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Abstrakt:
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Abstract:

Diploma thesis describes problems of hardware periphafs simulation and
automatic code generatipmappliedin the development of embedded devicesing a
method of rapid prototyping. The hess discusesthe advantagesand principles of
automatic code generation Matlab/Simulink ad Processor Expewvhile using Peslib
block-set. ThePeslibblocksethasbeenextended by block PWMMC.

Usage and operation tifie Peslib blocksetis demonstrated on an exampletio¢
BLDC motor control proces This task includes motlag, simulation and implementation
of control algorithms followed by automatic C code generafiwrthe target application

controller.
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reprezentuje cieOov¥% HW a SW platfor mu, P

generovanl vislednl k- d.

Real Time Workshop Embedd Coder (RTWEC|3]j e nadstavba RTW,
gpecializowanb®@dkedl vajuaden2. RTW EC umogR
ANSI-C, popr 2@ akd-ed,l SKOt orT je vysoko opti mal i z
n8rol ndssSt aOnoRTSW kE@upodpor uj e gecnerCowadni e
mikroprocesory s fixeghoint afloating-point aritmetikou.

2121Aut omati ck® generovanie C k-du zo

Priebeh automatick®ho generovani aaC k- du
Obr. 2. Po spusten? generovania k-du Zo Si mt
si mul i nk o vMgdel.msldl® my YNodel.rtw S ¥YNbodet.rtw obsahuje
hierarchick¥% §tr ukt %imulinkdvdj @ bh®me pb sivalgy wtmind
prepojeni ami potr ebnT cTargetk Lanuade {Corepiten (TLEp r a c o
n8§sl edne s poda.awizkde oy Whor vyt vor2 C k-d odpov

modelu.

Ovplyvni S sptsob generovawbmavépltedbh@ho C k

e Vytvoren?2nsywltest ntGahkoget T séubpryvRuje cel k
generovan®ho k- du

e Vytvoren2zm vliastnlch TLC sYiborov prir e
generovan?2 k-du. Wx@&e@kear orvialn 1 sniool@avdu - dso m
2.1.2.2

11



Simulink model

Matlab <> Simulink < Model.mdl

Real Time Workshop
A 4

Real Time Workshop Build

System.tmf
—>

Model.rtw
\ 4
T?rgket il Target Model.c
Block TLCfiles o1 | anguage | »  Model.h
compiler Model_private.h

Obr.2Aut omati ck® generovanie C k-du zo Si mu

Spusti S automatick® generovanie k-du zo Sin

e stlalen2m Gdrnearldtdd azgAoghk eeTV AReaWor kshop

vsi mulinkovom dial  -govom okne AConfigur a
e stlalen2m kIl §ves osimalipkowork maglélek y ACt r | +Bo v

e zadan?2m pr2kazu AretewbhuiohvomoémMadel Mpihil abu

2122TLC s ¥%bor sautemasilekdynigener ovanl m C

Prostredn2ctvom TLC s¥Wborov je mogn®
prebehne generovanie visledn®ho C k-du pre
sYbor definuje,akaok® t|vaasrtei ska- douudas vwkidadas
vygenerovanej aplik8cie. Jedggenec®Fland @ik a
je zn8zObrB.en8 na

12



Simulink Block PWMMC.TLC

— L %function Outputs(block, system) Output

_.. @ —

— — %assign BeanName = block.ldentifier

FinihAbd C
%assign ul = LibBlocklnputSignal(0, ™, ", 0)
%assign u2 = LibBlocklnputSignal(1, ", ™", 0)
%assign u3 = LibBlockinputSignal(2, ™, ", 0)
Generovanl C k- d I* %<Type> Block: %<Name> */

%<BeanName>_SetRatio16(0,%<ul>);

/* S-Function Block: <S1>/PWMMC */ %<BeanName>_SetRatio16(2,%<u2>);
PWMMC_SetRatio16(0,bldc_7_gen_B.Add[0]); %<BeanName>_SetRatio16(4,%<u3>);
PWMMC_SetRatio16(2,bldc_7_gen_B.Add[1]); |~ %<BeanName>_Load();
PWMMC_SetRatiol6(4,bldc_7_gen_B.Add[2]);

PWMMC_Load(); %endfunction

Obr.3TLC sW¥%bor s vygenerouwirkmT m C k-dom zo Si

2.1.2.3Nastavenie RTW

Ak chceme vygenerovaS zdrojov® k-dy Sim
potrebn® ¢giaalhmgovemvokne AConfiguration Pa
na Obr. 4. Nast av e rch $olvey OptinfalizatignkH8rdware Implementatiora
RealTime Workshopm® gu ovplyvni S chovanie simulinko
gener ovan? k- du prostredn2ctvom RT W. Pod
parametrov |dokumentg hkRTWR]Ej sS v

Vr8§mci diplomovej pr 8§ce bnastavepiamippriaretroRTW t ar

e Solver Pri geder ¢\eannut kp®solvewa sdtaanveijS zt8l o g k e
AFisedmidpevedaj %cou perPir-idosi muz o8rcki v ami
pougitl -atgpsoWerr i abl e

e Optimization Nastavenia @[ a n e j z8l ogke ovplyvRuj¥% vI
k- du. Oproti ptvodn®mu nastaveniu som
ktor8&8 odstraRuje nepotdebn® Bl mklyi pkov @h
Docielil som tim mognosS poug2vaS bloky

ci eOovom HW k ukl advainz walvied§di22n. ur| enT ch

e Hardware Implementatan def i nuj e ci eOovli HW. Pougi't
16 bit Geneg Embedded Processor o, AByt e Or de

i nteger division rounds to: Undefinedo

13



e RealTime Workshap Nast d wgrkiya s28 z .4 Pondesn @t m® |
nastavenie cijfosw@myeTarfgdteu peert.tl cbo

®ho k-du AlLanguage: CboO
5, Configuration Parameters: bldc_7_gen/Configuration (Active) x|
Select: Target selection =1
g;:; o System target fle: [peert ic Browse...
—: =
<+ Disgnastics Desciiption:  Embedded Target for Processor Expert (ieakime]
Sample Time
Data Validity Documertation
Type Conversion
Conneciiviy ¥ Gensrate HTML isport
Compatibiity ™ Launch report automatically
Model Referencing ¥ Include hyperfinks to model
Model Referencing Buid process
Tomments TLC options |
Symbole Makefile configuration
Custom Code ¥ Generals makefle
Debug
Intedtace Make command:  [make_itw
Code Style Template makefile:  [peert tmf
Templates
Data Placement —
Data Type Replace,, | Custom storage class
Memory Sections ™ Ignare custom storage classes
Processor Expert op. ]
= HDL Codes Generale code only
Global Seflings A sty SoKiD el =
Ok | Coe | mee | ey |
Obr.4Di al - gov® okno Configuration paramet e

2.1.3 StateFlow
StaeFlow[4]j e i nt e@d alofj owhy A§skt rnegdeurolveanni u uc

riadenlich ismplt@®movt §ck 2 danlTch syst@mov seé
automatov. $omocou StateFlow grafu je mdou®tdwp
udal os Sami riaden¥ | ogi ku, z kktdorzenj Ssanud 8 r
prostredn2ctvom RTW. StateFl ow grafy s¥ refj
parametrov ktor® m!gu mat vstupnl, vIistupn
medzi stavmi m:gu byS povoOovan®,bwpMppémad
prostredn2ctvom dopl Ruj %cich podmienok.

