HNY « MU »
npeacraBafer yuebHbIN Kypc:
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Nlekuma 1.1

O630p apXMUTEKTYpPbI N COCTaBa NepuUPepUmHbIX MOAYyN1EN MUKPOKOHTPO1EPA
K1921BKO1T.

CpaBHeHMEe wu3genua c baAnKanwmMmu oTevYecTBEHHbIMU U 3apyDOerKHbIMU
aHasoramu.

OTpenbHOe paccmoTpeHue nepnPepumnHbiX moaynen, npeaHasHauyeHHbIX AN
YNPaBAEHMA INEKTPOABUrATENEM.

3HAaKOMCTBO C/lyllaTesied Ha NpPaKTUKe C CYLECTBYHOLWMMM OTAAL04YHbIMU
naaTamum Ha 6ase K1921BKO1T n nx BO3MOXKHOCTAMM.



TeHaeHUMM Pa3BUTMA BCTPOEHHbIX CUCTEM
yrnpasaeHuna Ha npumepe MR Texas Instruments

F2837D

[Mpon3BoANTENBHOCTb

[locTaTo4yHas NPon3BOAUTENIbHOCTb

F2833x

TMS320LF240xA

LreHOUTIHHAG niaHRoLeLIOT]

TMS320F240

MNepudepunfibie ycTpomncTea

LUAM + aTynkun

Yny4lleHHbIN Ethernet +
nonoxenusa + AUI LM USB

CAN



[Mpon3BoANTENBHOCTb

MukpokoHTpoiep K1921BKO1T
ARM 100 MHz (HUW3T BopoHek)

JlocTaTo4yHan NPou3BOAUTENbHOCTb

F2837D

F28M3x

IE.I.Z); ;

F2833x H K1921B

~
o
-
-

F281x

TMS320LF240xA

TMS320F240

UM + JaT4ynKkm

CAN

nonoxeHua + AU

o d

LreHOUTHHAD wni

MNepudepunfibie ycTpomncTea

Yny4lleHHbIN Ethernet +
LUNM USB



Anpo ARM Cortex-M4F

FPU

KoHTponnep BHeLLHel namMaTu Cocrasn
(SRAM, PROM, NOR Flash) K1921BKO01T

o3y
192K x 8

OrpomHoe
KOJIMYECTBO

MamsiTb nepudepuu ¢ Ipom
fporpamMm Cortex-M4F
100MI 11

Flash
MM x 8

Ethernet 10/100 M6ut/c FAslCLENELIST
KOHTpoOnnep
DMA Nonb3oBarenb-

USB 2.0 OTG Cléa:KFlagh OyYHKIIMOHATIBHO
" X TOJICH JIJIs1 JTFOOBIX
ocT
AHB AP s neKTOpIROAA
U IpeoOpazoBaresnei

2 UMMYMbCHbIX DHEPTrUu
KBagpaTypHbIX
Aekopgepa

KoHTponnep TwinCAN 2.0b 3 aHanorosbIx

KoMnaparopa

4 koHTponnepa SPI
BeranciaurenbHoe sapo

12 OoByx- 9 AByx- 6 Monynei OTHOCHTEJIbHO
KaHanbHbIX
2 koHTponnepa [2C KaHanbHbIX I aaxpata/ MEJIJIEHHOE
L 2'pa3pﬂﬂ,Hb|X CbOpMVIDOBaHI/IFl CpaBHEHUA
AUl L
4 mogynsa UART U LLM-curHanos

8 nopToB BBOAA-BblBOAA obLero HasHa4yeHus




K1921BKO01T co3paBancs Tak, Kak 3TO JI€JIalOT BCE
COBPEMEHHBIE IIPOU3BOJIUTEIIN: pa3pab0TKa MUKPOCXEMBI
I0X0’Ka Ha pa3pabOTKy ME€YaTHOM ILIATHI.

NuunmatusHas pazpadorka OA «HUUIT»

Brimonnsnack copmectHo ¢ HIITT «Iudposie pemenus»

SAnpo ARM nunen3npoBaHo (MpuoOpPEeTeHO B BUJIE ONMCAHUS araparHoi yacty siapa B VHDL)
Monaynu ALIL, DMA, USB u npoune Takxe npuoopeteHsl B Bujie IP siaep (3akoHYeHHBIX OJI0KOB B
VHDL u onucanuem), TOCTYIHBIX HA PBIHKE

broxu IIINUM, QEP, CAP pa3paboTanbl cCaMOCTOSTENBHO MO aHAJIOTUH C AaHAJIOTUYHBIMU OJIOKAMU
Texas Instruments (Mcxojs U3 TEKCTOBOTO ONMUCAHUS (PYHKIIMOHUPOBAHUS)

NuTterparys 0J10KOB APYT € APYTOM JJIs TTOTYUCHUS €IUHOTO u3aenus BbimoaHeHa HIIII
«IIudpoBbie pemieHus»

Ornaaka pabotsl Oymyriero uznaenus ocymectrisuiack Ha [IJIMC Kintex7, utepatusHo.
[IpoBOAMIINCH KAK CUHTETUYECKHE TECTHI, TAK U MPOBEPKA YIPABICHUS peaTbHbIM
anekTpoasurareneM (3tu padbotsl Bena HII® «BEEKTOP»)

KoHeuHblit 3Tan KOHCTPYUPOBAHUS — TPACCUPOBKA (Pa3BOJIKa) MUKPOCXEMBI JIJIsl TTOJTYUYEHHUSI CJIOEB
IUTs1 TIedaty (KaK Mpu MIPOU3BOJICTBE MEYATHBIX I1J1aT)

[Tpou3BoaCTBO YK MO MOJYYEHHBIM «CJIOSM» (poTonuTorpaduuecKum crocoooM MOXKET
IPOU3BOAUTHCS Ha JII000M Padbpuke, moaepKUBaroIel HeoOXoquMbIi Texmnpoliecc. [lepBas
napTusl YMNOB ObliIa 3aKa3aHa Ha ofgHoM u3 (hadpuk Kuras

KopnycupoBka roToBbIX YHIIOB MOXKET ITPOBOJIUTHCS TakK ke Ha 000l (adbpuke. Tak, B

MJIACTUKOBBIN KOPIYC yaKOBKa Mpou3BoaAMIach Ha (pabpuke Kuras, B MeTammokepaMruIeCKUn
cuiamu OA «<HUUDT» 6



K1921BKO1T K1921BK0O1T1
NNACTUK KepamuKa
~3500p Mpuemka «5»

~30000p



K1921BKO1T HUUNST TMS320F28335 TI

100MTly, agpo measeHHee npounssoauTensHoctb 150 MTlu, aagpo C28 6bicTpee
18 KaHanos LM 12 KaHasnos

23 KaHana, «12 meaneHHbIX» AL 12 KaHanos., «oANH BbICTPbLIN
2 QEP (kBagpaTtyp. 6n10K) 2

6 bnok 3axsata CAP 6

4/2/4/2 SPI/12C/UART/CAN 3/1/3/2

HeT LLAT HeT

192 Kbant o3y 68 Kbant

1024 K6ant Flash 512 K6aut

64 Kbant Monb3. NnamaTb HeT

1 USB HeT

1 Ethernet HeT

1 Yachbl HeT




K1921BKO1T HUUNST

STM32F423VH SMT

100MTIy

18 kaHanos

23 KaHana, «12 meaneHHbIX»
2

6
4/2/4/2

HeT
192 Kbant
1 M6

64 Kbant
1

1

1

NPON3BOANTENBHOCTb
LLIUM
ALLM

QEP (kBagpaTtyp. 610K)

