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YIK 539.3

B. L. Ky3bmenko, 1-p ¢iz.-mar. Hayk, C. O. [Lnamenko
JIninponemposcoxuii nayionanenutl ynisepcumem imeni Onecs I'onuapa

3B’SI3AHI KOHTAKTHI 3AJAUI TEOPII IIPYKHOCTI
3A IIOCTYINTAJIBHO-OBEPTAJIBHOI'O PYXY HITAMIIA

Po3rnsigaoThesi KOHTAKTHI 321241 32 yMOBH B3a€MHOT0 BILIMBY Je()OpPMYBAHHS NPYKHOTO Tijla
Ta CHJI i MOMEHTIB, IiJ Ai€l0 AKUX IITAMI 3iliCHI0OE TBUHTONOAIOHMI pyX. 3anpoNoOHOBaHO MiAXix 10
PO3ILeNJIeHHs 3B A3aH0I 32/1a4i HA IBi KJIaCHM4Hi KOHTaKTHI 3aaa4i. Jloc/rixzkeHa B3aeMoiss KPyroBoro
ITaMIy i3 NIBIPOCTOPOM Yy Npomeci MOCTyNAIbHO-00ePTATBHOI0 PYXY IITAMIIA 32 IOBHOI'0 34eNJICHHS
1 HAIBHOCTI TEPTH.

Kuro4oBi ciioBa: 38’s13aHa 3a1a4a, KPYroBUii IUTaMII, OCiJaHHS, TOBOPOTH, 34YeIJICHHS, TEPTsl.

Beryn. TpanuiiiiHi MOCTAaHOBKM KOHTAKTHHMX 3ajad IependadaroTh, IO CHIM 1
MOMEHTH, IIPUKIAJCHI 0 IITaMITly, 3a3JaJeriab BiOMi, a 3aJlaya BUBUYCHHS KOHTAKTHOI
B3a€EMOJII TOJISrae B 3HAXOMKCHHI KOHTAKTHHUX 3YCHJIb, @ TAaKOX IIEPEMIIICHb Ta
MOBOPOTiB mtammiB [2, 5 — 7].

VY naniit poOOTi PO3TAAAIOTECS 3a/a4i PO IO IMTAMITy Ha MPYKHE TUI0 y pasi
FBUHTONOMIOHOrO pyxy mTamma. Toal CHMIM Ta MOMEHTH, NMPHUKIAACHI 10 IMITaMILy,
3a3/aieriib HEBiZIOMi, OCKUTBbKM 3aleXaTh Bij nedopMyBaHHs Tida. 3 iHIIOTO OOKY,
neopMyBaHHS BU3HAYA€ETHCS 30BHIIIHBOIO JII€I0 Ha MTamil. BuHukae 3B’s3aHa 3a1ada
PO 3BOPOTHIH BIUIMB AedOpMyBaHHS Ha Jil0 30BHIIIHIX cuil. Jleski 3B’s3aHi 3amaui
aHAJIOTTYHOI O THITY po3risiaanucs y [1, 6, 9].

Pesgynbratn mocmimkeHb MOXKYTh OYTH BHKOPWUCTaHI y TIPOTHO3YBaHHI THCKY Ha
OITOpPHI TIOBEPXHI I'BMHTOBUX MPECIB Ta T'BUHTOBUX JOMKpPATiB, a TAKOX JUIS OLIHKH
napaMerpiB B3aeMOIii OypHIILHOTO IHCTPYMEHTY 13 TIpCBKHMHU TIOPOJIaMH.

PoGora Mae Ha MeTi po3poOKy MiAXOMy OO PO3LICIUICHHS 3B’sI3aHOi 3aj1advi Ha
KJIAaCHYH1 KOHTaKTHI 3aJla4i Ta aHali3 0cOOJMBOCTEH B3a€MOJIi KPYroBOro INTamia Ta
MPYKHOT'0 MIBIPOCTOPY Y MPOIIecax CHHXPOHHOIO OCIIaHHS Ta IIOBOPOTY IITaMIIa.

