:2, so we need an input frequency of 5.12 MHz. The input to Timer0 is FOSC/4. This requires
an FOSC of 20.48 MHz. That is an odd frequency, and 20 MHz is close enough, so we will use
20 MHz resulting in a PWM frequency of 9.77 kHz.




89

There are several ways to modulate the motor drivers. We could switch the high and low
side drivers together, or just the high or low driver while leaving the other driver on. Some high
side MOSFET drivers use a capacitor charge pump to boost the gate drive above the drain
voltage. The charge pump charges when the driver is off and discharges into the MOSFET gate
when the driver is on. It makes sense then to switch the high side driver to keep the charge pump
refreshed. Even though this application does not use the charge pump type drivers, we will
modulate the high side driver while leaving the low side driver on. There are three high side
drivers, any one of which could be active depending on the position of the rotor. The motor drive
word is 6-bits wide, so if we logically AND the drive word with zeros in the high driver bit
positions, and 1’s in the low driver bit positions, we will turn off the active high driver regardless
which one of the three it is. We have now identified 4 tasks of the control loop:

» Read the sensor inputs

« Commutate the motor drive connections

» Read the speed control ADC

¢ PWM the motor drivers using the ADC and Timer0
addition results

At 20 MHz clock rate, control latency, caused by the loop time, is not significant so we

will construct a simple polled task loop. The control loop flow chart is shown in Figure 6




FIGURE 6:
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Figure 7 shows the equivalent circuit of the motor with coils B and C driven while coil A

is undriven and available for BEMF measurement. At the commutation frequency the L's are

negligible. The R's are assumed to be equal. The L and R components are not shown in the A

branch since no significant current flows in this part of the circuit so those components can be

ignored.




91

FIGURE 7: BEMF EQUIVALENT
CIRCUIT
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The BEMF generated by the B and C coils in tandem, as shown in Figure 7, can be

expressed as shown in Equation 7,

EQUATION 7:

The sign reversal of CBEMF is due to moving the reference point from the common

connection to ground. Recall that there are six drive phases in one electrical revolution. Each
drive phase occurs +/- 30 degrees around the peak back EMF of the two motor windings being

driven during that phase. At full speed the applied DC voltage is equivalent to the RMS BEMF
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voltage in that 60 degree range. In terms of the peak BEMF generated by any one winding, the

RMS BEMF voltage across two of the windings can be expressed as shown in Equation 8.

EQUATION 8:

! g
17 2
BEMFg = l 2 | [‘3%:1 {or} - s‘n[ - ’27’: dat

I
 E—
Pafn an
SENE = 1.2 |2 4 22
b_.ti "z "'! T [2 + 4
i
1
BEMF opa = 1.8554

We will use this result to normalize the BEMF diagrams presented later, but first lets
consider the expected BEMF at the undriven motor terminal. Since the applied voltage is pulse
width modulated, the drive alternates between on and off throughout the phase time. The BEMF,
relative to ground, seen at the A terminal when the drive is on, can be expressed as shown in

Equation 9.

EQUATION 9:

-~
V- Es:.l'll: + L'f‘f‘-.‘F

BERF4 =

N

Notice that the winding resistance cancels out, so resistive voltage drop, due to motor

torque load, is not a factor when measuring BEMF.

The BEMF, relative to ground, seen at the A terminal when the drive is off can be

expressed as shown in Equation 10.
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EQUATION 10:

PWM Load Operations

When generating sine waves to a motor, an interrupt routine typically is used to step
through a sine table in memory, scale that sine value, and output the result from the PWM
generator. The rate at which the sine table is scanned can be derived from an interrupt from the
PWM generator. The PWMMC module can be programmed to provide an interrupt rate of every

one, two, four, or eight PWM reload cycles.

Direct Output Control

In some cases, the user may desire to bypass the PWM generator and directly control the
PWM outputs. A mechanism exists to disconnect PWM generator from its outputs and directly
control the six PWM outputs, When this mode is used, the PWM generator continues to run;
however, its output is isabled, overridden by direct output. The PWMOUT register can also be
used for BLDC motor control to selectively disable the PWM channels. This method permits a

single 8-bit pattern to control the BLDC motor commutation.

Dead-Time Insertion and Dead-time Compensation
When thePWMgenerator is used in complementary mode, thePWMMC module provides
dead-time insertion. This provides a short delay time between turning off the top power transistor
and turning on the lower transistor in one phase ieg. Dead-time is essential to safe switching and
low-power losses. Dead-time can be specified in the dead-time writeonce register. This 8-bit
value specifies the number of CPU clock cycles to use for the dead-time
During the dead-time, the current might be either positive or negative. The voltage on the

motor phase will depend on the direction of the motor current. This leads to distortion from the

desired voltage waveform. The MR32 provides three current sense inputs which can be used for
deadtime compensation. Dead-time compensation provides smooth sine wave currents for ac
induction motors even at low-speed operation. Most BLDC motors do not require complementary

PWMs, dead-time insertion, or dead-time compensation.
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The software presented here does not use these features. The only BLDC applications
that might require these features are high-performance BLDC servomotors, sine wave excited
BLDC motors, brushless ac, or ac synchronous motors. These types of motors account for less
than 1 percent of BLDC motor drives today, but might find applications in electric vehicles,

electric power steering, and robotics in the near future.

