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OCOBEHHOCTH KOHTAKTHOI'O B3AMMO/JENCTBHS IMOPHIHEBHIX KOJIEL]
JBUT ATEJIEF BHYTPEHHEI'O CTOPAHUA

Jlnenpoosepoicunckuii 20cy0apcmeenHbLll MeXHUYeCKUll YHUgepcumem
Inenpoozeporcunck, Ykpauna

JlaBneHne Ha DOPIIHEBOE KOJBIIO CO CTOPOHBI IMJIMHIpA ABHraTeNi SBIACTCS ONpelesiso-
=M CHJIOBBIM (pakTopoM IpH GOpPMHPOBAHUH peXMMa HarpyXeHHus B 9Toi nape. Tak B pamkax
THOMEPHOU KOHTaKTHOHM 3amaud [1] Ha ocHoBe Teopuu u3ruba Gpyca Majnod KpHBH3HEI MOXHO
T=<ICTaBUTH, YTO KOJIBIO He OYAET IUIOTHO CONPUKACATHCSA C MOBEPXHOCTHIO LIMIMHApPA IO BCEMY
. :HTYpY okpyxkHocTH. Ha ygactke 1-2 u 5-4 (PucyHok 1.) uMeeT MecTO HEIIOTHOE IpHUJIeraHue
- PIIHEBOTO KONBIA K MOBEPXHOCTH MIIMHApa. Ha yuactkax 2-3 u 4-3 MMeeTcs IIOTHOE HpHJle-
-2He, YTO OOBICHSETCS HEBO3MOXXHOCTHIO BHIPaBHMBAaHMS KPHUBH3HB! KONbLA U LMIMHApA H3-3a
'TPaHMYECHHOH CTeNeHH CBOOOAB! B KOJBLIEBBIX 30HAX.
B Touxkax 1 u 5 co CTOPOHEI IOBEPXHOCTH LMIMHIAPA JEHCTBYIOT COCPENOTOYEHHEIE CHITHI P,
: 10 4aCTH KOHTYypa 4-3 u 2-3 AeHCTBYIOT KOHTAaKTHbIE ABJICHUS WJIM PaBHOMEPHO pacIpelesieH-
;21 Harpyska q. Takas cxema (pOpPMHpPOBaHHS KOHTaKTHOTO JABJEHHsS paccMaTpHBAaeTCs B paboTe
*}. JlaBneHHe Ha MOPITHEBOE KOJIBIIO CO CTOPOHB! IUIHHIPA ABUTATENA ABIACTCS OIpeaeIIOIpM
:210BBIM (paxTOpoM NpHu HOPMHUPOBAHMHU HArPYXEHHUS B 3TOH mape U B o0ILIeM cily4yae pacrpenens-
2704 1O CJIOXKHOMY 3aKoHYy [1].
B Toukax 1 ' 5 co CTOpPOHBI MOBEPXHOCTH HMWIMHIPA JEHCTBYIOT COCPEAOTOYEHHBIE CHIIbI P,
: 110 9acTH KOHTypa 4-3 u 2-3 NeHCTBYIOT KOHTAKTHEIE JABICHHUS WM PaBHOMEPHO pacIipe/ic/iCH-
=14 Harpyska q. Takas cxeMa GopMHpOBaHMS KOHTAaKTHOI'O JIaBJICHUs paccMaTpuBaercs B pabote
.;. JlaBieHne Ha NOPIIHEBOE KOJBLIO CO CTOPOHE! IMIMHAPA JBUrATEIIA ABETCA ONPEACIIAIOIIHMM
“RI0BEM daxTopoM npu GOpMHUPOBAHUY HArpYKEHHS B ITOMH mape ¥ B ob1eM ciydae pacupenein-
=TCs [0 CTIOXKHOMY 3aKoHY [1].
Jinst peruenyst 9To¥ 3a1auu BOCTIONB3YeMCs HEKOTOPOH CxeMaTH3alel Harpy)KeHHUs KOMbIa
B sToM ciyuae B Toukax 1 1 1 co CTOPOHBI IOBEPXHOCTH IMIMHApPA AEHCTBYIOT COCPENOTO-
ZeHHBIE CWIBI P, a Ha YacTH KOHTypa 2- 3(2-3) — KOHTaKTHOE JaBieHHe ( pPaBHOMEpHO pacipeje-
"eHHasj Harpy3ka MHTEHCHBHOCTBIO (). Takas cxema (popMHpOBaHHMsS KOHTAKTHOTO AABJICHUS HE
SaccMaTpHUBaeTcs B psijie H3BECTHBIX pabort [2-6].
B cooTBeTCTBHM C IIPUHATON CXEMOH omnpeiesiieM KOHTAaKTHOE JAaBJIEHHE ( HCXOJS M3 YCIIO-
i paBeHCTBa CONMKEHMs KOHIOB KOJIbIIa, MPUHAMAS [WIMHAP aOCONIOTHO JXECTKHM B PaHalib-
50M HallpaBJICHUH: .
A=2n(r —1y), 1)
rae A- pa3HOCTH 3a30pOB KOJIBIIA B CBOOOJHOM COCTOSHHH U B cOope, M ;
I'- HApy>XHbIA pauyc KoJbla B CBOOOAHOM COCTOSIHHH, M ;
Iy~ BHYTPEHHHUM pajiyC LHMIMHAPA, M. :
M3 ycnoBus paBHOBECHS OIpefiesisieM cocpenoTodeHHyro cuny P, H, nefictyromyio B Top-
7€BOM CEUCHHMH MOPIIHEBOrO KOJIbIA:
P=qrsina, )
IZie O~ YToJl, ONpee/sIOMMi JIMHy Y9aCTKOB pa3HON KPHBH3HEL, pa.
Jlanee onpenenseM cOIMKeHHe KOHIOB KOJbla A Kak GYHKIMIO OT q C IOMOIIBIO MHTETpana
\Mopa [1]