IMocranoBka 3agaui. Llltam, 34yeruieHuit i3 MOBEPXHEIO JTiHIHHO-TIPYKHOTO TiNna,
3a JIONMOMOTOI0 TBUHTOBOI'0 MEXaHi3My (pHc. 1) oTpuMye mocrynajibHe MepeMillleHHs Y
HampsIMKy OCi TBUHTA Ta IIOBOPOT HABKOJIO I1i€l oci. JIo rBUHTA MPHUKIAICHUH 30BHIIIHIN
KpPYTHUH MOMeHT M|, . Jlist pi3pOu Ha TBUHT 3BOJIUTHCS 10 OCHOBOI CUIIM Pp Ta MOMEHTY

cm1 TepT My . SIk y3araiapHEHHS 3aKoHy TepTs AMoHTOHa — KynoHa, mpuiiMaemo, 110

MOMEHT CHJI TEePTS MPOMOPLIHHUA OChOBIH CHII; TIOAAMO II0 3AJCKHICTh Y TaKOMY
BUTIISAAL: My =uPrb, ne b — pagiyc pi3pOu. Be3po3MmipHHi MHOXKHHK 4 Ma€e CEHC
Koe(ilieHTa TepTs 1 BU3HAYAETHCS EKCIIEPUMEHTAIBHO.

KonTaktHa 3amaya (opMysOeThCS SK 3ajada BHU3HAYCHHS CHJI Ta MOMEHTIB,
MPUKIAJEHUX 0 MTaMIa, MepeMilleHb Ta MOBOPOTIB IITaMIa, a TaKOK KOHTAKTHUX
HaTpyXeHb.

3ayBa)KMMO, 110 3a3[aJIEeTiJb HEBIMOMI Hi CHJIM, SKI JiOTh Ha IITAMII, Hi
KiHEMaTH4Hi mapamerpu pyxy mramma. O4eBHIHO, M0 3a3HAa4YeHI BETMYMHH 3ajekaTb
BiJ neopMyBaHHS MPYKHOTO Tijla, TOMY TaKy 3ajady CJIiJl pO3IIISAaTH SK 3B’SI3aHY
KOHTaKTHY 3a7a4y.

© B. I. Ky3pmenko, C. O. Ilnamenko, 2017
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Puc. 1. — B3aemonist uramny ta niBnpocropy

3arasbHa cxema po3B’s3aHHS. YMOBHO BiJJOKPEMHMO TBHHT BiJl IITaMily,
3aMIHMBIIHN B3a€MOJIIIO IIMX YaCTUH CHJIOl0 P Ta MoMmeHToM M (puc. 2).

Puc. 2. — PiBHOBara MoMeHTIiB Ta cHJI

OueBuHO, IO OCHOBA peakilis Pi3bOU YpIBHOBaXyeThCs cwiiol P: P-=P. 3
YMOBH pIBHOBAarM MOMEHTIB BIJIHOCHO OCi 'BUHTA

M+Mp=M,

3HAXOJUMO 3B 30K MK MOMEHTOM M Ta cuiior P
M =My—My = uPb. (1)
Ilig nmiero ocboBOI cuiaM P Ta KPyTHOIO MOMEHTY M INTaMIl OTPUMYE OChOBE

MepeMillieHHsT § Ta MOBOPOT HABKOJO OCi HA KyT k. BBaaeThes, MO 3AJIEKHICTh ITHUX
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KIHEMaTUYHHMX XapaKTePUCTHK Bim P Ta M BigoMma SIK PO3B’SI30K KOHTAaKTHOI 3aaaui
Teopii MPYKHOCTI:

5=ﬁ(PaM): Ksz(PaM)‘ (2)

