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EKCIIEPUMEHTAJBHE JOCJIIXKEHHSA CUJIOBUX XAPAKTEPUCTHUK
TA AKOCTITBUHTOBOI'O POMBIYHOTI'O IOMKPATA

Anomayis. I'BUHTOBI poMOIUHI JOMKpaTH € HOIIMPEHUMH MEXaHi3MaMHM JUIsl MiAHOMY TPaHCIOPTHHX 3ac00iB
y M0OYTOBHX Ta PEMOHTHHX YMOBaX. BU3HAYEHHS IXHIX CUIIOBHX XapaKTEPHCTUK Ta SIKOCTI € BaXKIIMBHUM JJIs1 OLIHKA
TEXHIYHOTO CTaHY, €(DEKTUBHOCTI KOHCTPYKIIi Ta MOXJIMBOCTEH MOJAJIBIIOTO BIOCKOHAJICHHS. Y 3B’S3KYy 3 THUM,
110 TIpsiIME BUMIpIOBAaHHS HABAaHTa)KEHb HA JOMKpAT MOTpeOye CKIIaJHOro o0NnaHaHHs, JOUUILHAM € 3aCTOCYBaHHS
HENPSIMUX METOJIB, 30KpeMa 4epe3 MOMEHT, MPUKIAACHUH 10 PYKOSATKH. s eKCIepiMEeHTaIbHOTO BU3HAYEHHS
CHJIOBUX XapaKTEPUCTHK POMOIYHOTO TBUHTOBOTO JIOMKpaTa Oyio MpoBeIeHO CEepilo BUMIPIOBaHb KPyTHOTO MOMEH-
Ty Ha PYKOATILI 32 IOTIOMOTOI0 IMHAMOMETPUYHOTO aJjanTepa.

Knrouosi cnosa: noMKpat poMOivYHMIN, BUCOTA TTi/IHOMY, BUCOTA T1iJIXBaTy, 'BUHT, pi3b0a Tpamneiienoiiona, BaHTa-
KOMIJOMHICTB, CUJIa, MOMEHT, THCK, aJlanTep JHHAMOMETPUIHHUIL.

Ilocmanoska npobnemu. SIxicTh TPOMYKIii y MamIMHOOYAyBaHHI Ma€ BUpINIAbHE 3HAYCHHS,
OCKIJIbKM CaMe BOHA BW3HAYa€ HAIINHICTH 1 JOBrOBiYHICTH BUPOOIB [1; 2]. PomOiuHI MexaHiuHi
JOMKpPATH IIUPOKO BUKOPHCTOBYIOTHCS B aBTOMOOUIBbHIN Taiy3i JUIsl MiJHIMAHHS TPAaHCIOPTHOTO
3aco0y 3 METOI0 BUKOHAHHS PEMOHTHUX 200 CepBiCHMX poOiT, 30KpeMa Ui 3aMiHM Kojeca. IX mormy-
JSIPHICTH 3yMOBJIEHA KOHCTPYKTHBHOIO INPOCTOTOIO, BITHOCHO HHU3BKOIO BapTICTIO Ta 3pPYYHICTIO
excrutyaraiii. BomHouac 6e3mneka Ta epeKTHBHICTH pOOOTH 3 TAKMMH JTIOMKpaTaMu 0€3M0CepeTHbO
3aJIeKaTh BiJl iXHIX CHJIOBUX XapaKTEPUCTHUK: BAHTAXKOIMIIHOMHOCTI, 3yCHJIb Y TBUHTOBIH mepeadi,
MOMEHTIB Ha PYKOSTIIi, CTIMKOCTI ITiJi HABAHTAKCHHSM TOIIO.

[IpommucnoBi BUPOOHUKH JAEKIAPYIOTh OCHOBHI TE€XHIYHI XapaKTEPUCTUKH JIOMKpATIB, 30KpeMa
MaKCUMaJIbHY BaHTAXKOITIIHOMHICTh, MEXI BUCOTHU IiIOMY, rabapuTHi po3mipu Ta macy (puc. I,
tabmn. 1). [akonm 3a3Ha4aeThess HEOOXIAHMIT MOMEHT Ha pykosTili. [IpoTe 3a yMOB peanibHOI eKCILTY-
aramii 1i XapakKTepUCTHKH MOXYTh BIAPIZHATHUCS BiJ] 3asBJICHUX, IO TMOTEHLIHHO CTBOPIOE PH3HUK
JUIs. KOPUCTYBa4a, OCOOJIMBO SIKIIO MEPEBUILIYETHCS TOMYCTUME HAaBaHTAXEHHS a00 3yCHIIIs Ha efe-
MEHTaxX KOHCTPYKIIi. Y 3B 3Ky 13 UM MOCTa€e HEOOXiAHICTh y Bepuikaii (mepeBipiii) TEXHIYHUX
XapaKTepUCTUK JOMKpara, sika rnependoavyae mpoBeICHHS BiIMOBITHUX EKCIIPUMEHTAIBHUX a00 po3-
PaxyHKOBUX JIOCIIIIKCHb.

