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ABTOMATHU3AIIAA U3MEPATEJBLHOM CUCTEMBI JIJISI OIIPEIEJIEHUAS
XAPAKTEPUCTHUK I'PEBHBIX BUHTOB

Annomayun. Paccmompenvi 0CHOSHbIE BONPOCHI ABMOMAMUIAYUU USMEPUMENLHOU CUCHEMbL Ol ONpedeNeHUs
2UOPOOUHAMUYECKUX XAPAKMEPUCTUK 2PeOHbIX GUHMOS. [JaHo Onucanue 3KCHepUMeHMANbHOU YCMAaHOsKU O usyde-
HUsL pabomol 2pebHO20 BUHMA 8 C60OOOHOU 800€ NOO PA3IUYHBIMU YeIAMU HAMEKaHUs NOmoKa dxcuokocmu. Ilpusedensi
cxema u aneopumm asmoMamu3upo8anHo20 YRpasieHus U pecucmpayuu 0aHublx pabomul epebnozo sunma. Ilpousse-
dena omaaoka 83auMo0elicmels annapamuoll U RPOSPaAMMHOL Yacmell cucmembvl UsmepeHul.

Knrwouegsle cnoea: cudpoounamuieckue Xxapaxmepucmuku epebHo2o 8UHma, MOOeIbHble UCHbIMAHUS, ONbIMOGHI
baccetin, 9KCNepUMEHMANbHASL YCMAHOBKA, AHAN020-YUpposoll npeobpasosamens, becnpo8oOHAs cucmema nepeoayu
OQHHBIX, MEH30PE3UCTOPHbIE OAMYUKY YNOPA U MOMEHMA, OOHOKPUCHIANbHBIL MUKPOKOHMPOIIED, AHANO208blll
dunomp, ouggepernyuanbHblil ycunrumens, NOJIHONOBOPOMHASL PYeddsi KOJIOHKA

O. S. Puchkov, A. I. Golovan

MEASURING SYSTEM AUTOMATION FOR SCREW PROPELLER
CHARACTERISTICS DETERMINATION

Abstract. The main problems of automation measuring system for the determination of the hydrodynamic charac-
teristics of the propeller were explored. An experimental system for studying the work of the propeller in free water at
various angles of leakage flow description was given. Developed scheme and algorithm of automated control and data
registration of the propeller was given. Produced by the interaction of debugging hardware and software measurement
system was given.

Keywords: hydrodynamic characteristics of the propeller, model tests, towing tank, the experimental setup,
analog-to-digital converter, a wireless data transmission system, strain gauge sensors thrust and torque, a single-chip
microcontroller, analog filter, a differential amplifier, full-revolving propeller-rudder column
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ABTOMATH3AIIISAA BUMIPIOBAJIbHOI CUCTEMM JIJIs1 BUSHAUYEHHSA
XAPAKTEPUCTHUK 'PEBHUX I'BUHTIB

Anomauyin. Po3zenanymo OCHOGHI NUMAHHA ABMOMAMU3AYIL  GUMIPIOBANbHOL cucmemu O  BUSHAYEHHA
2I0pPOOUHAMIYHUX XAPAKMEPUCTUK 2peOHUX 26unmie. Po3pobaeno excnepumenmanviy yCmanHo8Ky O 6USYeHHS poOo-
mu 2pebHO20 28UHMA Y LIbHIN 800I NIO PI3HUMU Kymamu HaOieanHs nomoKy pioutu. Pospobieno cxemy ma ancopumm
ABMOMAMU308aHO20 YNPAGNIHHA ma peecmpayii Oanux pobomu epebnozo 2eunma. Ilposedeno nanazodicenus
83a€MO0ii anapamuoi ma npoepamHoi cucmemu UMIPHOBAHb.

Knrwouoei cnosa: 2iopoounamiuni Xapaxmepucmuku 2pebHo20 28UHmMA, MOOeIbHi 8UNPOOYBAHHs, OOCHIOHUU 6a-
CelH, eKCHepUMEHMANbHA YCMAHOBKA, AHAN020-YUpposull nepemsopiosay, be30pomosa cucmema nepeoasants OaHUX,
MEH30Pe3UCMOPHI OAMYUKY YROpY | MOMEHmMY, 0OHOKPUCIMAbHUL MIKPOKOHMPOED, aHAN0208ull itbmp, ougepen-
YitHuil niocuI08a4, NOBHONOBOPOMHA KEPMOBA KOJIOHKA

Beenenue. OCHOBHOM 3aAauell MOAEIBbHBIX IHocranoBka mpodaembl. CoBpeMeHHOE

UCTIBITAHUN TPEOHBIX BUHTOB SBIISIETCS ONpeje-
JIeHUEe TUAPOJUHAMUYECKUX  XapaKTEPUCTUK
u3oarpoBaHHoro rpedonoro BuHta (I'B) B 3aBH-
CUMOCTH OT PEXHMMa ero paboThl. Pe3ynbTarel
UcIbITaHUU cepuil Mogenei I'B no3Bossor mo-
CTPOUTH JUarpaMmsl Ul MPAKTHUYECKOro pac-
yera ['B.