Bnok 3axsata CAP
SP1/12C / UART / CAN

LLAT
o3y
Flash
[Nonb3. namAaTtb
USB
Ethernet

Yacbl

100 Mly,
6 NONHbIX KaHanos +12 gon.
16 KaHanoB, «OANH BbICTPLINY

1 (coBmelueH c LLUINM)
N (coBmelleH c LUNM)

5/4/10/3

2

320 K6aut
1,5 M6
HeT

1

HET




K1921BKO1T HUUNST 1867BUST HANIT

100MTlu, agpo bbicTpee npoussoauTensHocTb 25 My (16-6uTHbIN, Lenoyucn)
18 KaHanos LM 6 NONHbIX KAaHanosB +6 gon.
23 KaHana AL 11 KaHanos

2 QEP (kBagpaTtyp. 6n10K) 2

6 bnok 3axsata CAP 4

4/2/4/2 SPI/12C/UART/CAN 1/0/1/3

HeT LLAT HeT

192 Kbant o3y 0.5 Kbaunt

1 M6 Flash 16 K6

64 Kbant Monb3. NnamaTb HeT

1 USB HeT

1 Ethernet HeT

1 Yachbl HeT




K1921BKO1T HUUNST K1986BE1QI MUIAHAP

100MTly npoussoautesibHoCcTb  144MIly

18 KaHanoB LM 8 KaHanos (coBM. C 3aXxBaToM)
23 KaHana AL 8 KaHanoB

2 QEP (kBagpaTtyp. 610K) HeT

6 Bnok 3axsata CAP 4 (cosm. c LUINM)
4/2/4/2 SPI/12C/UART/CAN 3/0/2/2

HeT LLAT 2

192 Kbant o3y 48 Kbaunt

1024 K6 Flash 128 K6

64 Kbant Monb3. NnamaTb HeT

1 USB 1

1 Ethernet 1

1 Yachbl HeT




HoBunka! 1921BK028

Kopnyc:

- Kopnyc BGA 400 (21x21 mm)

Appo:

- Cortex-M4F

- TakTOBasa Yacrtota 4o 200 My,
NMamartb:

- K3LW AaHHbIX U MHCTPYKUMK 16+16 Kb
- 2 MB ocHoBHOW daeL-namaTu

- 512 kb 3arpy3ouHon daew-namaTm
- 64 kb dpnew-namMAaATU NONbL3. AaHHbIX
- 704 kb BHyTpeHHeun O3Y)

NMutaHne n TakTMpoBaHue:

- BHellHee nuTaHue 3.3B, 1.2B

- BCTpOeHHbIM RC-reHepatop 16 Ml
- BHEeWHMK ocunanatop 8-24 MIy,

- BCTPOEHHbIN PLL

AUn:

- 4 wTyKn 12-KaHanbHbIN 12-pa3pasHbIV
- 10 2.5 M/c Ha kaHan

- Anana3oH npeobpasoBaHua: 0-3.3 B
MepudepunmHblie ycTpouncraa:

- DMA (32 kaHanoB)

- 8 32-6UTHbIX TanmMepa

- CTOPOXKEBOW TanMep

- 6 610KOB 3axBaTa

- 10 2-kaHanbHbIX 610K0B LM

- 4 KBagpaTypHbIX Aekozepa

- NPOrpPaMMmnpPyeMble JOTUYECKNE AUENKN
- 4 KaHana cMrMa-genbTa AeMOAYAATopa
- RTC ¢ baTtapeyvHbIM NnuTaHnem

- 610K TPUTOHOMETPUYECKMX BbIUNCAEHN
NHTepdencni:

- 6 UART

- 4 SPI

-2 12C

-2 CAN 2.0B

- 2 MILSTD1553B

- 2 SpaceWire

- 2 OneWire

- Ethernet MIl 100M6uT/cC 12



HoBunka! 1921BK035

Kopnyc:

- Kopnyc MK 5162.48-1. (6x6 mm)
Appo:

- Cortex-M4F

- TakTOoBasa Yacrtorta ao 200 Mlu
Mamartb:

- K3LWW AaHHbIX U MHCTPYKUnK 8+8 Kb
- 64 Kb ocHOBHOM el -namaTu

- 4 kb 3arpy3ouHoun daew-namaTm

- 16 kb BHyTpeHHeun O3Y)

AU MN:

- 4-kaHana, 12 paspagos

- 10 2.5 M/c Ha kaHan

- Anana3oH npeobpasoBaHus: 0-3.3 B
MepudepunmHblie ycTpouncraa:

- 4 32-6UTHbIX TanMepa

- CTOPOXKEBOW TanMep

- 3 610Ka 3axBaTa

- 3 2-KaHanbHbIX 610Ka LM

- 1 KBagpaTypHbIV AeKoaep
Nntepdeirchbi:

- 2 UART

- 1 SPI

- 112C

- 1 CAN 2.0B

NMutaHue n TaKTMpoBaHue:

- BHelWHee nuTaHue 3.3B

- BCTpOeHHbI RC-reHepaTtop 16 My
- BHeWHMn ocumansatop 8-24 Mly,

- BCTPOEHHbIN PLL

- Pe>knm noHmeHHOoro aHepronotpe6b.

13
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Kopnyc:

- Kopnyc 4244.256-3 144 BbiBoAa

- TemnepaTypHbin anana3oH -60 -125 °C
Appo:

- 2 appa Cortex-M4F (otaenbHO van B
pexume gybanpoBaHms)

- TakToBas 4Yactota Ao 160 My,
NMamartb:

- K3LW AaHHbIX U MHCTPYKLUmn 8+8 Kb
- 1 Mb ocHoBHOW daew-namaTu

- 256 kb BHYTpeHHeun O3Y)

NMutaHue n TakTMpoBaHMe:

- BHelHee nutaHue 3.3B
BCTPOeHHbIN RC-reHepaTop
BHELLUHNM OCLUNNATOP

4 6noka PLL

4aCOBOW reHepaTop

HoBunka! Muaangp XXX

ALM:

6 aHanorosbIxX 12-Tn paspagHbix ALIM;
MepudepunHblie ycTponcrTBa:

- 2 6/10Ka KoHTponnepa DMA;

- yacbl peanbHoro spemeHu RTC;

- cTopokeBon Tanmep WDG;

- 4 Tanmepa obuero HasHavyeHMA ¢ PyHKLmen
LM

- 9 He3aBUcUMbIX 6a1okos LUNM;

- 4 moayna 3axsaTa ¢ pyHKUnaAmn LLUINM;
- bhok annapaTHbIX TPUIOH. BbIYUCAEHU;
- 4 aHANOroBbIX KOMMNapaToOPa;

- 4 undpo-aHanorosbix NnpeobpasoBaTens;
- 2 MOoAyNa KBagpaTypHbIX AEKOAEPOB.
Nntepdencoi:

- EthernetMAC 10/100 M6éwuT/c;

MK/ 8 pexxumax KLU, OY, MoHuTop;

- 2xCAN

- 2xSSP

- 1xI1C

- 4AxUART

- 1XUSB; 14



Caejarb KOHTPOJLJIEP MOJHOCTHIO HA
OTE€YeCTBEHHBIX KOMIIOHEHTAX B TeX ke radapurax u
[OCAJOYHbIX MECTaX B3aMeH KOHTPOJLJIepa HA
HUMIIOPTHBIX KOMILICKTYOIIHUX? ITO BO3MOKHO!

