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"KuiBcbkuii noJirexniyanii incruryt imeni Irops Cikopcbkoro"

PO3POBKA EKCHEPUMEHTAJIBHOI'O CTEHAY JJIs1
JOCJIIZKEHHA MAJIOITIOTY KHUX MAIINH MOCTIMHOT' O
CTPYMY 3 EJIEKTPOMATI'HITHUM 3BY/KEHHAM

Mamepianu cmammi npedcmagnsiioms co6010 pe3yabmam npakmuiHoi po3pooKu, wo npuceaiena po3pooyi
EKCNepUMEHMANbHO20 CIMEHOY 051 OOCAIONCEHHS NAPAMEmpie ma Xapakmepucmuk Mawur NOCMIiuHo20 Cmpymy
manoi nomyxcrnocmi. 3a pesynrbmamamu pobomu po3pooieHo NPUHYUNOBY cXeMy 01 O0CHIOHNCEHHA OaHUX MAUUH
Ha ocHo8i Mikpokoumponepy. Tpaouyitini 3acobu 8UMIPIOBAHHA CIPYMY, HANPY2U, WEUOKOCME 00epMAanHs 3aMIHEHO
cyuacuumu oasauamu. Dikcysanns ma oOpoOKa pe3yibmamis O00CHIONCEHHS GUKOHYEMbCA HA NEPCOHANLHOMY
KoMn tomepi 6 Hanigagmomamuunomy pesxcumi. Taxoowc, pospobreno npozpamue 3abesneuenns 0aa peanizayii
HeoOXiOHoi npozpamu unpobysans: HepoOOUUX Xi0, KOPOMKe 3aAMUKAHHA | M.IH. 34 00NOMO2010 pO3POOIEeH020
CMeHOy MOJICIUGO NPOGOOUMU GUNPOOYEAHHA MAUWUH NOCMIHO20 CMPYMY K 6 PEJCUMI O8USYHA MAK i 6 PedCUMi
2eHepamopa, wjo cymmeso NidGUWYE 1020 YHIBEPCATbHICMb NPU He3HAUHUX 2abapumuux posmipax. Anapamua
yacmuna cmenoy € MobiIbLHOI0, MOOMO 34 OONOMO2010 OOHO20 OIOKY MONCIUBO 3a0e3neyumu UnpoOysanHs PisHux
Mawun. 3acmocyeanns 8 Akocmi pegyasamopie nocmiinoi nanpyau ILIM doszeonuno suusumu eabapumui po3mipu
ma niosuwumu HAOIIHICMb eKCHEePUMEHMATIbHO20 CIEHOY 8 YLIOMY 3d PAXYHOK 8i0MO8U 610 MACUBHUX PeOCAamis.

Kro4oBi ciioBa: excriepuMEHTAIbHUH CTEHI, MAIlIHHA OCTIHHOTO CTPYMY, TAPaMETPH Ta XapaKTEPUCTHKH,
eJIeKTpOMarHiTHe 30y HKeHHS

Beryn MamHey NOCTiHOTO CTPYMY 3 €eKTPOMArHiTHUM 30YKEHHIM MIMPOKO 3aCTOCOBYIOTHCS B PI3HUX
ragy3sx MPOMHCIOBOCTI, TOGYTi, TeXHilli, Haywi i T. iH. [X 3HaYHE BUKOPUCTAHHS Ta TOMYIAPHICTH MOACHIOETHCS
HAasBHICTIO €KCIUTyaTallilHUX MapaMeTpiB Ta XapaKTePUCTHK, TAKUX SIK: BACOKHUI ITyCKOBUH 1 epeBaH Ta)KyBaIbHHUH
MOMEHT, BUCOKA IIBHUIKOIIsI, IIUPOKHH Jlialla30H IJIABHOTO PEryJIIOBaHHS YacTOTH 0OepTaHHSI.

EnexTpuyHi MalnHU TMOCTIHHOTO CTPyMy HOTY)KHICTIO Bl JecsiTKa A0 COTEHb BaT MAarOTh LIMPOKE
3aCTOCYBaHHS B €JIEKTPOIPUBOAAX IHYYKUX BUPOOHMYMX CHUCTEM, MPOMHUCIOBUX POOOTIB, CHCTEM aBTOMATHKH i
TPaHCIIOPTHUX 3ac00iB. BOHU TakoXk 3aCTOCOBYIOTHCSI B HABYAJIBHOMY IPOLEC JUIs CTYJCHTIB €HEPreTHYHOro Ta
€JIEKTPOMEXAHIYHOTO TIPOPIITIO.

