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MPOT'PAMHO-AITAPATHUI KOMILJIEKC JIJISI MOJAEJbHUX BUITPOBYBAHB IIJIBICKHA
ABTOMOBUIA HA OCHOBI YHOTUPHJIAHKOBOT'O
BAXKIVIBHOI'O MEXAHI3MY

CmeopeHo npocpamuo-anapamuull KOMNLEKC OAsl NPOGEOCHHs. CMAMUYHUX MA OUHAMIYHUX
0ocaiodicelb ni0GICKU asmoMo0ins. [Janull KOMIAEKC 003605€ 8 A8MOMAMUYHOMY PedcuMi 30upamu ma
00pobnsimu iHGhopmMayiio NPo HABAHMANCEHHS MA Oepopmayito NiOGICKU, A MAKONC NPeOCmasisimu it Ha
EKPAaH 8 PedCUMi PeanrbHo20 Yacy.

Beryn. PoGota npucBsiueHa CTBOPEHHIO MPOrpaMHO-aapaTHOr0 KOMIUIEKCY JUIS MOJIEIFHUX BUIPOOYBaHb
ITiJIBICKK aBTOMOOLJISI Ha OCHOBI YOTHPHIIAHKOBOI'O BakKiJIbHOTO MexaHizmy (UJIBM).

B nanwmii vac ize miaroroBka J0 MPOBEACHHS JOCHTIHKEHb po3pobiieHol [1] Momeni miaBicku aBTOMOOLIS Ha
ocHoBi UJIBM (puc. 1). JocnimkeHHs 3aIaHOBaHO B /1Ba erany. [lepmmii eran — craTudHi BUNPOOYBaHHS, SIKi
nepen0avyaloTh EKCIEPUMEHTAIbHE 3HAXO/PKEHHS IPY)KHOI XapaKTEPUCTUKH IMiABICKM — 3alIeKHOCTI XOIy
miaBickK (BepTUKaNbHOI jAedopmarii) Ta NPUKIAAEHOro a0 Hei HaBaHTaxeHHs. [pyruit — auHamiuHi
BUNPOOYBaHHS Ui OTPUMAHHS MapaMeTpiB KOJNMBAIBGHOTO NPOLECY IMiABICKU, il aMILTITYJAHO-4aCTOTHOL
XapaKTEePUCTUKH.

Puc. 1. Cxema niosicku asmomo6ins na ocnosi Y/IBM:
1 — yomupunankosuti mexamniam, 2 — n0830062ICHS HANPAMHA,; 3 — 6EPMUKATLHA HANPIMHA,
4 — nnowaoka, 5 — onopa; 6, 7 — no830082icHi onopu; 8 — NOG3yH

[IpoBeneHHss BKa3aHMX EKCIIEPHUMEHTIB Iependavyae OJHOYACHY OIIHKY iH(popMamii NMpo HaBaHTAKECHHS
miaBicky (cuina) Ta 1 nedopmarlito (BepTUKAIBHE TIEPEMIIIEHHS ).

BuMiproBaHHS IIMX MEXaHIYHHX BEJIUYMH MOXIIMBE 3a JOMOMOI'OI0 HAWIIPOCTINIMX IPHJIadiB: JiHIHHA
BEpTHUKaJIbHA IIIKaJa — JJIsl BUMIPIOBAHHS MepeMillleHHs, MEXaHIuHI MPYXXHI TUHAMOMETPH — JIIsI BUMIPIOBaHHS
cviH (Bi3yallbHUH METO JJOCIIKEHHS ), eIEeKTPOMEXaHIYHi Ta ONTOEJIEKTPUYHI MepEeTBOPIOBAYi.

[Tpuctpoi BUMiproBaHHS TIEpEMillIEHHS Ta CHJIM MOYKHA PO3JUTUTH HA JIBi TPYIIH:

® Ti, N[0 MPHUHIIUIIOBO He cyMicHi 3 EOM.

e cymicHi 3 EOM.