A= zj ()21((9)

P g, 3)
1 1]1 EIt

rJIe N- YUCJIO YYacTKOB KOJbIa;
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{ i- IIMHA 1-TO Y9acTKa, M ;

M,; (¢) - dynknus narubaromero MOMeHTa Ha i-oM yJacTke, H M;

M,; () - byHKITHS H3rHGAIONIEr0 MOMEHTA OT EXMHUYHOM CHITBL, M;

El, - m3ru6Has secTKOCTh Kombia, H M2,

[Tocte moyryyeHns MaTeMaTHYECKOM 3aBHCUMOCTH IS ONIPEACIEHUS U3rHOAIOIIMX MOMEHTOB
M. (¢) 1 M,;(¢) packpeiBaem cymmy (3):

a -
A= Ezi_ [Prsin o[r(1-cos (p)}d(p + én | [Pr sin(o + @) + qr(1 —cos (p)}(l —cos(a+)rdp  (4)
to t 0

Pucynok 1 - CxeMa ¥ 3mopa HarpyeHus MOPLIHEBOTO KOJIbLA

[Tocne urTErpUpOBaHUs BBIpaXECHHUA (4) MONYyYHM:

4
A= Sr—[sinOL+(7t—oz)(2+cosa)],
Bl ©)
W3 ypaBHenus (5) morydaeM BETHUYUHY KOHTAKTHOTO JTaBJICHHS:

B EL,A
r4[3sinoc +(m—-a)2+ cosoc)] .

Bripaxxenwue (6) sBiseTcsa obmuM. B yactHOM cityyae mpu & = 0 nomyuaem U3BECTHYIO op-
myny [1]:

(6)

ELA
q=—17 . ™
3nr
3anuchIBaeM yCJIOBHE BRIPAaBHUBAHMS KPUBU3HEI KOJBIA M IMJIMHJpA B TOYKE 2 :
. 11 |
Prysina = E[j| ———|. 8)
rk I'I_I
Wnu mocie BBIpaXXeHUs CHIBI P uepes q MoNy<IuM 3aBUCHMOCTb:
: 1 1
qrZ sin® o = EI,| ——— |, ©)
l‘k I'u
1
rae — —— - IpupalleHHe KPUBU3HEI KOJIbIIA.
I Iy

BripakxacM IpupallieHHe KpHBH3HBI KOJIbIla Yepe3 pasHOCTh 3a30poB A u3 ¢opmyisl (1):
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1 1 1

—_—— = (10)
L I ru(l . 2nruj
A
[epenucriBaeM Beipaxenue (5.9) ¢ yquOM (5.6) m (10):
EI, Ar2 sin o ' EI, an
2[3 sina + (- a)(2 + cosoc)] ( 21%] '
Il l+——
A
[Mocne cokpaleHus NOIy4uM BhIpaKEHHE:
2
. sin” o _ 1 (12)
ru[3 sino + (m—a )2 + cos a)] A+ 27,
OTKyza oJTydaeM clieylomee TPUTOHOMETPHYECKOE BEIPaXKCHHE:
.2 .
(A +2m, )sm o — 31, sin o, — 27t + 3, + 100 cos oL — nrcoso = 0. (13)

AnanuTHyeckoe pernenve ypasHeHus (5.13) sarpyauutensHo. IlonyyeHHsIe YnCleHHbIe pe-
IMEeHHUs U psfia NOPIIHEBBIX KoJlell cBeaeHs! B Tabmumy 1. Ha ydactke 2-3- 2' B CHUTy IOCTOSHCTBA
BEJIMUMHBI KPUBU3HBI KOJIbLIA NEHCTBYET MOCTOSHHBIN, (pacyeTHBIN) H3rubaromuii MOMEHT, KOTO-
PBIA € y4eTOM BBIpaXEHMUS (2) IPUHUAMAET CHEIYIOMUN BUL:

2 .2
M, =qr;sin“a, (14)
rIe KOHTaKTHOE JaBJeHue g ompexneisercs no gopmyne (5.6). Torma MoxHO 3amucats Gop-
MyJIy IJIs1 OlipefieNIeHUs. MaKCHMAIbHBIX HOPMaIbHBIX Hanp;{mennﬁ:

6EIL,Asin’ o,
I’ [3 sina+(n—a)2+cos a)]héi2

e © - MaKCHMaJIbHOE HOpMajbHOE HanpskeHue, [la;

h- oceBas BBICOTa KOJIBIA, M ; \

d -pazuanpHas TONIMUHA KOJIBIIA, M.

