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MMPOYHOCTHOM PACYET T’MBKOI'0 KOJECA BOJIHOBOIO
3VBYATOI'O PEAYKTOPA

Crpeasrukos B.H. (A0 «HKM3», 2. Kpamamopck, Yipauna)

By theory of elasticity method the solution about stress distribution in a flexible
gear shell taking into account the influence of the edge effect has been obtained
The results of numerical solution of the problem of the strained state of the flexi-
ble gear of different thickness of the wave-type reduction gear of 160 cu.m. ca-
pacity, 220t weight of ore being charged, MI'P 5500 x 7500 ore-grinding mill
relining drive have been presented in the article.
e e I'bxoe xoneco mpen-
CTaBnsAeT IIONbIA UWIMHAD,
Ha OfIHOM KOHIE KOTOPOTo
Hape3an 3y6uathiii Benen, Ha
ADYroM — IIMKLEBBLIA BeHell,
CBsi3aHble TOHKOCTEHHOH
obonoukoit (puc. 1). Oco-
OenBOCTBIO  re)OpMUPOBa-
Hug 3ybuaroro BeHua rubko-
ro Kolleca SBASETCH Hanu4ue
30HBI, CBOOOAHON OT AeiicT-
BUSL TEHCPAaTOpa BOIH, 4YTO
MPUBOAKT K HEPaBHOMEPHO-
CTH pacrpesiefieHHs OKpYX-
HBIX YCUNIHi B 3yOuatom Berue. Llunun-
Apuueckas o0O0NOYKa CITTaNKHMBACT He-
PaBHOMEPHOCTb PACNPElENICHUS OKPYX-
HBIX YCUIIMH, a TAKIKe BBITONHSET (yHK-
wH demiidepa. Mexanugeckue u npou-
HOCTHLIE CBOHCTBA 00004KH BO MHOTOM
OMPEASIIAIOT Harpy304HYIO CTI0COBHOCTh
N N0JTOBEHHOCTL BONHOBOH Iepenayy.

O renepatopa mosml

Puc. 1. Tubxoe roneco BonHOBO# 3y6-
4aTol Tepeaayn

Hanpsokénnoe  coctosupe  o6onouxu
sBlSeTCs  pesyiasTatom  gedicTus
KPYTAUIETO  MOMEHTA M KpaeBoro

3QQeKTa Ha CThIKE 000IO4KH U 3yOuaTo-
ro sexla. Kpaceol addexr so3uukaer s
pe3yneTaTe lepaBHOMEpHOH nedopma-
UMM TpH KOHTakTe 3ybuatoro  Benua
¥ IMCKOB reHepatopa BonH. (OCHOB-

Puc.2. Cunbl 4 moMeHTHI,
NPHIIOXKEHHBIC K 3neMenTy obo-
TOYKH
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Puc. 3. Pacnpenenenue manpskeuuit ¢p no
BHELIHEMY W BHYTpEHHEMY KOHTYpY 000104ku rub-
KOTO K0Teca ¢ TOMUMHOHA cTeHku 13,5 MM upueona
nepedyTepOBKH pyAopasMOJIbHON MENbHULB T, On
COOTBETCTBYIOLIME HOPMANhHLIC HANpSKEHHS Ha
BHYTpenHel ¥ BUELIHCH MoBepXHOCTAX 000NO4KH

HHHD.
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eJIMHKLE UIMHB! KOOPIHHATHLIX THHUIE CPEAMHHOH OBEPXHOCTH, AB/IAIOTCS Ya-
CTHBIMH TPOH3BOANBIMY QYHKUHH HanpskeHsi (puc. 2):
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Jlepopmauny CpeaMHHON TOBEPXHOCTH TaKKe ARIAIOTCS NPOH3BOAHBIMY
DVHKUMH HATPsKEHHH:
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OyHKUMS HANPSDKEHNH OMpeNieleHa, ec 3aabi YCAOBHS HA TOPLAX.
Taxk Kak Ha 0607104Ky HE NeHCTBYIOT BHELUHHUE OCeBbIe CHIbL, 4 TOPIIbI 3y64aTHIX
BEHIIOB CBOOOMHEL OT Harpy3KM, MOXHO MPUHATH, YTO OCEBBIE CHIbI Ha TOpUAax
PaBHEI HYJIIO:
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rie g=l/a — Ge3pasMepHbI napameTp.
Hlnuuessl#i  BeHEL CPaBHUTENLHO ¢ 060ONOYKOH NMpENOnaraercs Kect-
Kim. CauraeM paBHBIM HYIIO CMELUCHHS TOYEK HUIULEBOTO BEHIA B OKPYXHOM
Hanpaenesuu [5]:
(%)= 0- ()
Herseproe rpaHAYHOE YCNOBHE NONYYEHO M3 PACCMOTPEHHS CHIIOBOTO
B3aHMOJICHCTBHsA 0DONOYKH U 3y6yaToro BeHua MpH AchOPMAIlHM MOC/EIHETO
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Ha 3y64aroro BeHila; hi— TOMIHMHA KOIbIA, YKBHBAICHTHOTO 3ybuaTomy BeHLLy;
qn =~ WHTEHCHBHOCTb HArpy3KH, COOTBETCTBYIONIAS COCPEOTONEHHBIM CHIAM,
TpEACTaBIIeHHas Yepe3 0600wennyto dynkuuo Jupaxa.
Pemenne ypasuenns (1), ynosnersopsioiue TPaHUYHBIM YCIOBHsM (2—
5), MONYHeHO B BUAE PAA B PA3IOKEHHH 10 KOCHHYCaM:
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B ¢opmyne (6) uepes A o6o3naucHa MakcHMaibHas panuanpHas aedop-
Manusi. Benuwuuser my, 14, R, NOACYNTBIBAIOTCS 1O popmynam:
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Iocne noacranosky BoipaxeHus (6) B dopmyasl ang ycunuit 4 MOMeH-
TOB, NMOMyHUM:
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Puc. 4. PacnpemencHuc HaupskeHHH oy 1O r=§_
BHYTPEHHEMY KOHTYpY 0B0NOYKH rMOKOro Koneca c h (11)
TOJLIHHOH cTeHKH 6,75 MM npuBoza nepedyTrepoBKu B dopmymnax
PYAOPA3MOILHOM MeTBHHUIIBI (8 — 10) Hanpsxe-

HHA Tg1-092:Tg3
COOTBETCTBYIOT BHYTPEHHEH, CPCAMHHON W HAPYXKHOR NoBepXHOCTIM 0bonoy-
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Puc. 5. Pacnpenenenye Hanpsxenuil oy 10 o) p}ﬂv .
MOJILHOH ~ MENBHULLI

BHCIIHEMY KOHTYpy oOonodku rubkoro komeca c
TONUIHHONA CTeHKH 6,75 MM nprBoaa nepedyTepoBKH
PYAOPasMOJILHOH MeNbHULIbI

MI'P 5500x7500 06%-
émom 160M°, wmaccoii
3arpyxaemMon  pyas!
2201. B uensix ONTMMH3AUMH KOHCTPYKTHBHBIX NapaMeTpOB IMOKOrO Koneca,
PacueT MPOBOJMIICS B HECKOJILKHUX BApHAHTAX! 11 PeanbHbIX PEHYKTOPOB 1 Ui
PEAYKTOPOB ¢ yMeHbLIeHHOH B 1Ba M Oonee pas Tomuunoi obonouxu rubkoro
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Puc. 6. Pacnpenenesne HanpskeHHH oy |

NMYHHA HOPMABHBIX
10 yanpsoxenuit nocrura-

BHCIUHEMY H BHYTPEHHEMY KOHTypaMm ODONOYKM o1 80-90 MIla. B Toxe
rubKoro koaeca ¢ TONUUHOA CTeHKH 14 MM MPUBOAA  pnevg mepenaua Mak-
ITOROPOTA MUKCEDE Oy, Og — COOTBCTCTBYKOLWIMC  cymanpuoro KpyTate-
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Puc. 7 Pacnpenenenue HanpsxeHW# oy 110
BHYTPEHHEMY KOHTYPY 000I04KH rHOKOro Koje-
Ca ¢ TOALIMHON CTCHKM 7TMM NpHBOfia NOBOPOTA
MHKCepa

IMT 1IPY KacaTerbHbIX
HAIPSIKEHUSX 20
MIla. Pacder xpaeBoro
sdphexTa 1pH  TONNIMHE
000NOYKY, yMeHbLICHHOMN
B aBa paza (h = 6,75 mMm),
OnaronpusaTCTBYET  CO37a-
Hulo Gonee HH3KOTO YPOB-
1 HODMAibHLIX  HAIps-
wewHeit nopaaka 40 MITa.
Hanpsxeuno- ae-
dopMupoBatHoe  COCTOSI-
Hue obonoyxu rubroro xo-
feca Ompelensinoch dKCiie-
PHMEHTANLHO 3NEKIPOTEeH-
30METPHPOBaHHEM [7]
(puc. 9). Hcnonszopamich
oneroeeie mManobasHcHBIE

OHO3NEMEHTHBIE W MHOTO3IEMeHTHbIe Ter3opesucTopst Tuita 2OKTK 1 OK—
PE, obnazamwouie Haubonee nmpeanovTHTENBHEIMYE METPONIOTHYECKHMH CBOMCT-
BaMH, BBICOKOW CTalMIBHOCTBIO M HEASKHOCTHI MPOUIBOAMMLIX HIMEPEHHI.
Teizope3ucTopsl MOHTHPOBANKCEL HA BHEIIHel 1oBepXHOCTH 000M0YKH BAOMIbL
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Puc. 8. Pacnpedenenye Hanpsxe- :

HUH Op 0O BHeLIHeMY KOHTYpY obonod-

Ku TUOKOTO Kosieca ¢ TONILIMHOH CTeHKU &

7MM NpHBOIA 110BOPOTA MUKCEpa

JIBYX IHAMETPAibHO NPOTHBOMONOKHEIX
obpasyloulix Ha paccroguuu: 13, 50, 70,
135, 200, 265,330 MM o1 3aaHeH KPOMKH
3yBuaroro Benna. Ot MacnsgHO# BaHHBI
PEAYKTOpa TEH30PEe3HCTOPBI TepMeTH3MU-
POBaHBI CHHTETHYECKMM TOKPBITHEM.
Ocumanorpaduporanue  aedop-
MUPOBAHHOIO COCTOSHUS rHbKoro xoneca
MPOH3BOAHIOCE npu Yacrore BpaLLLQHHﬁ
BeJylero sana 1,667 ¢'u Harpy304HbIX

Puc. 9. Tubxoe sybuaroe xo-
JIeCO BOTHOBOI'O PEUYKTOPA IIPUBO-
Jla HAKJIOHA [1ePEeiiBHIKION0 MUKCe-
pa MIT - 600 ¢ rensopesncropamu,
CMOHTHPOBAHHBIMM 1A  YIDYIO#
UMIMHApHYEecKoi obonouke
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Puc. 10. Pacnipenesnienue uanpskeHu
BHEUIHCMY KOHTYPY OBOJIOYKH 1ubKoro
IPUBOJIA I0BOPOTA MUKCEpPA, MOIYUEHHOE
MeTpupoBannem npu M>=0,2-10° H- m

TOYKH 3PERUS MPOYHOCTH
ofbonouKH, ABASIOTCS HOp-

HOgNO  yvannuble HAanNpsKCHHS Op
KONECA  rpaduueckue 3aBHCHMOCTH
TCH30-

KOTOPBIX OT YI7Ia [10BOpOTa
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1 MOJILHOH MeNbHu-

#0 [ ust MI'P 5500 x

7500, 00BEMOM

" 160m°, maccoit 3a-

= rpyXKaeMoid  py/bi

S — 220 wu upuMBOAa

-4 /_/;_/ ” HakK/ioHa nepe’

f JBHIKHOTQ MMKCEepa

'”'74 Pl (A O S G MIT-600AC  &mxo-

L %15 43 JPE5 766 ZORE Fed 2905 JI7 JIES eTBio 600 T KUIAKO-

ro MeTtaia.

Ananui  pe-
3VABTATOR  DKCIC-
PHMEHTaNBHbLIX HC-

Puc. 12. Pacupeaenenue Hanpsxesuil oy 1o
BHEIHEMY KOHTYpY oboacuky rubkoro konmeca, mojy-
I 5
YeHHOE TeH3oMeTpuposanneM, M>=1,5-10"H-m

cnesioBaHii HANPAKEHHOTO COCTOSHUS I'MOKOTO KOJleca TOKa3hiBaeT Ha He3HAU-
TENLHOCTh HATIPMIKEHUH O, W T, Majlo M3MEHMIOWMXCA OT AeHCTBHA Harpy30uHoO-
ro MomenTa M. HopmanbHele Hanpsokenus op Bospactator B 1,50 ... 2,15 pas ¢
yBeIrYcHUEeM Momenra M ot (J,Z‘IOS hite) 4-10° Hwm. pu ynanesnu Touek rubKo-
ro Koneca of 3y6uaToro BeHIa, paiuaibybie JAedopMauuy 0bomouKH, BO3DYXK-
JlaeMble TeHCpaTopoM BONH — yracaioT. CHMKAeTCs BENHYMHA OKDYIKHBIX Hd-

10

o e e e :?5-5;’: e NPAKEHUH Gy OT MAaKCH-
= gyl ManbHOIO 3HAYCHHS

sa X T‘ Oty Y 3Y04ATOTO BeHIIA
o0} 5= ——e = A0 MHHHMAaNLHEBIX
Al S \::x e — 3ua4YeHUH Oy ,,, BONU3U
L. T e CAlg R s N LHITWIIEBOTO BeHlla. B
i B : —r | u3MepsemoM uHTepBpane

e G s L5 no  pamuse  0bonoyku
b o= : riubxoro komeca Xy=15
o0 /:{.- 1 S I MM, X =330 MM, Mak-
=00 /c(_fad.}' ITRT 166 ZOLIT J4F FIOT Jua_'#-u CHMallbHpIe pacmm«
BAIOWIME  HAIPSKEHHs

Puc. 13. Pacnipenenenuc nanpskeHuit op oy
110 BHEWIHEMY KOHTYPY 0007049KH THE - KOTo Ko-
Jjleca NMpHBOAa MOBOPOTa MHKCEPA, I[IONyYenHoe
TeH30MeTpHpoBaHueM, My=3-10° Hu

YMEHBIIAIOTCH B
3,25 ... 5,10 pa3, Max-
CHMAJIbHBIE =~ HATpPKE-
HUA CIKATUS Oy YMEHR-
marotes 8 1,7 ... 4.8
pas. '

Pactarupaionme HanpsskeHus MPUHUMAKOT MAKCHMATBHBIC 3HAYCHUS B
MOMEHT NPOXOXICHHS GObILION OCH reHepaTopa BOAH Yepes och TeH30PEe3H-
cropa. MakcumanbHble COKHMAIOLIHE HAPSKEHHUS BOSHUKAIOT B MOMEHT OTKIIO-
HEHHs MasoH OCH FCHEPATOPa BOITH OT OCH TEH30PE3NCTOPa Ha yron 40 ... 45",

ConocTaButeibHbIH aHANN3 AAHHBIX, TI0YHEHHbIX METOLOM pacuyéToB u
C NOMOLIBIO JKCIIepH-

ﬁ”'t:: - \le-on _ A | gzgeemm | MenTOB, AT yaoBme-
\ i TBOPHTECIBLHYIO  CXO-
:: | _ T | anmocts nomysennsix
R Pe3y/IbTATOR.
NG L“¢"“—-—-—-—.____ Beiroam:
= § HHH‘__-_ L. Bnusanue
o =T __-jt:"'_?'_:xﬂ-,—, xpaeroro sddexrta Ha
7% e B - === |  janpaxEHHOEe COCTOA-
-«a-/‘l";f:g”fi::ﬂ—r_r_ L1 Bue rubxoro xoncca
o o J CBS3@HO C HanpsKe-
"’J—-s,.;f—jj"wm , Foris Fev Feis i svis  HUAMH M3rHOa COg H

Og, BCIMYMHZ KOTO-
PBIX CHHIKaeTes Iipu
VMEHBIICHHH TONIH-
"Bl 000TOYKM.

2. Makcumaiin-
Hble HaIPAKEHUA,

Puc. 14. Pacnpenencuue HanpsxeHuu oy no
BHEUIHEMY KOHTypy 0DO0JIOYKM FHOKOro Konieca npi-
Bozaa NOBOPOTA MHUKCEPa, MOTyYeHHOE
TCH30MeTpHpORaHueM npy Ms=4-10° H- m
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CBA3AHHBIC ¢ KpaeBbIM d(PGexToM, BOHHMKAIOT BOAM3K TOpua 000N0HKM Ha
cThIKe ¢ 3y0uathiM BeHLOM. YuuThIBas QaKtop KOHUEHTPALMM HANPDKCHUH,
caesyeT NpeycMOTPETh TAaBHbIH [IePexo 3yBuatoro Beuua B 060T0UKY.

3. ITpu BbIGOpE ONTHMATBHON TORMEbI TMOKOTO Koneca, HeoDX0AUMO
MMETH MHHUMANBHO BO3MOKHYH) KECTKOCTL KPydeHHs 00004KH, OpH yChio-
BUM OBECHCUEHUS 3a/1aHHON MPOYHOCTH, ¢ YUETOM HANPKEHUH KpacBoro 3¢-
dexra M KacaTesbHBIX HaNpMKeHUH Npy nepeaade KpyTailero MoMeHTa.

Cnucox auteparypbl: 1. Tumowenko C.JL, Boiisosckuii C.H. [lna-
CTUIHKY U 0B0104KH. - M.: ®u3marrus, 1963. - 635 c. 2. Baacos B.3. Obuias re-
opus obonodek ¥ ef npuaokeHus BTexmuke. - M., JL: Tocrexmsaar, 1949. -
784 c. 3. Konxynos H.B. OcHogsl pacuéra ynpyrux ofonodex. - M.: Beicuas
wkosa, 1963. - 278 c. 4. Jlemuyios C.I1. Teopus ynpyroctu. - M.: BeicLuas 1Ko~
na, 1979, - 432 c. 5. bugepman B.JI. MexaHnka TOHKOCTEHUBIX KOHCTPYKLMHA. -
M.: Maumsoctpoenne, 1977. - 486 ¢. 6. Pyaenxo B.H. O npumenenuy peuie-
HUH BEKOTOPBIX 3a4ay TEOPWH YIPYFOCTH /UIA pacuéra ruOKHX AeTajiedl BOTHO-
BbIX Nepeaay. — B ku.: Boaxossie nepenadn. M.: MCH, 1978. - ¢. 166 — 174. 7.
Kacarkus b.C. # ip. DKCHepHMEHTAABHbIE METO/B] HCCTE0BANHS e OPMALHH

u Hanpsokeuni. — K.: Haykosa nymxa, 1981. - 583 ¢,
Cmamea nocmynuaa 6 pedaxywo 14.04.2001 2,

OUIEHKA HAJEXKHOCTH 3KCILTYATHPYEMBIX
(MCIBITYEMbIX) OFhEKTOB IIPH OTCYTCTBHH OTKA30B

Crpeabuuros B.IL, Crpeasuurosa JLB.
(HTTMMC HAHY, Accoyuayus “Hadexcrnocme”, 2. Kues, Yxpauna)

The method of estimation of measures of reliability when testing (exploitation)
without a failures in case DM-destribution of time to failure examined. The
adequacy of the estimation method of reliability indices is shown.

Ha npakTike A0BOJILHO YACTO HMCET MECTO 3a/a¥a OUCHKH [oKasaTeich
HAUEXHOCTH Pa3Horo poja OOBEKTOB, HAXOUALIMXCH B MOAKOHTPOILHOH DKC-
nyaTaiuy (MM Ha MCTIBITAHWSX) B TEUEHHME UIMTETBHOTO BPCMEHH (Hapabor-
Ku) ¥ He uMerowmx oTka3oB. OneHka noxasarenelt HalexHOCTH HeoOxoaMMa
17181 IPUUATHS PeILEHUS] O CPOKaX 3aMeHb! WilH MPOQUIAKTHUECKHX MEPONPHS-
i ¥ ap. B nannoit paboTe pelaeTcs 3anaya: Ha UCTHITAHKAX (MU B [10JIKOR-
TPOMBRO# 3KcryaTaiuu) Haxoautes N (N 23) naentrdssix obpasuos, KOTO-
phie 6e30TkasHo popaboTany B TEYCHHE OTIPEIEeHHOI0 BpeMeHt (HapaboTky)
{ ; MOKa3aTeH HAeKHOCTH 3TUX OOBEKTOR, B YACTHOCTH, BEPOSTHOCTE 6e301-

i

ka3Hoil padoTsl (BBP) R(r,) nenmssecTna. HeoOX0aMMO ONpeacanTh HOKA3ATEHH
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HAAEXHOCTH THX 00BEKTOB /LIS 3a1aHHbIX TpeOoBaHUil JOBCPUTENLHON BEpo-
ATHOCTH [} (ABYCTOPOHHEH J0BEPHTENbHON BEPOSTHOCTH).

PelleHne nocTaBieHHON 3aiavy CYMIECTBEHHO YIPOILAETCS MO CpasHe-
HHIO C TPAAMLHOHHBIMU METOIAMH, €CITH MCTONB30BATH B KAYECTBE TeOpeTHye-
CKOM Mojeny pacripe/iene s HapaboTky o oTkasa (pecypea) ABYXHApaMeTpH-
4eCKHE BEpOATHOCTHO-(H3MUECKHE MOACIH 0TKa30B (anddysuonHHbe pacnpe-
nefnienus), 6arosiaps UCIONb30BAHHIO AONONHUTENBHOM alIPHOPHOH HEbOopMa-
LMK 18 OUEHKHM OAHOIO M3 napaMeTpoB pacnpejienenns (napamerpa hopmsi),
COBIAZAIOLIETO ¢ KO3hDUUMEHTOM BapHaluy HapaboTku. Pexomerzauuu mo
BhI6OPY QYHKLHMHM pacTipefie/ienus 0TKa30B H 3HaUEHUI KOa(dHIeHTOB BapHa-
MM gaHbl B cranpapre [1].