[epuri A03BONISAIOTH OTPUMYBATH JIMIIE 3arajbHy KapTHHY JOCIIIPKYBaHOTO mporiecy. 30ip Ta oOpoOka
pe3yNbTaTiB  EKCIEePUMEHTY 3HAa4YHO YCKJIQJHIOETBCS, MPH LOMY NPUCYTHI CyTTeBi moxuOku. [pyri
3aJI0BOJIBHSIIOTH YMOBI aBTOMaTHYHOTO 3HATTS pe3y/IbTaTiB Ta MOXKIIMBOCTI iX 00poOkH 3a ponomororo EOM Ta
MiHiMi3amii TOXHOOK.

Jlns  BupilieHHs 3a7adi aBTOMATUYHOTO OIHIOBAHHS EKCIIEPUMEHTY 3alpONOHOBAHO BUKOPHCTATH
eJIEKTPOMEXaHIYHI Ta ONTHUYHI NePETBOPIOBAYl MEXaHIYHUX BEJMYUH (TIEPEMIILIEHHS Ta CUIIN) Y EJIEKTPUYHI.

Ha cywsacHomy erami Bimomi [2, 3, 4, 5, 6] NOTEeHHiOMETpUYHI, TEH30METPUYHI IIEPETBOPIOBAYI;
MIepeTBOPIOBadi KOHTAKTHOTO OIOPY; €MHICHI, 1HIYKTHBHI Ta TpaHC(OpMATOpPHI NEPETBOPIOBAYi; ONTHKO-
EJIEKTPHYHI [IEPETBOPIOBAYI.

PoGora Tenzomerpuunux neperBoproBauiB (TII) [S] rpyHTyeTbcs Ha BHKOPUCTaHHI 3MIiHH €IEKTPUYHOTO
OITOpy MPOBIAHUX MaTepiaiB (MEeTatiB) MPH PO3TITY Ta CTHCKY iX y MeXaX NpyXHoi aedopmariii.
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IlepeBaraMu TCH30METPHUYHUX MEPETBOPIOBAYIB € iX Maja Maca i Ta0apuTHI PO3MipH; MOMKIHBICTh
PO3MIIIEHHS y BAXKKOJOCTYITHUX MICIISIX; IPOCTOTa KOHCTPYKLIT Ta JICIIeBHU3HA BUKOHAHHSL.

OCHOBHUMH IX HENOJIKaMH €: TIOoNepeYyHa TEeH30YyTIUBICTh i AporsHux TII Ta Mama MOTYXHICTh
BHXIJTHOT'O CHTHAITY.

[orenniomerpuyni neperBoproBayi (I1T) HanekaTh J0 TPyNH MEPETBOPIOBAYIB aKTUBHOTO OMOpY, IX IIE
Ha3UBAIOTh PEOCTATHUMH 200 PE3UCTUBHUMU ejeMenTamu [7, §].

[T maroTe Taki mepeBaru: 34aTHICTh HPAIfOBATH HAa 3MIHHOMY CTPYyMi i IOCTIHHOMY CTpyMi; MOPiBHSHO
HEBEJIMKI MacH i rabapuTHI po3MipH; BiACYTHICTH ()a30BOT0 3CYBY BUXIJHOI'O CHTHAIY.

AJe X BUKOpHCTaHHS B Hamliii poOOTI BHKIIOYAETHCS 4Yepe3 Taki MPUTAMaHHI iM HEJONIKH: HasBHICTH
3BOPOTHOI J1ii y BUIVISIII MOMEHTY CHJI CyXOr'O TEpTsI; OOMEXEHUH CTPOK CIIY)KOH y 3B'S3KY 3 HAsIBHICTIO JIeTaIEH,
110 MMiAAAF0ThCS BIUTUBY TEPTS; HEBEIMKA HAIHHICTh, OCOOIUBO IIi/T YaC BUCOKOI TUHAMIYHOI POOOTH.

€mHuicHuii meperBoproBau (€I1) [6, 8] sBisIe coOOI0 KOHICHCATOpP, IO CKIAIAETHCS 3 MBOX YH OLIBIIC
IUIACTUH, BiJOKPEMJIEHHX OJHA BiJl IHINOI [IAPOM IIOBITPSI YM IHIIUM JieJeKTpukoM. [IpuHImm poOoTu
3aCHOBaHUI Ha 3MiHI BIICTaHI MiX IUTACTUHAMHU, IO MTPU3BOJMUTH JI0 3MIHH EMHOCTI.