MopenbHble UCHBITAaHUS OJDKHBI yIOBJIE-
TBOPATH TPEOOBAHUAM MEXAaHUYECKOTO MO00MS
HatypHoro I'B u ero mozenu.

Takue uccien0BaHus MOT'YT IIPOBOIUTHCS B
KaBUTAI[MOHHBIX TpyOaxX M OIBITOBBIX Oacceii-
Hax C MOMOIIBIO CIIELUAIBHBIX YCTAHOBOK.

© Ilyuxos O.C., 'onoBans A.H., 2013
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npuMeHeHne I'B B kadecTBe IBHIKHUTEIBHO-
pyneBoro kommiekca ([APK) cyana nHa moBo-
POTHOH KOJIOHKE 00eCHeuyuBaeT MOBOPOT KOM-
IieKca Ha Mpou3BojbHbI yroa 0 <a < 360°.
Hcnonp3oBanue [IPK Takoro tuma pacmumpsier
MaHEBPEHHbBIE BO3MOXKHOCTH Cy/HA.

Jlo cux mop sBISAETCA HEAOCTATOYHO HC-
CJIeZIOBaHHBIM Bompoc o pabote I'B mon pas-
JUYHBIMU YIJIAMHM HaTEKaHWs INOTOKa >KHMJIKO-
CTH.

s mpoBeneHUs Hay4yHO-MCCIIEI0BATEIb-
CKUX paboT MO U3y4EHHIO XapaKTePUCTUK CY0-
BOM IIOBOPOTHOM BHHTO-PYJIEBOM  KOJIOHKH
(BPK) B ombiToBOM Oacceiine Ogecckoro Mopc-



[MTyakos O. C. Omy01HKoBaHO B )KypHale Dnekmpomextuueckue u komnvromepuvie cucmemuvt Ne 11 (87), 013 90 — 95
ABTOMATH3AIMS [IPOLECCOB YIIPABJICHUS

KOTO yHUBepcuTeTa Oblia paspaboTaHa 3KcIie-
pHMEHTaIbHAsl YCTAHOBKA Ul M3ydeHHUs: pabo-
Tl TPEOHOTO BUHTA C YYETOM yIJIa CKOCa MOTO-
ka [2, 6]. Ona nokasana Ha puc. 1.
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Puc. 1. ODxciepuMmeHTabHas yCTaHOBKA JJIs1
n3yueHust paboThl rpeOHOrO BUHTA B KOCOM
MOTOKE

[Ipu mpoBeneHUM 3KCIEpUMEHTa HEO00XO-
IMMO B PEeXKHMME PEaJbHOTO BpeMeHH (pUKCHpO-
BaTh PsJl CWIOBBIX (YyHOp, MOMEHT) U KHHEMa-
TUYECKUX (CKOPOCTh JIBMYKEHUS, 000pOTHI TPpeod-
HOTO BHUHTA) IapaMeTpoB pabOThl TPEOHOTO
BuHTa. IIpn 3TOM OCTpO cTOUT MpobIEMa PHIIb-
TPaLUU MOJTY4aeMbIX JAaHHBIX OT CTAIIHOHAPHBIX
Y HECTAI[MOHAPHBIX ITOMEX.

Jliss  KayecTBEHHOTO (PYHKIIMOHUPOBAHUS
cTeHJa Obuta paspaboraHa OecripoBOJHAs CHUC-
TeMa repegadynd U 00pabOTKU AAHHBIX SKCIEpU-
MeHTa, Oaszupyromascs Ha HU(PPOBOM CHTHAIIb-
HOM IIpoIleccope, KOTOphIH oOecreuynBaeT pe-
UM peaTbHOro BpeMeHH. D(PPEKTUBHOCTh €€
JEUCTBUSL ONpPENENsIeTCs] MOCTOSTHHBIM KOHTPO-
JIeM U PEeryJlMpOBKOM CIEAYIOUUX YIPaBISIO-
IIUX MAapaMeTPOB. CKOPOCTH ABMKEHHs OyKCH-
poBounoii Tenexku (BT); wacTtoThl BpareHus
I'B; ynopa u moMmenra I'B; Temneparypsl BOJbI
B Oacceiine.