Peanizaliis OBHOIIIHHOTO CHJIOBOTO aHali3y POMOIYHOTO JOMKpaTa MOTpedye BHCOKOTOTHHX
BUMIPIOBAJILHUX CHCTEM, TaKUX SIK TEH30METpHUHi miar¢opmu abo BaxinbHi crenau. Take oOman-
HaHHS J]a€ 3MOTY PEECTPYBATU PeajbHI 3yCHIUIL, MOMEHTH, AedopMarliii, po3moaian HaBaHTaKEHb.
[IpoGriema mosnsirae y ToMy, IO 3a3Ha4yeHEe OOJIAJHAHHS € BHCOKOBAPTICHUM, TPOMI3JIKHM 1 9acTo
HEOCTYITHUM JIJIsl HABUAJIBHUX 3aKJIaJIiB, HEBEIMKUX JIabopaTopiil abo iHKEHEepiB-TIPAKTUKIB, SIKi
3I1IICHIOIOTH KOHTPOJIb Y TIOJIBOBUX YMOBAX.

TakuM 4MHOM, BUHUKAE MPAKTUYHO i HAYyKOBO BAXKIIMBE 3aBJaHHS — PO3POOHUTH TOCTYIIHI METOAN
Ta TIIXOIH IS OL[IHIOBAaHHS CHJIOBUX MAapaMeTpiB pOMOIYHOTO JOMKpaTa 0e3 BUKOPUCTAHHS CKJIAJ-
HOTO TEH30METPUYHOTO YCTaTKyBaHHs. L{e MoXke BKIIIOUaTH BUKOPUCTAHHS aHATITUYHUX PO3PAXyH-
KiB, CIIPOIICHUX EKCIIEPHUMEHTIB, KOMII IOTEPHOTO MOJEIIOBaHHSA a00 JOCTYIMHHX BHMIipIOBAJIEHUX
MPUCTPOIB (30KpeMa, JMHAMOMETPUYHHX aaanTepiB). Peamizamis Takoro migxody JacTbh 3MOTY HE
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nuiie BepudiKyBaTH 3asBlI€H] XapaKTEPUCTUKH, a i chopMyBaTu CUCTEMY HEOPOTOro KOHTPOJIO
SKOCT1 Ta 0€3MeKH JOMKPATIiB y MOOYyTOBUX 1 BUPOOHUYHMX YMOBAX.

a 0
Puc. 1. lomxpar mexaniunuii pomo6iunuii «llItypmoBuxk BBC-1500T»:
a — BUJ 3arajbHuii; 0 — npuHIUN il

Tabmums 1
TexHiuHa xapaktepuctuka qomMkpary pomoignoro «llItypmosuk BBC-1500T»
HaszBa napamerpa Beaununna
BanTaxomnigiioMHICTb, T 1,5
Bucora nigiiomy, Mm 390
Bucota nigxBary, MM 104
Posmipu (HoBKMHA X NIMpHHA X BUCOTA), MM 425x100%x95
Maca, kr 2,7

Ananiz ocmanmnix 0ocniodxicens. Y CydaCHOMY MaIIMHOOYAyBaHHI aKTUBHO JOCHIJKYIOTHCSI KOH-
CTPYKIIii aBTOMOOUIPHUX JIOMKpPATIB 13 METOI0 MiABHILEHHS O€3MeKH, 3pyYHOCTI Ta e(heKTUBHOCTI
ix excruryararii. AHaJi3 HayKOBHX POOIT CBIAYUTH PO BUKOPHCTAHHS 1HHOBAILIHHUX METOAIB IPO-
€KTYBaHHsI, aBTOMATH3aIli] Ta TOMOJIOT1YHOT ONTUMI3alii ISl BIOCKOHAJICHHS TPAAUIIIHIX MoJIesien
JIOMKpATiB.

V crarri [3] mponoHyeThecst po3po0IeHHS aBTOMAaTH30BaHOTO aBTOMOOIBHOTO ToMKpara. Bin npa-
ioe Big 12B akymynsaropa uepe3 MOTOp CKJIOOUMCHHMKA Ta MPU3HAYEHUH JUIs MITHATTS BaHTaXIB J10
2 1. IlepeBaramu po3poOKH € 3HIKEHHS (PI3UYHOTO HABAHTAXKEHHS, 3pYUHICTh KEPYBaHHS 32 JOTIOMO-
TOIO0 MyJbTa, MBUIKICTE pOOOTH Ta Oe3neuHicTh. BogHodac cepen HeOMiKiB HEOOXIAHO BiI3HAYUTH
CKJIaHICTh KOHCTPYKLIi, 3aJIe)KHICTh BiJl €IEKTPOKUBIICHHS, MOXJIMBI MPOOJIEMH 3 IiIKIIOUCHHSM,
a TaKoXX OOMEXEHY BaHTAXKOMIIHOMHICTh. CTaTTs IPYHTY€ETHCS Ha IPAKTUYHOMY TECTYBaHHI Ta TEX-
HIYHUX PO3paxyHKax.

