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BOLUM 4

Motor Denetimi



Adim (Step) Motorunun Yapisi

Adim Motorlar elektrik vurularini diizgtin mekanik
harekete dontistiiren elektromekanik aygitlardir.

Motor iki kisimdan olusur, sabit kisim
elektromiknatis olan stator ve hareketli kisim sabit
miknatis olan rotordur.

Statorda yer alan kutup sargilarina uygun sirada
verilen vurular sabit miknatis olan rotorun tiretim
sirasinda belirlenmis adim kadar hareket etmesini

y Adim Motorun Kesiti
saglar.




Adim Motorunun Yapisi

Statdrde birden fazala kutup yer
alir, her kutup Uzerinda birden fazla
iz yapilabilir bu izlerin hepsi ayni
kutba N veya S miknatislanir.
Rotorda kutuplarda yer alan her
ize karsilik bir serit miknatis karsilik
gelir. Serit miknatislar bir N bir S
olacak sekilde yan yana dizilir ve
sikica paketlenir.

Bu izlerin genisligi adim motorunun
bir adimda tarayacagi aclyi
belirler.

Adim motorlan 0.9° -13 ° araliginda
Uretilirler.

Unipolar, Bipolar ve Degisken
Reluktansli olmak Uzere 3 degisik
tOr0 vardir.

Winding

Stator Pole

Half Pitch
(Ff Set



Adim Motoru Neden Kullanilir

Avantajlar

« Ddnme acisi girisine uygulanan vuru ile
dogru orantili olarak degisir.

« Sargilar enerjili oldugu sUrece motor tam
torktadir.

« Hassas hareket edebilir, hata orani bir adimin
%3-5 degerindedir. Bir sonraki adima bu hata
aktarimaz.

 Baslatmaya durdurmaya ve ters
dondUrmeye hizli yanit verir.

* Firca kullaniimadigr icin tamir bakim
gerektirmeden yillarca kullanilabilir.

 Aclk dongu denetimi yeterli oldugu icin
denetim devresi basit ve ucuzdur.

 Dogrudan motor miline baglanmis yUklerde
bile cok yavas hizlarda dogru calisabilir.

Dezavantajlar
 Yuksek hizlarda kullanilamaz

« Denetimi dUzgUn yapilmadiginda rezonansa
girer.




Bipolar, VR ve Unipolar

Adim Motorlari

* VR adim motorlari
Asenkron motora
benzer ve 3 adet
sargist vardir, sargilar
Uzerinde cift yonlu
akim gecer, rotorun
ﬁomsyonu bir sonraki.

areket icin onemlidir.

« Unipolar adim
motorlarn 4 adet
sargidan olusur.
Sargllardan tek yonde
akim gecer.




Adim Motorun Suriulmesi

Unipolar Adim motorunun Stiriilmesi
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5, 6 ve 8 uclu unipolar motor motor baglantilar
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ULN2003 ile Unipolar Step Motorun Siirtilmesi
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L293D ile Step Motorun Siirtilmesi
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2803 ile Stiriicli Devresi
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Sargi 4
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Tam Adim calisma
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Hizlanma ve Yavaslama
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Deney 10 Adim motoru denetimi

Unipolar adim motoru baglantisint ULN2803
Transistor paketini kullanarak yapin ve tam ve
yarim adim ornek programlar yazarak calistirin.

Tus tfakimindan 1 tusunu arttirma 2 tusunu eksiltme
tusu olarak kullanan programi yazin ve calistinn.

3 tusunu her basmada motorun yonunu degistiren
isleviadim 2'e ekleyin ve programini yazarak
calistirn.

/amanlayiciyl zaman geciktirme amaciyla kesmeli
modda kullanan programi adim 3'te degistirmeleri
yaparak calistirn.

Dis kesme kaynagi O girisini motorun yon
de|g|T§’r|rme girisi olarak kullanan programi yazarak
calistirn
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PWM ile Fircali DC Motorun Hiz Denetimi
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PWM ile Motor Denetimi
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Kopri Tipi Siriicii ile Motor Hiz Denetimi
e -~ P o~




Optik Algilayici ile Geri besleme
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Akim Geri besleme ile kapali dongii motor denetimi
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[.293 ile motor denetimi
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L.293 ile kapali dongii motor hiz denetimi
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Figure A-2. Full Schematic of a Motor-Control System




Role ve Role Baglantisi
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Optik Yalitim
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Servo Motor

Digital Servo
controller amplifier

[ ]

Velocity feedback

]

Servo

. mumr:ﬁ Load
Position feedback
(encoder or resolver)




Hi or Low all the time
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1.5ms




Deney 11: PWM ile DA Motor Denetimi

Gug elektronigi setinizi kullanarak kapali cevrim DA motor denetim

devresini kurarak PWM ile hiz denetim islemini yapan programi yazip
calistirin.