Texas Instruments HUUDT
TMS320F2810 C28 150MTI'x K1921BKO1T ARM 100MI it

A #8253
voummnu_ g ) A\l
< S = PL



MK40.4 — na *MIIOPTHBIX

KOMIIOHEHTAaX, HO C
K1921BKO1T

MK40.2 — npyras Bapuauus
KOHTPOJJIEPAa HA 0Te4eCTBEHHbIX
KOMIIOHEHTaX

&
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Ml y:xxe npumennsan K1921BKO1T pan:

CucteMbl BEKTOPHOIO YIIPABJIEHUS TSITOBBIM BEHTWJIBHO-UHIYKTOPHBIM
ANEKTPONPUBOIOM MOIIHOCTHIO 60KBT. [IpuBoa umeeT 3 ¢a3bl 1 OOMOTKY
BO30YXK/ICHUS.

CucTeMbl BEKTOPHOTO YIIPABJICHUS TSATOBBIM BEHTWIHLHO-UHIYKTOPHBIM
ANEKTPONPUBOJAOM MOIIHOCTHIO 320kBT. IIpuBon umeet 9 ¢a3 u 0OMOTKY
BO30YXK/ICHUS.

CucTeMbl CKaJISIPHOIO YIIPABJICHUSI ACHHXPOHHBIM JBUTaTesIeM ¢ PyHKIUEH
PE3EPBUPOBAHUS U «IIOAXBATA» Bpalllarouierocs asurareiis. [IpuBoa Ha
CTaJIUU UCIILITAHUMN.

CucreMbl ITO3UITUOHHOI'O CCPBOIIPUBOAA HA 0aze CHUHXPOHHOI'O ABUI'aTCJIA U

MHKPEMEHTAIILHOIO 3HKoAepa. [IpruBoa nOCTyneH B BUAE OTJIAI0OUYHBIX
koMIuiekToB VectorCARD K1921BKO1T.

OT1a104HOM TIJIaThl KOHTPOJIJIEpa U MPEoOpa3oBaTesisd YaCTOThI
MotorControlBoard



Jas kakux 3aaa4 B K1921BKO1T Tak muoro nepudepum
motorcontrol?
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A 4TO C NPOM3BOAUTEJILHOCTBIO?
Cpasaum Tunnunbiii Motorcontrol MK ¢ K1921BKO01T

Texas Instruments HUNUDT
TMS 320F2810 K1921BK01T
sapo C28 saapo Cortex M4F

ISOMFH 1OOMFH 19



Kak cpaBHUTH BHIYUCIUTEIbHYIO
IPOMU3BOAUTEIbHOCTD?

Bcé 3aBHCHT OT MCIOJIb3YEMbIX
KOMITMJISTOPOB M BH/1a BbIYMHCJICHMIA.

Ha Kxakod BBIYUCJIUTEJIBLHOU 3a/1a4€
CPABHUBATH?

PaccMOTpHUM KJIACCHYECKYIO CTPYKTYPY
BEKTOPHOIO YIIPABJICHUSA
IEKTPOABHUIaATEIEM.

20



Kakue BbIYHCJIUTEIbHbIE 321a41 peliaeT MUKPOKOHTPOJLIEP JJIst
BEKTOPHOI'0 YIIPABJIEHHUS ICKTPOABUTaTEIeM?
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sin/cos | | YMHOXeHue Jlornyeckue um aerneHuve atan2
YCINOBHbI€
BblYNCIIeHUA »




Kakue 0M0J1M0TEeKH NCIIOJIL30BATH?

Hasa saapa Texas Instruments C28 ecTn
ONTHUMU3NPOBAHHAH M HAIIMCAHHAH HA acceMﬁnepe

OnliMoTeKa EeJIOYHCIICHHBIX BLIMUC/ICEHHH B (hopMmare
Q24 (m apyrux) — IQmath.

Has saapa Cortex-M4F ectb 0ubimmorexka CMSIS-DSP,
KoTOpyIo aAejaaer ARM.
Ho:

1. Ona meniennas!

2. W3 nej109uc/IeHHBIX TaM TOJIbKO (popmarsl 1.15, 16.16
1 1.31 — onu Heyn00HBI!

22



Mo:kHO caesiaTh CBOKO OHOJIMOTEKY PYHKIIMH
C HY;KHOM TOYHOCTBIO M 3(p(peKTHBHOCTHIO

B MHTEepHEeTE MOKHO HANTH MHOKECTBO
peanu3ani BbIYMCICHUA PA3JIUYHBIX (DYHKIIMHA C
PA3HOH TOYHOCTHIO. bOJIBIIMHCTBO peain3anum —
Ha Cu.

Co0TBEeTCTBEHHO, 3P (PEeKTUBHOCTH PA00THI TAKHX
(PYHKIMA CHIIBHO 3ABHMCHUT OT ONITUMU3UPYIOIIHAX
CBOHCTB HUCII0JIb3YeMOI0 KOMITMJIATOPA.

CpaBHMM KOMIIMJIAATOPLI M FOTOBbIE OMOIHOTEKH
Ha 0a3e BhIYMCIeHUSA QYHKIIMH CHHYCA.

23



OlLicHKa MPOM3BOAMTEIHLHOCTH KOMIIMJIATOPOB HA (DYHKIIUU
alIMpPOKCHMHAPOBAHHOTO CMHYCA B IEJIOYUCIICHHON
apru(pMeTuKe ¢ GUKCUPOBAHHOM TOYKOM B popmare 8.24

int32 _IQ24sinPU(int32 x)

{
int32 c, y;
static const int32 gN= 13, gA= 12, B=19900, C=3516;
x=x>>9;//from 8.24
c= x<<(30-gN); // Semi-circle info into carry.
X -= 1<<gN; // sine -> cosine calc
x= x<<(31-gN); // Mask with PI
x= x>>(31-gN); // Note: SIGNED shift! (to gN)
X= X*x>>(2*qN-14); // x=x"2 To Q14 YeCTHbIN
y= B - (X*C>>14); /] B - xA2*C TOYHbIU
y= (1<<gA)-(x*y>>16); /] A - x"2%¥(B-x"2*C) TabANYHDbIU
y=y<<12;// to 8.24 '
return c>=0 ? y : -y; Sl ok
}

http://www.coranac.com/2009/07/sines/ anroputM pabOThI JaHHOH alIIPOKC

IQmath Q24

Yucno acceM6nep|-|b|x Komal-lp,

® 0 4 80 .


http://www.coranac.com/2009/07/sines/

OlLicHKa MPOM3BOAMTEIHLHOCTH KOMIIMJIATOPOB HA (DYHKIIUU
[IEJIOYMCIICHHOTO YMHOKeHus B popmare 8.24

inline int32 _IQ24mpy(int32 inArg@, int32 inArgl) {
return (int32)(((int64)inArgo * inArgl)>> 24);
}

—_-E_ C28 Tl IQmath

: : 7

Jlyumne kommmmmsaTopsl i sapa Cortex-M4F
IIPOUTPHIBAIOT BCETO OAMH TAKT Aapy C28 Texas
Instruments, rie YMHOXXEHUE PEATTM30BAHO B BUJIE
ONTUMHU3UPOBAHHON OMOINOTECYHOMU (DYHKIIUM

25



IIpoMe:KYTOYHBIEC BHIBO/bI

* CoBpeMeHHbIEe KOMIIWIATOPbI OYEHb
3P PeKTUBHBI

* CBo10 0MOMOTEKY QYHKIMI peain30BaTh
MOKHO

* Tam, rae He TpedyeTcs BbICOKASI TOUHOCTh
rOTOBbLIX OMOJINOTEK, CBOSI OMOJIMOTEKA OyIeT
obicTpee!