OCHOBHUMH iX HENOJIKaMH €. BHCOKHI BHYTPINIHINA OMHip, IO POOHTH IX MAaJIONOTY)KHUMH; BIJHOCHO
HEBEeJIMKa CTa0UIbHICTh; HEOOX1IHICT POOOTH Ha MOPIBHAHO BEJMKIH 4acTOTi (Bi Kijorepl i Buile), mo poOUTh
X HECYMICHIMHU YMOBaMH MPOBEICHHS HAIIIOTO EKCIIEPUMEHTY.

Po6ora inpykrusHux (II1) Ta TpanchopmaTtopuux (TII) mepeTBoproBadiB OCHOBaHA Ha 3MiHi IHAYKTHBHOCTI,
CIPUYMHEHOI 3MIHOIO MOBITPSHOro 3a3opy abo mepemimieHHsM ocepns BigHocHo korymku (IIT) ym 3miHOMO
TIOJIOXKEHHSI PYXOMOTO OpraHy, sIKMi ClipuiiMae BUMipIOBaHE MIEPEMIIlleHHs | BUKIMKAE 3MiHy B3a€MHOI 1HIYKIIIT
MiX nBoma cuctemamu oomorok (TTI) [2, 6].

[epearamu II1 € ix mpocrota B ekcrutyatalii, HalilHICTh B POOOTI (OCKUIBKM HE MICTSTh €IEKTPHUYHUX
KOHTAaKTIB, sIKi IiAJISraloTh KOpo3ii Ta CTUpaHHIO, BUCOKA TOYHICTH BUMiproBaHHs. II1 MMPOKO BUKOPUCTOBYIOTH
JUTS OLIHKA KYTOBMX NHKIIYHUX TMepeMilieHb. JIJI1 OIIHKM 3HAYHUX JIIHIHHUX TEepeMillleHb KOHCTPYKIIiS
nepeTBOpIoBava Oyne yckianHoBaTich. Le BimHocutbes i 1o TIL

Onruko-enexrpuyi nepersoproBadi (OI1) [6] 3acTOCOBYIOTBCS B Cy4aCHUX BUCOKOTOYHUX BUMIPIOBAIBHUX
cHCTeMax 3aBJSIKM TaKMM OCHOBHUM IIepeBaraM: BiJICYTHICTb MOMEHTIB 3BOPOTHOI Jii; Oy/Ib-IKNX MeXaHIYHHUX
KOHTaKTIB M) PYXOMOIO i HEpYXOMOIO YaCTHHAMH IIEPETBOPIOBAYA; BUCOKA YYTIHMBICTh CXEM; iX CyMICHICTb 3
EOM.

Meroto nmaHoi poOOTH € CcTBOpeHHs mnporpamHo-amapataoro komiuiekcy (ITAK) mns cratmuHux Ta
JUHAMIYHUX BHITPOOYBaHb IMi/IBICKM aBTOMOOLISI HA OCHOBI YOTUPHIIAHKOBOI'O BaXKiibHOTrO MexaHizmy (UJIBM).

JIy1s1 JOCSTHEHHS TOCTaBIICHOT METH BUPIIIYBaJINCh HACTYITHI 3a/1a4i:

e  aHaJi3 METOJIB i CXeM BUMIipIOBaHb MEPEMIIIEHHSI Ta CHIIH;

e O3HAHOMIIGHHS 3 TPHHIMIOM il Ta KOHCTPYKTHBHUMH OCOOJHMBOCTSAMH ICHYIOUMX IaT4YMKIB Ta

BUMIpIOBAIEHOI arlapaTypH;

e  BUOIp ONTHMaJBHUX CXEM BUMIPIOBAHHS CHIIHM Ta MEPEMillIeHHS;

e crBopenHs [TAK anst BUnpoOyBaHb MiJIBICKH.