Devir sayisi LCD gostergede goruntilensin.

1 tusu ile hiz artsin, 2 tusu ile azalsin 3 tusu ile motor yénunu
degistirsin.



Gelismis Sayici Birimleri - PCA

Programlanabilir Sayici Dizisi (PCA) birimi, MiB’den bagimsiz olarak
daha fazla zamanlama islevleri sunma icin tasarlanmistir.

PCA kullanilarak daha az kodla daha hassas zamanlama yapilabilir.

PCA, 5 adet karsilastirici/yakalayici birim dizisini besleyen bir
zamanlayici/sayici Ginitesinden meydana gelir

PCA Birimi Harici G/C Ucu

16-bit sayici P1.2/ECI
16-bit Modiil-0 P1.3/CEXO
16-bit Modiil-1 P1.4/CEX1
16-bit Modiil-2 P1.5/CEX2
16-bit Modiil-3 P1.6/CEX3




Gelismis Sayici Birimleri - PCA

 PCA biriminin ayrintili blok diyagrami

Felk perip/5 ——pp
Fclk perip/2 c—pp
TO OVF —Jp
P1.2 ——p

> PCA Modiillere

[ A

e

Baglant1
Tasma
/ CH cL }
16 Bit Asagi/Yukar1 Sayici

|
CMOD

CIDL |WDTE CPS1 | CPSO | ECF |5

|

cF | cr ccr4 | ccr3 | ccr2 | cer1 | cero | ©CON

0xD8




Gelismis Sayici Birimleri - PCA

PCA Modulleri:
— 16-bit Yakalama, pozitif-kenar tetiklemeli
— 16-bit Yakalama, negatif-kenar tetiklemeli

— 16-bit Yakalama, hem pozitif-kenar hem de negatif-kenar
tetiklemeli

— 16-bit Yazilim Zamanlayicisi
— 16-bit yuksek hizh ¢ikis

— 8-bit Darbe Genislik Ureteci



Gelismis Sayici Birimleri - PWM

e Butiun PCA modilleri PWM (Pulse Width
Modulator) cikisi olarak kullanilabilir.

* PWM cikis frekansi, CA zamanlayicinin
kaynagina baglidir.

CCAPNH

Tasma i i

CCAPNnL

0
Yetki IV | i CEXn
8 Bit Karsilastirici —.D
i T
CL
PCA Zamanlayicy/Sayici

- ECOMn | CAPPn | CAPNn| MATn | TOGn | PWMn | ECCFn

CCAPMn n=0-4
DAH - DEH




Gelismis Sayici Birimleri — Kisir Dongu Sayaci

Kisir Dongu Sayaci (KDS) sistem guvenilirligini arttirmak icin kullanilr.

KDS gurulti, glic parazitleri ve elektrostatik desarj tehlikelerine karsi
acik sistemler icin oldukca yararhdir.

Modiil-4 kisir-dongu sayaci olarak ayarlanabilecek tek PCA
moduludur.

CF CR - | ccrs | ccrs | cere | ccrr | ccFo CDCS%N
ccAPf, MM M/ —
yazma Reset
CCAPH ucu |CCAPnH | CCAPNL | PCAIT
yazma ucu o~%o >
Yetki Esit —
1 0 _pl 16 Bit Karsilastirici | Ii/il

. |
v &0
Lot | et ] 7o =

PCA Zamanlayici/Sayici

CCAPMn n=0-4

| - [Ecomn| capen|capnn| maTn | Toon | pwimin | ECCRR | CCAPMN N

I
CIDL | WDTE - - - CPS1 | CPSO | ECF Cg/lgOHD




PCA ile PWM

— 16 bit: —
' > MODULED 1 F1.3CEXD
|7 16 bits 4| > MODULET [ ] F1.4'CEX1
FCA TIMER/COUNTER ' > MODULEZ (4 o1 P1.5/CEXZ
time base for PCA modules [
> MODULES [ ¥ ] P1.B/CEXS
Module functions:
15-bit capture > MODULES |4 v P1.7CEXS
1G-bit timer
16-bit high speed output
2 bit P b

Watchdog timer (o dule 9 onby)



CCON
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F 9 F F 1 F 3 F 3 F 3
PCA TIMER/COUNTER =
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|
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|
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MO0 U LED ' "T"’
| |
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Fig 21. PCA interrupt system.