B po0ori npoBeneHo aHaNi3 iCHYIOUHAX CTEHIIB JJIs BUIPOOYBaHHS MAIIWH MOCTiHHOTO cTpyMy. OCHOBHI
BHUMOTH JI0 TAKUX CTeHAIB Oynu chopMOBaHi Iie 3a paAsTHCHKOTO COI03Y 1 periaMeHTyioThes BigmoBigaumu ['OCT,
Ha OCHOBI sSKHX c()OpPMOBaHI OCHOBHI €Tamy Ta MpOIEIypH BHIPOOyBaHHS Takux MmammH [1-3]. Lle xmacwuni
CHCTEMH, IO NPEJCTABIAIOTh cO0O0I0 caM JOCIi/UKYBaHMH arperar Ta HaBaHTaKCHHS/TPHUBITHUN NBUTYH. s
HaBaHTAXXECHHsS T€HEPATOPiB Ta JBUTYHIB MOCTIHHOTO CTPyMy BHKOPHCTOBYBAJIMCH OaraTocTyIliH4YaTi peocraTtu
BeJINKOI TOTYyXHOCTI. st perymoBaHHA CTpyMy 30ymKeHHS B 0OMOTHI 30Yy/KeHHS TakMX MalluH
BUKOPHCTOBYBAJINCH MPOBOJIOYHI peocraru. [Iporpamoro Takux BUIPOOYBaHb MepeadadyeHo OTPUMAaHHS PoOOUnX
xapaktepucTuk Py, I, , n= f(P2), perymoBanpHux xapakTepucTk st aBuryHiB n=f(1,) Ta reneparopis I; =f(1,).

Bigomo i cydacHi 3aco0u Ta METOIM Ul MPOBEJCHHS BUIIPOOYBaHb MaJONOTY)KHHX MallMH HOCTIHHOTO
ctpymy. B 3arami BoHHM mpencTtaBieHi B pobOorax [4-7]. B OCHOBY JaHMX CTCHIIB IMOKJIAACHO CydacHi
MiKporponecopHi cucteMu B cykymHocTi 13 IHIM, uudpoBuMH BUMIPIOBaJbHUMH IPHUCTPOSIMH  Ta
KOMIT FOTEpU30BaHUMHU 3acobaMu  0o0poOkM Ta Bi3yamizaiil oTpuMaHuMX pe3yibraTiB. [lojanpuinii anani3
PEe3yJIbTATIB IPOBOJUTHCS B PyYHOMY a00 aBTOMAaTHYHOMY peXuMi. OJTHAK, OCHOBHUM HEJIOIKOM TaKHX CHCTEM €
X BHCOKa BapTICTh Ta HEOOXiTHICTH Y BUCOKOKBAIi(hiKOBAHOMY OOCITyTOBYIOYOMY TIEPCOHAI, CKIIAJHICTh ITyCKY Ta
HaJlaJIKi TaKUX CUCTEM.

Ha croroaninmHii JeHb MaTepiabHO-TeXHIYHA 0a3a OUTBIIOCTI HABYAILHUX 3aKJIa/liB, 0COOIMBO TEXHIYHIX
creniaJbHOCTeH, CyTTEBO 3acTapiBae. Lle moB’s3aHO sIK i3 OyPXJIMBUM PO3BUTKOM HAyKH 1 TEXHIKH B IIJIOMY TakK i 3
CITaOKuM JiepKaBHUM (hiHaHCYBaHHAM. ToOMy CTOITh aKTyalbHE 3aBJaHHSI OHOBIICHHS MaTepialbHO-TEXHIYHOT 0a3n
BUIINX HAYaJIBHUX 3aKJIa/iB Ta PO3pOOKY CydaCHHX KOMITAKTHUX, HEIOPOTHX Ta 6araTopyHKIiOHAJHHUX CTECHIB,
II0 CTaHYTh OCHOBOIO JIJIS TPOBEACHHS Ta00paTOpPHUX POOIT, MPAKTHYHHUX 3aHATH, HAYKOBO-IOCTITHUX POOIT 1 T.iH.
3 iHIIOr0 60Ky POCTYTh BUMOT'H JIO EHEPropecypco30epekeHHs, 1[0 BUMArae 3HM)KEHHSI BCTAHOBIICHOT MOTYKHOCTI
JIociKyBaHuXx arperaTiB. HoBi creHan maroTh OyTH JOCTaTHRO HAAIMHUME 1 MICTUTH MiHIMalbHY KUTBKICTh
HeOe3MeYHNX B eKCIUTyaTaii npeaMeTiB (HAanpuKIIaJ peoCcTaTiB, HABaHTAXKYBATHHUX TyMO, BIAKPUTHX KOHTAKTHUX
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3’egHaHb). OCHOBOIO TAaKWX CTEHAIB NOBUHHI OyTH Cy9acHi IH(POBi MPUCTPOI, 10 BUKOHYIOTH QYHKIIII perymisropa
Ta KOHTPOJIEpa BCiX eJNIEKTPUYHHUX BeIW4MH. [JIst miBUILECHHS Oe31eKy poOoTH 13 TAKMM 00JIaIHaHHAM HEOOX11HO
3MEHIIYBaTH poOOUYy HaNpyry 10 MiHIMaJIbHO MOJKJIMBOI, IO MiABHMIINTH O€3MeKy MiJ 4ac MPOBEAEHHS POOIT 3
TaKUM OOJIaIHAHHSIM.