MbI peann30BaliM CBOK OMOINOTEKY LIEI0YMCICHHBIX
BBIUMCIICHUM ¢ (PYHKIIUSIMH YMHOXXCHUS, ASJICHUS, CHHYCA,
KOCHHYca, atan2, kBaJpaTrHOIro KOpHs U Apyrux Ha Cu.

IIpoBeeM KOMILUIEKCHOE CPAaBHEHHE KOMITUJISAITOPOB M
onosmorTex! 2



KoMruiekcHas 3aj1a4a; BBIYMCIIEHUE CIIOKHOTO IMPOTrPAMMHOTO MOJTYJIS,
KOTOPBIN BKJIIOYAET B CE0S1 CHHYC, KOCHHYC, MHOKECTBO (popMYy.I,
(PYHKIMIO APKTAHICHCA U JeJIeHne. TecT UMUTUpyeT
CPeIHECTATUCTHYECKUIT HA00P BHIUMCIICHUM, TPEOYEMBIM 15 3a/1a4
BEKTOPHOI'0 YIIPABJICHUS.

2000

)
2
1800
>.< 1680 1726
)
E 1600 1514 1537
=
) 1400
—
A 1200
> 1082 1061
=
1000
—
800
600
400
200
0
lee PacCIoOJI0KEH KO/ Flash Flash RAM RAM Flash Flash Flash RAM
Tun 1aHHBIX: 1Q8.24 1Q 8.24 1Q 8.24 1Q 8.24 float float 1Q8.24 1Q8.24

KOMHI/IJ'IHTOP/H)IPOZ GCC/ARM IAR/ARM GCC/ARM IAR/ARM GCC/ARM IAR/ARM Texas/C28 Texas/C28



NuTtepnperanusa pe3yabraroB TECTA

Kakoit Komnunsatop duKcnpoBaHHaA TOUYKA
1400 12’;‘7’“““*? 8.24 unu nnasarowas Beruucaenus o float orcraror,
1232 5
1200 rotka: HEeCMOTPA HA annapaTHYIo
2000
1000 1537 noaaep:kky float B ssape: u3-3a Toro,
800 1500 1232 o
600 1000 < yTo AJ1a Beruuciaenuii float B yTom
400 8 o co0 o . TecTe UCIMO0JIb30BAJUCH CTAHIAPTHbIE
200 ® < . =] & OMO0JIMOTEeKH KOMIIIJISITOPOB, a /1151
0
Flash Flash Flash Flash 1Q 8.24 — 6ubaMoTeKa ¢ OBICTPBIMH
10824  108.24 108.24 float NPHOJINKEeHHBIMH BbIYMCJIeHUAMH.
GCC/ARM  IAR/ARM IAR/ARM  IAR/ARM

BbinonHeHue

PMHEIHOTO KoAR U3 K1921BKO1T C paspaboraHHou «HMN®P BekTtop»
flash - 6bicTpee npotus TMS320F2810 6MbnnoTekon LEeNoUNCAEHHbDIX
1800 1680 1400 1232 v
1800 1200 1061 BbluncneHnn MK K1921BK01T
1400 1257 1000 i yAanocb npnbansnTbCea K
<
1000 | _ o | S o pesynbratam MK TMS320F2810 c
N L W
60 | A <§t a00 | o § dupmeHHoOI1 6MbnnoTekoit IQmath
| 200
200 @ oc 0 < b no yncny Taktos. OgHaKo n3-3a
Flash RAM Flash RAM 6onee HU3KOM YACTOTbI UTOTOBOE
108.24  108.24 IQ8.24 10824 orctaBaHue K1921BK01T 6onbue.

GCC/ARM GCC/ARM IAR/ARM  Texas/C28



BHelwHaa namMaTtb

BHyTpeHHee O3Y

3arpya3oyHas doneLu

400FFFFFh CUCTEMHBIIA FFFFFFFFh
40000000h CermeHT EO0000000h
2002FFFFh BFFFFFFFh
PerucTpsbl

20000000h ynpasnenn

nepundepuen
000FFFFFh
00000000h 80000000h

3allMLeHHbI Bnok

Pucynoxk 6.1 — Opranusanus namsatu

AzpecHoe Remap- Ha3anue 050ka Onucanue
MPOCTPAHCTBO azipec
00000000h — | 40000000h — | 3arpy3ounas ¢nemr | [[luHa BEIGOpKH HHCTPYKIIHi
O000FFFFFh 400FFFFFh | (I-Code)
3arpy3ounas e | [IlnHa gaHHBIX, pacMONIOKEHHBIX B KOJIE
(D-Code) MPOrpamMMbl
20000000h - |- Buytpennee O3Y | [lluHa qaHHBIX, pacnoI0KeHHBIX B
2002FFFFh 192 Koaiita obnactu O3V
40000000h— | 00000000h — | BHelwHsisi naMsTh
400FFFFFh 000FFFFFh
80000000h - |- SFR Peructpsl ynpasnenus nepudepruiiHeIMHU
BFFFFFFFh OnokaMu
E0000000h - |- Private Peripheral | —
EOOFFFFFh Bus
E0100000h- |- Vendor SYS O0nacTe CHCTEMHBIX PErHCTPOB
FFFFFFFFh

29



3HaxkoMcTBO ¢ motorcontrol
nepudepuen K1921BK01T

(SRAM, PROM, NOR Flash)
e
NVIC o3y
nporpamm

Flash

Ethernet 104100 MbuTe  PZEChEnNeSr Mx8
KOHTpoOnnep
DMA Morb3osarerb-
B2.00OT ckasa Flash
USB 2.0 OTG @ Flas

MocTt
AHB - APB

KoHtponnep TwinCAN 2.0b 3 AHANOrOBLIX EBZE;;:;;::E
KoMmnaparopa e

4 xoHTponnepa SPI
> 12 oByx- ik 6 moaoynei
koHTponnepa 12C KaHarbHbIX K;ZZJ;;ZEE:X 3axsara/
12-paspagHbl dopMMpoBaH' | CpaBHEHUA
4 moaynst UART AL WHM-curHa B