JomycTum, 4TO B pe3yisTaTe aHANK3a OTKa30B 0OBEKTOB-aHAIOTOB H
JpYrux obmHX CBejieHUil YCTAHOBIEHO, YTO GOJBLIYIO YacTh OTKA30B COCTAB-
JIFI0T Pa3HOTo pojla MeXaHHyeckue ieMeHTsl. [Ipu aTom paspymenne anevel-
TOB IPOUCXOJIUT BCAE/ICTBUE YCTANOCTH (06BbEMHOMR 1 (MK) KOHTAKTHOI) U Me-
XaHMYECKOrO M3HOCA OTBETCTREHHLIX geTamedl, Ha ocHosammuu Takoii, jocrta-
TOYHO 0O1iieli anpHOpHO# nHdopMaluy, B cooTBeTCTBMM ¢ [1] npuEMMaloT pe-
HIEHHE O TOM, YTO B KAYECTBE TEOPETHYCCKOH MOJCITH OTKA30B HE0OX0AUMO He-
none3osare DM-pacripesiesicine, a 06iacts 3uavennii koodduuuesta sapua-
LMK HApaBOTKH (pecypca) C AOCTaTOYHO BHICOKOH AOCTOBEPHOCTBIO COCTABINET
v= 0,4...0,7, T.c. MOXHO NPHHATb CHcAyloWHe oueHku: v=0.4; V=0,55:
v=0,7.

Kax wussectto [2}, B ciyqae oTeyTcTBUS OTKa30B, HMKHell rpanuuel Ais
HEH3BECTHOK BEPOSTHOCTH R(,) SBISETCH CTATHCTHKA:

P=(1-q)"", M)
rae g - HOOBCPUTENBHAA BEPOATHOCTD, COOTBCTCTBYIOLAN QAHOCTOPOHHEMY J0-
BEPUTEJILHOMY HHTEPRAIY.

CBsi3p MEXIY OANOCTOPOHHEH JOBEpPHTENLHON BEPOSTHOCTBIO g W J1By-
CTOPOHHEH HOBEPUTENBHON BEPOATHOCTIO f: g =(1+ f)/2.

Vicmonezys cooTHowerue (1), ONpeiensiioT HIKHIOK IOBEPHTENBIYIO
rpanuny smnupuyeckod BBP P. Jlanee, npupaBHuBas 3HaYEHHE TeopeTHYe-
ckoit BEP R(¢,) # smmupuueckoit BBP, BbIMHCISIOT HIKUIOK AOBEPHTETHHYIO
'patiuly HEeM3BECTHOro napaMeTpa Mmacwitaba g DM-pacnpepencuus (ripu
M3BECTHOM 3HAYSHUU NapameTpa GopmMbl v );

=1
R(t,)= ‘T’{ == (=P, (2)
\ V4L,
rie CO(-) - QYHKIHA HOPMHPOBaHHOIO HOPMAIbHOTO pacilpe/Ie/iCHus; 1, V - Co-

OTBETCTBEHHO, HUKHISA AOBCPUTENLHAA IpaHKIla napaMerpa Mmaciirada u BEPXN-
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1AS IOBEPUTCAbLHAS DAl napaMeTpa hopmbl DM-pacnpeaecHus.
[TocaeaHee COOTHOLICHUE CBOANTCA K CHACAYIOLIEMY YPaBHEHHIO!

Lff' = (E _“u)‘l(( V'\,’jz‘l'lru ] ’
rae U, - KBAHTATL HOPMMPOBAHHONO HOPMANBHOTO PACIpEeneHHs YPOBHsS .

(3)

Peuras ypasHeHHe (3), nonxyuaem:

o e e 4
i = AT —3:3”): o (4)
E»?“ 1+v UP‘P2+‘\"1+V£‘P ru i(__,V),

J
riie 0b03HaUYCHO! K,(_}_’,l_x) - nomnpaBo4HblH KOYDOUIMEHT, YURTEIBAOIIHH 3M-

THPHYECKYIO BCPOATHOCTE OTCYTCTBMA OTKd3a.

Mmes onerKY HHKHEH JOBEpHTENBLHONH I'paHulbl mapamerpa maciraba
DM-pacnpefe;icHius, MOKHO ONPEACINTE TOYSHHYIO ONEHKY napamerpa Mac-
wraba mo dopmyne [3]: _ i -
. . o | IR 2 s s 5
= ,u(] + szf; 2N+ VU JIIN+v-Uy /(4N )J;ru K{(P,V)K,(N,V)

rae ofosxaueno: K,(N,V) - nonpasouHbiii KOd(QQUIMEHT, YHHTHIBAIOILHH

o6nem BHIOOpKH; ¥ - cpejiHee 3HaYeHue napameTpa dopmel (koodduueHTa Ba-
puaiun); U g-KBanTiib HOPMEPOBAHHOTO HOPMAILUOTO pacripe/ieneiia YpPOB-

HE .

maciyraba DM -

Bepxusis  foseputensHad IpaHMila napaMerpa
pacripe/ie/ieHUs BBIYHCIAETCS CACHYIONAM 00pazom: &
o = r =2
u=t, K, (PV)[Ko(N,D)]?.

Kax u3BecTHo, hyHKiKs pacnpenenenus HapaboTky 10 oTkasa (pecypea)
sBseTCs HanbOoACe HOTHOM XapakTepHCTHKOMN 6e30TKa3HOCTH (I0ATOBEHHOCTH)
obnexToB. Takum 00pazom, TONYUKB OLCHKHM 11dpaMeTpoB /IM-pacrpedeneHys,
MOXKHO OfIPeennTs HCODXOAUMBIE TTOKa3aTC/In HAIEKHOCTH FKCILLYaTHPYEMBbIX
(ucHbIThIBaEMBIX ) 00BbeKTOB [3,4]:

- TOUYEHHYIO OLEHKY, HUKHIOW H BEPXHION JOBEPUTENbHbIE MPaHuilbl CDel-
Heit HapabOTKH [0 oTKa3a (pecypca, cpoxa Cayx0bi);

- TOYEYHYIO OLCHKY, HWKHIOK H BEPXHIOW OBEPHTENbHBIE MPanyllbl I'aM-
Ma-~I1pOIEHTHOM HapaboTKK 40 0TKaza (pecypcea, Cpoka ciayx0mb!);

- TOYEUHYIO OIEHKY, HHKHIOW H BEPXHKIO JOBEPUTEILHbIE (PAHKILB! B?P
3a OGO MHTEPBAT BPEMERH 1, HaYMNas ¢ Ha4ana HKCIIyaTauny (MCIbITaHui).

3HaHMe 3aKOHa pacipeliesielns HapaboTKu 10 0TKasa (pecypea) [103BOAACT
MOJIY4YHTL [PH HCOOXOIUMOCTH U APYIHE TNOKA3aTeNd HaJe)KHOCTH, HAIPHMED,
ocTatounyro napaborky (pecypce) za 1000H MOMEHT HapaboTKy, MPOU3BOAHTE
pacuetr 00bema 3anachpIX YacTedl # peularTs ApYrue 3aa4y HafexHOCTH. quau-
CTHOCTH, CPEAHee 3nadeHne 0cTaTouHoM Hapaborku (pecypea) 7(r) Ha fIOOOH

DUKCHPOBAHHBI MOMEHT IKCIIyaTauny (CymMmapHoi napaboTKu) 7 BBIMMCISA-
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10T no opmye {5]:

2 1 iy s r7 ) wdar 52
,u(u-"’ }—TCD i A L i P
L2 J

z(z) =
vilur

ITpumep. C nenpto JeEMOHCTPALMH MCTOMMKH K OLCHKK 2eKBATHOCTH MeToza
peLuM THIOBYIO 3ana4y. IIocko/bKy B TPHBOZHMOM HEDKE IpUMepe KOHEHHbie
pe3y/bTaThl H3BECTHbI, ITO 1aeT OCHOBAHHUE JUISl OLCHKH TOYHOCTH NPOTHO3HPO-
BaHHS TI0 NIpejUIaraeMoMy MeTOY.

B kayecTse McxonHol HHGOPMAIHH HCTIONE3YIOTCS H3BECTHELIE Pe3ylbTa-
THl HCIbITaHui 00bexToB (06pasuos w3 crnasa B-95) mpu marpysenusn,
O0YC/IOBNMBAIOUIAM  [IPOLECC  MHOTOLMKIOBOIf ycranoctd.  IMonssii
BAapHALIOHHBIA  PSA H  CTATHCTHYECKHE XapaKTepucTHKM (cpeaHee M
KOOOQUIUKMEHT Bapuaiiu) npusejexsl B craugapre [1] B Ilpunoxennn b
(Betbopxa Nod). Obnem BoiGopku N =463. Cpexnee BriGopoysOe 3nayeHHe
$=169040 mukn. Kospduument sapuanun V=0,56. Mepssiit wien piGopku 4
=44000 nukn., MOCNENHUA HieH - I45; = 690000 uuKi.

llocmanosxa 3adavu. Heobxommmo ¢ 1oeputenskoif BepostHocTsio f=0,98

w2 a2k

ONpPCACIHTH 1TOKa3aTeNM Ha/IeHOCTH, B 1aCTHOCTH, CpelHee 3HaYCHue pecypea
H TaMMa-TIDOUEHTHBIA pecype ypoBHS y=0,9 NpH CICAYIOUMX YCIORHAX: £, =
40000 nuki1.; 0TKa308 HET; IPUHATO H3BECTHHIM 3HAYCHHE kosddunuenTa sa-
puamn: v=v=F= 0,56 (v=0,51;v =061 ). Tpebyetcs Takke onpenenurs
Cpeanee 3HaYeHHe OCTaTOYHOro pecypea Als 00pasilos, He OTKA3ABUIMX HA MO-
MeHT Hapabotky £ = 300000 uxiIos.

Pewsenve sadauu:

1) Onpenenus sHavenne JOBEPHTENBHOM BePOATHOCTH ¢ = (1+ £)/2=0,99, B~
uucisieM cratuctuky P=(1-¢)"'N = (1-0,99)"46 =099,

2) Onpeneasem u3 tabauipl HOPMHPOBAHHOIO HOPMANbHOIO PACHpeaeTeHns
BenunEy U ) no suavennio P = 0,99: Usn=233

3) Boiuucnsiem koaddunuent nepecyera K, (P.v):

K(Pv)=1+vU2 1240, J1+v°U214 =

=1+(0,61)%(2,33)%/2 + 0,61-2,33 [1 + (0,61)%(2,33)24]"* = 3,754.
4) Beriucisem koadduunent nepeciera K, (N,v):

VG Wy o <
2—7\“_+_x,;"r;f\_f_vl+v {"ﬁ 14N =

Ky(N.7)=1+



=14(0,56)(2,054)°/926+0,56-2,054/(463)" * [1+(0,56)°(2,054)/1852]' *=1,05.
5) BeiMHCHseM TOYEHHYIO ONEHKY NapaMerpa macuitaba DAM-pacrnipenencHis

pecypea:
i =1, K\(P, V) K5{N,V)=40000-3,754-1,05 = 157668 un.

6) Brruucnsem cpeHee (MPOrHO3MpPYEMOe) 3HaUCHKE pecypea:
7= {1+ 92 12) = 157668 1 +(0,56)/2] = 182390 wncn.

7) BhluucaseM ravMa-IpoIeHTHbIH (TPOrHO3UpYeMBil) pecype:

SRR SR e e SIS T, O

L :,u(1+v Uy I2=VU JI+V U fa =
=157668{1+(0,56)*(1,282)/2-0,56-1,282[1+(0,56) (1 ,282)%/4]'"? 1=76249 u.
8) BhuMCiseM cpelifiee 3HaYCHHE OCTATOYHOTO pecypea 7(r) 06pasLoB, He 0T-
kazaBLIMX Ha MoMeHT napaborku 7 =300000 uwuknos, HCIOAB3YA OLCHKH J1a-

paMeTpoB DM -pacnpejeneHus, oMy enHbIe Bbillie B IPUMEPE NpH OTCYTCTBHH
oTKka30s. | ToxcTaBisem 3Havenmns u= g =157668, v=v =056 u 7 =300000

B opmyay (7) u, NPOM3BEC/LS BEMHCICHHS, TOJYHacM:
-117610- (- 1,1686) + 14540443 O(—3,758) + 24547 _ it
O(-1,1686)

PeallpHble XApaKTEPHCTHKH paccMaTpupaeMoil BubIOOpKHM  CieayroLye:
cpeuiee 3HauCHHE pecypca Tcpi169040 LMK, TaMMa-TPOLEHTHBIR pecypc
T,=78000 umkn.; cpeiiee 3Ha4CHUE OCTATOYHOTO PECYpCa Ha MOMCHT Hapa-
6otk 7 = 300000 uuka. 7(z)=93154 umkm. [3].

OuenuM TOrPeIHOCTH BbIMHCTEHHDIX (IPOTHOSUPYEMBIX) MOKa3aTeNeH:

x(r) =

T silond
Fsle or 1o | 5004=7,8 %:
: T

@
| T_‘( I Tv [
p, = L 100%=2,2 %;
T
Byiey = D= 0005 = 0,5%.

()

Takum o0pasoM, s APUBEACHHOTO PEalbHOro Ciay4das W MPUHATHIX yC-
JOBUI 3a/1a49M npefnaraeMslil MeTojl Na€T JOCTaTOuHO TOYHBIC NPOTHO3MPYE-
MBIe OLEHKM MOKazaTelcH HaI8kKHOCTH, NoJydaeMbie No pe3yabiaram Ge30T-
KA3HBIX NCMILITAHKA.

Cnucox auteparypsi: 1. TOCT 27.005-97. Haa&xHoCTh B TEXHUKE.
Monenu oTkazos. OcHoBHbIe Tonoxkenns. Beea. 01.01.99. 43 ¢. 2. Hanéxunocts
texuuueckux cucrem: Crpasounux /Benses I0.K., boratsipes B.A., bonoTtus
B.B. u up. /Tlo pea. U.A.Ymaxosa. M.: Panuo # cBsiss, 1985. 608 ¢. 3. JACTY
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3004-95. HanéxuocTh TeXHMKM. METoAbl OUEHKHM MoKasaTeacH HauéKHOCTH
o 3KcﬁepﬂmeHTam.Hb:M nauHbiM. Bsen. 01.01.96. 123 c. 4. [orpeGunckuit
C.B., Crpenbuukos B.T1. [IpoexTuposarne i Han&KEOCTE MHOTONPOUECCOPHbIX
SBM. M.: Pagno # css3b, 1988. 168 c. 5. Crpenpukos B.IL Onpenenenne
OHAacMOoil ocTarouHol HapaboTku npu DAf -pacnpeaencuuu // Marematnsie-

ckue Mamunb ¥ cuctembl. 2000. Nel. C.94-100.
Cmamoa nocmyniia ¢ pedarxyuo 21.04.2001 2.

BBIGOP BA30OBbLIX HOBEPXH(}CTEITI ITPU OBPABOTKE
IMOBEPXHOCTEH JETAJIEA

i« “YypHHH mj!, Xaycrora A.B. (BHY, 2. Jlyeanck, Yxpauna)

The problem of choice of every possible surfaces, which can be used of main ba-
sises, is decided with use of the problem space. For choice of base surfuces and
the shapings of packages of basises are developed technological rules, which
are recorded in a knowledge base of a designing system.

B npouecce u3lOTOBNEHUS AeTANM Kaxias obpabarthiBaemas TOBEpX-
doctk (OIT) opueHTHpYeTCS ONpeaeciibiv 00pazoM OTHOCHTENLHO Hanparie-
Hu Gopmoobpasyrouix ABmKerHnit yucrpyMenTa. Opuenrauus Ol ocyruects-
ASETCA NOCPENCTBOM ApYrux nosepxHocreii (6a3), ¢ kotopeimu OIT cBs3ana u
COBOKYNHOCTb KOTOPBIX (MOKET OBIThb OfHA MOBEPXHOCTH) HA3BIBAETCH KOM-
nmextom 023 (Kb ).3agaya Boibopa 6a20BbiX NOBCPXHOCTEH M (POPMHPOBAHUS
cocrapa Kb fBigeTcd ocHoBONOMaratoUiell Ans Onpe/iefieHUs CIPYKIYP TeXHO-
JOrMYECKNX ONepalluit M UX NOCIEeI0BAaTeIPHOCTH B TEXHONOIHYECKOM NTpOoLIee-
ce. Bonpocy Beibopa 6a3, pasmepromy ananusy TII # Ha ux ocHOBe onpenciie-
HHIO COCTABA M TOCHEN0OBATC/ILHOCTH TEXHOMOIHUECKIX MEPeX0OB B OlIePalii-
AX U B LENIOM B TEXHONOTHYECKOM NPOLECCE OCBAIIEHO MHOTO paboT, K OCHOB-
HBIM U3 KOTOphIX oTHOcsTCcA paborwl B.E. Yennwesa, A.A. Caparora, M.A.
Wpawenko v ap. Tlpy peiuenuy ykasaHHBIX 3a4a4 CO3AaHBI MaTEMaTHYECKHE, Ha
OCHOBe Teopnu rpadoBs, 1 TOrHYECKHe, Ha OCHOBE TCOPHH alreGph! JOTHKH, MO-
Aenn. Ouu obranatoT neaocTaTkaMy, paceMoTpenibivu B [1]. Tostomy B pabo-
Te Npelaraerca mMoneins Gopmuposatus KB, OpULAB 33 OCHOBY METOAOAOIHIO
dopmuposanus mapupyra 06pabork noeepxuoctu ( MOIT ), W3n0MCHHYIO B
(2].

Hns pewenys 3anayn BeI6Opa BCEBO3MOXKHBIX TTOBEPXHOCTEH, KOTOPBIE
MOTYT MCHOMB30BATECA B KaU€CTBE OCHOBHBIX 0a3, NMILAKIIMX JeTallb MaKCH-
MAJILHOTO Yicna creneHell cBobonnl npyu 0dpaborke To# MM HHOI NOBEPXHO-
CTH, 10 ananoruu ¢ [2], ucnonssyem MpoCcTpaHcTBO cocrosiui. Popmon onv-

CauMs cocTosHu#H 3aa4m GynyT rpadsl G, BepITHHAMH KOTOPLIX OyiyT 0Opa-
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GarkiBacMple TIOBCPXHOCTH (P ), a AyraMH — pasMepbl U COOTHOWICHH A, CBA3LI-
BAIOUIME PTH MOBEPXHOCTH (R7). TocnenoraTenbHOCTAMH JIYT, B KOTOPBIX K-
Aple JIB¢ COCEAHHE OYIH UMERT oﬁu[y}() KOHUEBYH BEPINHHY, HROGP&H\’&}OTCQ
TexXHOAOTHHECKHE pa3mepHbie uermu. Jlns mosyueHns H3AC/MA € 3alaHHBIMY
TOUHOCTHBIME ¥ TEOMETPHYECKUMH XapaKTepHUCTUKAMK HEOOXOAMMO A KaX-

70t napsl ero mosepxHocTed P W P, CBA3AHHLIX HEPTCHHBIM DPA3MEPOM

v
‘J!;" :(PJ,Rfi) ¢ JIONMYCKOM 5“?— , TIOCTPOMTH LeNb ONEPauyOHHBIX PasMepOB
(7 =1t...117, xotopas ceaspiBaer P, P/ w ymoBieTBOpSeT CEIYyIOUIMM
YCIOBHAM:

1. Cymma I0NYCKOB 8!, He nomKHa NPeBHIATH é.% ST
L i
2.0, <0,
W

roe [ - 4Kcio OnepaldoOHHBIX PasMepoB B LICTTH;
2. ToxanbHas MOTYCTENEHb 3aX0/a KOKAOH BEpIIKHLI paBHa 1.

B ofumeM ciyuae JUis KaKHOH napel MOBEPXHOCTEH MOKHO HOCTPOHTH
Heekombko nenei. JIpid MX NMOCTPOEHHM MCIONB3YETCHd METOLHMKA, noApobHo
w3noxeHHas B [3] ¥ caenyloye npasuia.

IT1. Yepe3 kaxayio 6a3oByio 110BEPXHOCTH BO3MOKHO MPOBECTH TPH B3a-
MMHO AepreHARKYISPHbIC TIOCKOCTH, 00pasyIoLie CHCTEMY KOOPIWHAT AeTa-
m (0, X. Y, Z)

112. Kaxnas obpabarsipaemas MOBEPXHOCTH B 0QHOM KOOPAWHATHOM Ha-
fpaBIeHUH JOMKHA HMETh POBHO OAHY Oasy.

3. MUHMMAILHOE YHC/O 3BEHBEB Pa3MepHOH LIENH, B KOTOPOH B Kaye-
CTBC 3BEHA BHICTYNAET PHITYCK, PaBHO TPEM.

[14. B ka0l pasMepHOH Lerd MOXeT ObITh JIHIIb OAHO 3BEHO, KOTO-
poe ABnseTCs IPHITYCKOM,

[15. B xaxiol pasMepuoif Uend B KayecTBe 3BeNa JOKEH OBITH BEI-
[OHAEMBL Ha PACCMATPHBAEMOM TEXHONOFHUECKOM [1EPCXONIe pasMEp.

[16. PasmepHas uenb, B KauecTse 3BeHa KOTOPOH SBASCTCA KOHCTPYK-
TOPCKHH pa3mep, J0MKHA MMETh TONBKO OMHH TEXHOJIOTHYECKUHE pazvep H
COCTOATH U3 ABYX 3BEHLER.

17. 3BeHO, KOTOPOE ABJISETCS 32MbIKAIOIIHM pa3sMEPHOH L , MOKET
BbiTb TONBKO OJTHO, TO JM 3TO KOHCTPYKTOPCKHil pasMep, TO M OTyCK Ha 06-
paboTKy.