ABtOopHu [4] aKueHTYIOTh yBary Ha Oe3smelli, 3py4HOCTi Ta e(eKTUBHOCTI 3alPOMOHOBAHOI KOH-
ctpykuii. [IpoBeaeHO MOPIBHAIBHUNA aHaMi3 i3 Py4HUM JOMKpPATOM, /i€ aBTOMAaTH30BaHHUM MOKa3aB
Kpallli pe3yJbTaT 3a BUCOTOIO migiiomy (242 mm mpotu 200 mm) 1 mBuakictio (20 ¢ mporu 32 c).
3a3Ha4eHo, 1110 YCIIIIHE BIPOBAPKEHHS Ii€] KOHCTPYKIIIT MOXEe PEBOJIOIIIOHI3yBaTH CcrOCi0 migiiomy
TPAHCHOPTHUX 3aCO0IB /Ul PEMOHTY Ta TEXHIYHOTO OOCIIyrOBYyBaHHS, 3a0€3MeUyI0uM CydacHy, 0e3-
NeyHy Ta €(peKTUBHY aJbTEPHATHBY TPAJUIIHUM PYYHUM JIOMKpATaM.

AKTUBHA yBara NpUAUTIETHCS apaMeTpUuIHoMy 3D-MoIenOBaHHIO ISt JOCTIIKECHHS, TPOEKTY-
BaHHS Ta KIHEMaTMYHOTO aHaTi3y aBTOMOOiTbHOTO AoMKpara [5]. OCHOBHOIO METO JOCIiKCHHS
€ cTBopeHHs yHiBepcanbHoi CAD-Momeni, e BCl KOHCTPYKTHUBHI €JIEMEHTH 3alieXkKaTh BiJ OJHOTO
OCHOBHOT'O ITapaMeTpa, a came KyTa o0epTaHHs rBUHTA. [IpoBeieHO aHATITUYHUN 1 YUCTIOBUN aHATII3
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MITHATTS 3 HAJIEKHUM 30irom pesyinsrariB. [lepeBaramu € TOUHICTh, aJlallTUBHICTh Ta MOXIIUBICTD
onTuMi3alii KoHCTpyKuii. Hemonik poGoTy nossrae B akIEHT] JIUIIE Ha py4YHl MeXaH13MHU 0e3 ypaxy-
BaHHS €JIEKTPOMEXaHIYHOT aBTOMATH3allii.

[Tporpamue 3a6e3neuenns SolidWorks i ANSYS Workbench 3actocoBano st MonentoBaHHS Ta
CTPYKTYPHOTO aHaJi3y poMOiuHOTO ToMKpara [6]. Busnaueno nedopmariii Ta HarpykeHHs (30Kpema,
3a kputepieM Mizeca) mig maiero cunn y 2943 H. Pesynbrat mokaszanu, 110 MaKCUMasIbHI 3HAYCHHS
HaIpy>eHb 1 aedopmariiii 3aJuIaTbCs B JOMYCTUMUAX MEXaX, IO CBITIUTH PO OE3MeUHICTh KOH-
cTpykiii. JlocmipkeHHsT TaKoXK Ha/lae PeKOMEH Al 1I0/I0 BIIOCKOHAJICHHS KOHCTPYKITi Ta MOXKJIHU-
BOCTI aHaJIi3y 1HIIMX THIIB JIOMKpPATIB y Mail0yTHEOMY.

AHaJi3 KOHCTPYKIIi Ta TOMOJOTIYHY ONTUMI3allil0 pOMOOBOr0 TOMKpaTa JijIsl IETKOBUX aBTOMO-
61111B 3a gonomMororo nporpamuoro 3adesneyeHHs: SolidThinking Inspire 2016 3aiiicHeno aBropamu
[7]. [IpoBeneno miHIHUYN cTaTHYHUN aHaMI3 11 mojeneit Proton, Honda ta Toyota. 3anmporionoBano
HOBUI TM3aifH BEpXHbOT Ta HUXKHBOI Jarn JoMKpaTta. L{e 1amo 3Mory 3MeHIMTH Macy KOHCTPYKIIIi Ha
35% (3 2,1 kr no 1,4 xr), 30epirmu HeoOXiAHy MILHICTh 1 Oe3MeyHICTh BUKopucTaHHs. PoOora min-
KpECIIO€ BaXKJIUBICTh 3MEHIICHHS MacH JieTaliell aBTOMOOUIS 32 paXyHOK ONTHMI3allli.