8 nopToB BBOAAa-BbIBOAA O6LUEro HasHavYeHus




E Bnok Taimepa | TeHeBo# perucTp | [F'RDLD| i PWM_SYNCO
i > ’ -
]
i ! SYNCOSEL
! I
I 1
1
: [ cLkoiv | [HspcLko | errepro
1 | "
SysCLK —:—vlﬂanmenm |X‘,D,EI'MTBJ'II:-2| |
: - TBICLK e - ! CTR=ZERO
YHanNpaeneHHLIA .
! CTRMODEI %_"Eeé‘jrbg ! CTR DIR
1 I Ll
s ==l
E |§WF$YNO|—> 1 T ! Clgggﬁowuu
| BITMH
pwm_synci[ H > |_TBPHS | !
g | N O —_——
ittt § ety | Rl 1 - L » PWMB
 Komnapatop LOADAMODE]  |xomnaparep H : CTR=CMPA,
i | |
H | Tewesoit peructp > CMPA | !
1
: SHDWAMODE :
]
: SHDWAFULL i
- —
: ) CTR=CMPE
: LOADBMODE | |Komnapatop '
i 1T |
| | TeHeBOR perucTp CMPB | i
: SHDWBMODE}— / :
]
! SHDWBFULL .
D e e e e e e e e e e e e e e e e e e e e e e e e
CTR=ZERO PWM_TZ0 - PWM_Tz5 [ )} —> PWM_TZINT
r OetexkTop
PWMA cvrHana D
_ aBapuK PWM_A
ObpaboTimk Moporossin Menepatop DuneTp
coBbITHiA BLIKMIOYATEND #MEPTBOMOR KOPOTKUX MonynaTop
BPEMEHH MMNYNECOE
PWMBE . : . > > —>{ ]F'WM_B

T 1

ADCDC AC
Or ALIN

LUV

BbIMO/IHEH MO aHa/1I0TUK C
Texas Instruments:

9 6nokos LLUNM,

* KarKAbl¥ CO CBOUM
TalMepom,

* reHepaTtopom
MEPTBOro BPeEMEHM

* 2MmA
NPOrpaMmmmMpyemMbIMM
BbIXO4aMM

* Mogaynatopom anA
yonnepa

Bce 610KM npu
HEeobXo04MMOCTU MOXKHO
mexxay cobomn
CUHXPOHM3NPOBATD.
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CHrHans! aHanoroebIx ) ﬁggggiﬂggg% ALI,I'I
KOMNapaTopos —» CexseHcop 0 CekeeHcop 1 » ADC SEQD
MNpepeiBanna GPIO —» |, ADC_SEQ1
CurHansl Tailmepos —» - Bnok » ADC_SEQ2
CurHans! Gnokos LUMM —» ik oy ™| ynpaenexns | ADC_SEQ3 « 12 ABYXKaHa/IbHbIX
npepeiBaHuaM | » ADC_SEQ4 v ALI,”
|__» ADC_SEQ5 Mmoayneun
CexeeHcop 4 CekpeHcop 5 |, ADC_SEQ6 Ay
| » ADC_SEQ7
Cexsexcop 6 Cexsevcop 7 — ADC_Complnt
UnTepceiic DMA * [lponssoamnTenbHOCTb
T T ]
CHU_ADCD NIy " > 12 pa3psgHble ﬁ]"qJePH {THI"Ia FlFQ] KaH'(,ﬂIO ro 4M/C
CH1_ADCO e ALNO ] pesynsTaTos WaMepeHui
Komnapatop 2
CH2 ADC1 —lafR — .
CH3 ADC1 At L To4yHoCTb 12 pa3panos
-
CH4_ADC2 a
y AUn2 —»
CH5_ADC2 = bydep Bydep °
— cekseHcopa 0 | | cekeeHcopa 1 Bocemb CEKBEHCOPOBS,
CHE ADC3 A e (32 namepenms)| | (32 uamepeHus) v
- ALIN3 KaXX4dblnt U3 KOTOPbIX
CH7_ADC3 —fafg * o P
cHs apcs — A | NO3BOJIAET HE3AaBUCUMO
CHQ‘:ADC“ B ALN4 —»| |Komnapartop 10 npOM3BeCTM 3a I—IyCK
CH1O ADCS . :
1 o = (9]
CH‘H:ADCS MR ALNS E »| [Komnapatop 12 M3M€p€HMM
: [
ez A0ce — o el 3 - o || e
¥ N = ypep ypep
s G ™™ cekeeHcopa 2 cexkseHcopa 3 ¢ BOCEMb 6y¢epOB
CH14_ADCT | [" ] (16 namepenwi)| | (16 namepenHmi)
CH15_ADCT , AUN7 - pe3ynbraTtoB
GH16_ADCS — o —— - namepenum (FIFO)
CH17_ADCS8 HA una —»{ |[Komnapatop 19
CH18_ADC9 A > T Bydep Bydep
CH1S ADCS _al, ALIMS . cexsericopa 4 | | cexsencopa 5 e 610K ynpaBneHus
N (16 namepeHni)| | (16 namepeHnn)
CH20_ADC1O—foff |_{ " [Komnaparop 23 npepbiBaHNAMMN.
CH21_ADC10 Sl
Bydep Bydep
CH22_ADC11 o 5
! ALIM11 cekeeHcopa B cexkeeHcopa 7
CH23_ADC11 e H "1 | (1 namepenme) | | (1 uamepenme) 32




| CAP/APWM | [ SWSYNC ]

TSCTRSTOP

SYNCI_EN
Y¥Y ¥ *‘

EVO ._" CTRPHS

Brok
EEJ} —lynpaenerus 3arpy3ka

CHHXpocurHan

EV3 ) TAAMEPOM |rEnac 34 0
CTROVF
[CAPLDEN syn | TSCTR | "
C ewioga CAP_PWNx CAPOPOL

CTR=FPRD

=T KomnapaTop

K BuiBOOY
CAP_PWMx

CTR=CMP

b WP Komnapartop

Pucynok 12.1 — baok 3axsara

CAP ( 6nok 3axBarta)

6 He3aBuCMMbIX
6n0KOB

Hy»XHbl gna
06paboTKK gaTumnKos
Xonna

3axBaTbiBaeT Bpemsa
meXxay cobbiTnamm
(bpoHT BBEpX, BHU3 U
T.n.)

feHepupyet
npepbiBaHUA MO
cobbITUAM

BO3MOXXHOCTb paboTbl
B KauecTse
AONO/IHUTENIbHOIO
WM mopgyna
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SysCLK ’ Tafmep BpemMeHHbIX
OTCHeTOoB
uTouT
Mopyne saxsata
L—»| Cropoesoi
BpeMeHn Taimep
WDTOUT,
QEP_AIN PHE QEP_INT| k NVIC
QEP_AXCLK[ }—| QEP_BIN QCLK ,
QEP_IIN QDIR
QEP_BXDIR] }—{ GPIO [ QEP_SIN Keagparypusiit [Q AL NS RORog
MUX npeobpazosarens as
b . QEP_IOUT
ucynok 132 — Jluarpamma BXO/IHBIX CHTHAIOB QEP_I[ Je—l QEP_SOUT PCSOUT
QEP_IOE
oEP_s[}_. QEP_SOE

»pe  13.1 — Cxema kBapaTypHOro aeKojepa ¢ MyJIbTUILIEKCOPOM BXOJHBIX/

ICLK 155 BBIXOAHBIX CUTHAJIOB
xCLK |,
X s QCLK
s MHKpeMeHT .~ N\ 7N VHKpeMeHT
N ©0) (1) CHeTHMKE N / CUeTUMKa
. (AB)= @
\IDIR = (10)  (o1) )
H H /' ;!?
xDIR | : ; Dekpement/ T i\ [lekpemeHT
1 e —» QDIR QEPA i i cqewzry ;&uemwxa
«in—» N e i ~
«On—pf 11 S (1) ¥ SOOGS0 A ,
QEPB : HexpemeHT\ | | /llekpemenT \
: ; cYeTUMKa é) cYeTUMKA
Curvansl QEP \ Vi
NHrpemeHT \ 7 VIHKpEeMeHT
» Ql cueTUMKE S — CYeTYMKa
» QS D —— — y — [ [
ok o Led ol Js Lad sl dsyla]a]

QEP_IOUT «
QEP_SOUT «

e IR ER IR ESLRatRIsRS YLD
D 000000 D00 00000000ED 000

QEP_IOE
QEP_SOE «

Pucynok 13.3 — Cxema kBagpaTtypHOro npeodpaszosares



Otaanounbie koMmIeKThI 18 K1921BKO1T

=)

HUUNDT

Mexarpounuxka-Ilpo
MBS-K1921BKO01T

JIIMCHC
LDM-HELPER-K1921BKO1T

. \
HII® BekTop
VectorCARD K1921BKO1T




VectorCARD K1921BKO1T ot «HI® Bekrop»

st VectorCARD MOIXOAAT

pa3jiuyHbie 0a30Bble IJIATHI OT

Texas Instruments: or MakeTHOH
IJ1AThI 10

HHBEPTOPA.