[18. [ins Bcex KOHTYpoR (2= {{a,,af)w}ch, sxoasuux B rpad G,

JIOAKHO BBIMOJAHATHCA YCHOBHE:
R
V<G —a; =a }-“.[ar-,,c{;-“. eQ),

W w
4TO 03HAHACT: JUIg KOHTYPOB, BXOAALIHMX B GJ , Hayajblag BEPUIMHE NEpBOH
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AYTH AOKH2 COOTBETCTBOBATH KOHLBOH BEPUIHMHE nocneaxei Ayru (ycnosue
3aMKHYTOCTH).

I19. Ecniut 3a TexXHOAOrHUecKyl0 Dasy NPHHUMEETCs MOBEPXHOCTh, CBA3AH-
Hasg ¢ 00pabaThiBaEMOH NOBEPXHOCTHIO KOHCTPYKTOPCKHM Pa3MepOM niik NpH-
IYCKOM, TO OIHHM M3 3BEHBCB ARIACTCA HEM3BCCTHBIH TEXHONOTHUECKUH pa3-
Mep, 2 APYTHM — 3aMbIKAIOLLH# pa3mMep (cryuail ABYX3BEHIOH [eMH).

T110. Ecing 3a Texuojiorqueckyro 6azy [HPHHKEMAETCA TOBCPXHOCT, HE
cRa3anHas ¢ 06pabaThiBaeMOl MOBEPXHOCTHIO KOHCTPYKTOPCKHM PasMepoM Hilk
MpHIYCKOM, TO K Heil A0JDKHO NOAXOANTE pebpo, o3Hayarollee U3BECTHLIC (BBI-
TOJIHERHBIE PaHee) TEXHONOMMYECKHE PasMephl My PasMep 3ar0TOBKH, a BbIXO-
JwTh pebpo, cas3biRaronee §a30Byi0 1 00padaThiBACMYI0 MOBEPXHOCTH H COOT-
BETCTBYIOLIEE HEW3BECTHOMY (KOTOPBIH BRITIOHACTCS) TEXHOIOTUYCCKOMY pas-
MepY.

Kpowme 37oro, npy Beifope 6a30BbiX MOBEPXHOCTEH M hopMHPOBAHKH
KOMILIEKTOR Ga3 B 623y 3uanuil HeoOXOAMMO 3aHECTH CIICAYIOIIME NpaBiaa:

[11. Jleranp paccMaTpHBaeTCs Kak COBOKYMHOCTH B3aUMOCBASAHHBIX 00-
pabaThiBaCMBIX W HeoOpabaThiBaeMBIX MOBEPXHOCTEH.

T12. B koMIUIekT 6a3 #OMKHA BXOJIMTE HCXOAHAas 0a3a, OTHOCHTENBHO
KOTOpO#i [TOCPEACTBOM PasMepa OpHeHTHpOBana 00pabaThiBacMas NOBEPXHOCTE.

I13. Vicxonuas 6a3za obpabarbiacTcs BCCrda paibllie OPHEHTHPYEMOH
[OBEPXHOCTH.

[14. UepHopbiMy Gasamu BeIGHpaioTcs HeoGpabaTbiBaeMble MOBCPXHO-
cTH, KoTOpble CBsi3aHbi pasmepami ¢ OIT u RO3BOASIOT YIOOHO PACTIONOKUTE
3arOTOBKY Ha CTaHKe, IPUBO/IAT K PABHOMEPHOMY PaCHpe/IeNeH IO MPHIYCKa Ha
HauGonee TOuHbIE, OTBETCTBEHHBIC NOBEPXHOCTH neTaly. [loustie «ynodHOE»
PacnoNOXKEHHE 3ATOTOBKH KacaeTes TAKXKe MPOMEXYTOWHBIX M YHCTOBBIX 6a3 #
NPy OlieHKe YA00CTBa HE0DX0/IMMO NPUHIMATE BO BHUMAHHE NOCTYNHOCTS 06-
paﬁorm HOBerHOCTSﬁ B OILHY HWIH HECKQIBKO I'[OT?HLI.HI::I., JKECTKOCTE TEXHOJO0-
FUNECKON CHCTEMBI, BO3MOKHOCTL MCIONB30BAHMS YHHBEPCRNLHOW WM yXe
UMerolIeHcs  CHCIMANU3HPOBAHHON  OCHACTKHM, BO3MOXHOCTbL TNPUMCHEHNA
OmOpHOTO 6a3upOBaHKA, NPOCTOTY Pa3sMEPHOH HANAKHA CTAHKA M KOHTPO/A Jie-
Tamu B npouecce 06paboTky M np. B paznuuibIX CHTYANNIX TOMHUBHPYIOLIAM
MOXET OKa3aThCA TOT WM HHOH KpHTCPHH.

P' = (KB |,

tie g=1/,0, Q — KONMYECTBO KOMMNEKTOB 0a3 ans obpabotku i%" nosepxHo-

CTH.

I15. TToBepXHOCTb, KOTOpas AOMKHA LONMYHHTLCA. B pe3yiabrate obpa-
60TKH, He MOXeT BLITh Dasof

[16. Kommnext 6a3 JOMKCH COCTOATE W3 TAKMX MOBEPXHOCTEH, K TOYKaM
KOTOpbIX (OMOpPHBIE TOYKK) MOTYT ObITh NPUIOKCHBI CIIB, MPOTHBO/EHCTBYIO-
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LHe CHilaM pe3aHHs.
[17. Jna kaxaoit OIT mokeT ObiTh cOPMUPOBAHO HEKOTOPOE MHOKECT-
BO KOMMJISKTOB 0a3, T.e.
[18. MHuoxectrBo {KE;} MOMET COCTOSTL M3 0AHOrC Komnaexta 0a3

{3neMeHTa), HO He MOXET ObITh MYCTO, T.€. {Kb‘; }:: &.

[19. Bonee NpeANOYTHTENLHBIM AB/ISETCS KOMILIEKT 023, B COCTAB KOTO-
POTO BXOWT MeHbILIEE YHCIIO NOBCPXHOCTER. B 3TOM ciyyae ynpouaeres cxema
YCTAHOBKY A€TANH Ha CTAHKE WIH KOHCTDPYKIMS NPHCIOCOBACHNS.

I110. Tlpu (OpMHPOBAHUH KOMILIEKTOB 623 HeoOXOAMMO YHHMTLIBATEH
pacnonoxenne 6a3 orHocutensHo OIT ¢ Tem, ¥TOOBI e CO3AABATH HEOTIPAB/AH-
HBIX TPYAHOCTEH IpW NMPOEKTHPOBAHHH NPHCIOCOOIEHNH W TIPH peanu3alin
TEXHOIOrHUCCKUX petsernit. Bzanmuoe pacnonoxerue 6a3 u Ol crenyer yun-
THIBATH KaK MpH YCTAHOBOYHOM, TaK M NPH BLIBEPOUHOM Oa3UPOBAHHY.

1111. Komnzexts! 643 HOMHKHEL COCTARIATE NOBECPXHOCTH, COYETAHHE KO-
TOPLIX MO3BOJIAT CO3/IATh NPHCIOCOOTEHNA PALMOHATEHOMH KOHCTPYKUHUH. Ha-
NPHMEP, €CTH UCTIONL30BATH B KayecTse Gasbl LHITHHAPUUECKYIO IOBEPXHOCTE,
T0 y100HO OAHOBPEMEHHO 0a3upoBaTh ACTATb Hd TOPeL, NPHIEraloiui K 3ToH
[OBEPXHOCTH.

IT12. Tlpu 6a3upoBaHKHM Ha LATMHIPUYECKHE MOBEPXHOCTH MPEALoTTe-
HHUe CejyeT OT/JaBaTh KOMILIeKTam a3, B COCTAB KOTOPBIX BXOAAT Oofiee TOY-
HBIC [IOBEPXHOCTH (MMeeTcs B BUIY (aKTH4ECKOE COCTOAHME MOBEPXHOCTH B
MOMEHT OpHEHTALMHU JeTanu).

T113. He Bce MOBePXHOCTH MOTYT MCUONL30BATRCS B KAUECTBE TCXHOIO-
ruaeckix 6a3. OrpaHHYeHHAMH HCTIONB30BARKS NOBEPXHOCTER B KauccTse 6a3
ABJIAIOTCS Pa3MEpHbIC XapaKTePUCTHKY TOBEPXHOCTH, HeJOCTYNHOCTS NOBCPX-
HOCTH, T.e. NIPUHUNITHATBHAS HCBOSMOKHOCTb UCTIONB30BAHMS Kak Oasbl O1op-
HOPO MJIM BBIBEPOYNOIO Oa3upoBanus (HanpuMep, BHYTPeHHHE MONOCTH KOp-
HyCHbIX JeTaneii), HeyloOHOE MM HEfpPHEMIIEMOe PACTIONOKEeHHE 6a3bl OTHO-
curensno OI1. Hanpumep, pacnonoxenne 6a3si 1 Ol ¢ 0450 CTOPOID! NeTaiH
3ATPYIHACT CC OPHEHTALIMIO [IPH OTIOPHOM Gasuposanny U, Ha0dOPOT, ABJIsETCS
y0OHBIM TIDH BbIBEPOUHOM Ha3UPOBAHNH.

Taxuyv 06pazoM, BpoLECC PelieH s 3a1a4u Beidopa 0a30BBIX NOBEPXHO-
creii aHasorHyen orncairoMy B [2] u [4], ¥ CBOAMTCS K MOMCKY ONTHMANBHOI0
ryTd Ha rpade G npw 3a7aHHOM KPHTepHU onTManbhocTH. Kpatepuem on-
TUMAARHOCTH MOFYT OBITS pasiuuHble NapaMeTphi, onucaniible 8 paborax b.E.
Yenuinesa, B.IT Crapoctina u ap.. OHAKO, MCXOAS U3 TOTO, YTO OTITHMANILHBIH
TCXHOAOTHHECKHH nepexof cOpMUpOBAH pauee, Uenecoo0pasHo KpuTepHeM
NPHHATH CYMMY CTOMMOCTH QUEHOK TeX 3EMEHTOB CefecTOnMOCTH obpaboTku
W3NCINS, KOTOpPbie B HAHOOJIBIICH CTEMEH) 3aBUCAT OT BHOPaHHOH COBOKYMHO-
cti Texuosoruteckux 6as [3]:
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= E(cf.; +¢p; )—> min,
rfie ¢., - 3aTparhl Ha 3apILiaTy OCHOBHBIX PabOHX, SKCILTYaTalMio H aMopTH-
3aMUI0 CTAHOYHOro 00OpYOBaHHs W PEKYLIETO AHCTPYMCHTA, OTHECCHHLIE K
TeXHOJIOTHYECKOMY Niepexody no obpaboTke MoBepXHOCTH P' & pasmep R.;

¢., — IIpHBE/ICHHEIE 3aTPaThl Ha IKCILIYATAIHIO ¥ AMOPTH3ALMIO YCTAHOBOYHO-
3QKUMHBIX 3TeMEHTOB UK npucnocobienni.

3HaucHHUs ) JUIA 3a/IaHHOTO MeToaa 0OPaGOTKH 3aBHCST I/12BHRIM 06-
pasoM OT TOYHOCTH 0OPaboTKH, pasMepoB 0OpadaTHIBAEMBIX [IOBEPXHOCTEH M
MOTYT GbiTb 110/1y4€Hb! HA OCHOBE H3BECTHBIX B TEXHONOTHH MALIMHOCTPOCHUS
3aBUCHMOCTEH.

3Hauenus C,, Ha CTAJTMH POEKIHPOBAHNS TEXHOIOTHYECKHX IPOLECCOB

MOYKHO TIONYUHTB Ha OCHOBE aHaiu3a (OPMBI # BIAUMHOIO PACTONOKCHHS Oa-
3UPYIOLINX H 00pabarblBaeMbiX IOBEPXHOCTEH, PasMepoB 1 BECa U3ACIHA.

Cnucox auteparypel: 1. Xayctora AB. @opMmanusauus [IPOSKTHBRIX
pemieHKH (OPMUPOBANUS CTPYKTYP OOLEKTOR TEXHONOTHYECKOrO NPOEKTHPORA-
wus: Jluc. . kamt. Texu. Hayk: 05.02.08. — Jlyramck, 2000. — 193c. 2. CypHuH
HO.M., XaycTosa A.B. Mozens ¢opmuposanus Mapiupyra o6paboTku nosepx-
Hocreil. // BecTHHK XapbKOBCKOTO rOCYAAPCTBEHHOTO NOIUTEXHHYESCKOTO YHH-
pepcuTeta. Boin. 60. Xapskos, — 1999. — C. 56-62. 3. Caparos A.A. Mozeaupo-
BaHUe Npouecca BLIOOPa TEXHONOIHYECKHX 0a3 11pK aBTOMATH3MPOBAHHOM MPO-
exrupoBanuy: JIgc...kana. TexH. Hayk: 05.13.12. — Munck, 1983. - 196 c.
4. Xaycrosa A.B. TTouck ONTUMATBHBIX MAPUIPYTOR 00pabOTKH 37E€MEHTAPHBIX
110BepXHOCTel B npocTpaHcTse cocToankil // Bectuuk XapbKoBCKOro rocysaap-
CTBEHHOIO MOMHMTEXHHYeCKoro yrusepcutera. Bein. 110. Xapexos, — 2000. -

C.216-220.

Cmaniss nocmynuia 6 pedaryuio 23.04.2001 2.

IMAPAMETPbBI ChbEMA METAJLIA 1 BPEMEHH OBPABOTKH JUIsA
JOCTUIKEHWUS 3AJAHHOH WEPOXOBATOCTH IIOBEPXHOCTH
P OBPABOTKE JETAJIEH CBOBOHBIMHU ABPASBAMH

Tamapxun M.A., Asaposa A.M., Xaabin IOT.
(AITY. 2. Pacmog-na-tlony. Poceus)

In this paper the probiem of optimization of the parameters of the free abrasives

processing is considered. This problem is actual for automation of development
process.
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Onpenenenine BpeMeny 00paboTKy ABIALTCS OAHON W3 BaKHEHIIMX 33184
TEXHOJOTHK MaIIHHOCTPOEHHS, 0€3 pellieHHa KOTOPOH HEBO3MOKHO [IPOCKTH-
POBaHHE TEXHOMOTHYECKUX IIPOLECCOB.

Tlpu MpoBefcHMM ONTHMH3AIMK TEXHONOTHYECKMX apaMeTpos olpa-
GoTky B KauecTBe UeieBOR BYHKUMIM yalle BCEro MCHOAb3YIOT NPOU3BOAH-
TeibHOCTE THO0 cebecTOMMOCTD poLiecca, YTO B CBOIO 04EPe/lb BhI3bIRALT He-
00X0IMMOCTE NOMYUEHHS KaK MOXHO Gonee TOYHOHA MaTeMaTHYecKol Moaeiu
pacueTa Bpemeny o6paboTtku. IpoussoautensHOCTE npoiiecca obpaboTku ae-
Taneif cBoOOIHRIMY a0pa3KBaMH OlPEAC/LETCS CHEMOM MeTajina ¢ HOBEpXHO-
CTH B IPOLECCE MOTYUEHHA 3aJaHHON LICPOXOBATOCTH.

Onpenenenne odbeMa Malepuana PACHOJATAIOLETOCH RBIILE MPOM3-
BOJILHOTO YPOBHA B TIpelenax pasmaxa npo(uis LepoxoBaTOCTH, YUHThIBas
[1I0OCKOBEPIUMHHLIA XapakTep nojny4yaeMoi nosepxuocty npu odpadorke nera-
nieli cBOOONHBIMH adpasHBaMHy, MO3BONSCT PeLIMTh 3afady pacueTa BpeMeHH
00paboTKM JI7A TOCTHXEHHUS OTPENECHHOI0 NOKa3aTeNs HepoX0BaToCTH Mo-
BEPXHOCTH.

Brijennm Ha 11epoX0BaTOi MOBEPXHOCTH €MHHMYHBIN KBaapar (CO CTO-
poHo#, pasyoi 6a30B0H JnkHe npodunorpadupoBasis) U TEPEceden ee pellb-
e} rOPU3OHTAILHON MIOCKOCTLIO Ha YPOBHE p, OTCUMTAHHOM OT JAuHHH (TI10c-
kocty) Boicrynos. Koopiubarubie ocu u Hanpasum BJOZb CTOPOH KBaApaTa.
Torna obbem Marepuala, JEKAWEro Bellle YPOBHS p, B HPEAC/aX CAHHUYHOIO
kBafpara Oyner paseu:

P
V(p)=Yir, [S,(p)-dp.
0

T7e k, - YNCHO BRICTYTIOB, TEPEceUeHHLIX TOPH30ITaNbHOM MAOCKOCTLED YPOBHA
2 S{p) - naoiags ceveHus [- BRICTYTA Ha YpOBHE p.

DyHKUMONATBHAS 3aBHCHMOCTD JaCT BO3MOMKIOCTh AHAIMTHYECKH HAH
yucaeno onpexenuts Fp).

B paborax Pyasuta SLH. n Jlykbanosa B.C. cooTHOImEHNS MeXTY /, U
S(p) monyueHs TONLKO AN HOPMATBHOIO 38KOHa paclpefenedns ¢ A0NyIeH -
eM 0 MOAHOI aHU30TPONHH Noad wepoxopatocTh. OHAKO BOMBIIHHCTBO METO-
108 00paboTKK He JaKT TAKOro MOMS [IePOXOBATOCTH, XOTH MOTYT ORITL ye-
[ICLIHO {1POalalu3upoBatLl IyTeM npoduiorpaduposanus nojiyyeHnol wepo-
XOBATOCTH.

[lpexcie Bcero mpuMeM, 4TO IIEPOXOBaTas NOBEPXHOCTH AOCTATOYHO
NpOTSKEHHA, ee penbed J0CTaTOYHO OAHOPOIHEIH, & B Npesiesiax eANHUYHOTO
KBazpaTa JOCTaTO4HO MHOTO MHKPOBBICTYIIOB, TAK YTO BO3MOMKHO BBECTH MOHSA-
T1e CpeaHero 0dbema BhICTYNA, PACTIONOKEHHOTO BHIILC YPOBHS p:

v =22,

b
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Ilpu 310M Kax (V(p) , Tak U k, NOANEKAT ONPCULAEHHIO.

[Ipesxne Beero paceMorpuM BeauuuHy k,. OHa, eCTECTBCIHO, 3aBHCUT OT
cTereHr aHW3O0TPOTIMY IIEPOXOBATON TOBEPXHOCTH. ECaM MoBepXHOCT: HMeeT
BBLIENEHIIOE HanpaBslienye (NpOAOIbHAN H NOMEPeyNas HICPOXOBATOCTS), MOK-
Ho 6e3 orpaHuyeHus oBIHOCTH CHHTATE, YTO OCh X HANPABICHA BAOSL ITOIO
BRLICIEHHOr0 Hayipasienus. Toraa seanunna k, 6yaeT onpeaensTbes npousse-
HeHUEM K, =k, *kp, T21C Koy 1 Ky - COOTBETCTBEHHO HHCAA BBLICTYIOB, lepeceteH-
HbIX TOPH3OHTANBHBIMU [IPSMbIMH, NApaIelbHO OCAM X ¥ y Ha yposue p. OT-
HOCHTEIILIO BEIUUHH ky, K, K, CHCAYET TAKKE MPUHSTH JOMYIICHHE O CYIIECT-
BOBaHHH CPEAHMX 3HA4YEHUii B TPEAC/IAX PACCMATPUBAEMOr0 eIMHHUHOTO KBal-
para. IIpuyeM 3jeck U aanee Ky, kyy, k,y OyyT 0603Ha4aTE HMEHHO CpEHiHME
3naveHud. [U1d H30TpOTHON MOBEPXHOCTH, ECTECTBEHHO, kpThopy W k= fcp_ﬁ Jos
NOBEPXHOCTEH, PEACTARNAFOWMX COOOH 0/HOHATPAaBACHHbBIE GOPO3BI, Ay =k
B o6inem ciyyae Benuuunsl Ky, Ay, &y, DOTDKHBL GBITE OTIpee/IeHb! JKCTEPHMEH-
TQIBHO 110 pe3ynbTaTaM NpodunorpadupoBaHus, NPHUYEM CIICAYET nomaraTh,
YTO U3MEPeHHbIe B npejienax 6azoBedi JIHHE! 3HAUEHUS STHX NApaMeTpoB paB-
HEI CBOMM CPEIHUM 3HAYCHUAM.

Tax xax sennuwnnl ky, k.., k,, He onmpenensiores neitctsyiowum 'OCTom
1ia LHIePOX0BATOCTh, ENeCO0OPA3HO BbIPA3UTH UX YEPE3 MIATOBbIE APAMETPE U3
COOTHOIICHHS:

1A {
!‘r{_i*) W Spr(y} i k.m‘(y) :

!
rne I,y - 6a30Bag Jimia B0/, HanpaBnerus x(y); Sox(y) K

PH(¥) - COOTBETCT-
BEHHO Liar ¥ YHC/0 HEPOBHOCTEN Ha YPOBHE .

