Digital electronics essentials



3aHAaTne 10. AKTyaTopbl

[BuUratenu - KONNEKTOPHbINA, AaCUHXPOHHbIN. CXembl BKIOYEHMA U peBepcupoBanua. MHBepTopbl (BLDC driver, ESC).
HarpesaTtenu. UICTOUHWKM CBETa, 3BYKa.

MpakTnuKym. C60pKa Cxembl ANA PEBEPCUPOBAHUA ABUraTENs



Recap?



Recap?

* MMKPOKOHTpOANEpPDI
* AVR
* CeHcopbl

* YctaHoBKa VS Code, Platforml|O
e PaboTta c FastLED



Arduino un ynpasseHne HarpysKou

* NPN-TpaH3ucTop
* KoadpPpunumeHT ycmneHunsa no Toky! Imax = 10ma Ha nopt

* Mosfet menkuin (2N7000, NDS355)
* MOSFET mouwHbIM Yyepes nyw-nyan apansep
* ULN2003

* L293 n npoyune ctennepsl



ICNO/IHWUTEIbHbIE YCTPOMCTBA

* [103BONAIOT B3aMMOAENCTBOBATb C BHELLHMM MUPOM, MEHATb €ro
* UIHPopMUpPYIOT NONIb30BaATENA
* MOHO 4TO-TO NOABUHYTb, HAarpeTb, OCBETUTb
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CepBOMOTOpPbI

* YcTponcTBO Ana npeobpasoBaHMA LMPPOBOro CUrHasaa B yron
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®ann -> Npumepsl -> Servo -> Knob

#include <Servo.h>

Servo myservo; // create servo object to control a servo
// twelve servo objects can be created on most boards

int pos = 0; // variable to store the servo position

void setup() {
myservo.attach(9); // attaches the servo on pin 9 to the servo object

}

void loop() {
for (pos = @; pos <= 180@; pos += 1) { // goes from @ degrees to 180 degrees
// 1in steps of 1 degree

myservo.write(pos); // tell servo to go to position in variable 'pos'
delay(15); // waits 15ms for the servo to reach the position
3
for (pos = 180; pos >= @; pos -= 1) { // goes from 180 degrees to @ degrees
myservo.write(pos); // tell servo to go to position in variable 'pos'
delay(15); // waits 15ms for the servo to reach the position
3



KonnektopHbin (DC) aguratens

B K[ AaHHbIN SneMEHT
KOHCTPYKLUMUMN NCNONb3YyeTCA ANA
nepekatyYeHns obMoToK 1 B
KayecTBe AaTYMKa,
NO3BOJIAOLLEro oNnpeaenTb
nonoxeHme akopsa (potopa).




KONNeKTopHbIN ABUTaTENb

¢ ,ﬂ,BVIFaTeJ'Ib MOCTOAHHOIO TOKa C Kﬂ,caneKTBOMaFHVITHbIM BO3OYyKAeHMEM
KOMMYyTaumnen obMOTOK poTopa WETKaMM
U KOZITEKTOPOM

» Obecrne4ymnBaeT BbICOKYIO CKOPOCTb
BpaLleHus

KonnektopHei ABMraTens

Crarop

* Jlerko peBepcupyeTcs
* Mo<eT bbITb reHepaTopom




KONNeKTopHbIN ABUTaTENb

* MarHuUTHOe none CTaTOPa MOXeT CO34aBaTbCA
* [TOCTOAHHbIM MAarHUTOM (ABUraTeNM NOCTOAHHOTO TOKA)

* DNEeKTPOMATrHUTOM (A0MYyCKaOT BKAOYEHNE HA MOCTOAHHOM U
nepemMeHHOM TOKe)
* NocnepoBaTesibHOE BKAKOUYEHME: MPU HU3KNMX 0OOPOTaX MOMEHT PacTET
° I'Iapanneanoe BKAKOYEeHne: MOMEeHT HEU3MEHEH

* UmeeT HanboNbLLMNA MOMEHT NPU cTapTe => 060pPOThI
cTabnnmsmpytoTcs B panoHe onpeaenéHHoro Ymcaa B
3aBMCMMOCTU OT NPUNOIKEHHOTO HaNpPAXKeHUs

* PesepcmpoBaHme K ¢ NOCTOAHHbIMU MarHUTamMm BbINOJIHAETCA
CMEHOM MONAPHOCTMN NUTAHMUA



O6MmOTKM poTopa

Konnekrop



beckonneKTopHbIN (CMHXPOHHbLIW) ABUrATENb

e Ob6blYHO paccumTaH Ha 3 da3bl
e WVmeeT HaMbONBLLIMM MOMEHT B pariOHe ONTMMaibHbIX 0O0POTOB
e YNpaBaeHue cBOAUTCA K CO34aHUI0 N-PA3HOIo NEPEeMeEHHOTO TOKA

3a/1aHHOM YacTOTbl

> C NOMOLLbIO YAaCTOTHOTO NpeobpasoBaTens

o Mopgenuctbl Ha3biBatoT n3 ESC (electronic speed control unit)



LlaroBbi ABUraTenb

* becWwETOYHbIE ABUraTE/IN NOCTOAHHOIO TOKA

* [Mpn nogaye Ha 0OMOTKM ABUTraTENA UMIY/IbCA HaNPAXKEHUS
NMOBOPOT ero poTopa OCYLLECTBASeTCA Ha HEKOTOPbIN Yron : war