[IpoexTyBaHHIO Ta aHaTI3y JOMKpaTa /sl JIESTKOBUX aBTOMOO1IIB MpUcBsiYeHo podoTty [7]. Konek-
THBOM aBTOPIB Po3pooOseHo monens goMkpara B cepenouili CATIA V5. TlpoBeneHo po3paxyHKH
MIITHOCTI Ta cTpykTypHUit aHami3 B ANSYS. Jlochimkeno HanpykeHHsI, [edopmariii Ta Hecy4y 3/1aT-
HICTh KOHCTPYKIIIi. ¥ pe3yabTari 3alpOoNOHOBAaHO MOJETIIEHY KOHCTPYKIIIIO 3 MEHILIOK YUCIIOM JieTa-
Jel, o CHpollye CKJIAaTaHHs 1 MiABUIIY€e HaAliHIcTh. OTprUMaH1 pe3ylbTaTd MiATBEPIKYIOTh 0e3-
TIEYHICTH Ta JOBTOBIYHICTH HOBOTO JIOMKpaTa 3a HaBaHTakeHHs 10 S000 H.

JleTanbHuii aHani3 KOHCTPYKIIi TBUHTOBOTO JOMKpaTa MPOBEAEHO BITYM3HSHUMHU HAYKOBLSMU
[9]. Byno noGynoBano Horo TBepAoTiTy 3D-MozAenb, BUKOHAHO 1HXEHEPHI PO3paxyHKU (BaHTaXo-
MiTHOMHICTh, CAaMOTAJIbMYyBaHHsI, TepeaBaibHE BITHOIICHHS ), a TAKOXK Peayi30BaHO KOMIT IOTEpHE
MOJIETIOBaHHS HaBaHTaXeHHs. OTpuUMaHi pe3y/nbTaTh MatoTh HU3bKUM piBeHb TOXHOKH (110 4%) 1 mij-
TBEP/IKYIOTh aJIeKBaTHICTh Mojieni. PoOoTa Mae TeopeTHUHy Ta NPUKIIAHY LIHHICTb ISl [1ATOTOBKH
(haxiBLiB y ramxy3i MalIMHOOYyBaHHS.

VY pob6ori [10] 3acTocoBano cyvacHi komm toTepHi TexHomorii (SolidWorks 1 VR) ans pesepc-
IHKUHIPUHTY pOMO1YHOTO JJOMKpaTa. ABTOpH nodyayBanu 3D-mozens qoMKpara, AOCTIANIN 3aJIe%K-
HICTh BUCOTH MiAMOMY B KyTa MK CEpeIHIMH MIAHOMHUKAaMU Ta KUIBKOCTI 00€pTiB I'BUHTA, a TAKOX
Bi3yalli3yBalld oTpuMaHi pesyasratn y VR-cepenosutii. Pob6ora € mpukiamom inrerpaiiii STEM-
TEXHOJIOT1H y MPaKTUYHY MIATOTOBKY 3/7100yBayiB OCBITH.

OT:xe, unMaiy KUIbKICTh HAYKOBUX JOCIIIKEHb SIK 3aKOPJIOHHHX, TaK 1 BITUM3HSIHUX aBTOPIB MPHU-
CBSUEHO JOCIIDKEHHIO CHJIOBUX XapaKTEPUCTHK MEXaHIYHUX JIOMKpATiB, ONTUMI3allli IXHbOI KOH-
CTPYKLUIi 3 BUKOPUCTAHHSIM CKIHUEHO-E€JIEMEHTHOTO aHali3y CIel1ali30BaHOT0 MPOrpaMHOro 3abe3-
niedeHHs1. J[Jis oro peasizaiiii BUHUKae HEOOX1AHICTh pO3poOiieHHs TBepAoTUI01 3D-Mozaem 00’ exTa
JOCIIJKEHHS, 1110 € JOBOJI TPUBAJIMM Ta CKJIaJAHUM IpouecoM. KoHCTpyKIiT sk JOMKpaTiB 3 eJleK-
TPUYHUM MPUBOJIOM € JTOBOJI CKJIQJHUMH Ta BUMAararoTh HAsIBHOCTI JpKepesa eleKTPUYHOT eHeprii.
BoaHouac nuTaHHAM MPOCTOTO Ta IMIBHJKOTO PO3paxXyHKY TBUHTOBOTO JIOMKpary 0€3 3aCTOCYBAaHHS
MIPUKIJIATHOTO MPOrPAMHOTO 3a0e3MeUeHHs Ta CKJIAJHOIO JIaOOpaTOpHOro OOJMaJAHAHHS MPHUALIEHO
HEJ0CTaTHhO yBaru.