BBICOKOBOJIBTHOI'O

:
*
Z

,"i’l;:: i ,!

a0

NIR\EBN

W

CABLISS: 5
QLA

)

3 0‘\‘
-" W



Komnnekrauusa gnsa ynpasneHusA
aneKkTpoaBurarenem
(motorcontrol)

NHBepTOop Ha 60B Upc €
LUYHTOBbLIMM AaT4YnKamMmu TOKOB
[[@anbBaHMYeCckn pa3Bs3aHHble
nHTepdeiicol cesan CAN,UART-USB §
SPI

CUHXpOHHasA MmalunHa c
NOCTOSAHHLIMW MarHUTaMn Ha poTope
[laT4ynKkn nonoxeHus
(MHKpeMeHTanbHbIM U Ha adopekTe Xonna)

USB-JTAG

Cpena paspaboTkn Ha base Eclipse

1O ona K1921BKO1T B UCXOOHbIX KoAax, peanusytollee BEKTOPHOE
ynpasreHue

[1O komMnbloTEpPA ANS NapaMeTpupoBaHus, yrnpasneHns npuBoaoM U
ocuunnorpadunpoBaHnsa NPOLLECCOB

NoapobHee — Ha caiTte http://motorcontrol.ru/ 37
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Pa3paborka nporpammHoro odecneuenus 1jsa K1921BKO1T

Kakue smyasatopsl JTAG nmogxoasr?
IMoaxonsaT modbie JTAG naa Cortex-M4F! @

Hamu ObLJIM YCIIEIIHO MCNBITAHDI:

v J-link v8 mpou3BoacTBa Segger

...............

v Hepnoporoii anagor J-link, Jet-link
v' ST-link v2

v JEM JTAG Emulator




Peepencubiii konTpotep na ocnose K1921BKO1T

4
888 8

o

65
C64 -
C67
C66

@ forum.niiet.rufviewtopicphp?f=37&1t=562
T T dHILWLEW

CETH

YactoTa, 'y

Bec Kr

ApXME € NOAHON HOHCTPYHTOPCKON AOKYMEHTAUMER OT

BNCHEHMA

K& an.435321.001.npecbpasosarens. 7z
(21.5% MBE) 16 ckaumeaHui

v’ Tlurauue

v’ Pazssazannbiii CAN

v' PasBsizannbiii USB-UART

v KHOIIKM, CBETOAMOIBI

v Barapeiika u KBapI[ 4acoB

v’ JlocTynHbl Mo4TH Bee BhIBoALI MK
v BTbIuHbIE Pa3beMbI

v KoOMIaKTHBIN qTU3aiH

CXEMOTEXHHMKA U TPACCUPOBKA ILIATHI
nmocTynHbl HA cante HUDT

MOXHO M3roTaBJIUBaTh «KaK €CThY MO/
CBOHU HYKJIbI, a TAaK)Ke OpaTh 3a oOpasell
IIPU CO3JaHUU HOBOI'O KOHTPOJLIEPA.
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Pe(])epencnbm npeodpazoBaresib A K1921BKO1T

Anmm High Vulmgel 2
3 OCTOPOXHO! Bucnxoe HanpsxeHue! i
)
i m e oﬂn ey I
A;Le..y L e e
s T
(_ ﬁ E - )
@ forum.niiet.rufviewtopicphp?f=37&1t=562
T T dHILWLEW
cetm
YactoTa, 'y
Bec Kr

ApXME € NOAHON HOHCTPYHTOPCKON AOKYMEHTAUMER OT

BNCHEHMA

K& an.435321.001.npecbpasosarens. 7z
(21.5% MBE) 16 ckaumeaHui

v  9kBT (14A RMS, 540V Udc)
. v/ luBepTop 6 KiIo4eii +TOPMO3HOM KIII0Y
;v Bxox: 380B 3 dassl wim 220B oxua dasa
" v Llenb 3apsina éMKoOCTH
v TaabBannyecku passsizannblii JIIIP:
v’ HHKpPEMEeHTAJbHbIi JHKOAEP
v’ 3 JaT4ymKa xXoJLia
v SSI
. v JIuCKpeTHbIE BXOAbI/BHIXOIbI
. v Wntepdeiicst CAN, RS485, SPI

CXEMOTEXHHMKA U TPACCUPOBKA ILIATHI
nmocTynHbl HA cante HUDT

MOXHO M3roTaBJIUBaTh «KaK €CThY MO/
CBOHU HYKJIbI, a TAaK)Ke OpaTh 3a oOpasell
IIPU CO3JaHUU HOBOI'O KOHTPOJLIEPA.
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OTkpoiToe mporpammMHoe odecniedenne K1921BKO1T
IJIsl YIIPpaBJIeHUS YIEKTPOABUIaTEISIMH

v T10 HanucaHo MOAYJIBLHO: MOKHO OTAEJIbHO HCI0JIb30BaTh Moayab IITUM niun
moayJb AIIP nis cBoero mpoekra

v" T10 x0po1I0 NPOKOMMEHTHPOBAHO H CTPYKTYPHPOBAHO

v T10 umeeT 0030pHOE ONMHCAHNE HA PYCCKOM SI3bIKE € OTCHLIKAMM K CTATHSIM H
AUCCEPTALMAM

v Onucanue HMeeT «J1a00paTopHbie padoThD», BHIMOJIHSAS KOTOPbIE MOMKHO
HACTPOMTH TOT WM MHOU Pe:xkuM padoThl

v 110 «u3 KOpoOKH» padoTaer ¢ CHHXPOHHBLIMH, ACHHXPOHHBIMH Tpex(a3HbIMH
JABUTATEJISIMHU € PAa3HBIMHU JATYNKAMH MOJI0KEHUSA

v T10 nanucano Ha yncrom Cu (bare metal) u He ncnmoab3yer Kakyo-a1160
3aKPBITYI0 HJIM ILUIATHYIO ONEPALIMOHHYIO cucTeMy. MosKeT ObITH aJaNITHPOBAHO

1moj 000 CH-KOMIIUJIATOP.
41



Texnonorus CANOpen ajis oTiIaIKM CHCTEM YIIPABJICHHUS

Mo:kHo (momuMo o0bIuHbIX pyHknuii CANopen):
v' CMOTpeTh H MEHSITh HACTPOIIKM NPHUBOAA B QU3HYECKUX eJHHHIAX

v' CMOTpeTh JII00bIe TeKyIIHe 3HAYeHns1, TaKkue Kak curHaabl AII, BeIXoabl
PeryJsiropoB H T.II.