.) stateflow (chart) bldc_3_gen;/Controller/SwingFilter * _1o1x]
Fle Edt Vew Smulaton Took Add Help ~

ST L RSB |es (28> 1 = (e BRAO R

.................................. Exdint_UP
[Fr_out=20] A
oy StateFlow Editor
TimerTick
[Count<Delay]
{Count++}

[Count==Delay]
{Count=0;}

I
DoMNotTrigger
i)

input events ()

Dalay E}I Fr_out

p BB EEF|e @

SwingFilter Extint_DOWN
100% [Fr_out=-20]
............................... | Fr_out—}
................................... 7]
4 I»]
|Ready

Obr. 5 StateFlow editor
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Strudsiup vautomaunSiateFlaweditore
e vyberemeasl o0g2 me StatemMUbwnkbok&kpy sgoh®my.
e 0t v o BtataRlew blok pomocou ModElxploreru.

e zadefirujemevstupr® , vistupn®, ludka8 lorsd | p rvesmeumpu® Ya

(event).
e pr i dapomenuemst avy konel n®ho automat u.

e viogémecnl prechod (Default Transition)

automatu.
e pr e p A auoma pomocou prechodov.
e nast gpedmisnky prechodov:

o Prechody povoOovan® prostredn2ctvom
ng§zvu udal ost akpeaodu. €nExtlot vDOWN p o O

o Dopl Ruj %ca podmi enkaav mpr escah owdkul andegd zd o
poaO prechodu, do hr[ermoat20lch z8tvoriek.

e zadefinuemes T po|l ty a akcie StateFlow automatu

o Vipolty vykon§§van® pr.i prechode med:.
text pwa®hpr echodu, do zI|{fmowewj.ch z8&tvor

~

o Vipoltyawn®kem§v z ot rodclode?zo stapuradtamato j¢ e  a
T

mogn® zadebimopecvaS rezerazoowvanvVeh sadl cl
t e xt ova®hdoa np®hOo Emstry: akeiay DurirRyrakcia; Exit: akcia;
2.1.4 Fixed-Point settings
N8 st r ojPointFsetkingsdr o z @i rsughopnost. Simulinku

anastavovan? parametrov syst ®mov fixedpoimr T ¢ h
aritmetike. Fixed-point aritmetika pracuje Is 2 s | s madefinovaou fixnou p 0 zo#& c i

bi nSlrineekik gr 8 rozdeOwma ecdli &urlao b lelcaa@point

| 2sl o je breyr akde® MEB pr edst avhuijres rihrbghveh z n a
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LSB najmenejbivhgmidedn, biBti nary Ipion §rrkeijr | uj e
WS urluje dOgku bin8rneho | 2sl a

| Be 1 | buws n | -+ | B5| By bs | 05| b1 g |
MSB w LSB
Binary point

Obr.60becn®pdi we[tB] 2 sl o
Hodnot a 16 nbignedoRx&@Hpant Indeger sbi n8&8r nou Il i ar
rozdeOpj &mem rBYitov celej @a | o mk ov emi§ |maasxtiim&8| nu hooc
V=22%(2%-1)=2559961sr oz| i govac o wVv=0008a Pra k6 DitSigued
Fixed-point lteger b y dan§ poz2cia bi n8§rnejozlmearzRRy

V =(-128 +127996} sr 0 z | i pax\haopmAY s GAD3IE.

Nastroj FixedPo i nt n&m uOah]| uj dixegpoidtantmeskou, Biy st ®m;
nastavovan? schopnpstipi oguogvzavce2 ncThe h  vpl rpeonh et nonPlainthF i ax e d

Ng§stroj umogRuje previesS simul ciua si mul
ami ni ma jednotlivich vipoltov. Poa pslkioknolvean®
nastavenia jednotlivich vipoltovich bl okov
schopnosS bez rizika pretelenia pri arit

kpoug2vani u -madisntr ojjea nGidxe® n8§j sS na

2.2 Processor Expert

Processor Expert (PHP]j e n8str oj Rapid Aplication
spol olWNosSSowktorT sl ¥%gi ako nadstavi®w) vIivoj
[10]. Processor Ex penritf i Rk uygdnvopdbBUujBEBW  ast i e
zariaden?2 zalogenlTch na rS8RIEnege ppog&esopoXxr
Yol ohp2san?2m inicializal n®ho C k- du embedd
nastavovan2mgpafiameomowg¥vateOsPEovnyupa ostr
prostredie CW leditovaniu gpr ekl adani u z dv Tog loevd roghg,i &a mloiv

smognosSou programovania cieOov®ho HW.
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bldc_7_gen_mcp I

=l

--._-_'"-Bean Inspector ModelBaseRateTimerInt:TimerInk

Bean ltems Visibility Help < >

I 8 =dm external memary

Files | Link Order | Targets Frocessor Expert |

ey 35> R

(= Cornfigurations

(= Operating System
= CPUs

< (@ CpuS6FaseT
El = Beans

< () PWMMC:PuMMC
/e Extlnt:Extint
B €@ Extintl:Extint

= [A Enable
= [ Disable
B [ Getval
H [ SetEdge

< @ PC_
<+ @ aDC:ADC

PE
uchov§gyv

peri f ®r

extern®

Embedde
audalostj k

pri obj

nastavenia p o s k y t mevta-rsd®y%2ga val SKIEBmpir u

aud al
ParametrdeB s

nastave

Ve Ok

dr uhmi

apliktali2, jedno&Bchnoov@PhiodacS eOoov ®exi PTr 0C Bi6 ¢

projektuP E .

spracov

ci eOov®ho

/ @ GQuadratureD ecoder QuadratureD ecoder

& [E Extintl_Onlnterupt

:PC_Master

osti

Properties |Methods| Eventsl Comment

+ | Bean name

ModelB aseR ateTimer nt

+*| Timer THRAN_Compare TMRAN _Compare
| Counter THAAD TMRAD
= pt zervice/event Enabled
«| Interrupt INT_THRA1 INT_THRAL
+*| Interrupt priority medium priority 1
+’| Intenupt preserve registers yes
Prescaler Auto zelect high: not et
¥ Interupt period === Timning settings failed in high speed mode - it
+| Same period in modes yes
+| Bean uses entir timer no
El| Initiali
|:|./| Enabled in init. code yes
|+| Events enabled in init. yes

Ell CPU clock/speed selection

+’| High speed mode

This bean enabled

This bean iz enabled

+’| Low speed mode

This bean disabled

This bean is disabled

+’| Slow speed mode

This bean disabled

This bean is disabled

Obr. 7 Processor Expert projektsp ou g i t T mi

obsahuj e

aj Y

i 2

tor® sa

ekt ov

a m!gu

ni a

ou vI

podporovanl ©m potrebek zmenyro®oe ®b o ovp.r oc e s

Po
ani e
HW.