I
gLl A
Torna k N
2389
d GHCIO BEICTYTIOB BAO/b CAMHU4HON 6a30BOH wtnHbl 6yleT B /() pa3 mMeHs-
we:
1
Kpx(y) = N

px(y)
B pamkax npunateix gonyuiennit nurepecyromwsi Hac 06beM Matepuana
BBIILE YPOBHS P OHPEACTHTCS |
/ \
Vip)=k,-(V(p))= gL?L .
Ypx Ppy
B To Bpems, kax JKCMCPUMEHTATLHOC Onpe/ieNieHHe WATOBLIX HapaMeT-
POB S, # S, 1€rKO NPOMIBOAUTCA MO NPOGHUIOrPAMME C UCTIONE30BAHUEM OTpA-
GOTaHHOIO MaKeTa jUIs paceTa ee KOMINEKCHBIX XapaKTEPHCTHK, [l onpefe-
Nenus ResuauHE (V(p)) HeobXonuM B necsTku pa3 GoabMil 06beM IKCIEpH-
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MEHTOB, TEOPETUUECKOE XKe ee onpejeicnue Tpebyer uHdopmanin 0 3aKOHE
pacripejiesienus CilyuaifHoro npouecca, peanusyiolero npoduns Wepoxosaro-
cTi. PagukaneHOe YOpPOLHCHHE 3a/1a4H, IO3BOJSIONIeE [I0AYYNHTE YIOBIETBOPH-
TCABLHYIO ONEHKY -{V{ p)) pesyibtatam 1-2 mpoguiorpaduposanui, MONET
BBITH CLCHAHO TOMBKO MOCAE BREIEHHA ONpefe/e H HbIX NPeAnoIoKeHkH o Gop-
Me MuKpoBblcTY08. Kak 06s14H0 npuHaTo B paborax cenualncTos rno TpHdO-
TEXHUKE W KOHTAKTHON MECTKOCTH, MPHEMEM, YTO MUKPOBBICTYITBI UMEIOT dop-
My KOHyCOB. Byaem cuutarth, 4TO IKCHUCHTPUCHTET UIHITHYCCKHX ceueHUH
MMKPOBLICTYIIOR FOPU3OHTAIBHON IUIOCKOCTRIO WMEET LA Kax 0l 3aaaHHOH
MOBEPXHOCTH HEKOTOPOE CPE/iliee 3HAUEHME, 3aBHCsILee OT CTeNeHH aHH30TPO-
MUK iLepoxoBatocTH. [IpuuyeM OobuIne MONYOCH YHOMAHYTHIX JJUTAIICOB APE-
UMYIIECTBEHHO OPMEHTUPOBAHB! B HANPaBIeHHH NPOONBHON HIEPOXOBATOCTH.
[TposeserHbIe UCCHCA0BAHMS penbeda pealbliof 1epoXOBaTOH MOBEPXHOCTH,
MOKA3BIBAKIT, YTO ITU AOTYLIEHHSA JOCTATOMHO XOPOLIO OTPaKaKT PEAIBHYHO
KapTHHY B6IM3M NMHEK BBHICTYNOB, HO 1O Mepe IPHONMKEHHS K THHHHU BaauH
BCE MEHEE [IPABOMEPHBI.

[TocTaBum CiCAYIOUYIO 32]a4y: CHHTad, YTO BCE JIUHNTHYIECKHE CCHEHUA
WMEIOT H3BECTHBIN OJIHHAKOBHIE IKCUECHTPHCHTET Ha BCEX YPOBHAX p, OHPEle-
THTE TJI0NA/IG CPEAHEIO 3MIMIICA HA KaXiOM YPOBHE, pacnofnaras BEJIHYUHON
ijara HepoOBHOCTEil Sy, ¥ OTHOCHTEIBHON ONOPHOH JTHHOH npoduad f,, nony-
YeHHBLIMH U3 071HO# npodunorpammet. JIerko BUIETH, 4TO CPCAHAA ANHHE XOp-
7Bl 3JIIANCA, fodydenHad apr npodusorpa@uposaduy BLONE X Ha YPOBHE p
pasHa:

{.h,’ =ty S_m:-
Tak kak opHeHTAUMs NPOQUIOrPAMMbl OTHOCHTENBHO BbUICIIGHHOI'O HallpaBie-
HUS LIEPOXOBATOCTH MPOU3BOLHA, MOKHO OKHIATh, UTO BENTHYMHA ( k}zﬂacr

OLEHKY MPOH3RE/IeHHUS 110JIYOCEH CPEREro JILIMIICa (a- b), H, CE0BaTe/IbHO,

fr{k:'uz - OUEHKY MIOWaiy 7 - {a -b}. Jlis yCTaHOBNEHUS NPENIONaraeMoil Bepo-
SATHOCTHOW CBA3 Obia MPOJIENaHa Cepys YHUCACHUDIX IKCIIEPUMEHTOB 10 MCTO-
ay Moute-Kapno. DxcnepyMeHTanbHbie HCCICAOBAHU BKITIOYAIOT HECKOIBKO
TRICAY CAVYaiiHBIX OpocaHuil NepneHAHKYIAPHBIX NPAMbIX HA TITHAC 3842HHO-
o 3KCLEHTPHCUTETA C nomeﬂymmcﬁ QUEHKON TUIOLA A HJIJIMICE. DKc HEeHTPH-
cuTer 3nuncos amenancs or 0.2 no 0.8 ¢ marom 0,1.

B pesysnbraTe NOCTAaBIEHHOTO MAUMHHOTO 3KCIEPHMERTA OBINO BHIACHE-
HO caeayrowiee. g oHO3HaYHOR OLEHKH TI0WaIeH JUIHNCOB B ranbonpIIEH
CTeneHH MOIXOAUT DeTa-pacrpesenciue, Tak Kak oo padoTaeT s cllyHaiHeIX
BE/IMYKH, OFPaHHUEHHBIX CHU3Y M CBepXY. JlecTBUTENRHO, Butmcnxcwaﬁ Kax-
JBIH pas nIou@As sTnca Beeria Goibile Hyd, HO He IPEBOCXOLUT 7 .

beta-pacnipenenenue onpeaeasercs Gopmyno:
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T
()= e+ 1)I(g+1) sl

rae 0<x<l; a>-1; p>-1
B xo0ie MAalUWHHOIO 3KCOEpHMEHTa [1apaMeTphl bera-~ pacnpe?'[EJICHHﬂ

Gbui BhIpaKeHb! yepes otnomenue a/b. Torna uewtp u aucnepcus Gera-
pacupelienervs OyIyT QYHKUMAMH a’b.

Lentp 6cra-pacnpesienenus (M3mepsemoe 3HaucHue m( h)” ) cMeILeH OT-
HOCHTENBHO NOMANH 7 - {a- b}, IpUYeM BENWIHHA ITOTO CMeILEH#s A 3aBHCHT

ot akcuentpucuTera. Takum 06pa3oM, ecii NONYYEHHYIO 110Ce NPOPHIIOrpa-
(MpOBaHHA BCIHYHHY
=70, 5,)
af = o8
(k) =m-\t,-Sp
JOMHOKMTE Ha A, ONpeJeNeHHYI0 U3 YMCICHHOrO IKCHEPUMEHTA, MOJYHHM
OLEHKY TLIOMIANN CPeHEr0 MInIca:
Sq =720, S,
Tereps 06beM MaTepHana OJIHOTO MUKPOBLICTYIIA BlE YPOBHS p Onpe-
JIETUTCS W3 COOTHOMWICHUS:

¥ p 2
QV(‘D);\:R"A" .[(Ep 'Sp.r) dp,
0
a oGuuii 06peM MaTepuana B npcne nax e MHHYHOTO KBajpaTa:

A
k=it [f S g Sy -dp =72 ©(p).
RS py
B orcytcTBHE AaHHLIX TIO npononwon M TOMepeyHOH mep{}XOBa‘l OCTH
BbIpaKenne Sy S B npuBe/IeHHOI BBILIE POPMYIIC 3aMEHUTCS Ha S

V(p)-—-—— [! 8% e -dp = - D(p)
S px 0
CuieayeT OTMETHTh, YTO BbIHECEHHE pr -8 py 32 3HAK WHTErpana H co-

KpaLeH e HeIOMyCTHME, T.€. 3TO NPOU3BEACHIE SBAACTCH QYRKIHEH 7.

Tot daxt, uro GeTa-pacnpeselieHsie XOpoUlo H3yUeHO, II03RONACT NpH-
BECTH COOTHOLIEHHS N0 TOYHOCTH NMOMYYeHHOH oueHXH. JleicTBUTENBHO, TI0b
3YSCh BLIpAKEHHEM 78 AMCIEpCHH DeTa-pacnpeienerus, Kak GYHKUHY 1apa-
METpOB a, b, HMEEM:

AV(p)=7z-6-®(p).

Tlp# 5TOM OlleHKa OIOPHBIX IUTOUIaNeH M BbIUEIEKAUMX 00BEeMOB LAeTCs
¢ MOCTATOMHON JUIS MPAKTHYCCKHX PacyeToB TOMHOCTERIO. Hucrnepcus OUCHKH
cocTaBnger A% M30TPONHBIX NOBEpXHOCTCH 5-10%, AnS aHM3OTPOIHBIX MO-
pepxuocreit 30-40%.
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Jns nocTiKeHHs yCTaHOBHBILEHCS 1EpOXOBATOCTH MpH 06paboTke cBO-
GoaubMU abpasiBamMM HEOOXOAUMO TIOJIHOCTHIO YAAMUTH UpO(HIE HCXOAHOH
ILEPOXOBATOCTH.

[Tpu 3tom obbem mMeTasna, YAANeHHOro Hal MAOLIAABK KBaIpaTa yma-
KOBKHM, MO0 PACCYUTATD I10 3aBUCHMOCTH:

W= knpﬁzRaw; 4 R2
rie knpo — o6peMubIi koadduiment npoduns; R, - cpeiee apudmeTiIecKoe
OTKIOHEHHE MPOHAA HCXOAHOMN CPOXOBATOCTH NOBEPXHOCTH; R - panuyc ab-
PasHBHOH YacTHUBL

Bpems Heobxogumoe JUIst NOCTHKEHHUS YCTAHOBUBIIEHCS LIEPOXOBATOCTH
OTIpefenseTcs 10 3aBHCHMOCTH!

o My RER
Ra;.m PI PE .ng

rac Py - reoMeTpHHecKas BepOsSTHOCTH CODBITHS, 3aKIIOUAOIErocs B TOM, UTO
mobas TOuKa KBajpata yNakoBKM HOKPOCTCA IATHOM KOHTAKTa 3@ OJMH IHKN
BO3LCHCTBHS MAacchl abpasuBHEIX HacTHI P; - BEPOSTHOCTH COOBITHS, 3aKIIO-
HAUOLEro B TOM, HTO B3auMO/eHcTBUEe abpa3HBHOM YacTHIlb! ¢ MOREPXHOCTHIO
ferany MPUBCACT K MUKPODPE3aHHIo; f; - 4acTOTa LMKIOB BO3ICNCTBHA MACChl
abpa3sUBHLIX YACTULL Ha 1IOBEPXHOCTE JeTany; /- obbem MeTania, yaaleHHoro
33 OIMH yaap abpa3uBHON YaCTUIBL.

Ob6bem MeTaina yaangeMpiii ¢ NOBEPXHOCTH ACTANH MOKET ObiThL paccyu-
TaH M0 [PEeACTABICHHOH 3aBHCHMOCTH WIM NOJY4eH B PE3YJILTATEe MAIIHHEOTO
sKcrepuMenTa ¢ Gosibiiel cTeneHpio ToHHOCTH. J{aHHble MAUMHHONO JKCICPH-
MEHTa J103BONA0T TakKe GoNee TOYHO PacCHHTATE 00BEM METaNNa, yaanseMbiH
JIs DOCTHIKEHHUS 3ajlaHHOM 1epOoXOoBaTOCTH OTAMYHON OT ycTaHOBMBILeHCH, a

CNIEJIOBATENBHO U HEoOX01HMOe BpeMs 00paboTKy.
Cmamesa nocmymura 8 pedaxyuwo 29.03. 2001 2.

NPOI'PECCUBHBIE KOHCTPYKIIMHM M TEXHOJIOTHHA
P®OPMHUPOBAHUA TOIIOTPA®HHM PABOYMX NOBEPXHOCTEHK
TPUBOCONPSDKEHUMA MAILUMH

Teupuruntit KO.I'. (VIMTVY, Hukonaees -- Xepcown, Yepauna)

In Ukraine new methods and devices of forming topography shaping of working
surfaces of machine tribosystems are developed, at a level of inventions, and are
used in research and production. They provide the increase of an aperational
life of machines two and more times as much; ways of lubricating of Iubri-
catints; tribosystem designs to solve technical problems of enginnring of higher
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rformance parameters.

Jlo 50-x ronoB XX cTOCTHS B HAYYHO-TEXHHYECKOH JINTEPATYPE FOCHION-
CTBOBANA TEOPHA THAPOXMHAMMYECKOH CMa3KH, paccMaTpHBaBiias TpubocucTe-
MBI MALTHH Kak KBasHTBEp/ble, MPaBHIBHON reoMeTpudeckoi GopMsr, ofHOI 13
NMPAKTHHECKHX PEKOMEHALui KOTopoi 65110 obecrieuerue HACATbHO MakKuX
moBepxHOCTeH TpeHHs. CYHTAOCh, YTO HAIKYHE KAHABOK HA MOBEPXHOCTAX
TPEHHS NPABOAUT K CHUKEHHIO THAPOJMHAMAYECKOH IPY30NOABEMHOCTH, MOA-
IIMITHHKOB CKONBXEHUS, HapUMep.

B 60-70 rogax B YKpauHe HHTEHCHBHO IMPOBOAMIOCH TEXHHYECKOE Nepe-
ocHallleHHe MHOTHX BeOyLIHX OTpacieil HapoJHOrO X03%HCTBa HOBBIMM MalliH-

.HamMy K ofopynoBaHueM, paboune mapameTphl KOTOPEIX, HAPHMEp, IO CKOpO-

CTAM CKONbXKEHHUS, BO3POCTANH B JAecath u Gonee pa3. Yie B 50-e roms! Gb10
JoKazaHo [1], 910 pacueTHBIE METOXMKH A1 TIONMMIHAKOR CKONBKEHNUS, TOTy-
YeHHEIC Ha OCHOBAHHU TEOPHH FHAPOAMHAMHYECKOH CMa3Ky JUIS KBa3sHTRepaoH
CHCTeMB! THIIA INWUM-TIOAIIHITHNK, e COOTBETCTBYIOT ACHCTBUTEABHOMN KapTHHE
SBIEHHEH, NPOTEKAIONINX B CMA30YHOM 3a30p¢ TpUOOCHCTEM, M HYKIAIOTCH B
00CTOSTENBHBIX HCCNSJOBARUAX.

ITo sapannsm [Ipaputenncte Yipaunsl v Coiosa B KpamaropckoM Hayy-
HO-HCCTEZIOBATENIbCKOM M TMPOSKTHOTEXHONOTHIECKOM HHCTHTYTS MALIHHO-
CTPOEHHS B Te4eHUH MHOTHX JIeT [POBOJMIHCE OOLIHPHEIE HayYHO- KOHCTPYK-
TOPCKO-TEXHONOTHYECKHE pa3paboTKH, ITaBHBIMH 3aaqyaMi KOTOPHIX OO cO3-
JaHHe HOBBIX TEXHONOTHH M 00pasioB TPHOOTEXHWKH H MOHMTOpHHTa [Z]. B
Hay4YHO-TEXHHYECKOIl IMTepaType BNepBble TIOSRHIIACH TEOPETHYECKH M JKCIIe-
PHMEHTANEHO 000CHOBaHHAA 3aBHCHMOCTE HArpy304HON COCOOHOCTH Tpubo-
CHCTEMBI THNA IKN-NOAUINIIHUK OT OKPYKHOH CKOPOCTH CKOJbKeHus (puc. 1),
chopmynuposana [2] u pasBUTA TEOPHA TEPMOYIPYTOTKAPOIMHAMUYCCKOH
CMa3KH MamHHe [3], TeopeTHYeCKH U JKCIepHMEHTAILHO 060CHOBaHA Moes-
HOCTE ¥ HEOOXOMMOCTD BHIMONHATE Ha PAGOYNX NOBEPXHOCTAX PALMOHANLHYIO
Tonorpaduio (Makpo u MuKpopessed), obecneynBaloyio ynydlieHHe cMaskl-
BaHMS, CMa3KH M TEIUIOOTBOAZ OT HArpyXeHHuIX (Tennoolpazyvioliux) 30H
TpuGocucTeM.

Teopus TepMOYTPYTOTHAPOAMHAMHUYECKOH CMAa3KH MallliH, chOpMYIHpO-
Banuas W paspuTas B paborax [MouerHoro akagemuka Axagemuu Hayk Cymo-
crpoerns Ykpaunsl Cueroscxoro @.I1., obumpHsle KOHCTPYKTOPCKO- TEXHOIO-
THuecKue paspaboTky nmo TpuboTexHuKe U TPUOOMOHUTOPUHTY MaiuuH [4], BEI-
TIOJTHEHHEBIE €T0 HAayYHO# IIK0I0H 1 3aIHICHHBIE MHOTMMY aBTOPCKMMH CBHE-
TENBCTBAMM M MATEHTaMH, SBHIHCH OCHOBOH 115 pa3paboTku HOBBIX mporpec-
CHBHBIX TEXHOIOTHH (opmMupoBaHHs Tonorpadun padodnx MoBepXHOCTeH TpU-
Gocuctem, ofeceynBaOLIMX pelieRHe HOBBIX 3afiad MO CO3JIaHHIO MAUIKH H
obopynopanHs ¢ Gonee BLICOKUMH PEKUMHBIMH BO3MOXKHOCTAMU, YIYYLIeHMS
pabouux mapaMeTpoB CYLIECTBYIOLIMX MaIIUH H 060pyL0BaHHUS.
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B 60-e rogs! Ha HoBokpaMOTOpPCKOM MaUIHHOCTPOUTENEHOM 3aBosie Obii
HCMOJB30BAH TPMHUKN THAPOCTATHYECKOH CMaskKu A KpynunorabapuTHBIX
OIOp CKOJBXEHMS W BIIEPBBIE B MAPOBOK MAlIHHOCTPOMTENIBLHOH IIPaKTHKE Mo~
CTPOEHa pyAopa3MonbHad MeNbHHIIA ¢ Maccoif Gapabana 100,0 ToHH Ha THApO-
CTaTHYECKUX MOAUIHITHUKAX, YTO [TO3BONHMI0 MCKIIOHHThL NPHMEHEHHE J10pOro-
crosmiero 6ab6ura b - 83 u Ha 10-15% cHuzuTE pacxomsl 371eKTPO3HEPTHH Ha
npuson MenbHAN (Focxomusodperernit CCCP: V.P. No 31984, V.P. Ne 43930,
A.c. 359447; I'ophslif xypran, Ne 6, 1969), a Ha KpamatopckoM 3aBojie TAKeENO0-
IO CTAHKOCTPOEHHA CO3/aHBI prnHoraﬁapmme TOKapHBIE CTAHKH Ha I'HJpo-
CTaTHYCCKHX TNOAUIHITHHUKAX, obecrneynBIHe CHHXEHHE Ha OOWH NOpAAOK A0-
mycka Ha Hekpyrnocts (MudopMrsxmanr 17-2-74-2, Mocksa, 1974 u gp.).

B 60-80 e romsl Ha OCHOBE TEOPUM TEPMOYIPYIOTHAPONHHAMHHECKO#H
cMa3-Ku OBLITH YCOBEPIICHCTBOBAHE! KOHCTPYKLIMA H TEXHONOIHA H3TOTORNEHUS
MOJMWMIHUKOB CKONBXEHHA KUAKOCTHOIO TPeHMs, VIy4lliCH KX TemIoBoi Oa-
nanc obecrieyeHueM Gonee PalHOHANBHONO OXJIAKIEHH. UX HAIDYKEHHBIX 30H
KaK TIPH MOMOIIM CMA30YHEIX KaHABOK BO BTY/IKAX IOJALIUIMHHUKOB, TAK M TIPH
U3MeHeHHH Tonorpaduu pabouell NoBepXHOCTH Bana ¢ IMaAKOH Ha Tonorpahuio
C peryinap-HbIM MITH KanneobpasHeIM MUKpOpenbeoM.

I'pyzononbeMHOCTh TPHOOCHCTEMBI THNA IUMII-NOAIIHNHHK XapaKTepH3y-
ercsi 3aBUCHMOCTAMH (pHc.l): TpH rmagkux paboudx MOBEPXHOCTAX Bala H

NOJIMIHAKE — 1, IpH HaH-
9HH CMa30YHBIX KaHaBOK BO
BTYJIKE — 2, NIPH PETrYIAPHOM
MHKpopensede Ha  Baly
(rmyGuna 12 MKXM ¥ pajguyc ~
1000 mxm) 3. (c6. Teopus
TpeHus u u3Hoca, usa. Hay-
xa, AH CCCP, Mocxsa,
9 - 19655 Ac.- 703317 CCEP,
TR R . s 89083,  COCP=LiEG.

3

Puc. 1. I'papuku 3aBHCHMOCTH THJ- ITpobnemMsr TpeHus u M3Ha-
pO}IHHﬂMH'—ICCKOFI TPY30NOABEMHOCTH wrBanus, Ne7, KHeB, 1975 u
6a60HUTOBBIX MOAMUITHHKOB CKONBKEHHA OT ap.).
OKpPYKHOH CKOPOCTH

Ma
15

104

IlpuHuMn  rHOpocTa-
TOIHHAMHYSCKOH CMa3KH
TpubOoCHCTEM MaIlMH, COYETAIONMAM MOJOXKHUTENbHEIE CTOPOHEI JMaCTOH/IPOIH-
HAMHMYECKOH H THAPOCTaTHYECKOH cMaskH paspaboran B . Kpamaropcxe
(HMUITTMAII - HKM3) u npuMeHeH ¢ MOTOKHTENLHEIM 3QPEKTOM Npu Mo-
AepHHU3aLHA ONOP COPTOBOIO CTaHa Ha METallyprHYecKoM 3aBoge B I Mapuy-
nosne. (HanexHocTs M 0ONTOBEYHOCTH MPOMBIILIEHHOIO 00OpYAOBaHHS, H3A.
Houbace, donenx, - 1968: xypran Bectunuk Maumbocrpoesus, M, Ne 6, 1970).
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Briepsbie Obia ofeciieyeHa Harpy3ouHas cnocobuocte 17,0 —~ 20,0 MITa npu
CKOPOCTH CKOJIhKEHUS 7.0 m/c. (ruapoAMHaMHUECKHH MOALUMITHHMK, KaK BHIHO
u3 KpuBoit | (puc. 1), UMeeT Harpy304HYH CIIOCOGHOCTD, TIPH KOTOPOH €llie CO-
XPaHSAETCH PCKUM KHAKOCTHOTO TpeHus, p < | 1,0 - 12,0 MIla).
®opmupoBanue Tomorpadguu pabounMx [OBEpXHOCTEH TPHOOCHCTEM,
obecreuHBatoIel MOBBILEHHE HECYLIeH CoCOOHOCTH MPH 3MacTOrHAPOAMHA-
MHYECKOM TPEHHUH U CPOKOB CITY/XOBl MIPH TPaHH4IHOM TPEHHH KpalHe aKTyalb-

HO JUIs NPaKTHKH.
B 90-e ropst XX Beka paspaborana (OUMM®, r. Onecca) u Hauuia wm-

pOKOE NPHMEHEHHKE B [IPAKTHKC HOBasd TEXHOIOIHA @DPMHPOBBHHH TOHOI‘[}&(’I)PIH

paGosux moBepXHOCTeH TpUOGOCHCTEM MpH NOMOLM O6PabOTKH UMILYIBCHBIM

marguTHbM moneM (OUMIT). Coznanusii na Xepcorckom CyrocTpouTenbHo-

Cy;[O—pCMOHTHOM 3apoje TEXHOTOTHHYECKHH KOMIUICKC 3alIMIICH pAO0oM aBTOp-

CKMX CBUIETEILCTB H NaTenToB (A.c.: 1504835, 1561313, 1693778, 1705221 u

1p.). Komiexe, BKIOYalomuit ciocobsl, yCTpOHCTBA W nMpUCOCOOIeHHs A

obpaborku getaned mawun (rpebGHLIC BHHTHI CYAOB, Bajbl, NMOMIIMIIHKKY, YII-

JIOTHEHUs TPUOOCHCTEM, CMa304Hble MaTepyaibsl ¥ Ap.), obecrneunBaeT HOBbl-

ILeHpe cpokKa ciyxObl B 1Ba 1 fosiee pas.