v' CHHMATH OCHHJLJIOrPAMMBI JIIOOBIX BEJITHYHH ¢ JUCKPETHOCTHI0O 100MKC
v CoxpaHfITh U 3arpy:KaTh MapaMeTpbl HA KOMIIbIOTEP
v OonoBasaTh IO mukpoxonTposuiepa yepes CAN (6e3 JITAG)

v' TostyyaTh 10CTYN K 0aHKY aBapHii ycTpoiicTBa

Crex CANopen u conyrcerBymomee IO qiasa K1921BKO1T nosnnocThio OecniiaTHbI U 0€3
OrpaHNYeHHi JOCTYIHBI IJIsl 3arPY3KH B PeNO3UTOPUH
https://bitbucket.org/niietcm4/motorcontroldemo
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Texnomorua CANoOpen aJs 0TJIaIKH CHCTEM YIIPpaBJIeHUS

#®. UniCON - Universal Control Software (Bepcua 1.86)

— O b4
®Qaiin  Cepeuc  lMomowe
"Usend
() Cepso F28063-0000 +.01.01 5.1.2014 [00000048_1C25011M1 HnpagnenHe ofberTamu Coeaps
IBORAIE 3arpysiuTe NapamMeTpel CoxpaHuTe napameTped 3&rpyYSHTE MO YrACTYEHMIO
MogkMoyHTEcA O8HOBUTE CRDBapE | Cepeo F28083 aeTo npodmae. <ml w |
AEpapua Craryc
HazEaHHE 3Ha4EHHE Da3HEPHOCTE | SRV-Her apapui | | roToE |
W |3anaHue [5103.01] 15849 rpag = = =
e CAN_MHTEPM. B|06parHan cease [5103,02] 1318 rpag, PeAUnpesnenke BN pannTe!
il MACWT. KO3 W |Mponopy, koadd, Kp [5103,03] 5,000 [HOPt4 | |Bpawenye sekr. Tox:
- Eer- ToKa :d H[Makcurur seixana [5103,04] 100000 ofif 3agaHue ckopoctd | Tok I/F
e Per.Tokalg .
4 Per. cropocty '] :MHMMQM Etlxoga [5103,05] 1000,00 fala ¥ |-|0|100 a6/m | |3,EID & |
i Per. nonoseHua B [SEI%0A PE| Mporpammnposatne x
Bl3anae CropocTe ¢ gatudka | Tok yoepskaHua

C:5wWorkS pacesh\CC5514S ervoPicooloB94D ebughS ervoPiccoloBd. out
K.ak NDaEMNEHO MPOWMTE KOHTROANED? |D'DD o | |5'ElD
OTkpeTE datin :

Tok eexTopa
i Hactpoiku CH Myck: Cron P
e 3anaHua POWHTE: Coctoanue 0 CeaSogeH o 1004
@ Maparerpel gsurarens Owmsku nepegayu tygpepa 0 pOC AEAPH

e 330 ETUMK WHTEHCUEHOCTH cTon Uik nepenadd sdo 0 Sin nSin Janarwe yraa

Kpugas - MNakeTos NepegaH 27
-1 CKOpOCTE NpOWMEKM 1582Cnos/cex
e TerywiMe sHaUEHMA

(T 1 peryn:

i Mpowueaetelil agpec 0x00308000 D3402 statuzword
@ NP aHkogep Code 5 ecurity Password =
@ NP %ann Wrrepnp. npuhya-to Pusroi pegur 0000.0000.0000.0001
i 3awre: Key7 |FFFF Boero anA sarpysku 5 Hactul-ei) ~ DS402 -
WMaodes of Operation
ol CrarHeTika Key & |FFFF Pazrep SuHapHeR oaHHER 54308 Chos
e AU aon.

YacTe 0, anpec 308000, pazmep 000040
FFFF Yacte 1. agpec 3E4000, pasmep 002542
ey Yacte 2, aqpec JES000, pasnep DG

e JnA oTnankid Kew 4 |FFFF Yacre 3. anpec 3F0000, pastep 0043F4
il Dsan2 i Uacte 4, anpec 3F7FFE, paswep D002

e M O-Per. Nonoserus Key 3 |FFFF Npowkera...

o Punetp Hraa Ky 2 |FFFF MporparrpoEaHUE SEEEpILEHD
o Tatimua nonosweHmi

v
e CrnnaitHen HOMEP Key1 [FFTF YWersion I:I
Key O -FFFF
CPU_ID [156
Pazraep nakera Tun npoueccopa
HazgaHue Wepapsus P ®
(® Nonn.(O) Kopor. m — =3 256 J 28 v Crenepuposare “Data2Bwsw.c dalin
OtreerkTos:898 MHgekcos:177
Mpynm: 31 < >
Cratyc: pabota 0 Tmc Tarimep:60423896; Rx7248; Rx_SD0:4998; T 18955; Moteparo e ceTn:dl; MNotepano 8 DLL:281; 3arpyzka:18%; Yenewnsx SDO:76/cex; x0; y:0; z=0

Crexk CANopen u conyrcrBywinee IO gasa K1921BKO1T moanocThi0 6ecriaTHbI U 0€3
OrpaHMYeHHi TOCTYIHBI 1JIsl 3arPY3KH B PeNO3UTOPUH
https://bitbucket.org/niietcm4/motorcontroldemo




Mopenu 3aexTponpusoja s K1921BKO1T

Kak 00b14HO cTpOUTCS pa3padoTKa HOBOW CUCTEMbI YIIPABJICHUA IIPUBOAOM?

1. MoaeaupoBaHue CTPYKTYPbI CHCTEMBI YIIPABJIEHUS U 00bEKTA YIIPABJIEHUS B
Matlab

2. IloBTopenue cucrembl ynpapienusi Ha Cu 1Jisi MUKPOKOHTPOJLIEpa

3. Omiaaka cucTteMbl YIPABJIEHHUS «HA KeJIe3e)

IIpo0iieMbI:

1. Ilpwm peanu3zanmu CTPYKTYPbI YIPABJICHHUSI HA MUKPOKOHTPOJLJIEPE 3a4ACTY IO
CJIOKHO MOHATH, I04YeMY HMEHHO CHCTeMa padoTaeT He TaK, KaK 32JyMAaHO:
U3-32 OIIMOOK MPOrpaMMUPOBAHNS WM HEYYTEHHbIX ()AKTOPOB PeajibHOI0
00beKTa ylnpaBJ/IeHUSA

2. Oraaaka cucTreMbl YIIPABJEHUS HA MUKPOKOHTPOJIJIEpPe 3aTPYIHEHA B CHJTY
HEBO3MOXKHOCTHU MPOBEPUTH peain3oBaHHyo CY Ha Mmoaesin

3. CJ0KHOCTH NMPOBEICHUS ONMBITOB HA PeAJIbHOI YCTAHOBKE: OIACHOCTH BbHIX0/1A
000py10BaHUS M3 CTPOS, CJOKHOCTH MOCTAHOBKM HYKHOT'0 ONbITA

Mopaeiu 3j1eKkTpoaBuraresieil moJHOCTbI0 0eCIVIATHBI U 0€3 OrPAHUYEHUN TOCTYIIHBI 1JIs
3arpy3ku B pemozutopuu https://bitbucket.org/niietcm4/motorcontroldemo




Mopenu 3aexTponpusoja s K1921BKO1T

IIpennaraemoe pemieHue npoodjaemMbi:
Monesanb 00beKkTa yHpaBJjeHUus (3JIEKTPOABUIaTE Ib) Peaiu3yeTcs
HENMOCPEeACTBEHHO HA MUKPOKOHTPOJLIEpe.