EB m! gu
peri f ®&iiret ugl mmdeiszotaoai EHSANe nApagoag n U tM® .
d Beany

Embedded
zme®HOr nedb®, n@bsahuj “aceho

hodou

zmodi f i
zmi env| plrée km& o mp IMia knachi @8 dia e

s kupi nEmbebded Beang¢ E Bt a ksebea ®1 cvh
HW fa® Wm&moigen o ®t i a c ¢th prpcesbpw &ho v an |

maf &mcziad e ¥ 0 p pagvamégRt meutk-t dAr y

m! g u

kovan?2

poug2vas

nastavova$S v

vyug2vani a

Embedde

preddt as®ohwapS pceire GodwrTi ep rp

pri

ori ent ovPamametrs @d magtr laimo Vv alm ZERB OO
v &l @dm? kaSpcli e

sagelyue@n ivapgrogesokmrod gudalosti vyvolandgB.
r @z Mepddze mews@lr &n
BeamMroosc ejses oc¢ h yEbxap es it @ ma |
Prpoaegsoi mExEBTrt

PE | e

nastaven2zakhWl p&r i
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Skupiny Embedded Beanovb s i ahnut T ch v PE

CPU: skupina obsahuje Beany podporovanlc
CPU External Devi ces: skupina obsahuje |
SPI, Beany pre Kkom@3kt8crinu® plod  breordnuilcyi .F
CPU I nternal Devices: obsahuj % Beany r efg
Extern® prerugeni a, Lasoval e, L2tale

SW: obsahuje girok% gk8lu SW Beanov pre

bezpelnostn® knkgingeociecemat emati ck®

2.3 Peslib a PEERT

N8§str o] I ntegr uj ¥Yci do prosgadia BatlabSimiimkesa e s s o

skl atdr8oczh | ast 2:

Prvg klnasg®i czabePpees|lujbe pr epojoeessor&Exerps ost r e

prostred2nmpr 8smukdnkct weraru. PPEPojeGi®© Mynchronizuje

si mul imodel@jehbblokysodpovedaj %ciPB projektom v

Dr uh &, Pedlils Blocksetobsahuje skmugablodkdv ktor

reprezentuj YPEEB Spoourteintu® Tv Bli onwuk § sietHWes h éxg a n

perif®r i 2 mi kr o pr oparareteernastavujenke®vBr T ebdrobnej gi e

podpoo v a nHWbibkovjevnas | eduj “%@m odst avci

Tr et ikn il aRrdsessor Expert Embedded Real Time Ta@EERTt v o r 2

Embedded Real Ti me Workshop Target (ERT) ,

generovara zdr oj ov@®bhoi kkowv®so model u.

Podr obnej gi lResliba@rk BR ™8 ¥ eddéksinmeatgbh ® v

231 Podpora HW peri f ®esliB kni gni cou

Ako ug bol Peslibpomimgmiue¢ &®, obsahuje block set

peri f ®rie mikr deslibblacleseto je m®br.8. Uk § g k a
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g [=TE

Fil= Edit Wiew Format Help
DI2EHE ' BRE|(e2 ¢ |20 BB

) ) ) )
|E| L L\ L\ L\
Frocessor Expert — @‘ I;@t @‘ @‘
e ' i E.IroIT:tre-ls SignTllzer- tors

[Slibrar =lolx| =lo/x) 18 x|

_F File Edit Wiew Format He;/_ File Edit Wiew Format Hj_ File Edit Wiew Format  Help ked A
D|DH§E D2E& y e D EES| aéhmc:/-:p/m_ ...... =

>
) D @ @ D ] D ]
ADC QuadratureDecoder Capture Pt TimerOut  PulseStream FP& FurkamaC
Rez|100% Locked & Re:|100% Locked S Ready 100% Locked S
Obr. 8 Peslibblock set
Peslibblock set obsahuje tri druhy blokov:

e Blok sn 8 z vrogessor Expertsa pri d8va do simulinko:
vytvoren? model u v Simulinku. Danl bl ok
aProcessor Exper tPB @0Mserers[5].rAbydboléd prepojeaien
projektu vSimulinku aPE Ys pegn®, mus?2 o sdiamdl ab Ince

sch®my d ost atPaesliblini §hok mi

e Bloky reprezat ujg/iceendpedhn®®ri e makemaprdkleadr Al
prevodn2ky, || alslo®@aperty2scggmd®l dthkoyr ys | PAYM

ksi mul §ci 2 chovania jednotlivich HW peri

e Blok Method s | Y4¢gviol &ni u met-d poskytovanTch
simulinkov®hml amricej erke fuc Peslipeldmlod Vv i y e mo ¢

vir 8§8mci simul alnej %l ohy.

2.3.2 Tvorba projektu svy u¢gi Reslim k ni § n generovanie
k- dapl i k8ci e
Nasl eduj Yci t ext poskytuj e srakonfigunufe opi s

projekt v Simulinku a PEg o u g Peslibkrm i §.ni c
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Postup:

Vytvor2me novl Simulinka pulog@gekme &a opi a

adress8ra

Pri d8me dReslilpbrloojke kRruocessor Expert, ktor
medzi Simulinkom & E . Po Vvl ogemrza csoav nwoynt vaodrr2e s\8r i
sn &am modelusk t or om sa ukladaj % visledky aut
zo SimulinkovarhroesrBadelsua pwytpwmeo2u ks % dr
predstavuje PE projekt.

Vytvor2me Simupouwmdgiotv®ms ¢ Redliviwokas.d nT ch a

Peslibbloky pr 8vne nakonfiguruj emevegdo £mee proia

simul 8ci e.

Pri dosiahnut2 pogadovanTch visledkov ¢
sch®my nepotrebn® | asti, ktor® nechcemi
zdrojov®ho k-:-du.

Zmen2 mevemasit apotrebnidiml pgpamet rokwmev Con

paramet er s eodstavaReli28t T ch v
Spust2me automatick® generovanie k-du zo

Po Yspegnom vVvylkenaoavnaén i @r okcyeddd/dr § me okno P
Expertu, kde spust?2me Make PE projektu.
k- d zo SidnowllinPkuhoa o vliastn%% vrstvu ot

Hardware abstraction layer (HAL).