OcnoBHa uyactuHa. [IpoBeneHnii aHami3 MEpeTBOPIOBAYIB MEXaHIYHUX BEIIMYMH B EIEKTPUYHUN CHUTHAI
MOKa3as, 1[0 yMOBaM aBTOMaTH3alii nporecy 30opy iHdopmarlii, IpOCTOTH KOHCTPYKIIT Ta HEBENUKIA BapTOCTi
JUIs  BUMIDIOBaHHS CTAQTHYHOI'O HABAaHTA)XEHHS MiJBICKM HAHOULIBII  BiANOBIZAIOTH  TEH30METPUYHI
nepeTBopioBadi [3, 5, 6], YyTIMBUM €IEMEHTOM SKUX € TEH30/IaTUHK.

TeH30omaTyMK 3aKpIIUTIOEMO Ha CTajlbHY NPYXKHY IUIACTHHY 2, SIKY BCTQHOBJIIOEMO 32 JIOTIOMOTOH  IBOX
HEPYXOMHX OIIOp Ha BEpXHiH IUIMTI Mozelni miaBicku (puc. 4), i 4yepe3 5Ky Oy/e NPUKIAIaTUCh BEPTUKAIILHE
HaBaHTa)XEHHS. 3a IUIACTUHY BUKOPHCTOBYEMO JIUCT PECOPH JIETKOBOTO aBTOMOOLIISL.

3akpiIuieHHs] TEH30/IaTYUKIB TOKa3zaHO Ha puc 2. Ha crampHy MeralieBy IJIACTHHY 2 HaKJICIOEMO IIBa
TeH3ozaTuyuka 1 (OIMH HAaBNPOTH iHIIOr0). BHKOpUCTaHHS ABOX TEH30AATYMKIB POOMTHCS IUIS TOABOEHHS
BUXIJTHOTO CUTHaJy (OCKUIBKM BEpXHi TEH30[JaTYMK IPalfOBAaTUME HAa CTHCK, a HIDKHIH — Ha po3rar). Jlis
OTpUMaHHS HEOOXiTHHX Pe3yJbTaTiB MpWIIaJ HEOOXIJHO BiATapyBaTH, TOOTO BH3HAYMTH, SIKii 3MiHI OmMOpYy
tenzopaTuuka (Om ) BinnoBinae 3Mina cunu P(H), sika Ji€ Ha IUIaCTUHY.
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Puc. 2. Cxema 3axpinnienns menzo0amuuxie

3a [gaTyuk TiepeMillleHHs BHUPINIEHO BUKOPHCTATH ONTHKO-CIIEKTPUYHHMHA NeEpeTBopioBad Ha 0asi
KOMIT'FOTEPHOT'0 MaHIITyJIATOpa (ONTHYHOT KOMI'FOTEPHOT MHIIIKH).
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KoHcTpykiiis qaTyrika 300pakeHa Ha pucC. 3 Ta CKJIATAEThCA 3 TpuMava 1, B IKUi BCTAaHOBJICHO CBiTOMION 2 1
OesrmocepenHbO caMa Mikpocxema ceHcopa 3. Ll cucrema KpinuMThCS Ha IMeYaTHY IUIACTHHY 4, MiX SKOKO i
HIDKHBOIO TIOBEPXHEI0 MAaHIMynaTopa 6 KpINHUTHCS IUIACTUKOBUI €IeMEHT, W0 MICTUTh MBI JIH3U 5 s
¢okycarii nmojaHoro ta BigOuToro curHany cpitomiony 2. CdokycoBaHMid OIHi€IO 3 JIH3 5 BiJ cBiTomiona
MPOMiHb I13/Ia€ HAa TIOBEPXHIO ITijl AaTYMKOM Ta BigOWBaeThesl Bin Hel. BinOurtuii Bix 11i€i moBepXHI MPOMiHb
30MpAa€ETHCS 1HIIOKO JIIH30M0 1 MOMaae Ha MPUAMAIbEHUA CEHCOP MIKPOCXEMH — Iporiecopa 00poOKH 300paKeHb.
s mikpocxemMa pOOUTH 3HIMKHM IMOBEPXHI i MHUIIKOK 3 BHCOKOK dacToToro (Bim 1500 xI'm). Ilpuuomy
MikpocxeMa (ONTHYHHI ceHCcop) caM ke 1 00pobusie i 3HIMKK. Ha OCHOBI aHasi3y 4epru mociiIOBHUX 3HIMKIB
(0 TIPEACTaBIISAIOTH COOOI0 KBaJpaTHY MATPHIYO i3 IMIKCENIB PI3HOI SICKPABOCTI) IHTETPOBAaHUH IHM(POBHHA
curHaibaui npouecop (LICIT) BupaxoBye pe3ynbTyrodi MOKa3HUKH, IO BiJIIOBIIAIOTh HANIPSIMKY MEpEMillleHHS
aTYMKa B310BXk ocell X1 VY.