Brushless de Motor Control Algorithm

Many different control algorithms have been used to provide sensorless control of BLDC
motors. Most hard disk drive controllers use a linear control IC (integrated circuit) to provide
sensorless control of the spindle drive. Typically, the motor voltage is controlled using a power
transistor operating as a linear voltage regulator. This is not practical when driving higher-power
motors. High-power motors must use PWM control and require a microcontroller to provide
starting and control functions. The control algorithim must provide three things:

* PWM voltage which controls the motor speed

* Mechanism to commutate the motor

» Some method to estimate the rotor position using the back-EMF (electromotive force)
of the motor

Pulse-width modulation is used to apply a variable voltage to the motor windings. The
effective voltage is proportional to the PWM duty cycle. When properly commutated, the torque-
speed characteristics of the BLDC motor are identical to a dc motor. The variable voltage can be
used to control the speed of the motor and the available torque.

The commutation of the power transistors energizes the appropriate windings in the
stator to provide optimum torque generation depending on the rotor position, In a conventional dc

motor, this task is performed by the brushes and commutator. In a BLDC motor, the MCU must

know the position of the rotor and commutate at the appropriate time. When the rotor is turning, it
acts as a generator. The moving magnets induce an ac voltage into the stator windings. This ac
voltage is always present when the motor is turning. The applied voltage must be greater than this

induced voltage to provide torque-generating current. In effect, the motor is pushing back with its

own voltage. The induced voltage is called the back-EMF. EMF stands for electromotive force, a
physics term for voltage. BLDC motor drive circuits are designed so that one of the three phases

is always open, with both upper and lower transistors in the off state. The open phase is used to

sense the back-EMF of the motor
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This provides useful information on the position of the rotor. Commutation A 3-phase
brushless de motor has six power transistors arranged in a 3-phase bridge (see Figure 3). The
power transistors are switched according to a predefined commutation pattern. Several different
patterns are used for BLDC motors. To use sensorless control, one phase must always be open.
The motor has three windings, typically in a wye (Y) configuration. The center point is floating.
So the open phase voltage is relative to the center point. The center point is affected by the
voltage applied to the other two phases. Many BLDC motor drives modulate only the bottom
transistors. This causes the center point to shift upward and the PWM voltage is actively
coupled to the open phase. This commutation pattern, therefore, is not suitable for sensorless
BLDC motors using PWM. A delta winding is electrically equivalent to a wye connection and

behaves in a similar fashion relative to a virtual center point.
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Figure 8 BLDC Motor System

The sensorless control algorithi developed for the MR32 uses a symmetrical PWM
commutation pattern (see Table 1). The PWM signal always is applied to diagonally opposite

transistors. This keeps the center point of the wye in the center of the dc supply voltage. The two

active windings balance so that the PWM voltage is not coupled directly to the open winding,

There still is some noise due to winding mismatch and capacitive coupling which is filtered out
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Table 4 BLDC Motor Commutation

Top Bottom

A B G A B C
0 — PYWM — PWM — —
1 — PWM - — — PWi
2 P — — — — PWHM
3 PWM - — —- PWM —
4 — — PWM — PWM —
5 — — PWM PWM — —

Ql Q3 Q& 02 Q4 Q6

This commutation pattern requires only a single PWM signal, Identical PWM signals are
applied to two of the six transistors. The software uses a trick to force the unused PWM channels
to the off state. The unused PWM channels are disabled by setting the most significant bit (bit 15)
of the PWM wvalue register. This also corresponds to the sign bit for a 16-bit signed integer.
ThePWMMCmodule is designed so that a number equal to or less than 0 will force the channel
off. This feature is useful for ac induction motors and provides saturation for data values outside
the normal operating range. Alternatively, the unused channels could be disabled by writing a 0 to
the PWM value register. This commutation pattern also could be accomplished using a single
PWM with a hardware multiplexer. However, this is not the only acceptable PWM strategy for
BLDC motors. Applications which require servo-positioning or regenerative braking might
require two PWMs with dead-time. Large motors greater than 750W might require three PWMs
to minimize torque ripple. The MR32 PWMMC module is flexible enough to be used with most
BLDC PWM strategies.