Meta Ta 3aBaaHHS pOOOTH IOJISITAE B pO3POOILIi EKCIIEPUMEHTATLHOTO CTEHY JJIsl IOCIIPKEHHS [TapaMeTpiB
Ta XapaKTEPUCTHK MAJIONOTYKHUX MAIIUH MTOCTIHHOIO CTPYMY 3 METOIO OHOBJICHHSI MaTepialbHO-TeXHIYHOI 0a3u,
3HW)KEHHSI €HEProCIIOKUBaHHS, ITiABUIIEHHS HaiifHOCTI JJabopaTopHOTro 0oONaaHaHHS, IiJBUIICHHS Oe3MeKu IMiJ
gac po6oTHu 3 obnamHaHHAM. OCHOBHMM 3aBJaHHAM B pOOOTI € po3poOKa MPHUHIIUIIOBOI €ICKTPHYHOI CXEMH IS
BUTIPOOYBaHHS MAIIHMH IIOCTIHHOTO CTPYMY Ta IIPOTPaMHOT0 3a0e3edeHHs A1l KepyBaHHS Ta 00pOOKH pe3ynbTaTiB
BUTIPOOYBaHb.

Martepiaa i pe3yJbTaTu J0CTiAxKeHb 32 OCHOBY B POOOTI B3sITa MAJIONOTYKHA MAITIHA TIOCTIHHOTO CTPYMY
THUII HezanexHOTO 30yMKSHHS 3 HACTYITHUMH MapaMeTpamu (Tadm. 1.)

Tabmuus 1 HominansHi napamerpu nociipkysanoi MIIC

Ne [Mapamerp Bennunna
1 HominanpHa poboua Hanpyra 110B

2 HoMiHanpHU# CTpYM SKOpst 2,35A

3 HomiHaibHa MOTYXHICTh 240 Bt

4 | HominanpHa mBHaKicTs o0epTanns | 3300 06/xB
5 KK

6 Tun 30y/pKeHHS He3aJIeKHUH
7 Omnip 0OMOTKH 30Y/PKEHHS 980 Om

8 PexumM poboTH S1

Ha ocHOBI mpoBeEHOr0 JITEPaTYpHOrO IMOUIYKY JUIi PO3POOKH EKCIEPUMEHTAIBHOTO CTeHAY MJIs
JIOCJTIJDKEHHSI MAJIOTIOTYKHUX MAalIMH MOCTIHHOTO CTPyMy 3 €JEKTPOMArHiTHUM 30Yy/DKEHHSM C(OPMOBAHO Psij
NPUHIUTIOBUX BUMOT':

— CcyMapHa CIIO)KMBaHa IIOTYXHICTh YCTaHOBKM He Mae mepeumryBatu 1,0 kBt 3 weroro
eHepropecypco30epexeHHs;

— HOMiHaJIbHA poOOYa HaNpyra He MoBUHHA nepeBuityBaty 110 B 3 MeToro migBHUIIeHHs 6e3MeKH mix
gac poOOTH 3 00TIaTHAHHSM;

—  TpaIMuUiiiHI peoCTaTHI CHCTEMH PETYIIOBaHHS CTpyMy Ta Hanpyru 3aminuTtu 1IIM, 3 metoro
3a0e3meueHHs] KOMIAKTHOCTI, IiIBUIIICHHS HAIITHOCTI Ta 3MEHIICHHS CHEPTOBUTPAT;

—  TpajMuiiiHi BUMIpIOBaJbHI BOJBTMETPH Ta aMIIEPMETPH 3aMIiHUTH BIINOBIAHUMH IH(PPOBUMHU
JlaBayaMy CTPYMY Ta HaIlpyTH;

—  3abe3ne4nTH CTeH A HU(POBUM BUMIPIOBAYEM ILIBHJIKOCTI;

— i 0OpOOKH pe3yJbTaTiB Ta KepyBaHHs CTEH/IOM BUKOPHCTOBYBATH MIKPOKOHTPOJIEPH 3 TIPOCTOIO
MOXIIMBICTIO IHTeTpallii i3 IepCoOHaIbHUM KOMIT IOTEPOM.