Hogas texnonorus OWMII, k xoTopo# npuHajiexut u pabota asropa,

NMo3BONAET CY-

f’ﬂ WM IECTBEHHO CO-

KpaTuTh  Tpo-

\“\A‘L/ a) JIOIKUTENb-

HOCTL  TIpHpa-

MMWW GoTku geraneit

HOBBIX MaIllHH.

b) Hamvenenue

LIEPOX0BATOCTH

Puc. 2. Tpodunorpammer noBepxHocty 00pasuos U3 pocne  OWMMIIT

cranu HIX-15 no (a} H nociue (6) OHMII BBIPAXKACICH B

CrIaXHBaHUM

HpOQHIIL NOBePXHOCTEH KaK MO BepLIMHaM, TaK U 10 BaauHaMm u o0yciIoBIeHa

ﬂEpeIp}’H[IHPOBKOE aroMOB B IIPHIIOBCPXHOCTHRIX CNOAX, UTO COIPOBOXIAETCH

YCTpaHenueM KOHUEHTpauuy Hanpsokenui. Obpasust geraneii (crans, Oporsa)

obpabarsisamice nipu Temueparype 20° C Mo pexuMy: IIOTHOCTS MAFHHTHOTO

fnotoxa — 0,5 Tn, 9ucno uMmynscos — 10, MPOXOMKATENBHOCTS HMIIYALCA — 1C.

Wamenenne Tonorpaguu obpasuos 1o u nocae OUMII npoBoxuiocs omnpeje-

JICHHEM CTaHJaPTHEIX MapaMeTpOB IePOXOBATOCTH: BBICOTHI HEPOBHOCTEH NpO-

(uns - R, MaKCUMATLHOM BHICOTHI HEPOBHOCTEH — Ry, @ TAKOKE HECTAHAAPTHO-
IO pajuyca 3aKpyIvIeHHBIX BRICTYNOB — r. (puc. 2).

W3pecTHO, 4TO yKa3zaHHBIC NapameTphl HEJOCTATOYHO MOJTHO OTPaXaloT
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CBA3b MEXAY LIEPOXOBATOCTBIO M CAYXKeOHBIMU CROHCIBAMM NMOBEpXHOCTCH H
NIOTOMY PEKOMEHAYeTCS WCIONL30BaTh (oiiee MONHO OTPAKAIOLIMK 3Ty CBA3DL
KOMIUTEKC-HEIH Kputepuit Kpartensckoro — Kombanonsa
o Rmax
o pab'l
TAe b ¥ y — napameTpsl CTENEeHHON aNPOKCHMAlMH HaYalbHOIO YHaCTHS OTIOp-
HO# KpHBO# npodums.

CymecTBeHRYIO TPYIHOCTE TIPEACTABAsET OmpeleieHHe BeIMYHH YKa-
38HHBIX [2paMeTPOB IHEPOXOBATOCTH IOBEPXHOCTH obpasiia a0 W mnocie
OUMIL. ITonyuenne npodraorpaMmel 110 OAHOH H TOH e TPaeKTOPHH HIITBI
npoduiorpada no obpasuy a0 u nocre OUMIT HeBO3MOKHO H3-32 GONBLINX
pa3bpocos TEKyLMX 3HAYEHHH NapaMeTpoB IIEPOXOBATOCTH B IPelenax Jake
HEOOMLUINX MHKPOCMEILIEH|H HITIBl Tpoduiiorpaa o NOBEPXHOCTH 06pa3La.
HeBo3MoxHO TakiKe NPOM3BECTH MOBTOPHYIO YCTRHOBKY MM H& IPO(GUIOTpa-
(e Tak 4ToOB! He OBLIO ITUX MUKpOCMELLCHHiT. B CBA3H ¢ STHM BCE YKA3aHHbIE
NlapaMeTpsl HEPOXOBATOCTH UMEIOT CPEJIHECTATHCTHYECKHIT XapaKTep s Beel
noBepxHocTH obpasia. Mx onpesciicHye MPOBOAKIH N0 CTaHAAPTHOH MeTOAK-
ke. He MeHee 4eM B MATH TOYKAX CHUMANM NPOQHIOrpaMMBl Ha MPOQUIOMETpe
mojenu 201. Tlomyyernsie npodunorpammer o u nocne OUUMII pasbusatu
Ha XapakTepHeie YUaCTKH B KONUYECTBE HE MECHEE JIeCATH KW ALIA, Ha Kax oM
y4acTke ONpejle-isAin yKa3aHHBIE BLILIE NapaMeTphl LICPOXOBATOCTH, a 3aTeM
HaXOQMIK HX CpelHue 3HavYeHns i obpasuos o u nocne OUMIL Heeneno-
BaHUs [TOKA3ATIH, 4TO napaMeTpsl R, U R, a Takxe k03QOULHEHTH! CTENeHHOM
AIPOKCUMALMH OTIOPHOH NOBEPXHOCTH NIPOQUIS NPAKTHYECKH e UIMEHUIUCE
B pesynsrare OMMIT. Papuychl 3akpyrienn#t BbICTYNIOB CyNIECTBEHHO YBETH-
ynaues (~ 25 %), a kpurepuit
A ymensmmacs (~ 20 %). Hau-
Gonslitas OTHOCHTENBHAS MO-
FPELIHOCTE ONpEJie/icHus pa-
AMYCOB 3aKPYITIEHKH BLICTYIIOB
He npessimians 9 % npu gose-
PHTENBHONH  BEPOATHOCTH paB-
HoH 95 % .

Tonorpadus  paboymx
nosepxHocreil  Tpubocucrem,
cthopmuposatras OUMIT no
OIMCAHHOH BBIILE TEXHONOTHH,
HO3BOAKAA 3HAYUTENRHO CO-
Kparute CpOKH npnpa60'rxn
(kpuBas 1, puc. 3) 110 CpaBHEHHIO C TPAMIIHOKHOI 00paboTkol (kpuBas 2, puc.
3) neraneii TprbocucTem MaukH. [10TepH Ha Tpeliue TpHOOCHCTEM, TIONBEPTHY-
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Puc. 3. Bauanue OMMII Ha uamerie-
Hue KooddHLMeHTa TpeHHs B Ipouecce
npupabotku: 1 - 06pa3sisl H3rOTOBIEHHBIE
O TPaMIMOHHOR TexHonoTky; 2 - obpas-
Lsl, MoAReprHyThie OMMIT

30

teix OMIMI, na 20...25% nuke, 4To obecneuuBaer MOBLILIEHHE CPOKA CITYyKOb!
tpubocucTem [5].

Crnucok autepatypol: 1. Cuerosckuii O.11., Kputnueckas ouerka Hexo-
TOPBIX PACYETHBIX METOIMK [df MOMLUMNHHKOB cKombxenus, I[BTHU I'HTK
CCCP, ¢6. ITomuunnuxu, M, 1959; 2. Cuerosckuit ®.I1., Onopst ckombxeHuS
TSHKENbIX MalivH, u3f. MaumHoctpoenne, M, 1969, 220c.; 3. CHerosckuii
@.I1., Teopus 1 npakTHKa CMa3Ki MalUHH: Pa3BATUC U NepcrekTussl, Tpyas! VII
MexIyHapOoIHOH HayYHO-TEXHUYECKOH KOH(EepeHIHH MATMHOCTPOEHKE H TeX-
Hocdepa Ha pybexe XXI sexa, CeBactonons, 2000, ¢. 186-189; 4. Illeaponoces
AB., Tesput-#51ii FO.I, Hayunsie mKxons! YKpauHsl 110 TPHOOMOHHTOPMHLY,
Tpymst VII Mex-nyHaponHoli Hay4HO-TEXHHYECKOH KOHOEPEHUHH MalHHO-
cTpoeHue u Texnoche-pa Ha pybexe XXI peka, Cesacronoins, 2000, ¢. 161-166;
S. Tenpurnpiit 0. I, Herpanuuiitai texsomorii popmysanss Tonorpadiii po-
BouHX I10BepXOoHs TpibocKcTeM malme. Marictepebka aucepranis, Mukonais,

2000, 96.c.
Cmamupa nocmynuna 6 pedasyur 28.04.2001 2.

OCOBEHHOCTH PEIIEHU S 3AJJAYM CUHTE3A V3JI0B
MOAEPHU3ALIHM MOBWJIBHOU TEXHUKA

Tepuiox H.9., Xynr @.B. (HMuC, 2. Xapvkos, Vrpauna)

Peculiarities of solutiong of veaicles partial or complete upgrading of task is
presented,

Omxum 13 OCHOBHBIX HaMPaBNEHHH HAYIHO-TEXHUYECKOrO [IPOrpecca Ha
HacTosimem JTane gBIAETCA pacIMpeHHOe NPUMEHeHHEe MOAEPHU3AUUH pas-
JIMYHBIX BHAOE TEXHHKH.

3a CYET MO,Z{epHHBaIIHH MOI'VT PemarbCAa BaKHBIC B npamqecmm OTHO-
HICHMH 3a0a4y 110 yCOBEPIIEHCTBOBAHHIO TEXHHKH U PACHIHPEHHIO ee BO3MOMXK-
HocTel. Cpelu OCHOBHBIX 3ajiad 3TOTO KJacca — M3MEeHEHMe BHAZ WM THNA
TEXHKKY, npupauiesue ee GYHKINi, TOBBIIEHUE YPOBHA aBTOMATH3AUNY U HH-
(opmaruzaumu, yaysierue IKCITyaTallMOHHEIX NOKazaTenei.

Onsako, HCCMOTPA Ha @KTYANLHOCTD pellleHHs YKasaHHBIX 3a/1a4 0 Ha-
CTOALLEro BpeMCHH HENOCTATOYHO ONHO PACCMOTPEHB! UX OCOOEHHOCTH, Mpe-
KIC BCEro, OTHOCHIUMECS K 11OMCKY 00nacTeil BOSMOXKHBIX PeLieHni Mo ¢yik-
HHAM, npouieccam, 27eMEHTHHIM CTPYKTYPaM M TapaMeTpaM, a TakKKe CHHTE3y
Y3TIOB MOJIepHM3ALIHH.

Ckasanuoe MONHOCTHIO OTHOCKTCA K HanGo/Iee COKHOMY BHAY TEXHUKH
— MOOHIIBHOIH,
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IaBuoit 0COOEHHOCTHIO MODM/IBHOM TEXHMKHM HBASCTCH HANHYME ABYX
OCYHISCTBAAEMBIX 11AP&IUICABHO-TTOCIENOBATENRHO LENeBRIX ('Il)(HKI.IHﬁI TEXHO-
noruyeckoil (@, ) v TpancnoptrO# (@, ). ITo OTHOIIEHMIO K HEM SHepreTHye-

cxag (@,) u 3awnTtHan (P, ) OYHKUMH BBICTYNAKT Kak obecreunpaomue, Ta-

Kasl TEeXHMKE, KaK W CTALHOHapHad, UMeeT OOBeIHHSOLIYIO YKA3aHHEIE [IeJIeRbIe
u ofecreunBaromme QYHKUHH CHCTEMY YIIDABIEHHUS, PEaTH3YIONIYI0 TOBEIeH-
uecKyio pynkumio (P, ).

VxasanHble NaTh QYHKIHA B COBOKYNHOCTH OBPasyloT MHTErPANbHYIO
OyHxmo ( Dy ) MOBMILHOMA TEXHUKH

Oy = Y&, ,tne M € {y,m,3,3,y}
ieM

Kak unrerpanbHas, Tak 4 COCTaBAAOUME ¢ QYHKLUMM HMCIOT PasiuuHble
BCKTOPBI KPUTEPHUEB, 3alaHHe KOMIIOHEHTOB KOTOPLIX H ONpeleiseT COoACpxa-
HHUE 33/ia4 MoJepHu3anuy. ITpy 31oM QyHKIMOHANBHAS MOAEPHH3aUNs B HAUOO-
jee obiem BWJIC ONHCBIBACTCA 3aBUCHMOCTRIO!

(Pg - APy, + ADy, ) €Dy, (1)

I7Ie MHACKC ¥ - 0003HaYaeT UCKIOYEHHBIe, 0 - No0aBIeHHble QYHKUMM, 2 -
00nacTh AOIYCTHMEBIX 3HaYEHMIL.

YenoBus napamMeTpHYeCcKOH MOJIEPHH3AIMH ONpPEIeNdioT H3MEHEHUE Bbl-
XO0IHbIX NIapaMETPOB TEXHHKH!

R + AT el vig; Ul + M) e Ini=1m, j=1n}, (2)
rae /7 - napamerp moaepHu3aumu, @(*) - HekoTopas GyHKUMSA, m,n - KOJIKMYe-
CTBO MapaMeTpos H (YHKLHNA COOTBETCTBCHHO.

MYHKUHOHATbHAA MOJICPHH3ALHA NPEIONpPENeNseT CYUHOCTh CTPYKTYp-
HOM MOJCPHH3aLMK BCIEACTBHE HANMYUA CBI3K MEXKLY GYHKUMOHANBHON M
SNEMEHTHOH CTPYKTYpaMy TeXHHKH.

[lapameTpsl MOJEpHM3aLIMY [iE BCeria IPHBOMMT K M3MEHCHMIO CTPYKTY-
PEL

Hns MoOHABHOM TEXHMKH, KaK B2, M3MEHEHHE COCTaBa (yHKIMil MOKeT
NPpHBOAKTE K H3MEHEHHID ee THIA. BTD, KaK [IpaBHIIO, TOCTHIaeTCs 3a cHEeT M3~
MEHEHHS B COOTBETCTBHH C ycioBueM (1) usmenenne ¢ynxumit @, @, , @,.

Hanpumep, nobasienne k QyHKUMSAM IPY30BOTO aBroMOGWIS GyHKIMH MoTheMa
TPY30B, pa3jiayy 3HEPrUy Ha JONONHHTENbLHEIE OPYAMS HpeBpaiuaeT ero B aBro-
KpaH, aBTOMOOMIL-TPAaKTOp "YHUMOI" U APYTHE THIbI TEXHHKH.

MsMenenne napaMeTpoB yKa3aHHEIX QYHKUMI MOKET NPHBECTH K CMEHE
UX CTPYKTYPHO-2/I@MEHTHOH peanu3alyy, YTo TaKkKe MOKET MOPO/arh HOBLIE
THIBl TexHuKH. Hanpumep, npu usmeHeHMy MexaHu3Ma peanns3aliEy TpaHc-
nopTHO# QYHKUMH — ABMKHTCIS - HOPOXKAIOTCH PA3HBIE BHIBI TEXBMKH! KO-
NeCHbIe, TYCEHHIHbIE ¥ ApYTHE.
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W3MeHelue YpOBHS aBTOMAaTH3AIHH OCYLIECTBIANETCS 3a CYET M3MEHEeHUs
COCTABMSIIONHX QYHKUUH D,.

370 BiIeYeT 3a co0OH CYMICCTBEHHLIC U3MEHEHHSA 3/IEMEHTHOTO COCTAaBa
TeXHHKH, @ 3HA4HT BIHAeT Ha [OKa3aTeln HaleKHOCTH 1 KauecTRa.

Hsmencnye sHepreTuyeckodl Gynkuun @, Kak mpaBuiio, HE NOPOKIAET
HOBBIX THIOB TeXHHKH, HO CYLIECTBEIHO BIMSIET Ha e€ 3KCIUIYATallMOKHEIE 110~
KazaTejd U MpelonpeenseT 00MacTH BO3MOKHBIX HIMEHEHHS JPYTUX YKA3aH-
HBIX QYHKLUMH.

KomItekcHas MoaepHH3alHs NpeyCMaTpUBAET OAHOBPEMEHHOE BhIlI0ji-
Herne yenosui (1) u (2).

Merozb! CHHTE3a MEXaHH3MOB, arperaroB U UX CHCTEM 3[4eCh MOTYT ObiTh
TIPHMEHEHB! C YYeTOM 0COOEHHOCTEH] [poliecca MOAEPHHU3AIIHH.

I1aBHoi 0COOEHHOCTHIO 3a1a4 CHHTE3a Y3/I0B MOAEPHHA3AUNM TEXHHKH 110
CPaBHCHHIO C COOTBETCTBYIOIHMMHE 3a/laiaMH HOBOH TeXHHKH sBIseTcd Heobxo-
JAUMOCTH Y4eTa 5a30BOii MOJIENH H C ee CBS3M C y3/1aMu MOJIEPHU3ALMH.

OTO NPHBOANT K TOMY, YTO y3/IBI MOASPHU3AIHHM [O/KHBL

¢ OBITH COBMECTHMBIMH O THITY HCTIONB3YEMOH SHEPIHH;

® COTJIaCOBBIBATECA C NapaMeTpaMy MOJACPHH3HPYEMOTO H3ACITHUS;

® pasmeinarhes B (WK Ha) MOJICPHU3HPYEMOM H3IEJHH;

® OBITh ONTUMANBHBIMH [0 YPOBHIO aBTOMATH3ALUH;

® COOTBETCTBOBaTh $ojiee MO3THUM MOKOMEHHAM TEXHUKH, YeM MOJIEpHH-
3UpyEMas;

e ObITh YHH(HINPOBAHHBIMY C y3naMK 00niee MO3MHUX HOKOAEHHH TeXHU-
KH;

® npubIHKaTh MONEPHU3MUPYEMYIC TEXHHKY B HAlpPABJCHUK HACANBHON
MaLIFHHbL.

YkasauHple YCIOBHS 00YCHOBICHE! XapaKTEPOM 324 MOACPHM3ALMK 1
ODLIMMH 3aKOHAMH CTPOEHHS, PYHKIIHOHHPOBAHHUS W PA3BUTHS TEXHUKH.

EnuncTBO THNA HCMONB3YEMO# 3HEPIUM MO3BOMASCT MUHWMU3MPORATH
CTPyKTYpy cea3eil. CornacoBaHHOCTL Y3108 MoJepHu3anuy ¢ Hasopoif Moje-
JBIO 110 MapaMeTpaM Q3Ha4aeT MPHHUHUNHANILHYIO BO3MOKHOCTE HEOOXOAUMBIX
CBA3eH U B3aUMO/IEHCTBHA.

Vcnosus pasMeCTHMOCTH BBITEKAET M3 IPOCTPAHCTBEHHBIX OTPAHHYCHHI.
OnTuMansHOCTS YPOBHS ARTOMATH3AMH AHKTYETCH 3aKOHAMY HAZIEHKHOCTH, 3p-
TOHOMMKH H 3KOHOMHYHOCTH.

Cobmoznenns ycnoByii cooTBeTCTBHA G0NEe MO3AHMM MOKOJNCHHAM Tex-
HHKH, YeM MOojiepHU3KHpyeMas, TpeOyeT BhINONHEH!AS aHaln3a MPoNeccoB pa3eH-
THs MOGHIBHON TEXHHKH PACCMATPHBAEMOTO BHA. 3ech Mepoil COOTBETCTBHA
Oyaer moxasarens, oueHUBAIONME Pa3TMUMA MOJEPHU3MPYEMOTO Y3id H ero
HAeansHOro obpasua.
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TpeboBarus yHuOHKALMK Y3I0B MOJIEPHH3AIMK € COOTBETCTBYIOLMMH
y3namu W3enuii Gonee HOBLIX MOKOJCHMH 1103BONSET COKPATHTH 110TEPU pe-
CYPCOB M BPECMCHH Ha TOATOTOBKY LIPOM3BOMCTBA U CIYKUT OCHOBOM Ang yn-
POLLEHHUS ¥ [[PECMCTBCHHOCTE OOCILYKUBAHKSA N PEMOHTAE TEXHHKH,

MpubiuieHHe MONEPHUINPYEMOR TEXHUKY K HASaIbHON MaliMile BLITe-
KaeT H3 ODINEero 3aK0Ha Pa3sBUTHA TEXHHKH.

VxasaHHble YCHOBHS ONMCHLIBAIOTCS, KpoMe 3aBucumocreii (1) u (2), mo-
MONHHTC/ILHBIMH 38BHCUMOCTAMH, 4aCTh 3 KOTOPHIX B 00IUEM BHIE HMEET all-
FOPHTMHYECKHHA BUA. DTO 3HAYUTENBLHO CyXaeT 00N1acTh BOIMOKHBIX PELUCHHI
3afa4yK CUHTEC3A.