4. Speed Control

Reglerarbeitsweise bei Vollast

Das ist das Blockschaltbild, wie es auf der HomePage von Jo zu sehen ist:
Wenn der Motor dreht, entstehen 3 Positionssignale, sogenannte EMK-Signale. Sie
zeigen dem Prozessor (Motor-Steuerung im Bild) die Position des Rotors. Auf dem Scope-Bilder,

die unterste Kurve, violett.
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Motor—Steuerung Treiber- Leistungs—| Phase A
Sof tanlauf stu-F 2 St U'f e B BL
Kommutierun
Drehzahlbeq?enzunq Logik Drehstrom- c_§ Motor
EFK-Bremse Blockier—Schutz Briicke
Aktiver Freilauf

BEMF - o
EMK-Signal Ausuertung |,

_ Ph14+Ph2+Ph3 <3

Kompar ator

Ablaufkantrolle
Enpfinger-Schnittstelle | Setup-Jupper | —
thrsxcherhen SpEEDY BL
PHH-Ber echnung
Setup Modus-orientiert
optimierter Knlppelueg Uberternperatur Copyright J. Aichinger

Die Phasen A, B, C geben mit 120 Grad Versatz die Akkuspannung auf den BL-Motor

weiter, wie sich in einer 3-Phasen-Ansteuerung gehort. Das sieht folgend aus: (Bitte klicke auf

das Bild, wenn Du reinzoomen willst)

File' Control Setup HeaSure Analyze  Uliliies
Requigltlon i slnppud e

100ik9afs o8

Help 206PM

Um die Leitung der Phase A mit Minus zu verbinden, muss man die Gate des unteren

~ MOSFETs (es gibt 6 MOSFETs in der 3-Phasen H-Briicke) mit 15 V ansteuern (gelbe Linie, Gate

A):
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File Cun!ml

Anslyze  Uliliies

Setup Measure ﬂa‘!p 211 PM

More
(10f2) | §

Clea
Al

A cleslal g ¢l G (o] o -

Um diese schone 3-Phasen-Spannungen zu erreichen sehen die MOSFET-Gates-

Ansteuerungen folgend aus, (wieder draufklicken, wenn Du zeitliche Vergroferung Dir wiinscht)

_File Control

ﬁelup Measure

Anelyze

Ulilities

Help 2.08PM
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Reglerarbeitsweise bei Anlauf und Teillast

Bei Anlauf kann man dem stehenden Motor nicht die volle Akkuspannung draufknallen.
Sonst ist seine Wicklung sofort verbrannt. Der Controller muss sehr zaghaft eine sehr schwache
Teillastansteuerung ihm anbieten und iiber die EMK-Signale nachschauen, ob der Partner sich
tiberhaupt drehen will. Erst wenn die Positionssignale (EMK) richtig dem aufgezwungenem
Drehfeld folgen, kann man das Drehfeld beschleunigen, Teillast reduzieren, um am Ende in die
Vollast iiberzugehen. Somit ist die Teillast eine sehr wichtige und schwierige Aufgabe fiir den
Controller (und auch fiir den Entwickler dessen). Bei Speedy-BL wird zusitzlich ein sogenannter
Freilauf im Teillast realisiert, was dramatisch die Erwirmung des Controllers reduziert. Dariiber

reden wir hier aber nicht, um den klaren GedankenfluB nicht zu stéren.
Aber kommen wir zuriick zu der Teillast:

Da der BL-Motor bei Teillast weniger Strom bei gleicher Akkuspannung kriegen soll,
miissen wir die schonen Rechtecke der Ansteuerung der MOSFETS (sehe oben) richtig zerhacken,

damit im Schnitt die jeweilige Phase weniger Strom kriegt. Es sieht dann so aus (klicke drauf

wenn Du reinzoomen willst):

File Contol Selup Measure

i

rmi:;_wn " ;

J1|'|ﬂ' 'WI'WIEI?L;,M,.;ﬁ,ﬁé,._J I

Ulilities

Analyze Help 217 PM
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Bei dieser Zerhackarbeit (engl. chopping) kriegt der BL-Motor, was er braucht - eben

eine zerhackte Spannung, die aber weiter der Trapezform folgt:

_File Contol  Setup Measurie  Analyze util'iliérswﬂélp 216PM |

SRy i SN |

Warum jetzt die EMK-Signalle nicht zerhackt werden, obwohl sie direkt von den Phasen
A, B, C abgeleitet sind, bleibt ein siifies Entwicklergeheimniss (und auch meiner). Der Prozessor

(Motor-Steuerung) wire ziemlich ratlos, wiirde er eine zerhackte Position bekommen
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Figure 9 14993 Speed Control

( N http://www.acrodesign.de/peter/2001/LRK350/SPEEDY-BL.html )

(ﬁm » http://www.microchip.com/downloads/en. AppNotes/00857a.pdf )
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