CreHz 3MOHTOBaHUIA Ha 0a3i MOMyNIIpHOTO MiKkpokoHTposepy Arduino Nano (Atmega328p) (Puc. 1), sxuit
TIOBHICTIO BiJIITOBi/Ia€ MOCTABICHUM BHMOTAM Ta 3aBIaHHAM 1 MOXe IX peamizyBaTh. BiH Moke IOZaBaTH Ha CHIIOBI
kirodi LIIM curnai mo 103BoiuTh miaBHO perymoata MIIC.

GND RXD
(ATMEGA326%) Digital Pins [T smocystal
L g (16MHz)
Mini-B N N o, £ @S G TX LED(White)
use ﬁ = A ) RX LED(Red)
e 1) e (o™ B c Power(Blue)
Analog % - Pin13 LED

(Yellow)

Reference
Digital Pin 13 4

3.3V Output RESET Button

Analog Input Pins
RST Vin (150gf)

Puc. 1. OcHoBa creHny — MikpokoHTposiep Arduino Nano

Jlanuii MIKpOKOHTpOJIEp Ma€ MOJKIJIMBICTH IEPETBOPIOBATH aHAJOrOBI CHI'HAIM 3 JaBadiB CTpyMy Ta
NOIJIBHUKIB HANPyTH Ha IUQPOBI Ta IlepeaBaTH 1ii JaHHI Ha KOMII I0TEp 3a J0IIOMOT0I0 BipTyaJIbHOTO TepMiHaITy

36 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepeemuxa: exonomixa, mexmnonozii, exonozis. 2019. No 4

gepe3 USB-niopT. 3a momomororo BOYZOBAHOTO TaiMepy Ta 30BHIIIHLOTO (DOTOMATIMKY MOKIIMBO pealli3yBaTH
TOYHUI BUMIp 4acTOTH 00EPTIB MAILUH.

Crenn mpezcraBisie coOOK JBI €ICKTPUYHI MAIIUHH MOCTIHOTO CTPyMY, IO 3'€JHYIOTHCS MiX CO0O0IO
MyhTo10. IX 06MOTKH (K0P i 36yIKEHHs) TIOCTiI0BHO 3'€HAHI 3 KEPENIOM KUBJICHHS Yepe3 AaTYUKH CTPYMY i
CHJIOBI KJIIOUi, SIKI Y CBOIO 4epry mia'enHaHi n0 KoHTposiepa. Hapyra mns BumiproBanus ALl monwmkyetecs
PE3UCTUBHUM AibHUKOM. YacToTa 00€pTiB BUMIPIOETHCS (POTOAATIUKOM.

[Inatdopma Nano, noOynoana Ha MikpokoHTposiepi ATmega328 (Arduino Nano 3.0) abo ATmegal68
(Arduino Nano 2.x), Mae HEBEJIHKi pO3MipH i MOKe BHKOPHCTOBYBATHCS B JJaOOpaTOpHUX poboTax. BoHa Mae cxoxy
3 Arduino Duemilanove ¢yHKITiOHATBEHICTB, IPOTE BiIPi3HAETHCS CKIaTaHHIM. BiAMiHHICTD TONATaE Y BiICYTHOCTI
CHIJIOBOTO PO3'€My IMOCTIHHOTO cTpyMy i poboTi depe3 kabems Mini-B USB. OcHoBHi xapakrepuctuku Arduino
Nano, 1o BUKOPUCTABYETHCS B CKIIAA1 PO3POOIIEHOTO CTEHAY HaBECHO B TAOI. 2.