Torna:
1. Cucremy ynpapjieHHsI MOKHO pa3padaTbIiBaTh H OTJIAKHBATH HA MOJEIH
cpa3y Ha CH: HCKJII0YAIOTCA OIIHOKH nmepeHoca ¢ oaokoB Matlab na Cu

2. MoxHo pa3padorarb 1 0TJIaAuTh 11O MUKpPOKOHTpoO/LIEpa €3 peajibHOIO
o0beKTa

3. Ilpu paGoTe ¢ MUKPOKOHTPOJLIepoM Yepe3 npeaiaraembie CANoOpen
TEXHOJIOTHMH BO3MOKHOCTH 10 OCHMJIJIOTPa(MPOBAHUIO U HAOGJIIOIEHUIO
padoThI cUCTEMBbI YIIpaBJieHUsI He MeHee Y100HbI, yeM Matlab

Mopaeiu 3j1eKkTpoaBuraresieil moJHOCTbI0 0eCIVIATHBI U 0€3 OrPAHUYEHUN TOCTYIIHBI 1JIs
3arpy3ku B pemozutopuu https://bitbucket.org/niietcm4/motorcontroldemo




Mopenu 3aexTponpusoja s K1921BKO1T

B otkpbitoM I1O g K1921BKO1T peanuzoBaHbl CleayoIMe MOJICIIH

AJIIEKTPOIIPUBOIOB:

*  DJIEKTPONPHBOJ € JBUIaTEeeM MOCTOSIHHOIO TOKA

° 3ﬂeKTpOHpHBOH C ACHUHXPOHHBbIM ABHUTIaTCJICM

*  DJIEKTPOIPHUBOJ C CHHXPOHHBIM JBUTaTE/IeM
* BeHTWIbLHO-MHAYKTOPHBIA MPUBO/

NMuTanmoHHbIe MOJEIN BHINIOJIHEHBI Ha si3bIke CH B BUJE MPOrPAMMHOIO KOJIa,
pemaroiiero quddepeHnnaibHble YPaBHEHUSI, OMUCHIBAIOIINE TMHAMUKY
anekTponpuBoga. Hanmpumep, 1ist aCHHXpOHHOIO 3JIEKTPONPHUBOAA PEIIAOTCS

CJICAYIOIINE CUCTEMBI YPABHECHUM:
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Monean >nextponpusona tin K1921BKOLT

* Mogeuab 3JIeKTPONPHUBOAA PACCYUTHIBACTCH HA MUKPOKOHTPOJLJIEPE B
peajibHOM BpeMeHH

* Moaeab 3anumaeT nopsiaka 30% BbIYMCIUTEIbHBIX PECYPCOB
MHUKPOKOHTPOJLJIEpPA

* Mogeau UMEOT CTAHAAPTHBIE HAOOPHI MAPAMETPOB VI Pa3HbIX THIIOB
JJIEKTPOABUIaTE e

* Buayrpu I1O MUKpPOKOHTpOJLIIEPA MOIEJIb ABUTATEIH «BCTABJIACTCI> MEKIY
moayJiem HHIUM (mepexBarbiBaeT 3aJJaHHOEC HA MHBEPTOP HANPSAKEHUE) U
moaysaem AL (moagmensier udmepeHHbie ALl 3HaYeHUs TOKOB HA
MoJeIMpyeMbie)

* IlepexiroueHue padboThI ¢ MOJEJIBLI0 HA PA0dOTY ¢ peajibHbIM 000PY10BAHUEM
BBIINIOJIHACTCH MPOCTON 3aMEHOM BbI3bIBaeMbIX (PyHKIMH (TIepecOopKoit
NPOEKTA)
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BriBoanl - 1

B nHacTtosiiiee Bpemst i mukpokoHTposuiepa K1921BKO1T coznanbl Bee yciioBust AJist JIETKOTO
NPUMEHEHUS €ro MOTPeOUTENIMHU:

1. JIoCTynmHO MHOXKECTBO BapUAHTOB OTJIAAOYHBIX IJIaT
2. CymecTByeT HIUPOKUi BBIOOP cpell pa3paboTKu (IUIaTHBIE, OCCIIJIaTHBIC)

3. Co3znan pedepeHCHBIN TU3aliH KOHTPOJIEpa U UHBEpTOpa ¢ OTKpbITOM KJI st
CaMOCTOSITEILHOTO IMPOU3BOACTBA

4. Cosznano otkpsiToe 110 111 MUKPOKOHTPOJIIEPA, PEAUTU3YIONIEE PA3IUYHBIE CTPYKTYPbI
YIIPABJICHUS AIEKTPOABUTATEISAMU

5. Co3gaHbl MaTEMaTUYECKUE MOJEIH JIEKTPOIPUBO/IA, MIO3BOJISIONINAE OTIAUTh CUCTEMY
YIIPaBJICHUSI MUKPOKOHTPOJIIIEpA JI0 3alyCKa peadbHOro 000py10BaHUs

6. Co3nan u BeulokeH B cBoOoaHbIN qocTynm CANopen crek ¢ Habopom 1O s kommbroTepa,
MO3BOJISIFOIIMM TTapaMeTPUPOBATh, OTJIAKUBATh, IIEPEIPOrPpaMMUPOBATh CUCTEMY
yIIpaBJICHUS

/. Ha ¢popyme HUMIT ocyuiecTBigeTca NogAepk Ka M0JIb30BATEIICH C OTBETAMH Ha BCE
BOIIPOCHI O ITPOTPAMMUPOBAHUIO MUKPOKOHTPOJLIEPA



BriBoabI

K1921BKO1T — momHONIEHHBIH MOtorcontrol MUKpOKOHTpOJLIEp HAa YPOBHE
3apyOeIKHBIX aHAJIOTOB.

MOXKHO OTHOCHTEIBHO «0e3001e3HCHHO» MepeHecTH MPOorpaMMHoOe o0ecredeHue
¢ TI TMS320F2810 nra HUMOT K1921BKO1T B neouucjaenHoii apudpmeruke,
peain30BaB COOCTBEHHbIC OMOIMOTEUHbIE (DYHKIIMM Ha CH — MPOUTPHIII B
BBIUMCIICHUAX He 0otee 20%. C yueToMm 00Jiee HU3KOM YaCTOTHI spa, MPUACTCS
ontuMuzupoBars [10.

[Ipu ncnoyib30BaHUU CTAaHAAPTHBIX OMOIMOTEK PadOTHI € MJIABAKOIIEH TOYKOM,
BCTPOCHHBIX B KOMITUJISITOPBI, BEIYKCIICHUE TIPOUCXOINUT MeIJIEHHEe, YEM C 1IeJIbIMU
yuciamu B popmare 8.24.

U cnosab30BaTh IJIABAKINY TOUKY UMEET CMBICT P pa3padorke 110 ¢ nyas,
IIPY 3TOM TPEOYETCSI HAUTH «OBICTPYH0» OMOIMOTEKY PYHKIIMN CUHYCA,

APKTAaHI'CHCA U T.II.

B nponaxy nocrymatot HoBble pa3paboTku Ha 200MI 11!