PesynbTaTsl uccaegopannii. C noMoIIbI0
CO3/1aHHON YCTAHOBKHM OBUIM M3MEPEHbI THIpPO-
nuHamudeckue xapakrepuctuku BPK [8]. Dke-
NEPUMEHTHI MPOBOAMINCH B IIHPOKOM JHaria-
30HE YIJIOB Ha0eraHus MOTOKa KUAKOCTH, a ca-
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Ma MOJellb Oblla B HEMOABMKHOM U TOJIBHIK-
HOM COCTOSIHHSIX.

Kak BuaHO Ha puc. 2, KOpIycC CTEHIa CO-
nepxan. mpuBoj BpameHuss ['B 7, coctosmmit
U3 DJIEKTPOJIBUraTelNs MEPEMEHHOTO TOKa C KO-
POTKO3aMKHYTBIM POTOPOM, COEAMHEHHOTO Ka-
OeneM ¢ 4acTOTHBIM mpeoOpaszoBarenem (UII)
(«Altivar 28»); rpe6Hoii Ban ¢ mozensio ['B 6;
JaT4uK 4rcia o00poToB rpedHOro Bana 4; nat-
YUKJ BETUYHMHBI yIIOpa 5 W BPAIIaroOIIero Mo-
menTa I'B 8.

Jaruuk nuHeiHol ckopoctu 1 Obln ycTa-
HOBJICH Ha crienmanbHoM konece BT 2, koTopas
JIBUKETCS M0 PENbCOBOMY MYTH 3 MPU TOMOIIH
OYKCHPOBOYHOM CHUCTEMBI OTBITOBOTO OacceiHa.

Puc. 2. Cxema skcriepuMeHTaIbHON YCTaHOBKU

[Ipu pa3paboTke cuCTEMBI aBTOMAaTH3ALMH
CTeHJa OCHOBHOH 3ajaucii ObUIO BBEICHUE B
JKCIUTyaTallMl0 HOBOW anmaparHod u IIpo-
IPAMMHOM 4acTed U3MEPUTEIBLHON cucTeMbl. Ee
anmnapaTHas 4acTb COCTOUT U3 TEH30PE3UCTOp-
HBbIX U MarHUTOYIPABJIIEMbIX 1aTYMKOB, aHAJIO-
ro-mrdposoro mpeodpaszosarens (ALIT) CUM-
A04.13 u [IBM.

[IporpammHas yacTb COCTOUT U3 OJIOKa 3a-
IUCH U 00pabOTKU JaHHBIX MO CIIELHAIBHO CO-
30aHHOMY  IPOTPAaMMHOMY  OOECIIEYECHHUIO
«Uudposas tenzocrannus». lpunoxenue pas-
pabotano B cpene mnporpamMmmupoBanus. C++
Builder 6.0, yto no3Bossier paboraTh B cpeze
MS Windows.

[Ipeo6pazoBarens ALl CHUM-A04.13
NpEeACTaBIsieT CO0ON YeThIpexXKaHAJIbHBIA aHa-
Joro-IuQpoBoil  mpeodpazoBaTeab CUTHAIOB
HU3KOTO YpPOBHS C NPOTPaMMHBIM YIIpaBJIEHU-
€M, C JIByMsl aHAJIOTOBBIMU M JIBYMsI LIU(POBHI-
MU KaHaJaMH.

CrpykrypHas cxema ALl CHUM-A04.13
IpeJCcTaBiIeHa Ha puc. 3.
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Puc. 3. Ctpykrypnas cxema ALIII CUM-A04.13

Jlnst o0ecrieyeHns BHICOKOTO KadecTBa pa-
6ot CIM B cucteme aBTOMAaTH3HPOBAHHOTO
U3MEpEeHUsT HEoOXOIMMO HCHOJIb30BaTh Clle-
Ayrone 0a30BbIE AJIEMEHTHI. BXOIHOM 4eThI-
pexXKaHaNbHBIA aHanoroBbiidi Gpuibtp (AD), Ko-
TOpPBIA MO/ YIpPaBJIEHUEM OJHOKPUCTAIBHOTO
mukpokoHTpoiuiepa (MK) ocymectBusier npes-
BapUTEIbHYIO (DUIBTPALUIO U3MEPSEMOM Belu-
yuHbl; nuddepenuuanbubiii  yeunurens (AY);
MHTETPAJIbHBINA IECTHAALATUPA3PSIIHBIA aHAJIO-
ro-iudposoi npeodpaszosarens (ALIIT); BeTpo-
€HHbI ofHOKpucTanbHbll MK ¢ BHyTpeHHel
NaMATBIO MIPOTPaMM, JAaHHBIX U KO3 UIHEH-
TOB HACTPOEK.