N8§sl|l edne ot vor 2 meCodaeNarrisut | B Zse b m psomakt nkc
projektu apr 2 pd.mapu Zavol 8§ me prekl ad zdar 0j ov 1

spust2me projekt na cieOovom HW.
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Simul8&cia
$ PE Com

— server
@ Simulink @ Processor Expert

e Vytvorenie simulinkov&ho projektu
e  Vlogenie Processor Expert PEERT bloku
e Vytvorenie simulal nej sch@ny $

@ Processor Expert Make

. Nastavenie Embedded Beanov ‘

(3) RTW Zdrojov®Kk- dy
Aplication layer
HAL n

v

Target CPU

. Nastavenie parametrov RTW
. Spustenie generovania k- du

Obr.9Postup tvorenia aplik8cieaPE vyugit2m PEER

24 Vi zuali zal n &reeMastest r edi e

FreeMaster[17] je vizualiza| n® pr ostr ediuer | e aea@tisn&kr ane
sledovaniu@ vl §dani u e mbzalldede azlamh kardeepgnr2ocesor oc h

Freescale. Freemaster un®uj e kompni pojeemBlemded zari aden

zbernicu R& 3 2, p O P W datamss JTAG aLPT portu K nadviazaniu

“wspegn®hoesmpegdeeaeda zar i aden %mprogjameFraeaster® vyt \
Vi zualpiojkh bnnall 2t andmi pddeetl|l i vich pam2Sovic
premennlch. Na strane embeSd dPEdprojekia,rpred d eni a

prekladom amahr §van2 m do beariPE Glasie@k at ¢HdyV, ri e CPU E X
Devices

FreeMasteru mo § Ruj e v i z texolve] avgfickej] folnfetsy yw g i t 2 m
sof t war ovl ch(Obrs® iad vls § dpprevOhr.52). Ov | § danely sé
m:ge ug2vateO trvapreogHTaMio vatSr & nky adScgptp or uj Y
pougi vkd re Tt catprépisovaniud § t na sl edo.vBaniogng i 2a riinaf doern
kvytvegrani yrprsEjeaiatetp e mogn®o k §ne[BA. §ci 2
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3 Roz g2 rpeoripeor y HWPgskbrkinfi &rnii 2c e

Vr §nciipl omovej pr8ce bol Pestbog? melbbk mi oc k
HW perif®rie ,RARWMMEpr ddcaendorbolvok predstavuj e
PWM si,gg60 & Pmamedsor Experigr i mg@rineri aden2 trojfgzo

K vytvoreniu PWMMC blokubol o0 nut n® n-Apn&gi amowad 3nusb
chovanie PWM zgekn eard§tl acrha pihG & mibtomrocho d@ o r U j

aut omgeinek®vania C k-du zo Simulinku.

3.1 1 mpl e me n #fudlcie RWNEBVC

Pri i mpl ement 8§ci 2 simul as @®ho dbdodgaS PG
parametrtHW peri f ®r i e

e Vstupom PWMMC beanu PE | e 16 bitovI rdisalsui gned
ue(065535, ktorTm nastavujeme §trrkew nv8l shtoudpnnc

vistupn®ho PWM sV.,gnr66563m8 hodnot u

e PWMMC produkuj ef rPekW feski@m®h?®| hodnoty m? §e me
po zadefinovamePE .poWdxi m&Irnagtaybvaneak ¥ rekny i a
vistupn®WMMQua dab%da frodnot u

| mpl e meSHuni®ie k a or 8 by si mutlroovjafl S&ZVold ®dhwaer €t or
PWMMC,mohl a maS dva druhy realiz8cie:

PrvBogndksttoar 8 sa n8mzpbofkaBanabeloar obn
chovania PWMMC genea §tobsahuj ucaalvn¥wodi mbvTlcch s
skompar 8§t pnem fetooty, vkitsotrulpnbBy gt2w&rd wauld z o
DruhmBo gznost 2 s i nMClgeneBat nokrbao, P %Ms a nj&zna | poogne/hk8a | naa
pol2tan2 strednWMspdsVdupy | wipreejtiddmy\RVdC
blokuby s a vykb a8astavbvaniaevejhodnotyv T s t érgkwencisu f /r.

Pr variamtbyn 8 m s2cesiumolg®ci @ cMCogveanreira8tRPWM
podr obalebotatbyn e Yan 0o s ne qumulavdn®j e Kn e | peri-dy vI
sign§lu by bol 2%lkoko Ktbomu vprkiomalS2 t ame vistu
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PWMMCgenern8asotraaveny¥ naprm&rme dv Inmo |1t60 vkiHzp rao b |
vyriegenie by t Rozkotlicmedsereto paetirkpjememidvanietdruhe)
varianty Sfunkcie PWMMC bloku.

Samotng i mpfemé&ci 8cizaah®Ral a napPkRasmahndlk
met - d Si,oplRismkodstavei2.1vl.1. as S al duokcie yr mv § 8z aj Yc e
vipolet vstupnej hjoad nod ok brhBorkiuo shdamdaEos tow pd
k - dyunkBie s udkspoz2ci?2 na vr$Viogeaepeppwdnizoc 8z v om
Uk8gka funk|lnostjePWNBOwbhtheN® m&k8gke |je na
PWMMC bl ok vstupnou hodnotouy X6 obi8t swaw®hpor el
vistup PWMMC bloku vo formejsettnettkejyehodmpt

double -

uint16 ) > it 16 : @ double double
double

Counter Gain
Free-Running PURAMC

uirit 16

Gaini

Obr. 10U k § gfkuan k | PVOVEMC i

321 mpl emedtLt&cisdboru PWMMC

Kzabezpeleniu podpory automati ckl®ho gen
kni gnice PEERT, bol o piotTle® ps®mgnt.tc ObsahS o d p «
TLC suubdrkijt era®Ctki- du tKadeh®@ ov v ®hedzdroj ov®ho
aplik8cie. Las$S i mpdbeomant pvan ®i ® k TIPGWMMC |
vhasl eduj Y“acom texte. Pl n®@izsprozpPav® B-adyril @
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LasS zdroj ov®h greklogkblWMMCL C s “%bor u

%function Outputs(block, system) Output
%assign BeanName = block.ldentifier

%assign ul = LibBlockinputSignal(0, "™, ", 0)
%assign u2 = LibBlockinputSignal(1, "™, ™, 0)
%assign u3 = LibBlockinputSignal(2, ", ", 0)

I* %<Type> Block: %<Name> */
%<BeanName>_SetRatio16(0,%<ul>);
%<BeanName>_SetRatio16(2,%<u2>);
%<BeanName>_SetRatio16(4,%<u3>);
%<BeanName>_Load();

%if (NumSFcnSysOutputCalls > 0)
%<CreateEverttiandler (block, 0, "OnReload", TLC_TRUE, PurelyintegerCode)>
%endif
%endfunction

Vysvetlenie:

OvlI 8danie PWMMC bloku sa vykow®vVvan¥v¥m f
met - d [ Ao s k yt oRrawesdorc Exertom. Nastavenie v s t aj paunoty
PWMMC sa vykon§8wa -<BganwNarhez rétRatioléboyt e | 2,s| o _k a
uintl6é perioda) pr e kakdhg§lzovwC RWMer 82 @aval an2m met -
<BeanName> load() Kkt or 8 zabezpel 2 a mlai kvol\PAMU e da
g e n e r. Barametex BeanName predstavuje pomenovanie blokuSimulinku. TLC
(Target Language Compiler) zabezppfordhy aut om
snahr aden? n<BgamNarmepzea rpou gi t T vii§mwlvi nbkl covkeyj sc
Parametewstupu<ui>,nahr ad?2 TLC odpovedaj Y%cPms!| d@&nh mi
pr2kaz T L @eateEVYehtidandler vy gener ujegre€j Yke-id prerug
procesorao d pr 20nReb&du pr i ] eho prvhkloancharsita . k -Pad u
vyobr aDernsl na
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4 Popi s demon/gtgrhal ne|j

Hl avnou | asSou di pl omovej pr Beslb naj e uk
demongtral nkijpl Bimolve | Wr 8ci bola dodan§ u
MC56F8367EVM osadens§ DSP procesorom 58F83C¢
prograno v a | i automati cky gener oWPamdson Exkertl om z
Rozhodli sme sa preto vyugi 9 s@idrpkegoromk §1 u

aaplikovali smeibnar i aden2 trojrfiSzdbem®dineg gMWM.r pdugi t ¢
HW prich®&dzZaadlhy dva dr u-hHPgrmanent ntagnet\synchronds M
motor a BLDCi Brushless DC motor.