DopMmalii30BaHHas MOCTAHOBKA W OOIIMH aNrOPUTM pelIeHHst 3anadu
CHHTE32 Y31I0B MOJIEPHU3ALMH MOOHIILHON TEXHUKH CXOMHBI C MOCTAHOBKOH U
0bLMM aAropUTMOM CHHTE3A Y310B HOBOM TCXHHKH, HO OTIHYAKOTCH YYETOM
YKa3aHHBIX 0COOEHHOCTEH.

[lepBBIM 1O LKKIY B ITOPHTME pPELUeHHs oOLuel 3ajiaun CHHTE3a ecTh
CTPYKTYPHBIH CHHTE3 [IPOLECCOB ¥ COOTBETCTBYIOLIMX MM 3/1eMEHTOR. [ TlaBHyIo
CJIOJKHOCTD NPeJCTaBiser CIPYKTYPHBIH CHHTE3 Y3JI0B, KOTOPbIE AOMKHEI OBITH
nobas/ieHb! HIH 3aMeHEHBL.

3TOT 3Tan MOXeT BHINOTHATECA KaK aHATOTOBBIMY, Tak # Ge3HATOrOBLIMH
METOLAMH.

Ananorosbie MeTOabl CTPYKTYPHOTO CHHTE3a ABMAIOTCS TPALMUMOHHBIMU
¥ OTHOCUTCJIBHO XOpomio paspaboranubivu. Ho OHE He rapaHTHpYIOT nonyye-
HHE 3aJaHHOI0 pe3y/nbTara, B YaCTHOCTH, C TPEAENBHO BBHICOKMMYU XapakTepH-
CTHKaMu.  bosjiee NpearnouTHTEIbHBIMU SBNAIOTCA PA3BHBACMBLIC B HACTOAIIEE
BpeMs MeTofIb! 0e3aHaIoroBOr0 CHHTE3A.

Metoasl Ge3aHanoroBoro cuHTe3a OOIIMX HE KOHKPETH3MPOBAHHLIX
CTPYKTYP 37€MeHTOB MOJEepHH3aluy 6a3upyloTCs HA BBISBACHHEBIX 3aKOHOMEp-
HOCTSAX M3MEHEHHUs CTPYKTYD JCMCHTAPHEIX PYHKLUMOHATLHBIX CHCTEM B 3aBH-
CHMOCTH OT YPOBHS aBTOMaTH3aUMK U 0Opa30BaHus THMH CTPYKTYPami roMo-
JIOTHYECKMX PsAI0B.

Kax oMy ypoBiiio asToMaTH3alyy moboi siieMeHTapHOl QyHKUMH MOX-
HO MOCTABUTh B COOTBETCTBHE OLHY CTPOTO ONPCACICHHYIO (THTOBYIO) HE KOH-
KPETH3MPOBAHHYIO 3CMCHTAPHYIO CTPYKTYpPY. 3Has npupamenue dyHkuuit u
3a/laB YPOBHU ABTOMAIM3ALMH MX PEald3allid B MOMAEPHU3MPYEMOIl TeXHHKe
MOKHO CHNTC3UPOBaTh OOUIYIO CTPYKTYPY Y2/10B MOAEPHH3ALUMY M M3IENHA B
HCNOM.

CornacHo MeToflonorHK G€3aHaJIONOBOTO CUNTE3a, MCXOOA M3 3a/IaHHBIX
NpupaiteHui QyHKuuH # KX PONH B MHTETpanbHoOl PyHKimH Py MoGWILHOH
TEXHHKH CHHTE3UPYIOTCS IMKIOrPaMMbI (TEXHONOTHYECKME 1IpOIecchl) paboTsl
HOBBIX Y37I0B M arperaTos.

Ha octoBe dynxunit v BEIGPaHHBIX UUKIIOrPAMM CHHTE3HPYIOTCS  KOpTe-
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KU QU3HYECKHX (XMMHUYECKMX) 3DMEKTOB, ONPEALTeHHLIX TPOTEKAHHEM Tpe-

6}’CMLIX TIPOIIECCOB H3MEHEN WS 3aMaHHBIX BEIHYHH.

3aj1aB YPOBHH aBTOMaTH3al{H, MOXKHO CHHTE3UPOBATh OOIILYIO CTPYKTYpY
3THX Y3J0B, H MPOBECTH HUX MapaMeTPU3aliio TaKUMH ke crocobamMu Kak H npH
CHHTE3€ HOBOH TEXHHKH.

B ciyJdae HEYIOBICTBOPUTEIBHOTO Bmﬁopa YPOBHA aBTOMAaTH3aIlMH Mpo-
U3BOAMTCA €ro NOLUAr0BOE HANPABNEHHOe H3MEHEHME.

. I"[pn 3TOM BO3MOMKHBl pasivyHbie BapHaHTLI OﬁLeﬁHHeHHS{ JJIEMCHTOB,
BEITEKAIONIME M3 XapakTepa peanusauuy QYHKUHM BO BpeMeHM (IIOCTENOBa-
TeAbHO, TapajifiebHO-TI0CIeI0BATENbHO, HapaNieabH0) M [0 HCMONb30BaHUIO
37IEMEHTOB (pa3/IeIbHO, YaCTHYHO COBMEILICHO, COBMEILIEHO ).

OO6uias He KOHKPCTH3MPOBAHHAA CTPYKTYpA 3/IEMEHTOB IIOJUIEKHT KOH-
kperu3anuy. KoHKpeTHsalus OTHOCHTCH KaK K COCTaBy 3NE€MEHTOB CTPYKTYpY
TaK | UX 11apaMeTpoB.

Konkperusanust cocTaa 31eMEHTOB NMPOM3BOAUTCS MMyTeM NpHpalieHus
HH(OpMALIKH 38 CUET BLLACNCHHS PAsUYHBIX ACHICKTOB NOPOKACHUS, QyHKIHO-
HHPOBAHNA, PasBUTHA, KOMMYHUKALHH H YIOpapIeHug HMH.

KonkperHsauus cTpyKTyphl SBAA€TCS HEOOXOAMMBIM YCIOBHEM TIpejlle-
CTBYIOLIMM KOHKPETH3AL[MH NapaMeTpOB.

Ilpy KkoHKpeTH3aUMM NapaMeTpoB BHAYalle 337aTCS MX MHOMKECTBO, Of-
pefensioLee ¢ 3a1aHHO} NOMHOTOH HHOPACTYKTYPY 3MEMEHTOB, UX NCOMETPHIO,
MIOBEPXHOCTHBIE CBOWUCTBA M IIOBCACHHUE, A TAKXKE YCNOBHS B3aHMOAEHCTBHL C
GazoBbivM H3genuem u Mexay coboii. Jlanee npoussoauTes BeUMCTEHUE obiac-
TeH BO3MOKXHBIX 3HaYeHHMI MapaMeTpoB (10 (U3AYECKHM, SPrOHOMUYECKHM,
BPEMEHHBIM, OpraHH3allMOHHBIM, S3KOHOMHYECKMM U APYrHM OrpaHdveHusM. B
npeaenax obaacreil BOSMOXKHBIX 3HA4EHHH NPOM3BOAMTCS BHIOOP ONTHMANIFHBIX
BAPHAHTOB Ha OCHOBE 3aaHHbIX KPHTCPUEB.

O0wwwii anroput™ CHHTE3a SABASETCS UTEPATHBHBIM.

Ha ocHOBe npoBoxuMO# 1ApamMeTpH3ALMHK, MOAETHPYS NPOLECCh B3au-
MOJISHCTBHS, ONPEeNeNsoTCs KOHKPETH3HPOBalNble 3HAYEHHs TapaMeTpoB Y3-

JIOB H arperaros MOAEPHM3AIHH,
Cmarmea nocmymuaa e pedaxyuio 30.04.2001 2.

DOPMHUPOBAHME TOYHOCTH OBPABOTKH IIPH COBJIKOAEHUU
NNPHHIMIIA TOCTOAHCTBA BA3

Toka A., Pymuka WM., Ctponua A., TFonuvap C. (TVM, 2. Kuwunes, Moxdosa)

In the paper it is shown, that the observance of a principle of persistence of
bases while machining allows to increase the processing's accuracy at the ex-
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expense of the effect of errors' compensation and, first of all, of the insiallation

errors. The machining conditions become more stable, the machining

allowances’ tolerances smaller.

COBPCMCHH&E KOHIENMUMSA MalIHHOCTPOUTE/ILHOIO TPOHU3BOICTRBA [IpCay-
CMaTpHBACT HCHIOAB30BAHHE TEXHOMOIHYECKOrQo 060]3}?,-1033]1?151, KOTOpOC CcOo-
BMellaeT B cefe NMOMHMO OCHOBHBIX (yHKinii 06paboTku Takxe ¥ QyHKIMY
pa3paloTKu TEXHONOTMYECKUX NPOLECCOB ¥ Aporpamm obpaborku. Yactas
CMEHa BBIITYCKAEMBIX M3JIC/MH, TIOCTOSHHOE M3MEHEHHe Yenosui dyHKUMOHH-
POBaHHA NPUBOJAT K BO3PAaCTaHHIO T]JEﬁOEaHHl:I K Ka4eCTBY TCXHONOTHYEeCKHX
npoueccos. B nepeyro oyepens, 3T0 OTHOCKHTCS K CHUXEHHIO TOJMH KOppeKLkii
np# 00paboTke MPoOHOH AeTamy i K BO3PACTAHUIO JONHM TEXHHUYECKUX pelueHuii
OKOHYATC/ILHO MPHHUMAEMBIX 110 Hadana o6pabotkn.

“YmHoe™ TexHONOrH4eckoe 0BopynoBaHue ABIAETCA M MHOrODYHKLHO-
HanpHBIM. 1103TOMY, IpH pa3paboTke TeXHONOTHIECKHX MPOLCCCOB CTPEMATCS
BBITOJIHATD HA OJJHOM CTaHKE MAakCHMAILHO BO3MOXHOE HHMCNO TIEPEXOMOB.
[Ipunumn pasjenenus TEXHOJNOTHYECKOTO NpOLIECCA Ha OMEPalMK 4epHOBOH
00palboTKK ¥ Omepalii YHCTOBOMH 00paboTKH He SBIAETCS CTONB CTPOTHM.

OTH ¥3MEHEHHS KOHLCUTYaTRHOTO XapaKTepa BIeKyT 3a cob0# u3MeHe-
HHUE MeToIoB odecrieyenus KayecTra 06paboTKH 1, B IEPBYIO 04epe/ib, METOA0B
obecneyeHna apaMeTpoB TOYHOCTH. [locneanue, B 601p0H CTENCHN, CRI3AHE
¢ MPUHUIHAAMA COBMECIICHHA 023 M 1OCTOAHCTRA 633, coﬁmozte}me KOTOPBIX
CO30acT 6![3]"011}:)1'15[11{1718 YCTIOBHA JOCTHXEHHS TOYHOCTH MEXaHH4YECKOH 06})3—
OoTku.

14 TeXHONOrH4CCKHUX MPOLECCOB ¢ HOABIINM KOIHYECTBOM ornepauui,
Ha KaXKIoH nocaeayiouieit, cxema 6a3upoBanus MOXET OBITh COCTABIEHA C yuc-
ToM Tpebosanus coBmemenus 6a3. O6paboTka ¢ OAHON YCTAHOBKH CHMKaeT
BO3MOMKHOCTb COOMONCHMA NPUHIIMNA COBMEILCHHS 623, TOCKONMLKY KOHCTPYK-
TOPCKHE Pa3MEPHbIC CBA3W YCTAHABIUBAIOTCS B HHTepecaX OYHKUHOHATBHOCTH
Aeramn. HaoGopor, pacTeT posib NpHHUKIMA NOCTOSHCTBA §a3, MOCKOIBKY MHO-
KCCTBO pa3sMepoB (POPMMPYETCA C OTCYETOM OT JIOBepXHOCTed GazuposaHus
HJIM OT NOBEPXHOCTeH, 00pa3oBaHHBIX Ha TOH Xe ONepailH.

Ha getanu B npouecce 06paboTku CymIeCTBYIOT BE CHCTEMBI TTOBEPXHO-
CTeH: &) TIOBEPXHOCTH, COCTOAHME H NOJIOKEHHE KOTOPLIX HE M3MEHSCICs Ha
ZaHHOH oriepauuu (neoOpabaTeiBaeMble MOBEPXHOCTH H NOBEPXHOCTH Haznpo-
BaHus); 0) obpabarsiBaeMble NTOBEPXHOCTH. B pesysbTate BBITONHCHHS ONepa-
MM H3MCHAIOTCA TPH MHOXKECTBA Pa3sMepHBIX CBA3CH:

l. MHOXKeCTBO pazMepHBIX cBS3eH Mexay obpabaThiBaeMbivMM Ha AaRHOM one-
PallvK [OBEPXHOCTAMY ¥ IMOBEPXHOCTAMH, KOTOpble QOPMUPYIOT yCTaHo-
BOYHYIO TEXHOIOMHYeCKyH0 0azy;

2. MHOXECTBO Pa3MEDHbIX CBs3ell My obpabaThiBaeMbIMU HA [aHHOM ome-
PaLMK [MOBEPXUOCTAMY H MOBEPXHOCTAMH, KOTOpbIe e o0pabaTthizalores;

3. MHOXECTBO PasMEpHbiX CBA3eH Meyx 1y 0OpabaThiBaEMBIMM NOBEPXHOCTAMH.
OTH TpPH MHOXECTBA PA3MEpPHBIX CBS3eH OTIHYAKTCS MeXKAY coboil me-
XaHHU3MaM¥ QOPMHUPOBAHUA APAMETPOB TOYHOCTH.
PasvepHble CBA3U Mexky 06pabaTiBaeMBIMU OBEPXHOCTAMH U NOBEPX-
HOCTAMH - TEXHOJIOTHYECKUMU Da3zaMu GOPMHPYETCA HANPAMYIO OT TEXHONOIM-
Heckoi 0a3sbl. Ero TOYHOCTE OnpesenseTcss TeXHONOIMHYecKOi TOUHOCTIO CTaH~

Ka (puc. la):

Eech L Eean, F2P )
=4 w.L:(ofechL' (1
=) @‘“’ Pazveper mexmy obpabarsiBaeMbiMH
S ‘-»’b TIOBEPXHOCTAMK U HeobpadaThiBacMBIMU 110-
~) BEPXHOCTAMH  (QOPMUPYIOTC KOCBEHHO OT
TexHonorknyeckoi 6asel. Ero Tounocts onpe-
IeaeTcs TEXHONOTHYCCKOM TOUHOCTRIO CTaH-
i €0c Ka @p,cp, CHIXAETCHA 3a CYET IOTpPelIHOCTH

a

OasupoBanua &j,. (puc. 1b), ynyyuraetcs 3a
CYeT rpossieHus abdexra koMnencaunn o-
TPEIIHOCTER (2-®,,y,) [1]. Dddext nposs-
aSercs u npu GOPMHUPOBAHUK pa3sMepoB Ha
pasubIX ONepauyax:

D = Ocp + Epge — 2 (ocomp 2)

DopmupoBaHHe pazMepHbIX cBs3elt Mexay oOpabaTsiBaeMbIMH OBEpX-
HOCTAMU BO3MOXHO B ABYX BapuanTax. [lepsuiil, npesycmarpusaer 06paGoTky
K&KAO0H OBEPXHOCTH, BIAEP)KUBAS PAa3MEP OT TEXHONOrMYecKkod 6a3sL. B uTo-
I'C, Pa3Mephl MEXIy MOBEPXHOCTAMU MHOXECTBA DOPMHUPYIOTCH B BHJE 3aMbi-
KaloluX 3BCHBEB pasMepHbIX uenel (puc. 2). TOYHOCTL 3aMBIKAIOLIHX PasMe-
POB OMNpenensercss TOYHOCTHIO 00pafoTKH COCTABASIOIIMX S7eMeHTOR. Ilo-
TPEIIHOCTS Ga3upoBanKs pasHa HyMmo npy 06paboTke OT oxHo# Ga3sl (puc 2 a),
JIH00 He paBHa Hyio, NIPK UCTIONB30BAHHH pazimunelx 6a3 (puc. 2b), u yactuy-

Puc. 1. Qopmuposanue
TOYHOCTH pasMepoB: OT TCX-
Homorn4eckod 6assr (a), or
HeoOpabatsiBaeMol  mosepx-
HoctH (b)

Slech N

Pric. 2. ®opmupoBatie TOTHOCTH Pa3Mepos — 3aMbIKAIOLIHX JBCHBCH
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HO MOXKET KOMNEHCHPOBATLCA (puc. 2¢, 3AlIPUXOBAHHAR 00NACTH) U BXOIHT
Kak COCTaBISIONAN B 2 + @, Torua:
G = Crocp gt + Dpoep v~ 2- D comp 3)

I[To sropomy Bapuanty pasmepsl (QOPMHPYIOTCS HaNPAMYIO MEXAIy
obpabaThiBaeVMbIMH OBEPXHOCTAMH, 63 ydacTns TeXHOIOrHYecKoif 6a3bi (pHc.

3).
Drech M Drech M Drech M
RETIO fa Y
28:?:9 ﬁ g Sﬁx ?1\ - Ei_nsl ﬁ -~
o e 8\ L(ay) L (@)
loc. dat.
surface S @ Sy b S @ € = i @
Orecn L Ot tech T,
a b ¢

Puc. 3. ®opmupopanne TOYHOCTH pasMepoB Mexkny ofpabateiBac-
MBIMH NMOBEPXHOCTAMH

B xauectse anemMeHTOB JUI1 OTCYETA 3/16Ch YHACTBYIOT:

® o6paboraHHbie Ha JaHHOMH OMEpPally NOBEPXHOCTH,

* moObBle 10BCPXHOCTH MPUCIIOCOBNEHNH, NP YCIIOBHY, YTO OHHM NpejIo-
MPeAensIoT nonoxente pabounux opraHos (4 MHCTPYMEHTOB) MyTEM Me-
XaHHYECKOro KacaHus, Uil Kakum nbo APYIHM cnocobom

® TOYKH U NOBEPXHOCTH B pabouem npocrpancrse ctanka ¢ YITY ucnosns-
3yeMble TP COCTaBICHHHN IPOrpaMmM 06paBoTkHy.

W3 puc. 3 BUAHO, YTO NOTPEHIHOCTE YCTAHOBKH HE OKA3bIBAET RIMAHUS HA
TOYHOCTH opMUpYeMOro pasMepa. Boriee CTPOrMM SBASCTCS APYToe yTeep-
xnetue. Ilockonpky 06pabotka ocyiiecTsnseTcss OT TEXHONOIUYECKOH Gasbl,—
TNOrPEUIHOCTE YCTAHOBKY MONHOCTBIO KOMMOeHcHpyercs (puc. 3a, MoKaszaHo
WTpuxoBKoif). Takas nOCTaHOBKA BONPOCa MO3BOSNET YTBEPHKARTE, YTO pu me-
pe-3aKpeniaeHdt AcTany MogBageTCs 30H&, XOTOpast He KOMIICHCHPYETCH — Mo-
TPeuHocTh 3aKpennesus 2¢£ g, (puc. 3b). Cmena Ga3 yBenuuusaeT 31y 308y 10

pasmepa [OrpelrHoCTH YCTaHOBKY H HE KoMniencupyetest 2, .., (puc. 3c).
Cobmozienne npuHUMNa n0CcTOsSHCTBA a3 NO3BONAET AOGUTBCS CUTYya-
UHH, KOTJI@ TeXHOIOIH4ECKHH PasMep COBMAacT ¢ MPOM3BOAHBIM KOHCTPYK-
TOPCKUM. Ecin Ha cTaHKe GOPMHPYETCS PacCTOAHHE MEXY JBYMA MOBEPXHO-
CTAMH ¥ TOYKa OTCYeTa HaXOAMTCA HA OJIHON U3 HUX, TO HA TOYHOCTh HANajKH
@yo-yp OKASBIBACT BIMAHHE TOILKO IIOrPEIIHOCTh MO3UIMOHHPOBARUS Y BTO-
POt TIOBEPXHOCTH &, (pHC. 42). 310 XapaKTepHo Jls 06paloTKy Ha cTaHKax ¢

UI1Y B npuparmenusx. Eciu TouKa oTcYeTa HAXOMMTCA BHE TIOBEPXHOCTEH 06-
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(puc. 4b).
Cranok dopmupyer pac-
Reference’s Reference’s crogpms L ¢ TOMHOCTBIO Xapak-
nt Z 11 s
s"\) poi @ L P TEPHOH [I8 HANAMKH @y, -
1

pabOTKH, TO B COCTABE Wgpy yyp BXOAAT 26,

Pasmep L Mexnay TOYKo# oTcyera
B OKPECTHOCTH NOBEPXHOCTH S H

& NOBEPXHOCTBIO S, Ha JleTaiH
dbopmupyeTcs ¢ TexHONOrHYecKoi

TOYHOCTBIO CTaHKa PAaBHOH @),

@ (puc. 5a). [TonoxexHne NOBEPXHO-
€ €
i Bz POz b ety §; mocae obpaborku Heomnpe-
€JeHHO B lpenenax coOCTBeH-
Puc. 4. ®opmuposanye NOrpeLHo- o ped
HBIX forpemsoctei 06paboTku u
CTH HaMa KK

OTpPENIeNIACTCS TOYHOCTHIO pa3Me-
pa M BEINONHAEMOTO OT TEXHONOIHYECKOH 623bl @, ,, (pHc. 5b). [TommocTeio

KOMIEHCHPYETCS TOTPELUHOCTD YCTAHOBKH, B 3aBHCHMOCTH OT CHTYallM¥ KOM-
NEHCHPYIOTCS MIOTPEILHOCTH HaNla/ikyi | NorpeluHocTH obpabotky. Torjia:
O = Qoo |, + Dyoch pt =2 Einst =2 O gomp (4)
Reference’s IMpunycku Ha 06paboTKy ABISIOT-
point\ N techM €l TaKxKe pasMepamy, KOTOpbie (popmu-
@bo /l\’ JS PYIOTCS MEXY ABYMA MOBEPXHOCTAMI.
}h}, - 1 Pasuuiia 3ak104aeTcs B TOM, YTO OZHA
MOBEPXHOCTh WCYE3ACT W HAa ee MecTo
dopmupyercs nomas. Mcnonbzopanue

L (o) BhID@KEHHS (4) NPHMEHHTEABHO K IpH-

TyCKaM I103BONSAET CAENATH BRIBOA O TOM,

410 3QIEKT OT UCTOAL30BAHKS NPUHIH-

S Ma 110CTOSHCTBA 0a3s COCTOMT ¥ B yayu-

@m IIEHHH  TEXHONOrHYECKOM  TOYHOCTH
techL

CTankos npu obpabotke (wf:;i' )0

Puc. 5. ®opmuposanue Tou-
HOCTH pasmepoB oT obGpabarsiBae-
MBIX [10BepXHOCTEH

CBSI33HO C YMEHRHICHHEM DONYCKOB IIpH-
1nyckoB Ha 00paboTky u rporece obpa-
OoTiu Donee crabunen.