CMOD

Table36: CMOD - PCA counter mode register (address D9H) bit description

Bit Symbol Description

7 CIDL Counter [dle Caontral: CIDL =0 programs the PCA Counter to
cantinue functioning during Idle Mode, CIDL =1 programs it to be
gated off during idle.

b WOTE Watchdog Timer Enable: WOTE =0 disables Watchdog timer
function on maodule 4. WDOTE =1 enables it.

I (G Feserved for future use. Should be setto '01" by user programs.

2101 CPS1, FCA Count Pulse Select (see Table 37 below).

CPs0

I ECF FCA Enable Counter Owerflow Interrupt: ECF =1 enables CF bitin
CCOM to generate an interrupt. ECF =0 disables that function.

Table3¥: CHMOD - PCA counter mode register (address DIH) count pulse select

CP51 CPs0 Select PCA input

0 0 O Internal clock, f,z. /6

0 1 1 Internal clock, f,z: /B

1 I 2 Timer O overflow

1 1 3 External clack at ECIKP1 2 pin (max rate = {2, 7 4)




CCON

Table38: CCON - PCA counter control register (address 0D8H) bit allocation
Bii addressable; Reset value: 00H

Bit 7 b 3 1 3 2 1 0
Symhol CF CR - CCF4 CCF3 CCF2 CCF1 CCFO

Tahle39: CCON - PCA counter control register {address 0D8H) bit description

Bit Symbol Description

7 CF FCA Counter Owverlow Flag. =et by hardware when the counter
rolls over. CF flags an interrupt if bit ECF in CMOD 1= 2et. CF may
be set by either hardware ar software but can only be cleared hy

software.

b CH PCA Counter Hun Control Bit. Set by software to turn the PCA
counter on. Must be cleared by software to turn the PCA counter
off.

) - Feserved for future use. Should be setto "0 by user programs.

4 CCF4 FCA Madule 4 Interrupt Flag. et by hardware when a match ar
capture occurs. Must be cleared by software.

3 CCF3 PCA Module 3 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software.

2 CCFZ FCA Maodule 2 Interrupt Flag. et by hardware when a match ar
capture occurs. Must be cleared by software.

1 CCFT PCA Module 1 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software.

a CCFO FCA Module O Interrupt Flag. et by hardware when a match ar

capture occurs. Must be cleared by software.




Tabled0: CCAPMn - PCA modules compare/capture register (address CCAPMO0ODAH,
CCAPM1 0DBH, CCAPMZ2 0DCH, CCAPM3 ODDH, CCAPM DDEH]) bit alloc.
Mot bt adgressabie; Reset valpe: (00H

Bit 7

b 3 : | 3 2 1 ]

Symhol - ECOMn - CAFPPn | CAPNR | MATH TOGn - PWhin | ECCFn

Tabhled41: CCAPMn - PCA modules compare/capture reqgister {address CCAPMO0ODAH,
CCAPM1 0DBH, CCAPM2 0DCH, CCAPM3 ODDH, CCAPM4 DDEH) bit desc.

Bit Symbol
7 ]

b ECO M
) CAFPPn
4 CAPMn
3 f AT N

2 TOGn

1 FYWhin

0 ECCFn

Description

Reserved for future use. Should be set to '0° by user programs.
Enable Comparatar. ECOMn =1 enables the comparator function.
Capture Positive, CAPPn =1 enables positive edge capture.
Capture Megatwe, CAPMNn =1 enables negative edge capture.

hlatch. Wwhen MATn =1 a match of the PCA counter with this
module's compare/capture register causes the CCFn bit in CCON
to be set, flagging an interrupt.

Toggle. When TOGn =1, a match of the PCA counter with this
module's compare/capture register causes the CEXn pinto toggle.

Fulze Width Modulation Mode. PY™hn = 1 enables the CEXn pinto
be used as a pulse width modulated output.

Enable CCF Interrupt. Enables compare/capture flag CCFn in the
CCOM register to generate an interrupt.

@ _ - r i ATIRE. - foao ot



Tahle 42: PCA module modes [CCAPMn register)

ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn  Module function

0 0 0 0 0 0 0 na operation

¥ 1 0 0 0 0 X 1b-bit capture by a positive-edge trigger an
CExn

i 0 1 0 0 a X 16-bit capture by a negative-edge trigger on
CEXR

¥ 1 1 0 0 a X 16-bit capture by any transition on CEXn

1 0 0 1 0 a X 1B6-bit software timer

1 0 0 1 1 a X 1B6-bit high speed output

1 0 0 0 0 1 a 5- bit Py

1 0 0 1 ¥ a X Watchdog timer
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