4.1 Porovnanie BLDC a PMSM motorov

PMSMaBLDC patria do skupiny synchr - -nnych
zl ogerelr manent ni c btatomtao§ n ettroovj i @a budi aci ch c
posunutich o 120A el. Rozdiel vo fyzickej
vsplsobe, akTm maj¥% navinut® a poprepg§jan®
gtrukt ¥Yru vinut?2 neg BLDE. eRekil ogmoi er iscpkd
(BEMF) PMSM mobram§ s2 nwsaav.l BLDC motor m§ trap®zo
Rozdiely BEMF (back elektromotidiorce)s ¥4 z n 8z ®briZ2 n® n a

Stator
Vinutie statoru

——Vzduchov8 medzera

Permanentn® magnety

Obr. 11 Rez BLDC motora[7]
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BLDC ® PMSM &

30 90 150 210 270 330 30 90 150 210 270 330

30 90 150 210 270 330 30 90 150 210 270 330

0 0\ / \

1 NI
30 90 150 210 270 330 30 90 150 210 270 330
oe (0-360") oe (0-360)

Obr. 12Roz | o ¢ e n BL&ODC B EMEM motora [16]

Zme c h achircokzidi el ov PMSM a BLDC vypllvajV¥

riadeniamotoovai ch apli kal n® zamerani a.

Hl avnou ci eOovdu aoPIMBMS s, pozwedyn ® i saarewn ®@me
kongtant n® ot 81 ky, pr2padne pol ohu. S2nnu
svektorovim riaden2m umogRuje icrdgd Pe¢iyowl! ®
kr ¥%tiaceho momentu [7]as%Ney§hodambed @ FEMambd b
vipoltovg n8&rolnosS rigdamdahonfadiyoanpil imki§c i
potrebn® prec2zne polohovani e, uprasdssfost Ru
BLDC motorov s% aplik8cie riaden® na kongt e
vhodmplrekn®mu pol oMhooadd wiowdur ostoead @ gani a BEMF.
BLDC motorov sa vyug2va met-da elektroni ck®@

Nevlihody mecheaonkckej BkDBg s% kompenzoval
riadenia, ktor8& je vipoltovo nen8roln8. Rot
sp2nan2m nap?®tia vgdy na dvoch vinutiach s
mechani ckom komut ovebmedzi BDOT &mod oirak T miRo2@ i mot o
vabsenci ? mechani ck®ho komut 8t or a nahr ad
aprehoden?m f umstotbrono Pti iklasickama DG matore, stator tvoria
per manent n®omagnéewvygra budi aocne8 virag gauetdrapookh® bp
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Nahraden2m mechani ck®ho komut 8§t or u el ektro

(>90%)t nagsnSi gauj e hlul nosS motor a

K riadeniu polohovania fiekvencieot 8§ | RMBM@B L DC j e potr ebns§
vazba od ext ervraljcsc i scehm amdadood endk&  z2 skadami u na
najlastejgie poug? VRE)Y pmxkp a& dne eHta§ nl fromr T regha izaon
u BLDC. SY vypr abceozv amne’n rageniat B&EBhadAM Sk ynotora
Bezsenzorovlimvsavhdphdmpm8tctbrpopaoberaS nebude

Vr §mci di pl omovej pr8ce bola vykonan8 p
PMSM a BLDC motore. Post ukhrome gleasw smadesesmi
motorazd * vodu dos tWNanlogsetji pHW.c8 lapk@ei mozoladati
motorasvyugit2m automati cky geneProcessarnE®pertu k - d u
Simulinkovl model PMSM ntbvtoodnae jk tfogzie bdil p |voyn

je zdokumRmzloolmal Av

411Mat emati ckl popias BLDC motor

Mat emati ckl pof9saBUid®Cr ompderm&chmaniet ¥t as 8

RovnicalPopi s el ektrickej | asti BLDC motor a:
gia = i(2vab +V,. — 3R, + Apo, (20, + D} + D))
dt 3Lg
Gy = (Voo 3R, + 40, (@], 20} + D))
dt 3L,
d. d. d.

==l
dt dt dt
T, = pA(D, i, + D@y i, + D -i)

Kde :
Lol | pr¥%dy tel %ce jednotl!livTl mi ci evkami
Vabs Ve rozdielov® nap?atia aplikovan® na |
vinutia
Ry odpor cievky statorov®ho vinutia
Ls indukl nosS cievky statorov®ho vinu
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Do, Py, e rozlogenie sp?2tnej indukci e el ekt

statorov®ho vinutia (BEMF)

A magnetickl toku permanentn®ho magn
Or uhovsg& rTchlosS rotora

P polet p-lovich p8rov vinut2 motora
Te el ektromagnetickTl kr %tiaci mo me nt

Rovnice elektan&hkepoplhswdAdineotzomi en pr %d.
vinutiami cievok na aplikovanom swoovom nap?@t2hododt &t annap 2 t
zparazitnlch ondappcriatva ecsipervdkk oav an ®IZd: v @d o r o I
zapojenia cievok BLDC motad o h v i e zpdoyp isstua | t2r ekt iie=Rig—ip r Yad u
(1. Kirchhoffov z8kon)k.onfgaaonv8 n8behu pr%du <ci evk
nadob%darz=hdéR.noTt8ut o hodnota |je 2drndcegjtffr @okwe
PWM gener Road @ggeni e BEeMKFt riiec k®bhokcihdw enlat
®,,.=f@,).Priebeh BEMF jObr.l2n8zornenl na

Hodnota el ektromagnetick®ho Kkr %tiaceho n
motorg nahodnot e magnet | jelHo®dlobe @ rodkdio vr otteolr*ac i c h ¢

statora
Rovnica2Popi s Mechani ckej | asti BLDC motor a
d 1
—o, =—(T,-Fo, -T
dtr J(e r m)
déo
_:a)r
dt
0,=p-0
Kde:
o, uhOovs8 rTahlosS rotor
0 uhol natol enia rotor a
o, uhol el ektrick®ho natolenia rotora
J kombinovan8 zoarv&@Sapes S stator a
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p pol et p-lovinotorap8rov vinut 2

T, el ektromagnetickl kr%tiaci moment
T, mechanickT kr%tiaci moment z8Sage
F visk-zne trenie

Popis mechanickej | asti n8m pod8va inf

motora. De i v8ci a uhl ovejje rpircihanoost ¥4merront8o rma Kkr ¥
vyvolanom cievkamii skt amyma,t r2fDanegDed ich§ois
nepriamo Yismern8 kombi nnySa@ge¢. zOmewval| molsd i na

je z8visl 8 na uhlovej rTchlosti rotora.