* Hanbonee pacnpoctpaHéHHble warn —15°, 7.5°, 1.8°n 0.9°
* lllar He 3aBUCUT OT TOKa
* MOMEHT 3aBUCUT OT NPUNOKEHHOTO HANPAXKEHUA N => TOKA

* MoMeHT BpallleHUA poTopa LWaroBoro ABUratens, B OTM4Yne ot
OCTa/IbHbIX TUNOB ABUTraTeNEN NOCTOAHHOIO TOKA, MaKCMMa/eH
Ha MMHUMANbHOM CKOPOCTU BPALLEHUA






YnpasaeHue /1

* BapnaHTbl ncnosIHEeHMA 0OMOTOK
LLAroBOro AuraTena: a) YHUMONAPHbIN;
6) bunonApHbIN;

B) YeTbIPexobMOTOYHbIN

* B nepBom cny4yae MOKHO NOAKAOYUTD
CpeaHUe TOYKM K 3eMe U NOoYepEaHO
nogaBaTb MMMNYAbCbl O4HOM
NONAPHOCTU Ha KPanHUE BbIBOAbI

* B BapmnaHte b Heobxoammo
nepeka4YaTb NONAPHOCTb OOMOTOK




YnpaBaeHune ABUratenamm

* KonnekTopHbIn ABUraTenb TpebyetT U3MEHEHUA CUIbl TOKa ANA
M3MEHEHUSA MOMEHTA; 060pOTbl ABMUTraTeNA MOTYT CHMXATbCA NoA,
Harpy3Kowu.

* LLlaroBbi aBuratenb TpebyeT paboTbl B 4 TaKTa (1Mbo bonee)
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BonHoBOM pexxum MoAnHbIM war Monywar



ULN2003: ogHONoAApHbIN ApanBep

* MOXEeT NPMMEHATLCA ANA KOMMYTaL MU YETbIPEX Lenen cpeaHemn
MOLLLHOCTH

* Kak npumep — ana KommyTaLnMm oa4HOMONAPHOIO LLAroBoro ABuratens
(c 0bMOTKamm ¢ 0TBOAOM)
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DC-nBuratens. PeBepcupoBaHme

Reversible DC Motor Using 2 SPDT Relays
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You can use two SPDT relays 1o reverse the direction of a
DC metor using for example cur CI027 or CI028 relays boards
Please see www.quasarelecironics.co.uk for details.



H-MOCT

* [lpumeHAeTCA ANA peBepcupoBaHUA
(cmeHbl NONAPHOCTU) Ha
Harpyske

* B ponu Kntovem ncnonbytoTca
bunonapHble nmbo MOSFET-

S1

S2

S3

S4

TPaH3UCTOPbI, 3a4aCTYIO
cobpaHHble B BUAE MHTErPabHOM
MUKPOCXEMb




L1293 1 L298: aBynoaapHblie ApanBepbl

* B otimumne ot ULN2003, yKazaHHble MUKPOCXeMbl He TONIbKO
3aMbIKalOT U Pa3MbIKatOT Lenb, HO U MOTYT MeHATb NONAPHOCTb

NOAKNOYEHHOM HArPy3KU

* => MOryT pesepcuposatb 2 K4 van 1 WA
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paMBepbl WAroBblX ABUraTENEM

* A4988, DRV8825 — nuetca no Ha3BaHuto Stepper driver

* Heob6xoammo ymntatb gatawmnt Ha UMC (mmMKpocxemy)

“Allegro-

MicroSystems, LLC

e
A498¢8

DMOS Microstepping Driver with Translator

And Overcurrent Protection

Features and Benefits

= Low Rpgony outputs

= Automatic current decay mode detection/selection

= Mixed and Slow current decay modes

= Synchronous rectification for low power dissipation
= Internal UVLO

= Crossover-current protection

= 3.3 and 5V compatible logic supply

= Thermal shutdown circuitry

= Short-to-ground protection

= Shorted load protection

= Five selectable step modes: full, 1/, 1/, /g, and /4

Absolute Maximum Ratings

Description

The A4988 is a complete microstepping motor driver with
built-in translator for easy operation. It is designed to operate
bipolar stepper motors in full-, half-, quarter-, eighth-, and
sixteenth-step modes, with an output drive capacity of up to
35V and £2 A. The A4988 includes a fixed off-time current
regulator which has the ability to operate in Slow or Mixed
decay modes.

The translator is the key to the easy implementation of the
A4988. Simply inputting one pulse on the STEP input drives
the motor one microstep. There are no phase sequence tables,
hish freanencv contral lines or comnlex interfacestonrooram

Characteristic Symbol Notes Rating Units
Load Supply Voltage Vg 35 \%
Output Current lout 2 A
Logic Input Voltage Vin -0.3t0 5.5 \Y
Logic Supply Voltage Vpp -0.3t0 5.5 \%
Motor Outputs Voltage -2.0to 37 \%
Sense Voltage Vsense —-0.5t00.5 \%
Reference Voltage VRer 5.5 \
Operating Ambient Temperature Ta Range S —20to 85 °C
Maximum Junction T (max) 150 °C
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[lpavBepsbl WAroBblX ABUraTesIen

Microcontroller or
Controller Logic
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Typical Application Diagram
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* Tam XKe HaxoaAnm CXemy TmnoByro BKAKOYHEHUNA

* ObpaTnTEe BHUMaHMe, ABUraTesib U306 parKEH HecTaHAAPTHO



[lone3Hble CCbINTKU

https://www.asutpp.ru/kollektornyj-dvigatel.html

https://www.asutpp.ru/chto-takoe-beskollektornyj-dvigatel-postoyannogo-toka-i-ego-princip-raboty.html
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