Tabmmis 2 OcHoBHI XapakTepucTik Arduino Nano

MIiKpOKOHTpOJIEP

Atmel ATmegal68 a6o ATmega328

Po6oua Hampyra (JoriuHa piBEHb) 5B
Bxinna Hampyra (peKoMeHI0BaHNa) 7-12 B
Bxinna Hampyra (rpaHudHe) 6-20 B

Mudpori Bxoxu / Buxoau

14 (6 3 SIKMX MOXXYTh BUKOPHUCTOBYBATHCS

sik Buxoau LIIIM)
AHajoroBi BXoau 8
[MocTiliHuii cTpyM Yepe3 BXin / BUXif 40 M
16 K6 (ATmegal68) a6o 32 K6
(ATmega328) mpu niromy 2 Kb
BUKOPHCTOBYIOTBCS JJIsl 3aBaHTa)KyBaya

dnemr mam AT6

o3y 1 K6 (ATmegal68) ado 2 Kb (ATmega328)
512 Gaiit (ATmegal68) ado 1 Ko
EEPROM (ATmega328)
TaxroBa yacToTa 16 MI'g
Po3mipu 1.85cmx4.2cMm

Jliss BUMIpPIOBaHHS TIOCTIHHOTO CTPyMy B OOMOTII SIKOps Ta 30y/UKGHHS JOCTIIKYBaHHUX MAIIUH
BHUKOPHUCTOBYETHCS NOCTYIHUI naBad ctpymy tuny ACS712 (puc. 2).

Puc. 2. [laBau ctpymy ACS712

Harunk crpymy ACS712 3acHoBaHuii Ha npuHIMII, BigkpuTomy B 1879 poui Exginom Xonowm (Edwin Hall).
Mikpocxema ACS712 BumyckaeTbcsi B MiHiaTFOpHOMY §-BHBimHOMY Kopiryci SOIC s mOBEpXHEBOTO MOHTAXKY.
BoHna cxiragaeThes 3 Mpenu3iiHOTo JiHIITHOTO AaTyrKa X0J1a 3 MaJIOk0 HAIPYTOl0 3MIMIICHHS 1 MiTHIUM IIPOBiTHUKOM,
10 TPOXOIUTH 01N OBEPXHi dila i BUKOHYE POJIb CHTHAIBHOTO I cTpyMy. BOynoBanuit popmyBau curHamy
(iTPTpyE CTBOPIOBAaHE YYTIHBHM EIEMEHTOM HAIPYTY 1 MJACHIIOE ii A0 piBHSA, KU MOke OyTH BU3HAYCHUIT 3a
nonomoroto ALITT mikpokoHTpoOIIEpa.

CHII0BOIO OCHOBOIO CTEHIY € TPAaH3UCTOPH. BOHHM BHKOHYIOTH (DYHKIIIO PEryisTopa Hampyrd B 0OMOTII
AKOpst Ta 30yMKEHHS, BHUKOPHUCTOBYIOTBCA ISl IUIABHOTO IIYCKYy BHIPOOYBaJIBHUX JABHTYHIB. B po0oTi
BUKOPHUCTOBYIOThCS Tpar3ucTopu tury MOSFET IRF250 (200 V 30 A) ans nanmrora oomotku sikopst i MOSFET
IRF840 (500 V 8,8 A) misa nanmrora 00MoTKH 30y keHHs (puc. 3).

ITepeparoto Buxopuctanas MOSFET B sfKOCTI JOTiYHHX MEpETBOPIOBAYiB OYEBHIHA, OCKUIBKM BOHH B
CTAaTHYHOMY PEXHMIi HEe CIIOKUBAIOTh eHeprii. [[iicHO, He 3aJIe)KHO BiJ JIOTIYHOTO CTaHy Ha BUXOJIi, 3aBXIH OJMH
13 ITOCJTITOBHO BKIIIOYEHHUX TPAH3UCTOPIB € «BIIKPUTHI», a IHIINH «3aKPUTHI», TOMY CTPYM Yepe3 HUX He MPOTIKae.
[IpoTe npu nepeMuKanHi i3 0JTHOTO CTaOUIBHOTO CTaHy B IHIINH (TIepeXiJHUHN MTPOLeC) 3BUYAtHO CTPYM INIPOTIKAE, 1
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fioro cii BpaxoByBaTH (0COOIMBO TIPH BUCOKMX TAKTOBUX YACTOTAX JIOTIYHUX cxeM). KpiM Toro nani Tpansucropu
JIOCUTB PO3IOBCIOKEHI, III0 00YMOBIIIOE iX HEBUCOKY BapTiCTh Ta JOCTYIHICTb.

Puc. 3. N-kanansuuit MOSFET IRF250 ta IRF840

i BUMiproBaHHS MIBUAKOCTI 00epTaHHSI BUKOPHCTOBYETHCS ONTHYHUNA MUPPOBHA AaTIHK (puC. 4).