412Si mul slch®ma BLD& motor

Ksi mul alnTmvyd eboemmnbohel ine§rny sigmulink
vwobr azem®br. 11a Model j e presnou i nterpret8c
Vstupnihiist ugpnTl mi vel il inami s¥% vgetky pr
vpredogl omsdogé$ nawiésm u@ Hal | o€ mkihp Iscomodv.ejV pr
bol vytvor enmodalPMSMimotora i tk@wvT j e zRroXluomeat A v
Pri simul 8ci 2 bol i pougit ® 3r8el8ll, n ek tpoaria melt?
ci eOovl HW uiulFeynzli ki€l neapampamgtwsd nminds®ai &
uv edelab@. v
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——
Yy

Obr. 13Si mu | raddei BLDC motora

Tab. 1: Parametre motora MCG I1B-23811

Charakteristika Kon g t aj Hodnota | Jednotka
Polet p-lovlich dv|p 2 -
Maxi m8l ne svor kov|Udcmax |170 V
Maxi m8id vogrl sd nut 2 m|Ildcmax |1,8 A

Il ndukl nosS cievky|lL 6,8 mH
Odpor cievky vinutia R 2,05 q
Kongtanta Kkr Yt i ac|Kt 0,084 Nm/A
Kongtanta sp@tnej |Ke 0,084 V /rad/s
Z ot rovsadtorar J 0,00013 | g/nt
Kongtanta trenia Kf 0,000 | Nm/rad/s

42 Di gi t 8l ne riadeani e BLDC motor
Ako ug bol oodsgvodmeBhiDC Mtorveae i adi ppr2itp’8j an

v ¢ d gvonk cievkam statora k o mut 8ci a) . Kombing8icp&j] &ji 8vo&
napatia ma n&VOlséd ® p mBojorgekpioc R ®hé jednot !l iv
statora Aby bol ef ekt el ekt rniacjkv®@&hlog 2k r ¥stni aagc2zenheo

magnet i stédto@Pp poOUrut ® pri bl i gne poo @adrAmaen e n tondl cn
magnetov rotora Uk 8gka tvorby ropojCc @athor amagmiep §
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jednotlivich sjveor ko§2acQ@bn a8 Nhad uk8§gke je z
aplik8cia maxi m8l nych BBP®I it¥%d nap?2t2z prips§8

Knap8janiu BLDC mot or cHvmo skaCbip 28 Kot ®a ot r 0 |
vistupn@puizaep2t kevo nfevdV).MToovph®novdakskl ad§ =z
giestich sp2nac2ch prvkov, ktor® m!gu prod
nap8jande Tm&®oo r i adeStep Contolfi7]. rHarmwiswt & k Sibxy ma
generovaS PWM pulzy len 8% whstawwdwHBr@kkaor
el ektromagneti ck®ho poOa rotor a. Gener 8t or

jednotvilist luph v

Ak je frekvencia spdosnawolviestupn®h®, P!
reaguje na stredn¥% hddMVo tgue nep IBiblknavaaomd®@hoov erda

pr¥%dy tel %ceaaviisViamil &tratomci el ektromagne

Clockwise rotation Counter Clockwise rotation

Udc/2
o
|
[
Udc/2
o
[
I

30 90 150 210 270 330 30 90 150 210 270 330

Udc/2
o

Udc/2
o

30 90 150 210 270 330 30 90 150 210 270 330

Udc/2
o

Udc/2
o

30 90 150 210 270 330 30 90 150 210 270 330
oe (0-360") 0 e (0-360")

Obr.14Apl i kovan® svoir ktow®r me prdtiwj pcaeho EM poOa ¢
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4.2.1 Meranie polohy rotora BLDC

Jednoud !l egitlch s¥% ast?2 pri riadetora BLDC
atozd*vodu wurlovania intervalov komut S 8ci e.
vn¥tornej gtm@®ks &umeorzwbmaob@zy Hallovich sc
extern® | RC s eQuadratuya epkr d.dBGadieckvp ®u § ivan2 medzi

dvoma senzormi je hlavhetvom, nager oz di el od HR& |sénzoryenz or
sQuadrature del -Vahef roomaSmcs guodS vaofaZpohohe* vodu
je nutn® pri i nicializ8ci? riadiacehe al go

Quadratur e dekod®rmodmotpolehyro®anu, absol %t nu

HodnotyHalls enz or ov m?! §e ye ¢ Retlibosaoov 20$kuginy Port
I/ O, konkr ®t Wweyvel ansi d / Pr edu gHeanlila spernozcoer soovr
dosi ahnu$S p beanyiza skupinyBEntetuptthd d noty Quadr at ur e L
mo g n ® z 2 ank aPestibBeam@uadratureDeader, zo skupiny Measurement.

42.1.1Ha | | senzary

Hal l ov® gqedSgorzabudovan®n8m gedlkaytmgt¥oria
oabsol htan @ e n2maygalet odd@dtaokr oz mi est neni u st a
vinH82r 0zdeOuj % priestor jeanejgeesilSeksektcae
i dent i fkiorenu gnid,c hv sa danl vekd@aacmignat i dJk@Hh
rozdel eni a | ed haltolamiNSljecnaObis1&.k t \WWIr otvu psHS jehodn o't
vdi git &8l nej foourgntSjieaVl bbdsohppnosS ratorabji S pol

po vipadku nap8jacieho napati a.

Vihody Hallovich senzorov:
e Vistupom je hodnot storakcewkdmsiagtatae ho nat ol eni
e Vistup Hal l ovI1 gramcsokamikoor nouvt Sucrileu.j e

NevihatddyoMdT ch senzorov:

e N2 zkhi govacia schqgprkd 93 §Halaldepeikbimp ha d n ot

predstavuje polet. p-lovich dvoj2c rotor a
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ABC / ABC
[oo1]/  [011]
y 4 P

Obr. 151dentifik § ¢ laehy netora Hall senzormi

4.2.1.2IRC senzor s Quadratured e k o d ®r o m

IRCsenzory (Il ncrement al radi al senzor) p
senzorov, ktor® funguj % na princ2pe gener
posunudgtixwrmS operitdyrer@layvedovan2m k-dovac
svetla @ c h detekciou pomocou fotodi - d. | RC s
vistupnl,channplddBz.ovMechani ck§ rozligovacia sc
dan8 poltom priechodWdenonrgtiraalmea jj 4 eonh ek abn
senzor firmy Agilent Technologies HEEE®B40A06 [11]s5 00 pul z mi na | edn.

kangl . rvd=llie@ngacisanzorajc @ 0 pAnxo5s00D =2000 poz2 ci
me ¢ h a noi tc8kl %k u rotor a. Okrem dvoch kans8l ov
poskytuje aj tret2 vistup, I ndex channel . I

polohy IRCsenzora( j eden pul z na cel ¥ mechanick¥% ot
mer aS f oé¢ 8V maradms00 Hz.