Puc. 3. Koncmpykyis onmuunozo oamyuxa

OnTHYHMIA TaTIMK (MHUIIKA) 3aKPIIUTIOEThCS Ha HEPYXOMOMY INTAaTHBI 7 Ta Ha KopItyci mapHipa 6 (puc. 4).
Ha Bigcrani 1.2 MM BiJ AaTYUKIB 3aKpilUieHi MOB3/IOBXHI IUIacTUHU-ekpaHu 8a, 80. Ilpm mepemimieHHi
TUIACTUHH-eKpaHa 80 1MoB3 JaTyvK S5 OyJeMo OTpUMYBATH BEPTHKAJIbHE MEPEMIIEHHS MiPECOPEHO] MacH, a MpH
pyci natyuka 4 B3OBX IUIACTUHU-EKpaHa 8a — repeMilleHHs BepxHboro mapHipa YJIBM.

Puc. 4. Cxema npoepamuo-anapamnozo komniexcy 015 1abopamopHux CMamuyHux eunpooyears nioeicKu
asmomo0iIsL Ha OCHOBL HOMUPUTLAHKOBO20 BANCIILHO20 MEXAHIZMY

Brok-cxema podotu ITAK 300pakena Ha puc. 5. OrpuManuii curHan 3 maTdukiB 1, 4 1 5 (puc. 4)
00pOOITIOETHCS 32 TOTIOMOTOI0 MIPOTrPaMH, sIKa Ja€ MOXKIIUBICT, aBTOMAaTHYHO OTPUMYBATH 3HAUYEHHS e opMariii
MiJBICKM B IIJIOMYy Ta OKpeMHUX ii By3idiB, 1 cuwiu aedopmarii; nomaBaTh iHGOpMAIilO EKCIIEPUMEHTY B
YHCENBHOMY Ta TpadiyHOMY BUTIIAAL. 1le 1ae MOXIIMBICTH OTPUMATH MOBHY KAPTUHY KIHEMATHKH Ta JUHAMIKA
i JIBICKH, 1[0 BUMPOOOBYETHCS.
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Hamyuku NIEDEMILY BHHA
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Aamyuk cumny AL

Puc. 5. Brnok-cxema npozpamno-anapammozo Komniekcy 07is 1a60pamopuux CIamuidHux eunpooysas
niosicKu a8momobilisL Ha OCHOBI HOMUPULAHKOBO20 BANCIILHO20 MEXAHIZMY

Hannit TTAK nosBonse crnocrepiraté rpadix 3MiHH HEpPEMIlllEHHsS Ta HAaBAaHTAXEHHS y PEIbHOMY 4aci.
3aBIsIKM CTBOPEHHIO I1i€1 MPOrpaMy CHTHAM 3 JaTYMKa He 3aJISKUTh Bijl IPUCKOPEHHS, 1110 caMe cO000 3MEHITYE
NoxuOKy 1 o3Bossie BukopuctoByBaTH [TAK st 3ailicHeHHS AMHAMIYHUX BUIIPOOYBaHb.