Pacuersl, BEIIONHEHHBIE [UIS UCCIIEIYeMbIX JBUTaTenei p;ma 6a30BBIX aBTOMOOHIEH C 1IO-
moupto opmyn (14) u (15), npencrasnens B Tabnuue 1. Kak cieayer u3 npuBEeHHBIX pe3yib-
TaToB, YIoJI BBIPABHMBAHHSA KPUBH3HEI KOJIbIA H LUIHHADPA ABJIACTCA CYIICCTBEHHBIM H HAXOHMTCS

(15)

Oy =

B ipezenax 71.8°-72.6° u mpakTHUECKH HE 3aBHCHT OT Pa3MepOB MOPIIHEBOM IPYIIIIEL

Tabnmuna 1 -OcHOBHBIE XapaKTEpHUCTHKH Harpy>xeHus nopimmsenbx Kosery JIBC

JlsuraTens I, MM A M & | rpan M;,Hw™m %y Milla
1 2 3 4 5 6
Mocksuy 412-2 41 9.7 72.3 3874 262.7
3UJI1-130 50 16.3 71.8 1506.3 424.8
| KamA?3 5430 60 12 72.6 807.3 211.6

OTEM MOXHO OOBACHUTH HAJMUYHE 00JACTH HEIUIOTHOTO MPWICTAHUS K NpPeBaTHPYIOMHUH 13-
HOC Ha Y4acTKaX, IPHMBIKAIOMHUX K 3230py Koubma. Taxum o6pasoM, paspaboTana HoBas Gojee
TOYHasd MaTeMaTWdecKas MOJAEIb KOHTaKTHOTO B3aMMOIEHCTBHS MEXKY IOPIITHEBHIM KOJBIOM H
CTEHKOH LUIMHIpPa, KOTOpas, B OTJIHYUE OT CYLIECTBYIOIIHX MOJeNeli HarpyXeHus, yIUThIBaeT He-
PaBHOMEPHOCTh KOHTAaKTHOTO B3aMMOAEHCTBHS TPHOOJIOIHYECKOTO CONPSHKEHHS aph! IIOPIHEBOE
KOJIbIIO- TH/Ib3a LIUIHHApA», €€ U3MEHEHHE B 3aBUCHMOCTH OT YIJjia IOJIOXEHHS JIOKAJIBHBIX TOYEK
KOJbIIA M yOaTeHHd UX [0 Paguycy OT 3aMKa.
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WEAR-RESISTEMENT AND TIREDNESS DURABILITY OF COVERINGS OBTAINED
BY SURFACING OF POWDERS FROM HIGH-SPEED STEELS
IN AN ELECTROMAGNETIC FIELD

Belarusian national technical university
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Different ways of drawing of coverings that allow to receive a working surface with required opera-
tional properties are applied to restore and harden the details of machines. Every way of drawing of cover-
ings due to its features has rational sphere of application and not always solves tasks caused by necessity of
restoration and increasing of durability of details of machines. Therefore, in line with the improving of
known ways of drawing of coverings it is necessary to develop the new ways to add already known and to
expand their technological possibilities. To combine the ways of the restoration and hardening of articles us-
ing combined influence of flows of different kinds of energy on a processable surface is urgent. It allows to
receive the qualitatively new operational characteristics of surfaces of details, and also to raise productivity,
to reduce power consumption and cost of price of processes.

It is necessary to note, that many details of machines coming to the restoration, have a significant stock
of residual durability, the using of which makes the basic source of an economical efficiency of machines
repairing. So Japan satisfies its requirement of spare details on 40 % by restoration of worn out details, the
USA, Germany, Austria - on 30...35 %, and the former USSR satisfied this requirement on 18% in 1990
[1].

Recently the electromagnetic surfacing (EMS) using the energy of magnetic and electric fields has
been widely investigated and received practical application. It allows to change the conditions of restoration
and hardening of the details of machines [2].

The combined method of electromagnetic surfacing with the superficial plastic deformation (EMS
with SPD) developed by the Technology of metals department of the Belarusian State Agrarian and Techni-
cal University together with State Enterprise "MAF" has increased a resource of details such as bodies of
rotation working in conditions of hard work and intensive abrasive wear process in 1,3 ... 1,4 times. Such
result has been received because of a new method of hardening of details. This method combines the draw-
ing, heat treatment and hardening deformation of a covering, reducing attrition of a surface at the expense o1
formation of structure of a superficial layer. The operational characteristics of the combined method are de-
fined by electromagnetic and deformation influences on the hardening surface. Electromagnetic surfacing '
with SPD has high durability of joint of surfacing covering with the base, improved wear-resistement and
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