Samotnl | RC senzor n $aohenoomod §s&anniiopm§c
rotoramus 2 me v I st up sefrorgireike Weaphod SItRCS Qe lkdd @t o me
(QD). QDd e k ojde®ri mp | e nmae nHW viarmn@vnmii  \wd8Pmtsm@ e n ®h o
na vIivoj ov edje kdmsBmentuje §dbo dekrementuje hodnot v n %t or n 1 c |
registrov procesorgri zme ne | ogi c kaBh ok amnt§¥last Ap si gngl u
naj |l astej grieesepow@2nvial k egi sporlo2vt aQBR,0i prkeje A p
ot §lradoka Princ2p fungoV andlaz phaiRe€ tawmpuzow @D
dekodj®e oann § z ®@br.aG nT n a
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Vihody | RC senzorov s QD:

e Vysok8 rozligovacia schopnosS.

e Mojos&sp®ho merania frekvencie rotor a
Nevlihody | RC senzorov s QD:

e Strata inforng§ ¢ o peloherotorap r i v Tappa&djkauc ineftosesataa p 2 t i a

e Nutnl vipokéebrppzhase§va komut8cia nap?at

cha LI LT LTI
ch.B |
I,_Zta! pozZCie +1 «:1 +1 +I1 + +'1 :1 K :1 A1 A -Iw 1
PC reset (optional) PC reset (optional)
L %al ot8| ok “ .
Index Il 1

Obr.16Princ2zp funkciQpdé¢ RCdEHoamor a s

422Komut 8ci a BlaDC mot or

Komut Swioa kk oa pétdiotav y t v §jgharmet uj %ce magnet i c
Ako ugs pboonhe npurte®d oyl om pt Exhemu kfungovani u E
potrebujere vyt v &rlae%kt r o mpgen statdracpko® unut ® vektorud 0 A Kk
magnet pokd@draoVnas!| eduj Ycom texte pribl2gime

SV y u ¢ Sixsteprriadeni¢7].

4221Komut §8c i ap dBugHEl Banzorov

NaObr.17j e zn8zornen8 situ8 BLDEL mptoreeMekiok o mut 8«
magnetpo®adasea nach@&kizar e 6. Pol ohaenjoeni i dent
hodnotouABC [1 0 1] Pr i poj e nrama?ialswartuvi@utiaoA az gorm® h o
nap2ti a n a vy tkwe r\eihmewttirao ma gtateravisroeke®4 p o |
Splsob2 me oraptr®d¢iiu smetr u hodinovich ruliliek
p o @toraprejdedosekta5, zmen?2 sa vIistup AB@GDOJ.¥enzor cC
tom momente nast8va komut 8§8ci a.naSverkuvikubav ® n ar

B sa pripoj2Vigpedmi® waltpd @atoagnileevismeke® h o
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3.Uholmedzi magnentstamiamoorapad Ozv i gi zdRoBOA Nal )2
pokralnajt&| anl edeks me map o &atora krehtoOad kombi n
jednotslviowTkmmmpe h2 prBLRPCSnom T cphr ek j ednot |l i v® h

senzorovj e zaznalabe2nanil v

Obr.17St av pripojenich svorkovlich nap2t2 pred

Tab. 2: Komutal n® sekvencie BLDC motora

SektorVTSt”p Hal |l ov[Pravotoliv|fdavotolivsg
A B C f8z|f 8z|f 8z |f 8§z |f 8§8z|f 8§z
1 1 0 0 NC [-U [+u [NC [+U [-U
2 1 1 0 +U |-U |NC |-U U |NC
3 0 1 0 +U  [NC |-U [-U NC |+U
4 0 1 1 NC |+U |-U NC |-U |+U
> 0 0 1 -U +U [NC [+U  [-U [NC
6 1 0 1 -U NC |+U |[+U |NC |-U

4222Komut §ci ap dBBULPIRC &s8@D

Vyudivva hodnoty Hallovich s¢rdooduchige ek
pri hod@Dd &8lcdd P m i vy ugQ@Dvdeerk2o ¢ ®o amudttn® sl ed
vkt orej poz?2ci 2posrao vnnagkvhe§Sihzead er dott aasi hiraancam |
komut S§cutrd @Bket orom zo giestich sektorov sa
poQ@uaora Pr2klad ohakdomuugtiup “oiap2tp> | pveé mimot
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dvojicami je naObr. 18 Pre BLDC motor s dvom# - | o vdVojicami nE  j edn a
el ektrick8 maxm8l ka hodaoaz2000Q00r)eeg i sudnoa® z
dtvodu nul ovpaS pQDe srieachinsuttr2e t ejto hodnoty.

584 416

Obr.18Hr ani ce komut §cie s vyugit2zm QD

K urlovaniu | asov®hesvym@gme #tmu hleamuwdtEci @

pristupovaS dvoma spt!sobmi

Prvisp?®sojboomcyklick® porovn§vahiagcamho dn o't
k o mut 8zciiseS oa &tordnmzo sektorov elektik e | ot 8| ky s a akt
naam8Zt ejto i nform8ciTab. lsjaedngppddEhpodOati S

nastavovanilch motoar kovich napat?

Drulsip! sobom Zias®on®dmod mt u k ¢ mutzsBaclicegenl
vwol an2? pr er ugod@Dpar ip rdoocsei sadhrnamut t2 8 chirea.n 2Rost up
zn8zor OerddVmravom kroku sa nastavia svorkove
magnet poO®horovmok«kgmirTsn z v¥matda Tgkonpv
na zabelmw kprogramu, pri i nizn@&megz8poz2ciKeaN
sa dva Compare regist@D na halnoty, vk t or T ch bude v pracesbrach ® pr e
QD.Vdruhom kroku sa vsypguwsotr2e nt3 ienh kp@alhddm @ hoefa
poleper manentnl colora mages8omv kripkakr cslaen@®Dd hodno
registrajednej zh r an?2 ¢ kvgval@ipg r8ecnieegraczesora. Yk osak omut 8ci a

svor koap otz | sednl m novl shhoadi@mparaegistrovQD.
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Prvprzstupov jvel pno8lrtod vnie j la# zd apar codcue scoyrkal i ¢ k
Spwug Pamiced¥r y mtamamuFBekeencia sp¥%gSania pro
druhom z pr2ataugawe kjve naga? i ©lt 8 | m§rdjamm §reo | mesn

na vIipo| bcesorh | as pr

Obr.19Nast avovanie Compare registrov QD pri detf

4.2.3 Meranie frekvencieo t 8 | BLRC rotora

423.1Mer ani e frekvenscpeu@iREA®X r ot or a

V T tspnou hodnotouQD je poloharotora Pri per i olds tckkpun QDB t
m: geme z2ska$S dkidrepmtegnecmeu jpeod noohdyu, cRemicaB o d Oa v
vypol 2taSof gkthkemrkwdnmwarjeg §vi sl § na pnama - de v
zmenepolohy rotoraanaroz i govace,] schaoPnbstomit &Cspesabe
frekve nci e sa nevyu®HAIW ajalkk ov ysn¥p gperneorsut e ni a . TTr

zaSagen® va|gotuatch® btoaic farkkioky mer ania frekve
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Rovnica3V1 pol et frekvencie rotora pri cyklickom | 2tan?2

