*UH(pOpManus MpUBeIeHa I IEKTPOHUKH Bepcuu V2.0

Oob1ee onncanue 3aekTpoHukn “CanSat Electronics”

HepequL IUIAT 1 OCHOBHBIX KOMIIOHEHTOB

OCHOBHOI KOMILIIEKT SJICKTPOHUKHU COCTOUT U3 YCTHIPEX IIJIaT:

1. Ilmara «momynb cBsa3u, RF» ¢ mpuemonepenarunkom (RF) u maBurammonsasiM nmpueMHuKOM (GNSS);

2. llnata «momynb mnutanusi, PWR» ¢ aByMs HMIyJIbCHBIMH TpeoOpa3oBaTeNsIMH HANPSOKCHUS U
YIPaBIIEMBbIMHU BBIXOIHBIMHU KaHaJIaMU;

3. Ilnmara «BerauciautensHbI MoAyias, MCU» Ha MukpokonTposepe (MCU) STM32F4 ¢ BO3MOXHOCTBIO
YCTaHOBKH KapThl aMsITH;

4. Tlnata «momynb aatunkoB, IMU» c¢ akcenepoMeTpoM, THPOCKOIIOM, 0apoMeTpoM, MarHUTOMETPOM M
nIpyroi nepudepueii;

Iliara RF

Copepxanwue:

1. IIpuemonepenatunk E220-400M22S (onmmoHansHO Bo3MokHA yeraHoBka EO1-MLO1SP4);
2. Hauranmonssiit npuemank ATGM336H;
3. CHBUTOBBIN PErHCTp AJS yIpaBieHHUS IUIATON (IPUCYTCTBYET CBETOAMOIHAS NHANKALH);
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IInmata PWR

Conepxanue:

1. JIBa nmpeobpazoBarens TPS63020, obecnieunBaromue 3,3 u 5,0 B HanpsbkeHUs muTaHus;

2. VYmupapnseMble KaHAIBI TUTAHUS,

3. VYecrpoiicTBo 3ByKOBOH curHanuzanuu (Buzzer);

4. Breixmovarens nutanusg RBF (Remove before flight);

5. B03MOXXHOCTH MOIKITIOYEHHS 2X CEPBOMPHUBOOB;
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IInmata MCU

Conepxanue:

1. Muxpokontposep STM32F411RET6;

2. Pa3zbeM ais ycTaHOBKH KapThl mamsatd MicroSD;

3. Paswem USB-C mns oOMeHa JaHHBIMHU ¢ KOMITBIOTEPOM U 3apsiIKH YCTPOWMCTBA;
4

3apsiqHOe  ycTpoicTBO (450mA) IS IHTHEBOTO  aKKyMyJsSTOpa W HCTOYHUKMA  THUTAHUSA
3,3 B (200mA max) u 5,0 B (500mA max);
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Pucynok 5 — CtpykrypHas cxema miaatst MCU

*2 MoJienns MUKPOKOHTPOJIIIEpA MOXKET OTIHYATHCS B PA3HBIX MTOCTABKAX AJICKTPOHUKH.
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Ilnara IMU

Conepxanue:

1. OcHoBuble aatuuku: LSM6DSO — akcenepomertp, rupockor; LPS22HB — 6apomerp; DS18B20U —

TEepPMOMETD;

2. OnmmonansHo: LIS3AMDL — wmarautomerp; AHT21 — rurpomerp; M24C64-RMN6TP — mamare

EEPROM;

3. T4HCS595PW — cnurossiit peructp (shift register — SR), ncnonb3yeTcs Jiist yrpaBieHUs] KOMIOHEHTAMH

TIaThl (PUCYTCTBYET CBETOAMOAHAS HHINKALINA);

4. 74HCA4051PW — wmynerumuiekcop (multiplexer —- MUX), oOecrieuriBaeT 8 KaHAJIOB JUIsl aHAJIOTOBBIX

W3MEpEHMI;
5. PCA9554PW —

pacumpurens 1noptoB  (port extender — PE),

HPEPBIBAaHMH C TaTYMKOB (IPUCYTCTBYET CBETOANOIHAS MHANKALINA);
6. Pa3zbembl 15 Bcex ocHoBHBIX uHTepdeiicoB (SPI, 12C, 1Wire);
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Pucynoxk 7 — CtpykTypHas cxema miatsl IMU
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Pucynok 8 — Buemnnii Bua mnatet IMU
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Heo0xoaquMpble yCTPOiicTBA U NPUHAJIEKHOCTH