Dopmyniosanun memu cmammi (NOCMAHOBKA 3a80aHHs1). METOI0 CTaTTI € BUBHAYCHHS peaTbHUX
CWJIOBUX XapaKTEPUCTHUK Ta SKOCTI BUTOTOBJIEHHS pOMOIYHOTO MEXaHIYHOTO JIOMKpara Ha IiJCTaBl
BUKOPUCTAHHS TUHAMOMETPUYIHOTO a/IarTepa IiJl yac IMmiTHIMaHHs Kojieca aBToMoO1st. [lepeBaramu
BUKOPUCTAHHS ajianrtepa € JOCTYNHICTh, KOMIIAKTHICTh 1 MOXKJIUBICTh MPOBEJIEHHS €KCIIEPUMEHTIB
0€e3 CKJIaJHOTO Ta JIOpOroro oOMagHaHHS, 10 POOUTH METOJUKY MPHUAATHOI Uil J1a00paTOpHUX,
MOJILOBHUX 1 HABYAIBLHUX JOCIIIKEHD.
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JIJ1s OLIHKM CUJIOBUX XapaKTEPUCTHK Ta SKOCTI BUTOTOBJIEHHS POMOIUHOTO TOMKpaTy HEOOX1IHO
BUKOHATH TakKl 3aBAaHHS: 1) MpoBeCcTH BUMIPIOBAaHHS 0OEPTOBOIO MOMEHTY Ha PYKOSTI poMOid-
HOTO MEXaHIYHOTO JOMKpaTa Ha €Tari BIJpHBaHHS TMEPETHHOTO KoJieca aBTOMOOUIS BiJl OMOPHOT
MOBEPXHI Ta MOAAIBIIOr0 HOTo miiioMy; 2) 3a BETUYUHOI 00EPTOBOIO MOMEHTY BU3HAYMTH 3y CUILIS
Ha JIOMKpaT, 3yCWJUIS Y XOJOBOMY TBHUHTI, a TAaKOX JIIOYUN THCK y MOro BUTKax, L0 € KpUTEPIEM
po00TO31aTHOCTI; 3) MPOBECTH JIeTaIbHHUM aHa13 OTPUMAHKUX PE3YJIbTaTIB 13 MOOYI0BOIO IpadiuHuX
3aJIeKHOCTEN BIUIMBY BUCOTHU MIAMOMY TPaHCIIOPTHOTO 3ac00y, KyTa M JJaHKaMU MeXaH13My, BEJIH-
YUHU 00€PTOBOTO MOMEHTY PYKOSITKH Ha 3yCUJLIS IOMKpaTy, 3yCHUJUIS Y XOJ0BOMY TBHHTI Ta pOOOUHiA
TUCK B1JIMOBIAHO. BuMipioBaHHs 00€pTOBOTO MOMEHTY (IIPHUKIaIeHUI BpyUHY) BiAOyBasoCs 3 BUKO-
pucTtaHHsaM JuHamoMeTpuuHoro agantepy Shahe ANC-340, 110 BCTaHOBITIOBABCS MK MPUBOIHOIO
PYKOSITKOIO Ta JIOMKPATOM.

Ocnogna yacmuna. BiTnoB1AHO 10 pO3paxyHKOBOT CXeMH, HaBeIEHOI Ha pUC. 2, BU3HAYMMO OCHO-
BHI CMIBBIIHOIIEHHS JJISI MEXaHIYHOTO CUMETPUYHOTO POMOIYHOTO JJOMKpara.

F,
] =
a__— ~—__ a
F /////// F 1 F 1 \\\\\\—\\\\
Foee B — 77
A | gy
— ] P

Puc. 2. Po3paxyHnkoBa cxeMa poMOi4YHOTro JOMKpaTa

Kyt mixx mankamu oMkpary, S, °:
2

(h,—b-c)

2-a°

1e h, —BUCOTA J10 OPOTY, 1110 BUMIpsHA ITiJ] YaC EKCIEPUMEHTY, MM;

a, b, ¢ — KOHCTPYKTHBHI XapaKTePUCTUKHU JTOMKpaty, MM (155; 40; 25).

[licna BipuBaHHS EPEIHBOTO KOJIeca B/l ONOPHOT MOBEPXHI HABAaHTAKEHHA Ha Hed, F,,, H, 10piB-
HIOBaTHME TUIbKU HaBaHTAXEHHIO HA AoMKpart, F,, H:

cosp=1-

M

F,=F. (2)
HaBanraxxenHs y jaHui fomMkpary, £, H:
F-—fHh 3)
2-sin(p/2)
HaBaHTa)xeHHs1 Ha TBUHT AOMKpary, F,, H:
F,=2-F -cosp/2. 4
Takox HaBaHTaXEHHS HA TBUHT JOMKparty F.,, H, Moxe OyTn BU3HAYEHO:
2.1 Tp
ww =T 5 7 (5)
t+n-d,- f