Jlns 3a1aHUs] HAYaJIbHOTO CMELICHUS H3Me-
psEeMOro CHUrHaja HeoOXOJUMO HCIIOJIb30BaTh
BCTPOEHHBIHN II(PO-aHAIOTOBBIN IpeoOpa3oBa-
tens (L{AIT). Ero ocHoBHas yHKIUS — BO3Bpar
CHCTEMBbl M3MEpEHHMs] B HCXOJHOE COCTOSHHE
IIpY Hayase MpoBeIeHHUs] HOBOW CEpUH 3aMEpOB.

BxonHble curHanel B JaHHYIO CHCTEMY IO-
CTYMaroT Mo KaHainaM 1 u 2 — aHamoroBble CHUT-
HaJIbl TEH30PE3HCTOPHBIX JAaTYUKOB YIOpa H
MOMEHTA — U 10 HU(POBBIM KaHaiaM 3 U 4 auc-
KPETHOTO CYETYHKa 00OPOTOB I'peOHOro0 BHUHTA
U CKOPOCTH JIBUKEHUS TEITICIKKH.

Tenzomerpuyeckuii momymoct (kaHamsr 1,
2), COeIMHEH MPOBOJHOM CBS3BIO C TEH30CTaH-
nueit AT CUM-A04.13, xoTopas moaaer mu-
TaHUE Ha TOJYMOCT, YCTaHaBIMBAaeT YPOBEHb
«HYJS», YCUIIMBAET CUTHANI M NEepelaeT ero Ha
u3MepuTenbHyto yacte MK.

Obmen wuHpopmanumeir wmexnay ALl
BHEIIHUMHU YCTPOIMCTBaMHU OCYILECTBISETCA C
MCIOJIb30BAHUEM YHH(PHULIMPOBAHHOTO Oecrpo-
BoiHOTO MHTepdeiica Bluetooth, yro mo3Bommito
n30aBUTHCSA OT HABOJOK B KaOeJIbHOM H3MeEpu-
TEJILHOM TpPaKTe.

JlaHHbBIE € JAaTYMKOB 00pabaThIBalOTCS B
peaTbHOM BPEMEHH C IOMOIIBIO MPOTrpaMMbl
«udposas tenzocranuus». Ha puc. 4 nokasa-
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Ha OJOK-cxeMa anropurMa paboThl HU3MEpHU-
TEIbHON CUCTEMBI.

v

U3mepeHue
curHana
TEeH30MOCTa

|

Koppekuus
HyneBoro
3HayeHus

CurHan
roTOBHOCTHU
AUN

OxunpaHue
KOMaHObl Ha
U3MepeHue

Owwunbka

KomaHpa ot

nporpaMmmsl
nony4yeHa
Koppekuus M3mepeHue curHanos
HyrneBoro —» nokaHanam 1,2;
3HAYEHUS MoacuyeT nepuoaa no
KaHanawm 3,4
Mepenaya

pe3ynbLTaToB
U3MepeHU KaHanoB
1,2,3,4 no Bluetooth

Busyanusauums
MOMy4eHHbIX
pe3ynbTaToB

OxunpgaHue
KOMaHAbI
"cTon"

Puc. 4. briok-cxema anropurma padoThl U3Me-
PUTEIBHON CUCTEMBI

Y100CcTBO  HCINOJB30BAaHUA  HPOTPAMMEI
«udpoBas TEH30CTAHIIUA» 3AKITIOYAETCS B 00-
paboTKe MJaHHBIX, TMOJYYEHHBIX B peaJbHOM
BpemeHu npu nomomu ALl u BO3MOXHOCTH
KOHTPOJMPOBAaTh BCE YETHIPE U3MEpPSIEMbIE Ia-
pameTpa: ymop, MOMEHT, 4acTOTy BpallEHUs,
ckopocth aswkeHust BT. Ilpumep untepdeiica
IIPOrpaMMBbl IIOKa3aH Ha pUC. .
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Puc. 5. UnTepodeiic mporpammbl
«udpoBas TeH30CTAHIIU»

OTaenbHBIM 3TanoM MpU MPOBEIECHUU pa-
00T 1O aBTOMAaTH3aIlMU CTEHJA SBJSUIMCH OTIe-
parmu o otnaake. B atom cinydae ObUIH pere-
HBI clenyromue 3a1aun: 1 — BeImonHeHa OanaH-
CUPOBKAa IIOJyMOCTOBOW CXEMBI TEH30PE3UCTO-
pa; 2 — nonoOpaHbl (UIBTPYIOIIUE JIEMEHTHI
U(pPOBON M3MEPUTEIBHON YacTu, 3 — Tapupo-
BaHbI JATYMKHU YIIOPAa U MOMEHTA BUHTA.