* najiee MePEYMCACHHOE HE ITOCTABIISACTCS B KOMIUIEKTE C 3JICKTPOHHKOM.
OcHoBHOE:

1. KabGens USB-A — USB-C niusg nogxirouenus k miate MCU;

2. Jns paborel ¢ STM32 xenatensHo mpuodpectu SWD ornaguuk. Hampumep, MoxHO paboTath ¢
pacnpoctpanenssiM ST-Link V2;

3. Hcrounmk nuranus 2-5B (Oyzer HeoOXOOMMO paccuuTaTh TPeOYeMyI0 SHEProeMKOCTh IS
NoJAePKaHu )KeJIaeMOoi aBTOHOMHOCTH PaOOThI 3JIEKTPOHUKN);

4. Kapra mamsatu microSD o6bsemom 10 32 I'b;

5. JlBa mxammepa c marom 2,54 MM (epBbIii A7 IEPEMBIYKH 3arpy3unKa, BTOpoi ajs nepeMbrdku RBF);

6. Amnrenna nist GNSS npueMHuKa (peKOMEHIYEeTCs UCTIONB30BaHNE aKTUBHOW aHTEHHBI);

7. AmnTenHa Juisi TpaHcuBepa Ha 433 MI'n (Brimrouenue 6e3 ycraHosieHHoW anTeHHB! SAITPELLIEHO, 6e3
AHTEHHBI TIepelaTYNK MOXKET BBIUTH U3 CTPOS);

OnIuoHaNIBHOE:

1. TIpeoOpazoparens untepdeiicoB UART-USB anst BozmoxHOCTH npsiMoit oimaaku Moayninss GNSS uepes
KOMITBIOTED, JIn0O0 1 ipoBepku pabotsl nutepdeiicoB UART MukpokoHTpoIepa;

2. Jlorumueckuii aHanM3aTop, ¢ MOMOIIBI0 KOTOPOTO MOXHO TPOBEPSATH paboTy BCeX HMUPPOBBIX JTHHUN
YCTPOHCTBA, OTCJICKMBATh BPEMEHHBIC HHTEPBAJbl Pa0OTHl aJrOpUTMa, OIPENENATh 3arpy>KEHHOCTbH
uugpoBbix uHTEpdeiicoB. Moxer 3amennts UART-USB npeo6paszosarens. Hampumep, Saleaclogicl6,
WM apyrue 6osee JOCTYIHbBIE BAPHAHTHL,

Heob0xoaumoe I1O

PCKOMCHHyeTCH MMPOU3BOAUTH YCTAHOBKY IIPpOrpaMm C mapamMeTpaMu 1o yMOJI49aHUIo.
*0/151 CKAUUBAHUSL MOJICEM NOHAOOOUMBCA PecUcmpayus Ha catime.

*npu YycmaHoeKke 6 nymu He OoJ1iCHa npucymcmeosanv Kupuiiuya u CmopoHHue CUmMeoJibl (aHa/lOZM’{HO u npu co30anuu npoeKmoe).

STM32CubeMX — mist reHepanuu 0a30BOT0 KOJ[a HHUIHATA3AIMH ITeprudepuu.

STM32CubelDE — cpena pa3pabdotku mox STM (yxke comepxut Moayis CubeMX).

STM32CubeProg — mist 3arpy3Ku mporpaMMbl B MEKpOKOHTpoiuiep depe3 USB 3arpy3dmk.

Terminal by Bray wnu Tiny Terminal — nporpaMmsl Ui BBIBOJA JaHHBIX Ha KoMIbloTep. [lepBriii BapraHT
nMeeT 0oJjiee IMIMPOKYI (PYHKIIMOHAIBLHOCTh M Oosiee yA00HBIH HHTepdetic, yem BTOpoil. Ho BTropoil mo3possieT
MPUHUMATE/TIEpe1aBaTh U COXPAHATH JaHHBIE C 3aMETHO OOJBIIEH CKOPOCTHIO.


https://my.st.com/content/my_st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-configurators-and-code-generators/stm32cubemx.html
https://www.st.com/en/development-tools/stm32cubeide.html
https://www.st.com/en/development-tools/stm32cubeprog.html
http://elm-chan.org/fsw_e.html

OcCHOBHBIE AJITOPUTMBI U 0COOCHHOCTH

B niepByto ouepenp OymeT paccMaTpUBATHLCS MOCIEIOBATENILHOCTh JCHCTBHIA TIPU paboTe ¢ KOMIIOHEHTaMU,
pabotaromumu 1o uHTepdeiicy SPI u ynpasnsieMbpIMU TIpy MOMOIIH CIIBUTOBEIX PETUCTPOB. Takke OyneT omucaHa
0COOCHHOCTH paboTHI ¢ aHaIOro-Iu(poBeIM peodpasopareieM (ADC).