Crucox mureparyppr: 1. Toca Alexei, Stroncea Aurel, Goncear Sergiu.
Aspecte ale analizei dimensionale cu efecte de compensare a erorilor./T ehnologii
Modeme. Calitate. Restructurare, Vol. 1, Chisindu, Tehnica-Info, 1999, p. 401 -
406. 2. Toca Alexei, Stroncea Aurel, Goncear Sergiu. Cu privire la efectele de
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compensare a erorilor./ Tehnologii Moderne. Calitate. Restructurare, Vol. 1,
Chisinau, Tehnica-Info, 1999, p. 407 - 410

Cmamuss nocmynuaa ¢ pedaxyuo 27.04.2001 2.

WH/XEHEPHUS IJIOCKHX MTOBEPXHOCTEM TPEHUSI-
CKOJILXXEHUS ITPH OBPABOTKE HA CTAHKAX C
KOMIBIOTEPHBIMH CHCTEMAMMY YIIY

Dénopos B. I1., Haropknu M. H., Kopaaésa E. B. Haropkusna B. B.
(BI'TY, ¢. bpanck, Poccus)

The elements of the new approach to choice of systems of metrics of quality of
surfaces of details of machines, founded on usage of theory to information,
criteria of choice of the rational system are considered. The flowcharts of
definition of parametric reliability of technological system and measuring-
intelligence system of measurements of the geometrical characteristics of surfaces
are given,

Pacemarpusaercs duuMiinas cTajus npouecca obpaborku GyHKIMO-
HaNLHOM TOBEPXHOCTH ACTANY THMA HANPABASIOUIEH CKOMBXeHHA (TEXHONOTH-
yeckas cucrema (TC) - 06paboTka MOBEPXHOCTHHM IJACTHHECKHM AeDOPMHE-
posanuem (TTILI)) u npoiiecc e€ sKCIIyaTauny B YCJIOBUAX TPEHHA CKOMBKEHHUA
(cuctema 3&313‘1_)_(37&%3 - C3) (puc. 1).

Q4 e

Puc. 1. Bapuants! GopmupoBalus 3KCTUIyaTaLMOHHBIX CBOHCTB ITOBEPX-
HOCTH € YHETOM YCHOBHH M3rOTOBIICKEHS U IKCIUTYaTALUH
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BXoaHbIX GaKTOpoB TexHONOrK4ecKoH cuctems! (TC), KoTopeii BKIIOMACT B Ka-
yecTRe aneMeHToB yeoBrs 0bpabotku (cuna O, ckopocts ¥, nopava S 1 ap.) u
gektop K, suauenuit IIKIIC, nomyyeHHbIX Ha NpeilleCTBYIOLIEH Onepatuy;
K - Bektop BhIXOMHBIX NapametpoB TC snemeHTamyu KOTOPOTO AB/ISIOTCH
TIKIIC; 3- BEXTOp YCHOBHIT 9KcILTyarauuy obpabarteisaeMol NOBEPXHOCTH Jle-
tanu B coorsercTByRoieit C3 (B paccMaTpuBacMOM cilyyae Harpyska g, OTHO-
CHTelbHas CKOPOCTb CKOJIBXEHHA V' 1 ap.); 3C - BeKTOp BLIXOAHBIX [1apaMETPOB
(D, aeMEHTaMH KOTOPOTO ABMSIOTCA NapaMeTphl SKCILTyaTalHOHHBIX CBOUCTB
(IT2C) (Benmunna uzHoca h 3a BpeMs At, ko3 dUIMEHTH TPeHHS U Ap.).

BapuaHThI OTAENBHBIX KoMroneHT Bektopos TC, K, 3, OC npencras-
10T c000# coOTRETCTRYIOMME MYHKUUM OT JUMHL moBepxHocTH I (xoopau-
Hara X), obisii BUA KOTOPBIX MOXKET GBITh Mpe/CTaBieH B BHAE BEPIINH PEBO-
BHAHOrO rpada ag, @i, as, ..., az, @s (@ - ACXoAH0e CoCcTosHME) BepuinHe! a; ¥ ay
NPEACTABISIOT COBOH KOMITOHEHTY BexTopa JC, B JAAHHOM Ciyyae H3HOC 32
Bpemsi A KaK QYHKIIMIO INHHB TOBepXHOCTH [T: h = f(L) =f(X).

Ilpu cnoxuBmielica cxeme 0OpaboTKU Ha MOCTPOGHHBIX pexuMax (q;, 0 =
const) GopMupyeTcs MOBEPXHOCTh JIETANM ¢ U30TPOMHON CHCTEMON ToKasare-
el kayectsa (a3, K; = const). B ycaoBUsX e 9KCTITyaTalldy Ha MOBEPXHOCTS
JIEHCTBYET KOMITEKC BHEIIHUX (aKTOpOB, KOMITOHEHTHI KOTOPOTO B 0611eM cry-
qae ABMAIOTCs CTy4aiiHpIMHY BETHYMHAMH, MaTeMaTHIeCcKHe OKUJAHHS KOTOPhIX
U3MEHSIOTCS BO BpeMeHH (ag, ¢ = f (X)). Taxum ofpasomM, juis TOKaNBHEIX yya-
CTKOB [IOBEPXHOCTH KOMIIOHEHTRI KOMIIIGKCA BHEIIHWX cbafc'ropos 5 6}’)1}"'[‘
MMETh PA3JIHMHEIC 3HAYCHHS, YTO HEH30EKHO BnedeT 3a co00H aHM30TPOIIHIO
9KCIUTyaTallMOHHBIX CBOMCTB NOBEPXHOCTH B LesoM (as, h = f(X)).

Bepmnﬁa ag COOTBCTCTBYET H30TPOMHOCTH IKCITyaTallHOHHbIX CBOHCTB
NOBEPXHOCTH Ha BeEM e npotskernu (7 = const). ITpu ycaosuu K (L) = const
Ansl COCTOSIHHN a7 U ag UMEIOT MECTO CIIEAYIOLIME TOTHYECKME BHIPAKEHHS

a;-:((alva3);\a6)v((a2 va,)aag)=Av B (1)
ag =((a vas)nas)vi((a, va)nag)=Cv D (2)

Boipaxenue (1) cootsercrayer anuzotponuy, a (2) - U30TPOLMHU TOBEDX-
HoctH /T o BEJ'[H‘-IHHG H3HOCA Ha BCEM [IPOTAXKEHHH [IPH 3a1aiiiibIX KOMIIOHEH-
Tax BCKTOpa 3 as H ag. VIMEHHO BRINONHEHHE YCIOBHSA (2) ABAAETCA ONTHMAb-
HbIM Jns  GonbulMHCTBA COydaeB NpaKkTWKY., JIOTHYeCKoe —CraraeMoe
C=(aq Va;)f\a_r, fpescTapnger coboit ueanbHLIT ciayyaii: 06paborka U 3Kc-
TLTyaTaliis OBEPXHOCTH OCYIUECTBIAETCS ¢ KECTKHMHM, HEH3MEHHBIMH DEXH-
Mamy. Jlorieckoe cnaraemoe D =((a, v a,)A ag) mpennonaraer ananraiuio
noBEpxHOCTH ] Kk nepemennbiM B QYHKIMN ef KOOpAMHAT YCIOBHAM 3KCIIya-
TalyK MyTéM yrpaBiieHus KOMIOHEHTaMU Bektopos TC # K, mpomeccom hop-
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MMpOBaHHA Takux QyHKUMH xasecta K; = f(X), KoTophle ¢ yu8TOM ANPHOPHO
u3BeCTHBIX Qynkuuit 3, = f(X) obecneuar ycnosue (IC ), = f (X) = const. Pe-
IIeHHE ITOH JIOCTATOYHO CIOXNHO# 3aja4y, Tpebylomel ynpasieHus B IIpoLEecce
obpaboTku uenofl rpynnod napaMeTpOB TeOMETPHHECKHX #  (PUBHKO-
mexannyeckux ITKTIC, ssnsercs omHol w3 npodaeM, cTOAIIMX mepesl MHXEHE-
pHeil oBepXHOCTH.

E€ peiuenuio cnocoberByer co3gaHHas Ha Gase cramka Mon. 6P13®3 ¢
cucremoit UITY "Koopausara 2ITT71" cucrema "Kouryp ITK-NC-01", koTopas B
KaYeCTBC YIPABIIOUIEro MOY/IS BKIIOYaeT NEePCOHANBHEI KOMIBIOTED.

DaKT HATKYKS M BO3MOKHOCTb HCIO/B308aTh [IK AMst npeaiBapuTeNbHOrO
pacy€Ta TPaeKTOPHH JIBMKEHHS HHCTPYMEHTA 110 alpHOPHO M3BECTHBIM H 3a]a-
BAEMBIM AHATHTHYCCKUM 3aBHCHMOCTAM, @ TAKOKe JUIS CBA3M C BHEWIHUM 0D0pY-
JIOBaHHEM, H3MEPHTENLHO-HHOOPMAUKOHHEIMU CHCTEMAMH, NPOMBILICHHBIMH
pobotamu, DBM Gonee BBICOKOTO YpoBHS ¥ Ap., Mpuuaior cucteme "KOHTYP
TTK-NC-01" ueptsi, xapakrepusie ais cucrems YITY tina CNC i PCNC. Ipu
3TOM CHEAYET UMETh BBHAY, 4TO B Ka4eCTBC HCTIONHUTENBHOI YacTy NpHMEHSETCS,
busuyecku nocraroyHo paborocriocobHas u Hanéxuas cucrema UITY.

Paspaboraunan cucrema "Kortyp IIK — NC — 01" Hapsay ¢ 3agaqam
ynpasnerus [IKTIC B npouecce 06paboTky 1o3BonseT pacliMpHTh peruaeMbii
Kpyr BONPOCOB MHXCHEPHH NOBEPXHOCTEH B YAaCTH CO3LaHMs pa3NuuiibIX CHC-
Tem Mukpopensedos. C 31oM Leabio paspaboTad METOI GOPMHPOBALUS MHKDPO-
penbe(oB NOBEPXHOCTHBIM TIACTHYECKHM AeOPMHUPOBAHHMEM TIPOrPAMMHBIM
cnocobom (ITTITIC).

Ilpeanoxennblfi nporpaMMEBIH MeTOX $OPMUpORaHHS MUKpOpelbe(oB
NO3BOJIACT PACIIMPUTH MX KIacCH(UKaLHMIO, hparMeHT KoTopoi {puc. 2) npemy-
cMaTpuBaeT 2 OCHOBHLIX THNA MHKPOPEIbCdOB: CHHYCOMAAMbHEIA H HECHHY-
coupanbHbtii, CHHYCOMNANBHBINA TIOAPa3NENseTcs Ha 3 PasHOBHIAHOCTH: pery-
NAPHBIN, KBA3HPETYNspHbH, cToXxacTHueckuit. [puueM, nocneauue nse pasHo-
BHAHOCTH MOTYT OBITH peaiu30BaHbl TOJIBKO HA CTAHKAX C KOMIBIOTEPHBIMH
cucremamn HIIV (cuctemsr (ITK + NC), CNC, PCNC). IMapameTtpsi cHHycOU-
J27BbHOTO CTOXaCTHYECKOr0 MHKpopebeda GopMHUpYIOTCs NyTEM HCnoib30Ba-
HHS COOTBETCTBYROUIMX NaT4HKOB lcesgocayuainbix uucen. Knaccuduxauusg
NpelyCMATPHBAET TPH THIIA CTOXaCTHYECKOIO CHHYCOHIANLHOTO MHKpOpehe-
Ga: 1) “A - croxacTHuecKui” - cnyyaiinoit ABNseTCH aMILIATYAA, KOTopast H3Me-
HSACTCH JUIAL KXJ10T0 Nepuoaa; 2) “T - CTOXAaCTHYECKUH” ~ MEPHOA CHHYCOMADL
ABNACTCH CY4aHHON BCIMUMHOMN, H3MeHsIouIelHes o Anune obpabotku; 3) “AT
- CTOXaCTHUECKUH™ - CliyyalHbIMH BEAHYHHAMA ABASIOTCA OJHOBPEMEHHO aM-
IIHTYA@ ¥ TIePHOI CHHYCOM/IbL.

Hecunycounanpusie mukpopensedbl  GOPMHPYIOTCS MHCTPYMEHTOM,
LCHTP KOTOPOr0 ABWXETCH OTHOCHTCILHO 00padaThiBacMOil IOBCPXHOCTH [0
HENPEPBIBHON TPAaCKTOPHH, UMelonel! agaluTHYecKoe HENpephiBHOC MU KY-
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COuHO-THHEHHOe ONMcaHue ¥ OTIHYAIOLIeHCH OT CHHYCOUIBl. DTO OOUIMPHBIH

Knace MHKpOpebeOB, HMEIOILKX CaMylo pasHOOBPAasHYIO CTPYKTYPY K HOIe-
Kaluil gaibHeHeMy JeTajlbHOMY HCCIeIOBAHMIO TI0 BIMSHUIO, OKa3bIBACMOMY

HAa IKCnnyaTalMOHHEIC CROHCTBE [IOBEPXHOCTH.

] Cnuyconﬂanbnb{ﬁ_HT'Iin MuKpopenseda H chn}*com&;wumﬁ_l_
|

¥ v
Perynsapubii Kpasuperyaaphsiii | CroxacTHyuecxuii f—

A s . Y = po=t b
e A - CTOXACTHUCCKHUTA
ZT\ :7\\ ;7\\ i %JHQ&HNF% % ivd <]
| ; : il Anale |

MIOTHOCTL OBPABOTKH
T - croxacTHyecKuii
TloctognHas _ YA _ 5 I )

-

AT - croxacTuyecknit

S=const;| | S=var; |S=const;] S=var; |[]Y4 = _
T=const| |T=const|{ T=var | T=var il
1 1 I ]
¥
Tun nuerpymenra b e

L i
5 l vV 2 l — V MOJHDPHKALMA THIIOB
MHWKPOPEJIBEDA
Puc. 2. Tune! Muxpopensedos, peanuzyemsie meronom ITTIITIC Ha cran-
Kax ¢ koMnbioTepHbIME crctemamu YITY (TIK + NC, CNC, PCNC)

Ipennoxennas KIacCHPUKALKS TPELyCMATPUBACT MUKPOPEThEDHI C M0~
CTOAHHOM U MepeMEeRHOH MIOTHOCTEI0 06PaBOTKH, YTO JOCTHIACTCA Pa3THYHbI-
MH criocodamu. PasinynEle MOIMQHKAUKMK THIIOB MHKPOpeTbeda JOCTHTAITCH
IyTeM TIDHMEHEHHS HHCTpyMenta ¢ uenTpanshbiM (LIM) unu nepudepuiino
(TTH) pacrionoeHHbIM HHICHTOPOM, BHITIONHCHHBIM B BHAE CTATBHOTO apHKa
HJTH 2JIMA3HOTO BBINTAXKHBATE]SL.

Wutepec npejcraBnser ucciefoBanue AMNAMUYECKHX XapAKTCPUCTHK
fiporecca aMasHoro BBIMAKABAHUS KaK OJIHOTO U3 OCHOBHBIX HHCTPYMEHTOB
Metoa ITIITIC. Vuér auramuky nponecca HeoGXOMHM 1pH 06paboTKe BOTHH-
CTBIX NOBEPXHOCTEH, NPOGHIL KOTOPBIX OMHCHIBAETCH YPABHCHUEM:

X, )

2

W, :
L= —;a" -sin

~w

TA€ Woiax 1 Sy, — COOTBETCTBEHHO, MAKCHMATLHAS BHICOTA 1 cpeHul war BOaHu-
CTOCTH 110 cpefiHei uuvn. Benuyuna 7, sBnsercs pXoaHoil ang NPUHATOR AH-
Hammieckod monenu yerpokictsa [TI1J1 ynpyroro aeifcTBus ¢ BepTHKaIsHOMN
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ochio (puc. 3a), peacTapaouas coboH kosebarensHOe 3BEHO ¢ AeMIIUPOBAHUEM.
Jlns paccMarpHBaeMOil MOJETH YCHIHE obpaGorku O onpepciseTcs cie-
AYHOLIMM AnGdepeHIMaTbHBIM YPABHEHHCM:
O=mZ+FZ+c(Z-Zy)+mq, (4)
zZh 4

anf 24~ m {wa

Wmax Aoy i E T

! W 1
L, §

= v i
X o Sl

¥ >
ENENIN

1

-
Puc. 3. IuHamuyeckas Monens yerpoiictsa I ynpyroro JedctBrs (a) u
BOIMOXHBIE TPAEKTOPHU NBHXEHUS MHIEHTOPA IpH 00paloTKe BONHHCTOH 110~
sepxHoctH (6)
Tlle m — Macca MOABMKHAIX yacTell; F — koo GuUHuenT BI3KOro TPeHU; ¢ — wE-
CTKOCTH TONBHIKHOMN CHCTEMBI; Zo — BENWIHHA MPENBAPUTENLHOIO HATAIA TIPY-
KUHBI, Z — (YHKIHA, OnpeyensemMas TCKymHM npo¢uaemM TOBEPXHOCTH; g —
YCKOpPEHHE CHIIbI THKECTH.

IIpu 0OpaboTKe IITOCKHX BOTHACTBIX TIOBEPXHOCTEH BO3MOMKHBI CETYIO-
[He CXeMbl MX KOHTaKTHPOBaHUsA C MHACHTOPOM (puc. 36): 1 — obpabotka be3
OTphIBA MHACHTOPE OT 0bpabarpiBaeMO# TOBEPXHOCTH] 2. 3 — obpabotka ¢ OT-
ckoxom; 4 — 0BpaGoTka ¢ noaGpaceisanmen. B ciayuae 2, 3, 4 Heuslbesken ymap
NPH TOBTOPHOM KOHTAKTC HHACHTOPA C MOBEPXHOCTRIO B 1. a', b’, ¢/, uTo Hakna-
IpiBaeT ONpeeNEénHElil OTMEYaToR Ha chopMHpOBaHEE N1ApaMETPOB KadecTsa
(sanuyne BuaTuH). CreneHs BO3AeHCTRHA YIPOUHMOUEr0 HHACHTOpa Ha MO~
BEepXHOCTb YHOOHO OlEHHBATh k09O OULHCHTOM KOHTAKTHPOBAHHS K,, npen-
CTABNAIOWMM cOG0 OTHOLUGHME CYMMBbL [pOeKIKH YITPOYHEHHBIX YHACTKOB X
obueit wmse 0bpabortkn (puc. 36).

AnaTu3 peleys ypassenns (4) NpH pacCMOTPCHNH npouecca 6e3 3ary-
xaHus Kax Haubosiee HeGIArONPUSTHOIO CITydas, 1103BONUT MOAYIHTE HEPABCHCT-
B0, KOTOPOMY JIOJDKHA YAOBIETBOPATH CKOPOCTD ofpabotkn V ¢ nenso odecre-
yerns Ge30TPHIBHOCTH ABHKEHHU HHIGHTOPA:!

v
pSme . | 20 5)

27 \Woax -/
AHanorduHbie PEe3yNbTaThl MOAY4YCHBl HPH PCLICHHH BH10M3MEHEHHOTO
ypaBHeHus, aHaTOrHyHoro (4), Ml yerpoiiers IIITJ] ¢ ropi3oHTankHO pacno-
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JIOXKEeHHOH OCBIO MHACHTOPA (06paboTKa LMIMHIPUYECKHX H (hHacoHHBIX T0-
B'epxnocreﬁ HA TOKApHBIX CTaHkaX). TTosryueHsr dopmysibl Ui pacu€ra 3Haue-
Wyl TpeABapUTENbHOTO HaTAra NPY)XUHbl W KOMIUIEKCHOTO aMIUIHTYAHO-

4aCTOTHOTO [J0Ka3aTelis, 06ecneHHBAIOINX UX fesoTpriBHYIO 00paloTKY.
Cmamea nocmynuaa ¢ pedasyuio 30.04.2001 2.

N3YYEHHUE 3AKOHOMEPHOCTEN ®OPMOOLGPA3OBAHUS ITPH
HOJUPOBAHWUHU ITPUPOJHBIX 1 CUHTETHYECKHX
AJIIOMOCHJIUKATOB

®unartos Y0. JI., Cupopko B. H., Kpamap B. I, Crpsabuu B. B.
(MCM wm. B. H. Baxyna HAH Yxpaunei, 2. Kues)

Impact of modulus of elasticity of working layer of tool on forming of surfaces of
parts of natural and synthetic silica-alumina materials at polishing is
investigated. Results of computation of pulse ratio of toal surface by working
layer are presented.