Otnagka B3aMMOJEHCTBUS alllapaTHOM U
MIPOTPAMMHOM CHUCTEMBI U3MEPEHUI BBINIOJIHEHA
B XOJI€ TECTUPOBAHUSI KAK OTIEIbHBIX €ro 4ac-
TE€H, TaK U BCEN CUCTEMBI.

TapupoBKka JATYUKOB CKOPOCTU JBUKEHUS
BT u o6oportos I'B npoBoauiacs npu momMouu
reHeparopa, wumemwmero Ha Bbeixoge 1l-
oOpasublii curran ¢ yactoroit 50 I'm.

JlaT4uK 4YacTOThl BpalIEHUs MPOTECTUPO-
BaH nipu nomoru YIT «Altivar 28».

3amephl JaTuMKa CKOPOCTHU JIBHKEHUS OYK-
CUPOBOYHOM TEJIEKKH COIMOCTABISIUCh C JAat-
YHKOM CKOPOCTH JIBUXKCHUS Mojieneit cynoB [3].

KanubpoBka TeH30pe3UCTOPHBIX NAaTYMKOB
MPOBOJMUIIACH METOJIOM CTaTHYECKUX Harpy3ok,
KOTOPBIA MpearoyiaraeT MCHOJb30BaHUE THUPb
paznuyHOro Beca. B KauecTBe STajlOHHBIX pe-
3yJNbTaTOB TMpPHU TECTHPOBAHUU pPabOTHI CTEHIA
ObUTIH B3STHl pe3ylbTaThl boirapckoro WHCTH-
tyra ruapoauHamuku cyaHa (BUI'C) [12]. Tlo-
JIy4EHHBIE CpaBHUTENIbHbIE XapakTepuctuku ['B
MOKa3aHbl HAa puc. 6. AHAIU3 PE3yIbTAaTOB IO-
Ka3bIBaeT, YTO OOIIAst MOTPEIIHOCTh CTEHIA CO-
ctaBisiet 2 %.

Kontponb Bcell cucteMbl MPOU3BOAMIICA
ucneiTanueM mojenu I'B ¢ uaeHTHuHbIMU Teo-
METPUYECKUMU  XAPAKTEPUCTUKAMHU  MOJEIH,
nzyuenHod B BUI'C. Ha puc. 6 mnpuBeneHsl
JaHHbIE KpUBBIX jaelicTBusa I'B B cBoOoaHOI BO-
Ie.
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Puc. 6. 3aBucumocTs ko3 durrenToB ymopa (a)
u MoMeHTa (0) OT oTHOCUTENbHOM nocTyru ['B:
1 — skcnepument OHMY;2 — nuarpamma BUT'C

BriBoabI

ABTOMaTH3alMs CTE€HJAa NpHU MPOBEACHUU
3aMepoB TPEOHOTr0 BHMHTA MO3BOJUIA B PEKHME
pEaTbHOrO BPEMEHMU 3alucaTh MPOLIECCHI, MPO-
UCXOMSIINE B pe3yabTaTe paboThl SKCTIEpUMEH-
TAJIbHOW YCTaHOBKH.

Pa3pabotanHass u3MepuTeNnbHas cHUCTEMa
M03BOJIMJIA YBEIIMYUTH TOYHOCTH PETUCTPUPYE-
MBIX JAHHBIX M HUCKJIIOYHUTH PAa3HOTO BUIA IIO-
MEXH.

[TonydeH anroput™ ympasiIeHUs, KOTOPBII
XapakTEepU3yeTCs CBOEM MIPOCTOTOW, HAIEKHO-
CTbIO U OBICTPOJEHCTBUEM, HApALy C O3TUM
MIPUMEHEHBl COBPEMEHHBbIE METOIbl cOopa, 00-
paboTKH U QPUIBTPALIMK CUTHAJIOB, IOTYyYaeMbIX
C JaTYHKOB.
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