AuaroputMm paéorsl ¢ SPI koMnoHenTaMHK

Cpa3y CTOUT OTMETUTh, YTO BO BpEMs pabOThI JCKTPOHUKUA MOXKET BO3HHUKATh HEOOXOIUMOCTH CMEHBI
pexuma paborel SPI, koTopeix cymectByeT derhipe Bapuanta (MODEO..MODE3). Taxxke cymiecTByer
BO3MOXKHOCTh U3MEHEHUS CKOPOCTH paboThl HHTEpdEiica B COOTBETCTBUU C BOBMOXKHOCTSIMA KOMIIOHCHTA/ TaT4YHKa,
C KOTOpHIM OyAeT MPOM3BOAUTHCS OOMEH MaHHBIMH. JTO IO3BOJBIET MOHWXAaTh CKOpocTh SPI mpm paGore c
«MEJIICHHBIMI» KOMITOHCHTAMU, U YBEIMYUBATh NPU padoTe C «OBICTPHIMUY», TEM CaMbIM IMOBBIIIAS MPOIMTYCKHYIO
cnocoOHOCTh uHTEpdeiica.

B cnyuae ¢ qaHHO 31eKTPOHUKOH 0COOEHHOCTBIO SIBJIIETCS TO, YTO K OJIHOMY armapaTtHoMy uHTepdeiicy SPI
MOJIKITFOYEHBI HE TOJBKO Bce SPI KOMIOHEHTHI, HO U BCE CABUTOBBIE perucTphl. [loaToMy HEOOXOIMMO HCKITIOUNTH
BIUSTHUE PaOOTHI CO CIIBUTOBBIMH PETHCTPAMU Ha pabOTy C OCTAILHBIMUA KOMIIOHEHTaMH. T.e. He0OX0IMMO CIeNaTh
Tak, 4T0OBI BO BpeMs BBOJIa JaHHBIX B CIIBUTOBBIC PETUCTPHI, IPYrHMe KOMIIOHEHTHI ObLTH HEAKTUBHBI (BHICOKHC
ypoBHH Ha JuHUsX chip select). [Ipu 3TOM, OT CABHTOBBIX PETMCTPOB BHIBEJCHBI BCE OCHOBHBIE JIMHHUU YITPABICHUS:
Latch («3amenka»), nOE (BkmtoueHue BeixonoB). Hinke mpencTaBieH OCHOBHOM anmroputM pabotel ¢ SPI
KOMITOHEHTaMH (fanee OyayT Ha3bIBaThCS «BEIOMBIMH yCTPOUCTBAMMY):

1. Copoc 3aimenku orrycKkaHueM ypoBHs Ha jiuHuM Latch;

2. Ilepenactpoiika SPI mox SR (mampumep, SPI MODEO wmmum MODE3, wacrora 10-20 MI'm).
*peKoMeH Iy eTcsl, YyTOObI BHIOpaHHbIH peskxuM SPI Ha TaHHOM 3Tare COOTBETCTBOBAJI TPEOYEMOMY PEXUMY
paboThI BEZIOMOTO YCTPOWCTBA/ IaTUNKA;

3. BBox nanubx B SR (B 3THX HaHHBIX 3aHynsieTcs OUT nCS TOTO BEIOMOTO YCTPOIHCTBA, C KOTOPBIM Jaliee
OyzeT Npou3BOANTHCS B3aUMOICHCTBHE);

4. Orkmodenue BeixooB SR mognstieM ypoeas Ha nmuHud nOE (310 HEeoOxoaumo, utoOsl Bee inHNHA nCS
rapaHTUPOBAHHO UMEIHU BBHICOKUI YPOBEHB);

5. 3amenka naHHbix B SR nogusTreM ypoBHs Ha iuauud Latch (mpu sToM neneroii nCS ocTaeTcs Ha BHICOKOM
YPOBHE, T.K. BBIXOJbI SR OTKIIIOUEHEI);