Puc. 4. OnTtnyHnii 1aBad MBUIKOCTI

OnrtuuHMi 1aBay MBHUIKOCTI sBiIsSe co0ot0 ontonapy. Onronapa — ONTOENEKTPOHHHI HaIliBIPOBITHUKOBHI
npuiiaj, SKUH CKIaJaeThesl 3 BUMIPOMIHIOBAaYa Ta IpHUiiMada BUIPOMIHIOBAHHS, MK SIKUMHU € ONTHYHHUN 3B'SI30K 1
3a0e3meyucHa eNeKTpUYHa 130Jis1is. J[ist poboTu Takoro gaBaya He0OXiMHO PO3MICTUTH Ha BaJTy IBUTYHA TUCK a00
[IMAaTOK TBEPIOro BHPOOY (KapTOHY, IUIACTHKY, TEKCTONITY, akpwiy i T.iH.). OnrompuiiMay paxye KiJdbKiCTh
IMITyJIBCIB 32 OJMHHMIIIO 4Yacy 1 3a JIOIIOMOTOI0 MPOrpPaMHOTO 3a0e3Me4eHHS B MIKPOKOHTPOJIEPI BH3HAYAETHCS

MIBUJIKICTH 00epTaHHs. J[aBad € TphOX MPOBIIHUM — IO JBOM IIPOBITHUKAM MOJAETHCS XUBIEHHS "+" Ta "—", IO
TPETHOMY MPOBITHUKY IPOXOIUTH CUTHAI BiJl ONTHYHOTO MpHuiiMaya, "—" B JaHill CXeMi € CITITbHHM.
[IpuHIIMIIOBA ENEKTPUIHA CXeMa PO3POOIICHOTO EKCIIEPIMEHTAFHOTO CTEHAY HaBEJICHO Ha pHC. 5.
CrabunizaTop Hanpyru Pe3UCTUBHUA NOAINBHUK HaNpyT i MikpokoHTponnep
+12V +110vV
T cs TaxomeTp
#.E L W‘_:‘a?mc {E 1 ‘_P\',\‘vﬂ,
' 2| SN0 | Larsosc = Deasa i
T L
+3V +
BenTUnaTop
+12V
i FAN
-
Cwvnosi kmoyi (MoceTn) Ta naTYMKK CTPYMY
E B B B
Motor2 Motor!
RC-(hinkTp HUMHIX 4acToT Ririd I T RC-hineTp HUMHIX 4acToT siov pasEs] RJ T
100

§
and 4

12794 5
ACSTI12

ACST12

a2
IRF250

Puc. 5. IlpuHnmioBa cxema po3po0JIeHOrO CTEH LY

38 ISSN 2308-7382 (Online)




ISSN 1813-5420 (Print). Enepeemuxa: exonomixa, mexmnonozii, exonozis. 2019. No 4

ATapaTHa 4acTHHA PO3POOJICHOI0 €KCIIEPUMEHTAILHOTO CTEHIY CKJIANA€ThCs 3 HACTYNHHUX NPUHIMIOBUX
YaCTHH T4 KOMIOHEHTIB!

—  Jokepeno xuieHHs 110B, mo HagxoauTk 3 1a00paTOPHOTO OJIOKY KUBJICHHS Ha KIIEMH KEPIBHOTO
MOAYJIIO;

—  konekropui MIIC 3 H3;

—  MOJIyJb KepyBaHHS;

—  MIKPOKOHTpoJiep «Arduino nano» 3 MiKpoCXeMOIO 3B'I3KY 3 KOMIT I0T€POM;

—  Omox xuBaeHHs 128 300 MA;

—  TPOBIJHHUKHU Ta KJIEMHHUKY;

— crabimizarop Hampyru Ha 5 B 3 koHAEHCATOpaMu;

—  PEe3UCTHBHMH NMOJINIBHUK HAIIPYTH JUIS BUMIPIOBAHHS;

—  JIBa CHJIOBHX IOJBOBUX TpaH3ucTopu 500 B 8,8A;

—  JBa CWJIOBHX NonboBUX TpaH3uctopu 200 B 30A;

—  aJIOMiHIEBHH pajiaTop 3 130JIIOIOYMMH TPOKJIAJKaMH Ta TBHHTaMH, Ha SKOMY 3aKpillUIeHi
TPaH3UCTOPH BEHTUIISITOP JJISI OXOJIOJDKEHHS CHIIOBUX KJIIOYiB;

—  MIATATYI0Y] Ta 00MEXYI04l PE3UCTOPH JUIsl TPAH3UCTOPIB;