ne T, — o0epTOBUI MOMEHT Ha PYKOSATII JOMKpary, H'M (BU3HAYa€ThCst EKCIIEPUMEHTAIIBHO);
t — KpOK pi3p0M IBUHTA, M (2 MM);

d, — cepenHiit niametp pizpou reuHTa, M (151 Tr14x2 maemo 12,7 mm);

f— xoedoiuieHt Tepts B pizboOi (0,12).
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YcTaHOBHMO B3a€MO3B’SI30K MIXK 3yCHIIISIM Ha 1IoMKpart, F,, H, Ta 00epToBUM MOMEHTOM Ha PYyKO-
arui T',, H'M 13 BUKOPUCTaHHSIM BUIIEHABENEHUX PIBHSHD (3) — (5):

rman(Blo g (B 21T, (Ej
£ =27 sin 8], tg(2j_(t+n-d2-f) a(2). ©

OcHOBHUM (haKTOPOM BUXOIY 3 JIaay Iepenadi 3 TepTsM KOB3aHHs € 3HomryBaHHs. Kpurepiem
po0OOTO31aTHOCTI Ta PO3paxyHKy XOJ0BOi pi3b0H TOMKpaTa € 3HOCOCTIHWKICTD, IO MOB’s3aHa 3 THC-

koM. [[;s1 3amo0iranHs 3HONTYBaHHIO O0OMEXYIOTh pOOOUHIA TUCK Y Pi3b01 p TOMYCTUMHM THCKOM [p],
MITIa, To6TO

pe—te < [p], ™)
n-dy-H -y,

ne F, —cuna, mo nie Ha rBUHT, H;

d, — cepenniit niametp pizbou reuHTa, M (12,7 Mm);

H —Bucora raiiku, M (20 Mm);

W, — BiIHOIIEHHS poO04u0i BUCOTH PodiTto 10 Kpoky pizsou (0,5 11st Tpanenienoaionoi pispon);

[p] — nonycTumuit THCK y pi3p6i, MITa (60).

Ha mizgcraBi BUMIpSIHOrO MOMEHTY OyJio po3paxoBaHo (Tabdi. 2, puc. 3): 3ycusuis Ha AOMKpAT, F,
H; 3ycunns na rBuHT, F,, H; mitounii nomyctumuii Tuck, p, Mlla, y TpaneuienonioHiit pizpdi xomo-
BOT'O I'BHHTA.

[ToOGynyemo rpadiuny 3anexHicts F, = f(h,) (puc. 4), 1110 UTIOCTPY€ 3aJEKHICTh CUIIM Ha IOMKpaT
BiJl BUCOTH MOpPOTY. AHaN3yIOul 3aJEeKHICTh, IMOMIYAEMO, 110 MAaKCHMAaJbHE 3HAUYEHHS 3yCHUIUISA
3a(hikcoBaHO B MOMEHT BiJJpMBaHHs MEPEIHHOTO JIBOTO Kojeca Bijl onopHoi noBepxHi. Lle nosichro-
€THCS TIEPEHECEHHSIM YaCTMHU MacHu aBTOMOOUIS 3 Kosieca 6e3rmocepelHbo Ha JOMKpAT. 301IbIICHHS
BUCOTH TIOpOTy 10 240 MM IPU3BOIUTH J10 3MIILIEHHS LIEHTPa Mac, TOMY 3yCHJUISI 3SMEHIIYEThCS, a Maca
aBTO MepEepO3NOAUIAEThCA Ha pewTy Komic. [Toganemmii pyx 1oMKpara Bropy NpU3Beze BKe 10 Bij-
PHUBaHHS 3a/HBOTO JIIBOTO Kojieca BiJl onmopHoi moBepxHi. BinOyBaeTbes mepexia i3 TOYKOBOTO 10
KOHCOJILHOTO MiJiHIMaHHs. BUHMKa€e 10JaTKOBUN MOMEHT 3THHY, 110 BIUIMBA€ HA JOMKpAT (3yCHIUISA
3poctae). IloTim, KoM Ky30B «BIANpALIOBaB» OMip Ta 0OM/Ba JIBUX KoJieca BUSBWINCS Y TOBITPI,
Maca aBTO epepo3MOUIAETHCS Ha MpaBi kojeca. LIeHTp Mac 3MillyeThCst MOAai BiJ JOMKpATy, OTXKe,
3yCHJUIS 3HOBY 3MEHIITY€THCS.