AK
Tclk : N1

f =

[HZ]

RovnhicadAbsol “t na chyba merania frekvencie pri cyklicko

g, =025 Hz T, =2ms N, =200C
Kde:

f mechani ck8 tfSleatondean ci a
T, |l asovs§ kongtanta cyklick®ho merania f

Ak  diferenciaQDregistrad posl| edho@ifoty | 2t ani a
N, rozl i §cwa gRCasensora

Aaluganognos Sou mejrea npoal 2fjreedkiveejnicaneea hani c k e
rotoraindikovanejs i g n fitlern ZIRC senzora Pr 2 p ad mpe r melsytnepm T ¢ h
si gn 8dBaziRCgenzoraKp otl @ ni u | as uCatuee tedagn VkyrRegibnd c e
kt oorbisahuje nalpobd@d@daPe Gicowin§2 tmbdhey &Sn @iga
60Mhzpr e danT pr olcee snoorg n5@ Fr8a3kéorn f i gur ovaS Cap!
prerugeni al Pt alpap epet e deamee/lk @ g 2 c k e j hodonoty s
si gnTgd ku®t o frekvenaiesiae vyznal uje vyshkhkou8 preésns

hodinovoms i gp &1 $t an®ho | 2tal om
Rovnica5VT pol et frekvencie rotora od sign8lu Index, I RC
16
f=2 L [HZ]
Tlvlaxlnt'k
Rovnica6V1 pol et frekvencie rotora od sign8lu A, Il RC sen
2% -1
f=—2 = [HZ]
TMaxInt'k'NZ
Kde:
f visledng8 frekvenci a
Ty | @Strepoahak2taniu plnej hodnoty | 2tal a
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k hodnota registr&€apture beanpr i vyvol an?2 prerugeni a

N, pol et kpawnlBzR&senzora

4232Mer ani e frekvencscpeuoittti mkHallk osanz

Princ2p merania f rHaksemomii € rmd\8n oIRC r ok o r |
senzoroch §D.Svyutg2z2 m Capture beanu je mogn® sl ed
Hall senzorov aner h &8s medzi | ednotrhotoraINBis | kdumpt § ei &
jednoduch® spol2taS vi sploeddoa¥:RdemBakhwue nci u r ot

Rovnica7VT pol et frekvencie rotora z |asovich intervalov
f:—zm—1 [HZ]
6P Tyaunt - K
Kde:
f visledng8 frekvenci a
Ty | astepal k nal2taniu plnej hodnoty | 2t
k hodrota registra&Capture beabpr i vyvol an?2 prerugeni a

P pol et p- |lstatolach dvoj 2

424 Requl 8t or frekvenci 8LDECt 8] ani a rotor e

Regulsaclhngma BL DG montSazr@brr2@ K @gulavaniuvot 8| o k
BLDC bolprrmpoudr dinotneSgireag un(P8 sobmedzen2m vistup
Wind-up). V1 st u Plame gau Ib®tlcar anast avovang stredn§ ho
mot ora, prostgedarBitwjomg zP20WM g e Peslibign iod n iPaMM
reprezentovani blokom PWMMC. PWMMC bean r e:
65535 Z toho dt!vodas banty Wisdopiobme@rzeniePlr egulngt or a
hodnotuNB2767

RovnicaBPopi s Pl regul 8sovejoblasi di skr ®t nej | a

u(k) = up (k) +u, (k)

Up (K) = K., - (k)
U, (K) =, (k=1 + K, -e(k)
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Kde:

uk) je vistup Pl regul §tor a

u.(k) jepropoci on8l na | asS vistupu regul 8§tor a
u(k) jeint egralng | asS vistupu regul 8tora
K. Jjeprgpoti on8l na kongtanta regul 8tor a

K, jeintegraln8 kongtanta regul 8tor a

ek) je vstup Pl regul 8tor a

¥ reg. e H-most?k
>@ »  Plreg.
¥ act. _f
Iy
Akt'u§lna —»  Komut§tor —» PWM
pozZcia rotora geners§tor
Obr. 20P | regul 8tor frekvencie ot8lanie ro
43 Pougi tlT HW
Vr § mci di pl omopejy gkipel§tcev amaliW,apki b§eini

~

zvIivojovej d o s k y[12\oSalebdf [@atesardm\b8F838Y, nadstavbovej

dosky Legag Motor Interface Daughter Cafd3], v T k o n o v EVM Mbter 8&ard

[13] amotora MCG 1B-23811 [14] sIRC senzorom HED$S640A06 [11]. Podr ob n ®
gpecifik8cie |jepaotmioigwni@crhm §loayStree jSHMyzk wcnk ®
nastaveniea apoj eni e jednotl|li v®RPo2 HWhpe Czdokument
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Obr. 21V T voovj § dMCSB8F2367EVMsv T k o n o v o uBLD@ mofooom  a

431V1 voj ov § MCE6F8I6EEVM

Vivoj ov §MCHGF8387EVM[12] od firmy Freescalg e osaden§ digi
sign8lnym procesd8l,&mo¢(P®PBP) vVBEBLFEBBGAEE gtrukt %
Obr. 22 HI avnou vihodou procesor a j e j eho %
smnaetyoml/Oper i HEaVAL M poug?2vareinoin gpg ehadl n®¥: i a/hi
PWM g donye QB deko®r , pADevo,dn®Qkwd. Pioéesoa bbsahuje
aritmetickol 0o gi ¢ k ¥ (ALE)dunrod gkRiupj rvecvus d z a S/ 16vhit Signed y
Fixed-point Integer Tent o f ak't treba boa$S né#ébortavajhy §tp
programy pr nastawaVagdvace,] Yar ov ne jednot !l i v]
n§st r osimulavanikk anastaveniuv i pol t ov e | presvpo ®tsit r ead 2g
Simulink, jen 8§ st r eHointFi x e d

HIl avn® wpaskwnbev ap®esmadara367®r i e
e Vipolt onl dwl 660 MIPS pri frekvenci2 proce
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Vikonn® 16 bit o568)0E i ad ony eardoudsi| ihgevadr
architekitmulet 8nny pr2stuprdor amoc$®, m2xsd

16x 16 phraldlnvgs &afli6¥16 bit paraleMultiplier Accumulator MAC)

I nt &r o §r a mo 6B KB Alasif, KB RAM32 KB BOOT ROM

I nt ®8n®vE§ pam2S: 32 KB Flash, 32 KB RAM
2x6 kans8l ov PWM
4x4kang§ldvbitopienodndPkoyv

2XQuadr at ur(@uadratuee IDecdd@ry

4xQu ad | ea(@uadvTarer)

2xFlexCanmodulf vyhovuj ace gtandardu CAN 2.0 B)
2x SPI (Serial Peripheral Interface), 2xSCI (Serial Communication Interface)

2x vyhradenl vstup extern®ho prerugeni a
76x univer z§l sy uphv eticwgsoran(Gemal Purose 1/0)

JTAG/IONCE'T rozhranieprwrglram® v &ni u, neinvsgzn

adebugovaniu aplik8ci ?

Obr.22Bl okovg8 sch®ma 56F8367
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