—  JIaTYMKHU CTpYMY Ha edpekTi Xoa, 1110 MPONOPLIiHHO MEPETBOPIOIOTH CTPYM Y HAIIPYTY, L0 JO3BOJISIE
BuMipsaTH i BOymoBanuM AL mikpokoHTpoepa;

— RC oinmetp HmWKHIX dacToT. HeoOXimHWi, OCKUIPKM CHTHAIH 3 [aTYUKIB CTPyMy HE €
HelepepBHUMH, Yepe3 Te IO CHIIOBI KIII0Ui IepeMUKAI0Thes 3 4acToToro 490 I';

—  ONTHYHHHU JATYMK Ha OCHOBI ONTONApH, IO pearye Ha MepelKoy, o 3aXOAUTh y HOro IUIHHY.
Jo3Boutsie 32 JOIIOMOT010 BOYJOBAaHOTO Y MiKPOKOHTpOJIEp TaiiMepa BUMIPIOBATH YAaCTOTY 0OSpTiB.

3aranbHUIT BUTTIAI 3MOHTOBAHOTO SKCIICPUMEHTAIBFHOTO CTEHIY OKa3aHO HA puc. 6.

Puc. 6. 3arannHuii BUTJISL CKCIICPUMECHTAJIBHOTO CTCHAY

Ha puc. 6. mokazano: 1, 2 — qocmimkysani MIIC i3 He3ane:xHIM 30YDKEHHSM, SIKi BMUKAIOTHCS 3yCTPIYHO B
PEeXKHMMI IBUTYHA Ta Y3rOJKEHO B PeXKHMi poOOTH renepartopa. B pexxumi poboTu reHeparopa Ha 0OMOTKY SKOps
MAKITI0YaeThCS peocTat crpymoM 3 A, 50 Om; 3 — amapaTHa 4acTHHA, IKa CyMIIlae B COO1 MiKpOKOHTPOJIED, CHIIOBI
KJIIOYi, 1aBavi cTpyMy, HalpyrH i T.iH.; 4 — HaHeNb )KUBJIeHHs nocTiiiHuM crpymom 110 B ta mxepeno 220 B s
0JI0Ka JKHMBJICHHS; 5 — BXIJIHI TEPMiHAIM JKUBJICHHS CTCHIOM; 6 — ONTHYHHIA JaBay MIBUAKOCTI; 7 — >KUBJICHHS
MIKpPOKOHTpOJIEpa BiJl aBBTOHOMHOTO JIXKEpeJia;

Jlo mporpaMHoro 3a0e3ne4yeHHs IOCTaBIeH]I HaCTyIHI BUMOTH:KepyBaHHs MocderamMmu 3a  JI0IOMOTOI0
I1IM; 3unTyBaHHsS NOKa3HHUKIB JAaTYMKIB, MEpEepaxyHOK 3HAUEHb; 3YMTYBAHHS YacTOTH OOEPTIB 3a JOIOMOTOIO
nepeprBaHb; KOMYHIKaILlisl 3 KOMIT FOTEPOM, OTPUMaHHs KOMaHJI, BUBi/l Ha €KpaH IO0Ka3aHb; BUKOHAHHS MOAaHUX
Buile 3anauy ofgHoudacHo (Real-time). Bei Bumorn Oynu BUKOHaHI 3a PaxyHOK pO3pOOJIEHOI NMEpCOHANBHO Ta
peaiti3oBaHOl B MIKPOKOHTPOJIEP] aBTOPCHKOI IIPOrpaMu.

Po3polOiiennii excriepuMeHTaIbHAN CTEH]T 3[]aTeH peali3oByBaTH HACTYIHMH (YHKIIOHAT 3a JIOTIOMOTOI0
BipTyaJlbHOTO TOPTY Ta mporpamu Arduino ide (pumc. 7): migximodaTucs A0 KOMIT IOTepa, BUBOAWTH JaHHI Ha
MOHITOp, CIPUIMaTH KOMaHIH; OJHOYacHO KepyBaTu asoma MIIC 3 Hanpyroro sxuBieHHs 10 190B, ctpymoM sikopst
1o SA, ctpymom 30ymkeHHs 10 2A 3a gonomoroto LIIIM; mnasHo perymoBatu LIIIM 3 MeTor0 3amobiraHHs BUXOY
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3 JIajy; BUMIPIOBATH CEpEAHii CTPyM, MPOTIKAIOUHMHA Yepe3 0OMOTKH 3 TOUYHICTIO 10 0.1A; BUMIipIOBaTH 4acTOTy
00epTiB 3 TOYHICTIO 10 £5 00/XB; BUMipIoBaTH BXifHY Hanpyry 10 190B; po3paxoByBaTu 1oJjaHy CEpeaHIO HAIpyry
3a JaHuMH 3anoBHeHHs [11IM Ta BumipsiHOT BXiZIHOT HANPYTH; MOKAa3yBaTH Yac y CEKYH/aX, 3 MOMEHTY IiAKITIOUEHHS
JI0 KOMII'I0Tepa 3 TOUHICTIO 10 %2 CEKYH[IH.