Tabmuis 2
OTtpumani pe3ynbTaT (KoJeco HaJl OIOPHOIO MOBEPXHEIO)
BumiproBanus Po3paxyHox
ij‘; Bucora Kyt mik pyxgl\r/llecET T 3ycuiis Ha 3ycm?.1m Ha | [litoumii THCK,
nopory, h,, MM | JIaHKaMu, f, ° H-m > °7 | nomkpar, F,, H | reunTi, F,, H D, MIla
1 220 60 6,9 3697,7 6404,6 16,0
2 230 62 6,4 35424 5895,6 14,8
3 240 66 5,6 3371,8 5192,2 13,0
4 250 71 53 3479,1 4877,5 12,2
5 260 75 4,9 3444 .4 4488.8 11,3

31 30UIBIIEHHSIM KyTa MK JIJaHKaMH JIOMKpara CHjia y TBUHTI 3MeHIIy€eThest (puc. 5). Lle roBoputs
po 00epHEHY 3aJeKHICTh. YnM OimbImid KyT a0o0 TiIiOM, THM MCHIIC HABAaHTAXCHHSI HA TOYKY
OTIOpH, aJKe CUCTEMA TIepEPO3MOALIISE 3yCHIIIS Yepe3 3MiHy TeOMETpii Ta EHTPY Baru aBTOMOOLIIS.
e Ba)<JIMBUI MPHUKIIAJ TOTO, SIK MEXaHIYHA B3a€MOJIsl 1 TeOMETPisl BIUTMBAIOTh HA 3HAUCHHSI CHIIOBUX
napameTpis.
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Puc. 3. BumiproBaHHs1 MOMEHTY

Fy, 1

3700
3650 [N
3600 [

3550 \\

3500 P~

3450 -
3400 NV h,, MM

225230235 240 245 250 255 260

Puc. 4. I'padiuna 3anexuicts F, = f{(h,)

MaemMo JiHIMHY 3aJIeKHICTh pOO0YOro THCKY Y TBUHTI 3 00€PTOBUM MOMEHTOM Ha PYKOSITII TBHH-
TOBOTO JOMKpara (puc. 6). 31 301IbIICHHSIM MOMEHTY Ha PYKOSTII 30UIbIITYyEThCS TUCK y TBUHTI. Lle
CBIIUUTH PO e(PEeKTUBHY Mepenady 3yCHIUIs uepe3 pisb00BYy Mapy: MOMEHT, IPUKIAICHHHA IO PYKO-
STKH, TICPENAETHCS Yy BUTISIIII OCBOBOTO 3yCHILIS, IO CTBOPKOE THCK Y TBUHTI.

F, H
6500
6000
5500

5000
4500

ﬂ)a
65 70 75

Puc. 5. I'padiuna 3anexuictsb F., = f(f)

p, Mlla
16

15
14
13 -
12

/] Y;J’HM

50 55 60 65 7

Puc. 6. I'padiuna 3anexnicrs p = (7))

Proceedings TSATU. 2025. 25. 3. ISSN: 2078-0877 173



@ [pami THATY Bumyck 25. Tom 3

Bucrosku. TlpoBeneHo BUMIprOBaHHS 00€PTOBOIO MOMEHTY Ha PYKOSITIII pOMOIYHOTO MeXaHId-
Horo nomkpara «llItypmouk BBC-1500T» Ha erami BiapuBaHHS MEPEIHBOTO KOJeca BiJl OMOPHOT
MOBEPXHI Ta MOAAIBIIOrO HOTO IMiAHOMY 3 BUKOPHCTaHHSIM JUHAMOMETpHYHOro agantepa Shahe
ANC-340. 3naueHHss MOMEHTY BapitoBasiocs y Aiarna3oHi Bix 6,9 H-m 10 4,9 H-m.

3a BeMYMHOI0 00EPTOBOTO MOMEHTY BH3HAUYCHO 3yCHIIIS Ha JoMKpar (max 3697,7 H), 3ycumns
y xonoBoMy T'BUHTI (max 6404,6 H), a Takox nirounii TUCK y Horo BuTKax (max 16 Mlla), o € kpu-
TepieM poOOTO31aTHOCTI. AHAJII3 OTPUMAHUX €KCIIEPUMEHTATBLHUX JAHUX 3aCB1IYUB HAJICKHY SKICTh
BUTOTOBJICHHS BUPOOY. 3HAYCHHS LIUX BEJIMYUH MepedyBaroTh y AOMYCTUMUX MEKax, U0 CBITYUTH
PO BIACYTHICTH Je(EKTIB KOHCTPYKIIii, TOUHICTh. Lle miaTBepmKye BiAMOBIAHICT, BUpOOY 3asiBie-
HUM XapaKTEPUCTHKAM, HOTo O€3MEeYHICTh ITiJT Yac eKCILTyaTaIllii.