3a moCTyNajbHO-00EPTANIBHOTO PyXy TBHUHTA IEPEMIIICHHS & Ta IOBOPOT K
IITAMITy TTOB’SI3aH1 CIIBBIJHOIICHHAM

S==—n, 3)
2
ne h — KPOK pi3bOmH.
BukopucroBytoun criBBigHomensas (1) ta (2), i3 piBHocTi (3) OTpUMyEMO Take
PIBHSHHS BiJIHOCHO OCHOBOI cuiu P

(P, Mo — uPb) = %fz (P, My pPb) . 4)

3HalimoBm cuity P K po3B’sA30K piBHSAHHA (2), KpyTHUH MoMmeHT M
obuunciroemo 3a popmyitoro (1). daii po3noaijl KOHTAKTHUX HAIIPYKEHb BU3HAYAETHCS SIK
PO3B’SI30K KJIACHYHOI 3aJ1aui mpo JAif0 Ha IITaMIl 33/1aH0i CHIIM P Ta 3aJ]aHOTO KPYTHOT'O
MOMEHTY M.

Buknanena cxema He MOB’S3YETHCS 13 MEBHOIO (OPMOIO INTAMITY Ta IMPYKHOTO
tina. OnpHak eeKTHBHE PO3B’sI3aHHS 3a/1a4i MOTPe0ye KOHKPETHUX aHANITHYHUX BUPA3iB
st GyHkmoid £ (P,M) T1a f,(P,M), 0 MOXIIUBO ITUIIE 32 MEBHUX KaHOHIYHUX (OpM

Tija Ta IITaMIy.

3p’3aHa 3a7a4ya Npo Jil0 Ha NPY:KHMH MiBOPOCTIp KPyroporo mrammy i3
MJIOCKOI0 OCHOBOK. OCKUTbKM 007acTh KOHTAKTy Y JaHOMY pa3i 3ajHIIacThes
HE3MIHHOIO, TO BUKOHYEThCS MPUHIUI cynepnonuiii. Lle o3Havae, mo nepeMinieHHss &
3aJIeKUTD JIMIIC Biji CHIIK P , a TOBOPOT k — JTUIIIE BiJl MOMEHTY M .

Po3B’s130Kk 3a7a4i po M1it0 OCHOBOI CHIJIM Ha KPYTOBHM INTAMII, 3YETUICHHUM 3 ITiB-
MIPOCTOPOM, HABOJAUTHCS Y [5; 7]; OyJIO BCTAHOBJICHO TaKUH 3B'S30K MK IEpPEMIlICHHSIM
Ta OCbOBOIO CHJIOIO

P
06=0—o, 5
4Ga ®)
ne 0=(1-2v)/In(3-4v), G, v — Momynb mpyxHocti Ta Koepiuient ITyaccoua

HIiBIIPOCTOPY; a — Pajiyc OCHOBH.

3ajaya Mpo 3aKpydyBaHHs MIBIPOCTOPY Oyina 00’€KTOM MOCIIHKSHHS y HHU3II
poOIT; pe3ybTaTH HABOIATHCS, 30KpeMa, y MoHorpadisx [3; 4]. OTpumanuii 38’5130k MiXK
KyTOM TOBOPOTY IITaMIIa kK Ta KPDYTHUM MOMEHTOM Ma€ BHUIJIS

3 M
A 6
. 16 Ga3 ©)

Toni cniBBiHOmEeHHs (3) HaOyBae BUTIIS LY JTiHIHHOTO PIBHSHHS BiTHOCHO P

P h 3 My—uPb
4Ga 2716 G

b
3 SIKOT0 3HaXOJIMMO 3HAYEHHS OCbOBOI CHJIA T4 KPYTHOI'O MOMEHTY
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M,
35
P= 4 , (7)
8”a9+i éﬁ
87" aa
M
M=My-puPb=0—"0 (8)
3 bh
O+—u——
87" aa

3BepHEMO yBary Ha 3aJieKHICTh CHIIM P Ta MOMEHTY M Bij mapamerpa

p_In(4-3v)
1-2v

T00TO Bix Koedimienta Ilyaccona marepiany MBIPOCTOPY. 3PO3yMilo, IO Iie € dopma

BHSIBY 3B’s13aHOT0 XapakTepy 3ajadi.