6. Ilepenactpoiika SPI mox Bemomoe yctpoiicTBo (Hampumep, aist TpancuBepa, SPI MODEO, wacrota 2-
10 MTI'ny). *BakHO, 4TOOBI HOCE TepeHacTpoliku, SPI ocTaBaiics BKIOUYEeHHBIM. [[J1s1 rapaHTHPOBAHHOTO
BKITIOUEHUS MO>KHO ipuMeHuTb Makpoc _ HAL SPI ENABLE( );

7. Bxmouenue Beixoa0B SR omyckanneM ypoBHs Ha Jimand nOE (Ha 7aHHOM dTare OIyCKaeTcsl ypoBEHb Ha
nuard nCS BeIOMOTO YCTPOHCTBA);

8. OOueHue ¢ BeJOMBIM YCTPOHCTBOM;

9. [IloBropenme nericteus (4);

10. IoBTOpenue aeiictBuii (1) u (2);

11. IloBTropenue neicTBus (3), TOTBKO YK€ C YCTAHOBKOW e€IMHUITBI B OUT jrHNN nCS;

12. IloBTopenne newctaus (5);

13. IloBTopenue aeiictaust (7), OyaeT mpou3BeAeHO BKIIOUEHHE BBIX010B SR ¢ (hukcanmeit BBICOKOTro ypOBHS
Ha uaEA nCS. B3anMoeiicTBIE ¢ BEIOMBIM YCTPOMCTBOM 3aBEPIICHO;

Ocobennoctsb padorsl ¢ ADC

OcobenHocTh pabotel ¢ ADC 3aknrodaeTcs B TOM, 4YTO IIOJIB30BATENIO TNpeiiaraercs mnopadboTartbh ¢
HECKOJILKMMH aHaJIOTOBBIMH KaHAJIAMH, UCITOJIB3YSI IIPH 3TOM BCETO OJIMH BBIBOJ MUKPOKOHTpOJuIepa. J{is 3Toro Ha
mwiate IMU pacnonoxeH aHalIOrOBBIA MYJIBTUIUIEKCOP, MO3BOJISIIONIMI COEIUHATH TOT CaMblil  BXOJ
MHKPOKOHTPOJUIEpAa C OIHWM W3 BOCHMH BHEIIHHX AaHAJIOTOBBIX KAaHAJIOB. YTPaBICHUE MYJIbTHUIUICKCOPOM
MIPOU3BOAUTCS C MMOMOILBIO CIBUTOBOTO PETUCTPA.



[lockonbky ansi U3MEpEHHs] HANpPsDKEHUS Ha BHEIIHMX KaHalaX HEO0OXOIUMO KaXKIbld pa3 MepeKIovaTh
MYJBTHIUIEKCOP, TO CIIEAYeT O0ECIEeUUTh XOTS Obl MUHUMAJBHYIO 3aJepKKy MEXAY MEepeKIroueHHeM KaHajla U
[IPOLIECCOM M3MEPEHUS HaNpsDKEHUs, TOCTATOYHYIO AJISl 3aBEpLICHUs NEPEXOAHOro Impouecca. ANbTEpPHAaTHBHO
JaHHAs 3a7a4a MOXET OBITh pelleHa 3a cueT yBenudeHus napamerpa «Sampling Time» npu kondurypaunn AL
STM32.



Ipuiao:xkenne A. 'abapuThl mJiar
Ha I/I306pa)KCHI/II/I OTMCUYCHBI OCHOBHBIC pa3MEphl, a TAKXKE HOMEPHBIC 0003HaYEHUS BBIBOJJOB MCXKINIATHBIX
KOHHCKTOPOB IIpHU BHUJIC IUIAT CBEPXY.

LleHTphl yeThIpeX KpeneKHbIX OTBEPCTHH pacrlojIOkKeHBI Ha yIilax KBaapaTa co cTOpoHoH 38,6 MM. LleHTp
KBaJ[paTa COBMEIIIEH C LICHTPOM ILJIaThl.

< o 59, 64mm >

0o 66,00mm

Bun ceepxy o

Pucynok 9 — 'abaputs! mar

*JnekTpoHuka Bepcun V2.0 mMmeeT miaThl TOMIIMHOW 1,2 MM, paccTOSHHE MEXIy IUIaTaMHd OKOJIO
9 MM (TT0JTHAsI BBICOTa MEKIIATHBIX KOHHEKTOPOB).
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