Puc. 7. MoHITOp NOCIITOBHOTO NOPTY /715t 0OPOOKH Ta OTPUMaHHS pe3yJIbTaTiB

JlaHHI NOAISIFOTECSI HA CTOBITYMKH: 4acC y CEKYH/IaX 3 MOMEHTY 3aIlyCKy, 3 TOUHICTIO JI0 Y2 CEKYHIH; 2 — CTaH
MMy MOC®ETiB, ne 0 — noBHIcTIO 3akpuTHii, 255 — moBHicTi0 Biakputnit. MOCOET 1-4; 3 — moka3HUKH
JATYUKIB CTpyMy. JlaTuuku cTpyMy MaroTh TOUHICT 0m3bKo 0.1 A; 4 — Uiy, —Hampyra Ha BXO[I.

Ha puc. 8, anst mpukiiajy, moka3aHo po3paxoBany xapakrepuctuky n=Ff(P2) aust nocmimkysanoi MIIC.

=

1,00
0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10 P,, Br
0,00
0,00 50,00 100,00 150,00 200,00

Puc. 8. Poboua xapakrepuctuka mociimkysanoi MIIC

BucHoBku B po0oTi po3po0iieHO eKCIePUMEHTAIBHUI CTeHI IS JOCTIHKEHHS MAJIOMOTYKHUX MAIIUH
MOCTIHHOTO CTPpYMY. BUKOPHCTOBYIOUHM MIKPOKOHTPOJIEPY TEXHIKY, Cy4acHi CHIIOBI KJIFOU1 Ta BUMIPIOBaJIbHI JlaBayi
peaii3oBaHO aBTOPChKE MPOTrpaMHe 3a0e3eueHH s Ul KepyBaHHs JOCIIIKYBAaHUMH €IEKTPUYHUMHU MAalllMHAMU Ta
JUIs pearizaiiii Oyap-sKOi Mporpamu BHIIPOOyBaHb. P03po0iicHHI CTEHJ MOXIHBO BHUKOPHUCTOBYBATU 5K B
HaBYAJIbHOMY TIPOILECi JJIsi CTYACHTIB HANpsMKy €HepreTMka Tak 1 Ui JOCHIIHULIBKUX Iieil. 3a paxyHOK
BUKOPHCTAHHS CYy4aCHUX KOMIIOHEHTIB BJIAJIOCS CYTTEBO 3HU3UTH rabapUTHI PO3MipH CTEHIY Ta IiIBHIIUTH HOTO
eHeproe()eKTUBHICTb. 3a JONOMOTOK PO3pOOJIEHOr0 CTEHMy YCIIIIHO NpoBeaeHo BunpodOysanHs MIIC Ta
OTPHMAHO BiJOBIIHI XapaKTePUCTUKH.
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DEVELOPMENT OF AN DEVICE FOR SMALL POWER DIRECT
CURRENT MOTORS TESTING WITH ELECTROMAGNETIC
EXCITATION

In this paper are presenting the results of practical development, dedicated to the development of an
experimental device for the studying of the parameters and characteristics of low-power direct current motors.
According to the results, a principal scheme for the testing of these machines based on the microcontroller was
developed. Traditional methods for current and voltage measuring, rotation speed have been replaced by modern
high-sensitivity sensors. Storing of testing parameters and characteristic’s and its further post processing is
performed on a semi-automatic mode with the help of personal computer. Also, software has been developed to
implement the required test program: no load mode, short circuit mode, etc. This device can provide us to do
different types of direct current motor mods: we can test it as motor mode as generator mode. It significantly
increases its universality at small overall dimensions. The hardware of the experimental device is mobile, that is,
with the help of one it is possible to provide testing of different motors which are situated in different places. As
direct current regulators are use PWM which reduce the overall dimensions and increased the reliability of the
experimental device due to the rejection of massive rheostats. With the help of its device are investigated some
practical characteristics of small power direct current motor. These results are compare with theoretical results.

Keywords: experimental stand, DC machine, parameters and characteristics, electromagnetic excitation.
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