[Micnst BU3HAUEHHS OCHOBOI CHUIM Ta KPYTHOTO MOMEHTY OCiJIaHHSI Ta MOBOPOT
IITaMITy O0YUCITIOEThCs 3a hopmyaamiu (5) Ta (6).

Busnauenns HOPMAJIbHUX KOHTAKTHUX HAIIPY>XCHb 3a YMOBHU 34YCIIJICHHA HITaAMITYy 3
MIBIIPOCTOPOM 3BOJUTHCS O OOYHMCICHHS IHTErpajiB, 10 3alekaTh Bl mapamerpa; y
MoHorpadii [7] HaBOAUTHCS Tpadik PO3MOITY KOHTAKTHOTO TUCKY. JIOTHMYHI KOHTaKTHI
Hanpy>KeHHsI, BUKJIMKaH1 TOBOPOTOM IITAMITy, OOYHCITIOIOTHCS 32 BiZloMOr0 (hopmynoro [3]

T= = M.
ToJ2_2 Amd® 2,2

3p’si3ana 3amava i3 ypaxyBaHHSIM CHJ TepTa. BimMoBuMoOCsS BiJ BHMOTH
MOBHOTO 3YEIUICHHS IITaMITy 3 MiBIPOCTOPOM 1 BBaXKaTHUMEMO, IO BHACIIJIOK MTOBOPOTY
IITaMIIa HABKOJIO OCi BUHMKAIOTh CHUJIM TEPTS, HAMPSMOK SKMX HMPOTHICKHUN HAPSIMKY
obepranHs. TepTsaM, BUKIMKAHUM JI€I0 OCBOBOT CHIIH, HEXTyeMO. Po3B’s130k Takoi 3amaui
y pasi 3a7aHoi cuiii P HaBoaMThCs y MoHorpadii [2]. Byno nmokaszaHo, mo MOMEHT M ,
HEOOXIMHUHN JUIs O0O0CpPTaHHs INTAMIy 31 CTAJIOK KYTOBOI IIBUAKICTIO, TOB’S3aHUN 13
CHJIOI0 P CIIBBIIHOIIEHHAM

M="pPa, ©)

ne g — KoeilieHT TepTs MK MOBEPXHSIMH IITAMITY Ta MIBIPOCTOPY.

VY pa3i mocTynanbHO-00EpTaIbHOTO PyXy INTamIia PO3rISHEMO CHTYaIlilo, 0
nepenye MoYaTKy MPOKOB3yBaHHs mrTaMmy. JIns 3B’S3Ky MK KYyTOM MOBOPOTY Kk Ta
MOMEHTOM M 30epiraerbesi CriBBiMHOIICHHS (6), 2 OChOBE MEPEMILIEHHS] BUPaXKAEThCS
yepes cuiy P 3a ¢hopmysioro [2]:

l-v P

o= P=6 ; 6 =1-v.
4Ga 4Ga

Hnst obuncnennss P ta M nocratHbo y dopmynax (7) ta (8) 3aminuTi 6 Ha 6.
Buxirouyaroun M, 3HaXOAMMO 3B’ 30K MK KDYTHHM MOMEHTOM Ta OCHOBOIO CHJIOIO

87 a
M=—6,—Pa. 10
3 7 a (10)
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[opiBuaroroun Bupaszu (9) ta (10), oTpuMyeMO yMOBY TPOKOB3YBAaHHS 31 CTallOO
KyTOBOIO IIBHJIKICTIO