[IpoBeneno aeTanbHUIl aHaIi3 OTPUMAHHMX PE3YJIBTATIB 13 MOOYIOBOIO TpadidyHUX 3aJIE€KHOC-
TeW BIUIMBY BUCOTH MIIHOMY TPAaHCIOPTHOTO 3ac00y, KyTa MIX JJAHKAMHU MEXaHi3MYy, BEJIMUMHHU
00epTOBOr0 MOMEHTY PYKOSATKH Ha 3yCHIUIS IOMKpaTy, 3yCHJUIS Y XOJ0BOMY IBHHTI Ta poOouunit
THUCK BIJIMOBIAHO: 3yCHJUIS, IO JII€ HA JTOMKpAT I1iJ1 4ac BiAPUBaHHS MEPEIHHOTO KOjeca Bij OIo-
pHOI MOBepxHi, Ha0yBa€e MaKCUMaJbHOTO 3HaUeHHS. [10TiM Bi10yBa€eThCs OTO 3MEHIIICHHS O TOTO
MOMEHTY, ITOKH HE TIOYHE BiIPUBATUCS JTiBE 3a]IHE KoJieco TakoK. Ha Bucoti mopora 250 MM Bif omo-
pHOI MOBEPXHI1 BiAOYBa€THCS MEPEXiJl BiJ MAHOMY JIIBOTO MEPEIHBOTO Kojieca 0 IMiTHOMY BChOTO
niBoro 60ky aBromoOins. Lle cympoBoKyBamocs 301IbIICHHSM 3yCHIUISI HA JIOMKpPAT YHACJHII0K
ornopy Ky3oBa Ha kpyueHHs. [licis 3aBepiieHHs BiApHUBaHHS 3aJHHOTO JIBOTO KOJeca HaBaHTa-
JKEHHSI CTaOlII3yEThCS Ta MOYMHAETHCS 3MEHITYBATUCS 32 PaAXyHOK MEPEPO3MOALTY MacH; 3yCUIIIS
y TBUHT1 pOMOIYHOTO JOMKpaTa 3MEHITYETHCS 31 30UIBIICHHAM KyTa MK HOTO JJaHKaMH BHACITIOK
3MIIIEHHS IIEHTPa Bard aBTOMOOUIS 1 MEpepo3NOoALTy HaBaHTAKEHb Ha 1HINI KoJieca; 3aJIekKHICTh
JIFOYOTO TUCKY Y TBUHTI B1JI MOMEHTY Ha PYKOSATIII € JIIHIKHOIO Ta IponopIiiitHoro. L{e cBimuuTh mpo
eexTuBHY mepenady MOMEHTY 4epe3 T'BUHTOBY mepeaady 0e3 iICTOTHUX yTpaT ud HeJiHIHHOCTen
Yy KOHCTPYKIIIi.

3anponoHOBaHUN METO/T € e(peKTUBHUM. BiH pOCTHil Ta TOCTaTHRO TOYHUH IS 1aOOpPATOPHUX,
MOJIbOBHMX 1 HaBUAJBHUX JOCIIKEHB, Ja€ 3MOTY IIBHUIKO OIIHUTH XapaKTEPUCTHKU JOMKpara 0e3
3aCTOCYBaHHS JIOPOTMX TEH30METPUYHUX 200 TIaT(OPMHUX CHCTEM BHCOKOI BapTOCTI.
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S. Popov

Poltava State Agrarian University

EXPERIMENTAL STUDY OF FORCE CHARACTERISTICS AND QUALITY
OF A SCREW SCISSOR JACK

Summary

Screw scissor jacks are widely used for lifting vehicles due to their simple design, compact dimensions, and
affordable cost. However, the actual force characteristics of such jacks in real operating conditions may differ from
the technical data declared by the manufacturer, which directly affects safety, reliability, and service life. This paper
proposes a practical approach to determining the force characteristics and assessing the manufacturing quality of a
mechanical scissor jack by measuring the torque applied to the handle using an accessible dynamometric adapter,
the Shahe ANC-340.

Experimental measurements were carried out, and based on the obtained data, the forces acting on the jack, the
load on the lead screw, and the working pressure in the trapezoidal thread — an essential indicator of operability
and wear resistance — were calculated. Additionally, graphical dependencies were built to illustrate the influence of
vehicle lifting height, the angle between the jack's links, and the applied torque on the key force parameters.

The results showed that the maximum force occurs when the wheel is lifted off the ground, followed by a
decrease due to the redistribution of the vehicle’s mass. An inverse relationship between the opening angle of the
mechanism and the load on the screw was observed, as well as a linear relationship between the working pressure
in the thread and the torque on the handle. This confirms the effective transfer of force through the jack’s design
without significant losses. The obtained data demonstrate the proper manufacturing quality of the investigated jack
and confirm its suitability for safe use.

The proposed method is simple, affordable, and can be applied in educational, laboratory, and field conditions to
quickly verify technical characteristics, enhancing the safety and reliability of lifting mechanisms.

Keywords: scissor jack, lifting height, pickup height, screw, trapezoidal thread, load capacity, force, torque,
pressure, dynamometric adapter.
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