KinpKicTh OTpUMaHUX 3HAYEHb € CYTTEBO BEIHMKOK, OCKUIBKH IepeMillieHHs (PiKCYEThCS 3 PI3HULEIO Y Yaci,
PIBHOIO 1*10° CeK, IO JIO3BOJIIE OTPUMYBATH 3HAYCHHS MHUTTEBHX IEPEMIIICHb B JTBOKOOPAWHATHINA TUTONIUHI
OE3KOHTaKTHUM CIOCOOOM, a TaKOXK OTPUMYBATH JlaHi PO MEpEMIillleHHs MiJBICKH 3 HeoOMeKeHO 0a3o0to:
mBHKicTIo 10 1 M/c, npuckopernsam 10 150 m/c?, Tounictio 10 0,015 MM i yacTororo 10 6400 I,

BucHoBkm.

1. CtBOpeHO mporpaMHO-anapaTHUH KOMIUIEKC IS JJAOOpaTOpHUX BUIIPOOYBaHb MiIBICKM aBTOMOOLNIS Ha
OCHOBI YOTUPWJIAHKOBOT'O BXKIIBHOTO MEXaHI3MYy.

2. Januit ITAK no3Bodse:

® TMPOBOJMTH CTATHYHI BUNPOOYBAaHHS JAHOI MOJENI Mi/IBICKM Ta Bi3yaJIbHO CIIJKYBaTH 3a TOKa3HUKaMHU

€KCIIEPUMEHTY B peaJbHOMY 4Yaci;

® MPOBOIMTH JAWHAMIYHI TOCII/PKEHHS BIACHUX Ta BUMYIICHHX KOJMBaHb MAacH, IMiIpecOpeHol MiIBiCKO0

Ha ocHoBi UJIBM;
e Bi3yaJIbHO CIIIJIKYBaTH 33 KOJUBAJILHUM IIPOIIECOM B peajbHOMY MacuiTabi yacy, riimoIie IpOHNKAaIoYH B
CyTh POOOTH CHCTEMHU.
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Measanuyk C.B., Kyopak 10.0., Matsiiiuyk A.B. IIporpamHo-amapaTHbIi KOMIUIEKC Ui MOAEIBHHUX
BUIIPOOYBaHb Mi/IBICKM aBTOMOOLJISI HA OCHOBI YOTUPUIIAHKOBOI'O BaXKIJIFHOTO MEXaHI3MY

Measanuyk C.B., Kyopak 10.0., MaTBuiiuyk A.B. IIporpaMMHo-anmapaTHbIM KOMIUIEKC AL MOJEIBHBIX
UCIIBITAaHUH TTOJBECKH aBTOMOOMIISI HA OCHOBE YETHIPEX3BEHHOTO PHIUYAKHOI'O MEXaHU3Ma

Melnychuk S.V., Kubrak Y.O., Matviychuk A.V. Hardware-Software Complex For Model Test Vehicle
Suspension Based On A Four-Arm Mechanism

YK629.3.027

IIporpaMMHo-annapaTHbIN KOMILIEKE JJI MOAEIbHBIX HCIBITAHMUI NMOABECKH aBTOMOOMJIS HA OCHOBE
YeThIPeX3BEHHOI0 pblya:kHoro Mmexanusma / C.B. Measanuyk, 10.0. KyOpaxk, A.B. MaTtBuituyk

Co3aHo nporpaMMHO-aInapaTHBIN KOMITIEKC AJIS MPOBEICHUS CTaTHUECKUX M AMHAMUYECKUX HCIIBITaHUM
noaBeckn aBTOMOOWIIsl. KoMIUieKC IO3BOJISIET B aBTOMATHYECKOM peXuMme coOupatb U 00pabaThIBaTh
nH}opManuio Mpo HarpyxeHue W aepOpMalHIo MOABECKH, a TAKKe IOKa3bIBaTh €€ Ha JKpPaH B DPEXUME
peaIbHOrO BPEMEHH.

YJIK 629.3.027

Hardware-Software Complex For Model Test Vehicle Suspension Based On A Four-Arm Mechanism /
S.V. Melnychuk, Y.O. Kubrak, A.V. Matviychuk

Created hardware and software complex for static and dynamic tests of car’s suspension. The complex
allows to automatically collect and process information about the loading and deformation of the suspension, and
also show it on screen in real time.