87 a =&
0 —=—u,
3 T

TOOTO KOe(IIliEHT TepTs 44 TMOBUHEH MATH TaKe 3HAYCHHS

« 32 a 32 a
= :—9—:—1—\/ —.
M= =200 = ( )h

b3 . .
SKmo 4 >y , TO NPOKOB3YBAaHHSI IUITAaMIy BITHOCHO IIBIPOCTOPY HEMOXIIMBE; Y

. b3 .
pasi, KU £y < gy , TITAMIT 00ePTAETHCA 13 TPUCKOPECHHSIM.
. * o a . *
Oninnmo BenmuuumHy 4y . Hexail v =0,3; o= 10. Tomi ty ~747. Otrxe, 3a

pea’jbHHX 3HAYeHb KoedilmieHTa 44 OOepTaHHS MITAMITy BiTHOCHO MiBIPOCTOPY MpH
CTaJIOMy 3Ha4eHHI KPYTHOTO MOMEHTY M, BinOyBaeTbhcs 3 MPUCKOPEHHSM HPOTITOM

YChOTO MPOIIECY MOCTYNAbHO-00epTaIbHOTO pyXy. BiZICYyTHICTh TIPOKOB3YBaHHS MOXHA
3a0e3MEYUTH JIMIIE 332 BUKOPHCTAHHS CIENiaTbHOTO pelbedy KOHTAKTHOI IMOBEPXHi
mTamMimy.

BucHoBkH. 3anporioHOBaHA IIOCTAHOBKA 3B’S3aHOI KOHTAKTHOI 3amadi y pasi
3a3dajieriib HEBIJOMHUX CHJI Ta MOMEHTIB, NpPHUKIAJACHUX 10 ImTamna. OTpumani
aHANITHYHI PO3B’SI3KM 3aj]ad MpO JMil0 KPYroBOrO INTaMIy Ha MIBHPOCTIp y Tporeci
CYMICHOTO OCilaHHSI Ta IOBOPOTY INTamIia. BCTaHOBIIGHI YMOBH, 32 SIKHX MOXXIJIHBE
MPOKOB3YBaHHS MITaMITy BiJIHOCHO NIOBEPXHI MIBIIPOCTOPY.

[lepcnieKTHBHUM HANPSAMKOM TOAAJBIINX JOCTIKEHb € BHBUCHHS CKIIAJIHOTO
HABaHTaXEHHS T 32 TBUHTONOMIOHOTO pyXy INTamIa, a TaKOX aHali3 oreparii
nuTiyBaHHS MOBEPXHI 3 MiIKPOHEPIBHOCTSIMH.
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YIK 539.3

CBA3AHHBIE KOHTAKTHBIE 3AJIAYU TEOPUU YIIPYT'OCTHU
IIPU NOCTYHNATEJIBHO-BPAINATEJIbBHOM JIBUKEHUU LITAMIIA

B. U. Ky3bMmeHko, 1-p ¢us.-mat. Hayk, C. A. [lnamenko
Jlnenponempoesckuti nayuonanvuwiti ynugepcumem umenu Onecs I onyapa,
Inenp, Yxpauna
Pachan]{lBalOTcﬂ KOHTAKTHbBIC 3aJa4Yu l'lp](l ch'IOBI/lPI B3auUMHOI'0 BOSZ[eﬁCTBPIH yﬂpyFOFO TEJa
U CHJI ¢ MOMCHTaAMH, IOJ HeﬁcTBﬂeM KOTOprX mramMil COBeleIaeT BI{lHTOOﬁpa:}HOC ABUKEHUE.
Tpenioxken MOAX0X K POCIUENJIEHHIO CBA3AHHON 3224 HA Be KJIACCHYECKHE KOHTAKTHbIE 3a/1a4H.

HMccrenoBano B3anMojelicTBHe KPYTOBOro MITAMIIA ¢ MOTYNPOCTPAHCTBOM B Npolece MOCTYNaTeTbHO-
BPAILATEIBHOT0 JBHKEHHSI IITAMIIA NIPH MOJIHOM CLENJIeHHH ¥ HAJTHYNH TPeHUsl.

KiroueBbie ciioBa: cBsi3aHHasi 3a/1aya, KPYroBoOil Tamm, ocelaHue, MOBOPOTHI, CUEIJIEHHE,
TpeHHue.

UDC 539.3

COUPLED CONTACT PROBLEMS IN ELASTICITY THEORY
WITH TRANSLATORY AND ROTATIONAL MOTION OF THE STAMP

V. Kuz’menko, Dr. Sci. (Phis.-Math.), S. Plashenko
Oles Honchar Dnipropetrovsk National University, Dnipro, Ukraine

We consider contact problems under the condition of the mutual impact of the deformation of
the elastic body and the forces and moments under which the stamp performs spiral motion. An
algorithm for splitting the coupled problem into two classical contact problems is suggested.
Interaction of the circular stamp and the half-space during the translatory and rotational motion of the
stamp with full coupling and friction presence is investigated.

Keywords: coupled problem, circular stamp, yielding, rotations, coupling, friction.

Introduction. In classical contact problems it is presumed that forces and
moments, which are applied to the stamp, are known and it is needed to find contact
forces, displacements and rotations of the stamp [2; 5 — 7].

Problem about influence of the stamp on the elastic body during the spiral motion
of the stamp is being considered in this work. Forces and moments, which are applied to
the stamp, are not known at the beginning due to the fact that they depend on the
deformation of the body. From the other side, the deformation is determined by the outer
influence on the stamp. Thus, a coupled problem about reverse influence of deformation
on the outer forces is considered.

Problem definition. A stamp, which is united with a surface using screw
mechanism is considered. A stamp gets translation displacements in the screw axis
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direction and rotation around this axis. Outer twist moment M, is applied to the screw.
The screw-thread has axial force P and moment of friction forces M;. Using the
Amontons-Coulomb law, we get M; =uPb, where b — screw-thread radius, u -

friction coefficient. It is needed to find forces and moments, which are applied to the
stamp, its rotations and displacements and the contact stresses.

General solution scheme. Screw and the stamp interaction is replaced by force P
and moment M . From the condition of the equilibrium of the moments about the screw
axis, we get

M + MT = MO Py
M=M0—MT =M0—ﬂpb
Under the influence of the force P and twist moment M , the stamp gets axial

displacement & and torsion by angle x around the axis. It is considered that these
parameters are defined as functions of M and P

5=ﬁ(PaM): Ksz(PaM)'

Dependence between § and x can be written as follows:

S=—"n,
2w
where # - thread pitch size.
Thus
h
fl(PsMO _uPb):EfZ(PaMO —puPb),

P can be obtained using this formula. Using P, we can find M and as aresult § and «.

Coupled problem about influence of the circular stamp with place foundation
on elastic half space. As it is described in works [3, 4, 7, 8] displacements and torsions
can be found as follows:

3 M
K=—7—"%, 6=0 P )
16 G4° 4Ga
where 0 = % , G, v — elasticity module and Poisson coefficient correspondingly,
no —4v

a — stamp foundation radius.
Using this, P and M can be found as follows

M,
3 h a4
p=—=-__4d¢
8ﬁa9+iuéﬁ
87 aa
M
M=My-puPb=0—"2 .
3 bh
O0+—pu—
87" aa

Coupled problem with friction. For the same problem, it is considered that
friction forces appear when the stamp is rotated. Such problem was investigated in
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monograph [2] and it was shown that it is necessary that the following condition is met,
so the stamp is rotated with constant angular velocity.

V3
M =—yPa.
4#1

In case of translatory and rotational movement of the stamp, we consider the situation,
which goes before the stamp starts to slip. Displacement be found as follows [2]

_1-v P

S=—tP=0—:; 6 =1-v.
4Ga 4Ga
From here
M=3"0p, (10)
300
« 32 a 32 a * .. .. .
Thus, yy =y :?91 Z:?(I_V)Z‘ If 1 > 1y , the slipping of the stamp is impossible. If

* . .
Ly < 1y , then the stamp moves with acceleration.

Conclusions. Definition of the coupled problem is suggested. Analytical solutions
were obtained. Conditions when the stamp can not slip were found.
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