Mexanuzm GOpMOOOPa3oBanUs NPEUM3UOHHBIX TUIOCKMX ONTHUECKHX
TOBEpXHOCTEH HccnenoBan B [1], Ha ero ocHoBe paspaboTasbl METOAR! pacueTa
KOHCTPYKIMH pabouero cios NONMPOBaNbHOTO MHCTPYMEHTa M KMHEMAaTHde-
CKHX napameTpos npouecca 06paboTkH, UCMOIE30BaHUC KOTOPBIX NO3BONISIET
CTabHIBHO 0BecheunBaTh TOYHOCT) UX reoMeTpiieckoil hopmbl B npefenax 3-
5 uHTEpdepeHUMOHHBIX Koel. B TO xe Bpems, s peraneii U3 anoMOCHIH-
KATHBIX MATEPUAIOB JpPYTOro HasHaye-
Husa (M31e04il U3 HCKYCCTBEHHOTO U TIPH-
POJHOIO KAMHS, U T.IL.) TOYHOCTH Gop-
MBI KOTOPBIX, B OTIHYKE OT ONTHYECKHX
neTanei, He pernaMeHTHPYETCs, YPE3Bhbl-
yaiiHo BaXHBIM ABJIsETCS BOmpoc 06 yc-
JIOBMAX MX KOHTAKTA € ITOBEPXHOCTHIO
MONMPOBANBHOIO HHCTPYMeHTa. Ha puc.
NpUBEAEHbI PACTIPENENCHUS BBICOT MaK-
poHepoBHOCTEH HeoOpaboTaHHOH — n0-
BEPXHOCTH  KEPaMmMM4eCKOoro  IpaiuTa
wranbgackoit pupmel “MIRRAGE”.

Jina 3dhekTHBHOTO TONMPOBAHNS

Puc.]. Heobpaborannas mo- Takoji OBEPXHOCTH HEOOXOAHMO COBIa-
BCPXHOCTH KepamMuyeckoro rpamu-  [CHHE €C dopmbl ¢ hopmoit paboueit mo-
Ta BEPXHOCTH MHCTDYMEHTa Wil Crocob-

HOCTE Hocienest H3MCHATBCH B IpoLec-
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ce nosmuposanus. [lepsoe Tpedopanye B PEATbHBIX YCIOBUAX HE MOKET OBIThH
BHINOTHCHHO, @ BTOpoe TpeboBanue MOXeT GbITh ofecrieueso 3a CUET YMEHb-
LICHEUs MOAYNS YHPYTOCTH paboHero cos MOTHpOBATLHON0 HHCTPYMEHTA K
3a cueT MOBBIILEHUA AABMEHUS TPHKUMA HHCTPYMEHTE K obpabarsiBaeMoi Jie-
tanu. Jlng aHanusa BIMSHMS MOAYIL YNPYrOoCTH HMHCTPYMEHTa Ha BCAWHHHY
nedopmausi ero pabodero cnos B npouecce 06paboTKH KCMOB30BaHbL PE3YIlh-
tathl [2], B COOTBETCTBUY C KOTOPHIMH BEIHHHHBI MOZYIA YNPYFOCTH E, mpu
KoTopoM Gy[IeT AOCTHIaThCs [TOTHEIH KOHTAKT B3aUMOJIEHCTBYIOILHX TOBEPXHO-
cTeit HHCTPYMeHTa 1 00pabaTEiBaeMOH AeTalu:

4
Kp=9709‘?‘;p L ¢}

Nh

C mOMOIBIO NONY4EHHOTO YPABHEHMS MOXKHO OTIPEACNTATE BEMHUHHY MO-
AyIsi YIPYrOCTH, KOTOPYIO JOJKeH HMETh padoyei cnoli MonupOBaNLHOTO HH-
cTpy™enta Ipu 06paboTke moBepXHOCTeH netaieil ¢ pasHsIMU TPeOOBAHUAMH
1o TouHocTH X dopmbt. [s npumepa paccMOTPEHO TpH THIIA JleTanel: AcTanb
KeHO-(QoToONTUKY (TOYHAS ONTHKA), OYKOBYIO JIMH3Y H ACTANIR 6e3 TpeboBanuit
¥ TounocTi (Gopmbl (ITUTKY K3 KEPAMHYECKOTO rpatnta dupmbl “MIRAGE”),
[TOCKYIO NOBEPXHOCTH MPUPOAHOTO KaMHA H t.n.). [lepsas #3 HUX XapaKTepH-
3yeTcs TO4HOCTHIO opmbr N <5 uHTEp(HEPEHLMORHBIX KoJienl Ha Anamerpe D =
100 MM 1 o6pabarkiBacTCs NONMPOBANBHBIM HHCTPYMCHTOM, KOTOPBIH COCTOHT
3 NONMPOBATSHBIX JIEMEHTOR AHAMETPOM 10 M, ripu fasnesns p,~0,05 Mlla.
TounocTh GopMbr 06pabaThBaeMON TOBEPXHOCTH OKOBOH JIHH3b] XapaKTepH3y-
eTCH OTKIOHEHHEM MopafKa 25MKM Ha quamerpe 60 MM, @ IPOLECe €e MoRHpPOo-
BaHUs OCYIUCCTBMSETCH TONUPOBAILHAIM HHCTPYMEHTOM CO CTIIOLIHBIM pabo-
YHAM CIOEeM IIPH TaKOM e NaBIeHHH TpHIKHMA. QTrnoHeHKe OT IUIOCKOCTIHOCTH
0BpabaThIBaeMbIx IOBEPXHOCTEH NETANCH TPETHCIO THIA MOKET OBITh OLEHEHO
penwrumnoit nopaaxa 100 MxM Ha guamerpe 20 MM (puc. 2, nonuposagHas no-
BEPXHOCTR), TONUIAAA pabodero cnos MHCTPYMCHTa k=10 MM, p, = 0,05MITa.
PaccueTiible 3HAYCHMS HCOBXOAMMOJ BEMUMHBI MOAYIA YNPYTOCTH pabouero
108 TIOMMPOBANLHONO HHCTPYMEHTa £y, ANS o6paboTky yKa3aHHbIX THIIOB JI€-
Tanei coctapnsior cooterctaenio: 27,7 [Tla, 18,7 I'Tla u 7,2MT1a.

VMeHsIIe e MOAYIS YIPYTOCTH MOXKeT ObiTh JOCTHTHYT 3a CHET CO3Aa-
s HOBBIX MOJMPOBATLHBIX KOMIIO3UTOB Ha OCHOBE BUCOKOHAIOMHEHULIX 3713~
ctomepos (Moayas ynpyroct E = 0.1-10 MTTa).

TeopeTuyeckoe UCCNCI0BAHUE BIUSHIA KOHCTPYKUHH pabodero cios u-
CTpYMeHTa OCYUIECTBIANOCH TYTEM aHAIN32 KPHBBIX PaCIpEACICHIA ko3 (-
LMeHTa 3arloNHenus k;(7) MO KPYrOBbIM 30HAaM pajiyca r. AHAIN3 NPOBOMIACH
JUISL CXEMBI NOJIMPOBALNS, NIPH KOTOPOH TIOCKaA [I0BEPXHOCTh pabouero caos
MHCTPYMENLTA B3aUMOJEHCTBYET € HeorpaHH4YeHHOM 00OpabaThiBacMOl NoBepX-
HOCTBEO (C MOMYNPOCTPAHCTBOM), IPH JIOMYIUCHUN O HESHAUHTENLHOM BIUAHUH
BLIXO2 HHCTPYMeHTa 32 kpaii oGpabaTsiBaeMOH NOBEPXHOCTH. Vcxons U3 me-

3
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romuku A.C. ITponHKoBa, Aif pactieta MHTEHCUBHOCTY U3Hoca paboyero cnos
JHCTpYMeHTa HBLTO HCTIONB30BaHO ypasheHnwe: I(r)=const(r)p(¥)r (S(r) — nivna
TyTH, KOTOPBIH TIPOXOJUT MEMCHT paBouero cnost HHCTpyMeHTa no odpadarmi-

BaeMoil [IOBEPXHOCTH, p(r) — pacnpese-
JeHHe JaBieHHd NpHXKHMAa HHCTRPYMEH-
Ta K 00pabarbiBaeMolf IOBEPXHOCTH MO
KpyrosuiM 30Ham). Onpeaenss [(r) kak
npousseaerue 2w k(r) AS(r) (4S(r) -
NUHEHHBIH M3HOC JNeMeHToB pabodero
crog) ®  nonoxus  AS(r)=const,
p(r)=const, mokasano, 4to ans obecrie-
YyeHHs pPABHOMEPHOrO H3HOCAa MHCTDY-
MEHTa N0 KPYTOBBIM 30HaM Heobxoaumo
¥ JOCTATOYHO BBITIONHEHHE PaBEHCTBA:
ki(r)= const S(r). lns onpenenenus S(r)
uepes3 BeIMYMHY OTHOCHTEILHOM CKOPO-
CTH MEPEMCILICHHUS SMEMEHTOB paboyero cnos OTHOCHTENBHO obpabareiBaemoii
HOBEPXHOCTH s nocnenHei MONYYEHO BhIpaKeHHE:

Puc. 2. [lonuposanHas
IOBEPXHOCTH ~ KEPaMuU4ecKoro
rpaHuTa

U(r)=‘fa)22r2 +V[,2 —2w,rVy sin(@yt) (V, = CKOPOCTh MOCTYNATENLHOIO JBH-
JKEHHA UHCTPYMEHTa, () — YIIOBas CKOPOCTh BPAUICHHA unctpymenra). Onpe-
JENISS ¥X TPACKTOPHIO ABIKEHNS YPaBHEHHAMA: X = 1 cos (@) * Vo y = -7
sin(@, 1) (puc. 3), MOXHO TOKa3aTh, YT S(7) BLIPAKACTCA B COOTBETCTBUM C
hopmynoH:

S(r) = [U(r)de @)
0

Kpussie pacnpenenetus kir) Obuld pacCYHTAHBI JUIS HHCTPYMEHTOB e~
THIPEX Pa3HbIX KOHCTPYKUMi auamerpom 160 MM ¢ AMaMETPOM NEHTPaabHOrO
orBepcTHs 50 MM, KOTOPBIE OTNHYAOTCS KOMUYECTBOM [TONUPOBANBHEIX JIEMEH-
TOB ¥ WX pacroiokeHHeM 1O KpyroBbiM 3oHam (Tabauua). Bee xoncrpykuuyu
XapaKTEPU30BATUCh BO3PACTAIOIIMM OT HEHTPa K KParo KOI(GPHULHCHTOM 3amo-
HEHHE B COOTBETCTBHY € TEOPETHUECKOH 3aBUCUMOCTBIO kr). Ha puc. 4 npuse-
ACHHBI TEOPETHYECKH paccyWTaHHas KprBas k;2(r) w KpuBas pacnpeieneHus
ki(r) nns MHCTpYMEHTa THTa 2. AHaJOTM4HbIE 3aBHCHMOCTH TOMYHEHD! JUIS HH-
CTIJXMEH‘DOB BCEX pacCMOTPEHHbIX KOHCTPYKuMi. MX cpaBHeHue ¢ TCOpPCTHYE-
CKOH 3aBHCHUMOCTHIO TTO3BONAET Bblﬁpa*rb Haubonee pallHOHAILHYIO KOHCTPYK-
LMK paboyero cnos MoNMpOBATBEHONO HHCTpyMeHTa. Hawbonee pasHOMEpHO B
lIpouecce nonupoBanus OyACT U3HAIIMBATHCS MHCTPYMEHT C KOHCTPYKLHEH pa-
004ero ciios Tama 1 (114 Hee XapaKTEpHO HauMeHblliee OTKIOHEHHE 3aBUCHMO-
CTH k,(¥) o Teopernyeckoii kpuBoi — 19%).

47



50

y(ri) o

-s5p

I

wawdery,
Manttelt

Nty

35

7 ,,
il
t'iaiimjjs'i'-:“ i'i!‘!"%'

\ .\1\\\\" AT A

;‘.:;'0 SRR
([T

!

AR
M

i |/
!

o~ 86,
192,90 -50

— 59316,

X, 1)

300
289.44,

Puc. 3. Tpaexropus JIBHKeHUd sneMeHTa pabouero cos HECTPYMEHTA Mo
obpabaTpiBaeMoli TOBEPXHOCTH

Tabnuna - [NapameTpst KOHCTPYKIWMiE pabodero cilos HHCTPYMEHTOB

Tun 1
Homep 30HbL, 1 1 2 3 4
Pajiyc 30851 1y, MM 36 39 51 66
Yuclo 3A¢MEHTOB B 4 4 8 16
30HE A,
Tun 2

Homep 308861, m 1 2 3 4
Paguyc 30HbI Fy', MM 37,5 49,5 61 70,5
Yucno 37eMEHTOB B 4 4 4 12
30HE A,

Tun 3
Homep 30151, m 1 2 3 4
Pajiuyc 30HEI gy, MM 34 47 35 68
Yucno 30eMEHTOB B 4 4 4 16
30HC H,y i

Tun 4
Homep 30Hb1, m 1 2 3 |
Papmyc 30161 £y, MM 37,5 44 67
Yucno 3JieMEnTOBR B 4 8 20 .
30HE A, J

Jlnst KoNH4eCTBEHHOM OLIEHKH H3HOCOCTOMKOCTH PacCMOTPEHHEIX KOHCT-
PYKUMA NOJMPOBATGHOTO HHCTPYMCHTZ HCTIONB30BaNach BEIMYMHA HHTE-
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TPajibHOrO KO-
OUIMEHTa 3a10i-
HEHHA [IOBEPXHO-
CTH HHCTPYMCHTA
paboyum  crnoem
K;, xotopas ais

UHCTPYMEHTOB
Tuna 1-4 cocras-
AsleT  COOTBeTCT-
Berno: 0,36 ; 0,25
; 0,30 u 0,34. Ha
OCHOBE IONy4eH-
HBIX PE3YALTaTOR
L MOXHOQ  CcJenathb

Puc. 4. Kpussie pacnpenenenus k(r) ans uHcT- BBIBOA O TOM, HTO

pyMeHTa THIa 2 Hapbonee paBHO-
MEPHO M HauMe-

HEE MHTCHCHUBHO B npouUecce HNONIHPOBaHKS 6}’116'[‘ H3HAUIMBAaThCH HHCTPYMCHT C
KOHCTPYKUHeH paboyero ¢iios Tvna 1, KoTopeiif cOCTOUT H3 32 HONMMPOBANIRHEIX
JAEMEHTOB, DACIIONIOKEHHBIX 110 KPYIOBbIM 30HAM HHCTPYMEHTA B COOTBETCTBUH
¢ Tabnuuei.

OKCrepHMeHTalbHAS TIPOBEPKA MOJYYECHHBIX Pe3yNBTAaTOB OCYIEeCTRIIs-
JIack MpH NONVYPOBAHMHM MJIOCKHX [OBEPXHOCTEH IUIMT H3 NIPHPOAHOIO U Kepa-
MHHECKOI0 IpaHuTa HHCTPYMEHTaMH Ha OCHOBE OKCHAA ANIOMHHMS C OIIMCAH-
HBIMH BbIlE KOHCTPYKLIMAMK pabodero ciof Ha pafHalbHO- CBEPIMILHOM
craike moz. 2JI53V, cneunanpHo npucriocoOneroM Juis 06paboTky KpynHora-
OapuTHbIX gerancit. B pEe3yAbTATE ONBITOB YCTAHOBIIEHO, YTO BCE KOHCTPYKIIMA
PaboYero ciost NONUpOBATBHOINO MHCTPYMEHTa OOECNIEeHMBAIT PABHOMEDHHI
XapaKTep ero Y3HOCa U HE3HAUNTENLHO OTAHYAKOTCS 1O H3HOCOCTOMKOCTH.

Cuncox anrepatyper: 1. Onnaros 10.]. Onpenenenne ontuMansuoit
DOPMBI MHCTPyMeHTa IPH [IOIRPOBAHMH [IOCKHX ONTHYECKHX noBepXHOCTEH //
Tpenne u u3noc 1991.- T. 12.- No 3.- C. 452 - 458. 2. dinaron Y0 1. Donupo-
BaHWe mosepxHocTeil geTaneil u3 ecTecTBeHHOro kamus // Bickix MITI / Tex-
HiNeckue Hayku.- 1999.- Ne 10.- C. 90-92.

Cmames nocmymuaa 6 pedaxyuio 04.05.2001 2.
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IIOBBIIUEHHE KO3®OPULIUENTA TEIVIOUCITIOJNIL3OBAHHUS B
CYXOBBIX SHEPTETHYECKHUX YCTAHOBKAX

Xomenko B.C. (Xepconcxuii hunuan YIMT. Y, 2. Xepcon, Yxpauna)

The possible ways of the increasing of marine power plants econonty indexes
and the methods for estimation of their efficiency are given,

Penrabeasrocts pabotsr Mopekux TPaHCNIOPTHBIX CY/IOB B MEPBYIO OYe-
PEAb 3aBHCUT OT IKOHOMHYHOCTH HX SHEPTCTHYECKHX YCTaHOBOK.

H3-3a 049EBUAHOM BRICOKOH TOIHBHOI SKOHOMHMYHOCTH AM3EIbHBIX IBH-
ratejiell, 0 CPaBHEHHIO C APYTHMH THIIAMH TeILIOBLIX Asuraresiei, B 1107ag-
TISIOMEM HOABINAHCTBE TPAHCTOPTHBIE Cy/1a ABNAIOTCS TETIOXOAaMH, Y KOTOPhIX
B Ka9E€CTBE [11aBHbIX YCTAHOBNEHB! AU3EbHbIE IBUTATCIH.

B nocneanue rompl pesko yseanuena tormnsuas IKOHOMUYHOCTE CY/10-
BBIX JBHIATEIICH, Y JIYHIIHX U3 KOTOPBIX yAeNbHbIN S(hekTunusrii pacxon Toi-
Mmsa cHusuaca no 0,16 kr/(kBru) npu musmedl remnore cropauus 42700
KJDK/KT (AN yCiI0BHOTO TONIUES).

Onuako, cama 110 cebe BbICOKaST IKOHOMUMHOCTE [IABHOMO CY/I0BOIO K-~
3CAs Clle He ONpC/eNAeT OJIHO3HAYHO SKOHOMHYHOCTH B LEIOM CYHOBBIX Au-
3€/IBHBIX ycTaHoBOK (CLIY), T.K. Ha cyase Kpome MexaHH4eCKO SHEPTHH (Hce-
MONB3YEMOH A1 ABMXEHUS CYAHA), BRIPAOaTLIBAKTCH 1 ApyTHe BHJIb! 3HEPTHH
(anexTpudeckas — nust paGoThI pAZa CyMOBBIX MCXaHH3MOB U YCTPONCTE, Temio-
Bas - I MOJOrpeBa pabounx cped B ycioBuaAX cyana). B casizn ¢ ITHM, OLIEHKY
>xoHOMuYHOCTH CIIY Heobxoaumo enats, ToNbKo Geps BO BHEMaHUE BCe BUILI
SHEPIHY, TMPOU3BOANMOH B Mpefeiax JHEPreTHdecKoi YCTARHOBKH, € YYeTOM
B3aUMOCBA3EH MEXKIY HUMH.

IlyTn noBBILIEHHS SKOHOMHYHOCTH CIY B uenoM u3BecTHBI [1], ocHOB-
HBIMI M3 KOTOPBIX SBACTCH YTUNM3alHs TEIJIOBOH SHepruu u BEIGOD ONTH-
MAaNbHBIX CXCM €€ OCYLIeCTB/IeHHS B npeaenax CIIY.

B obuem cnyuae koapdunuent 3(QeKTHBHOCTH HCNOMB30BaHMS TenTo-
TBI OMPENIENALTCA COOTHOIIEHUEM, BRITEKAIOUIMM H3 PHC, |, Ha KOTOPOM ITOKa3a-
HEI BXOAIAIIKME NOTOKU TENJIOTH! B BHAE TEILIOTH CIOPERMICro TOMTHBA B MIap-
HBIX, BCIIOMOTATENbHBIX ABMFATENSX ¥ BCIIOMOrATENbHBIX naporeHeparopax, a
TaK )K€ BEIXOLHBIC LI0TOKH JHEPIUM B BHAE TENAOTH, IKBHBANEHTHON MEXaHH-
HECKOH, MCKTPHYCCKOH U TETLIOBOH 3Heprum.

Obo3Hauennse Ha PHCYHKE BeJTMUHHBI HMEIOT CIeAYIOMHHA CMBICT:

Q,ff’ - TeTIOTa, BRIACAAEMAs IPK CTOPaHMK TOTUTHEA B IIaBHbIX JABHTaTEeNNX;
Q,f - TEILI0TA, BbIISIseMas DU CrOPaHUK TOILIMBA BO BCIOMOTATEIbEEIX JABU-

ratensx;
O, -Tennora, BeienseMas TpH CTOP2HHHK TOTNKBA BO BCIIOMOTATE/BHbIX Napo-
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rexieparopax (BI);
“KOH o MOH r71aB-
Q,, - TENNIOTa, SKBUBANEHTHAA MEXaHHUECKOH SHEPIHH, BbIpadaThiBacMoii

mbimu asuratensmu (L)

20
Qf? . Q«d
60
Qm Tl Eehe
g T O
—_—
——p Qoy
——— Q ymiza

Puc. 1 PacnipezienieHne BXOAHBIX W BBIXOJHBIX SHEPTETHYECKHX TTOTOKOB
coy
0,,- TEIUIOTa, SKBUBANCHTHAS NMEKTPHUECKOil IHepIuy, BepabarsiBaeMoil Hc-
TOYHHKaMH BHBK'I‘}Z)H‘{BCKOFI JHEPIrHH, BKAKYAS YTHIH3AIMOHHEIC T}’pﬁOI‘CHepa-
TOPBI U BaJIOTEHEPATOPkI;
O, - TEIIOCONEPKAHNE HaCTH Napa, BbipabarkiBaeMOro BO BCIIOMOTATENLHOM
HaporeHeparope, HAYIIEro Ha ek noforpesa (pabounx cpen, rpysa u ap.);
Qy,,- TEMIOCOACPKAaHUE YACTH M1apa, BhLIpabaThiBaEMOI0 B YTHIHM3ALHOHHOM
komie (VK), mmyuiero 1a e xe 1esu;
O,, - TennoTa, Wiyllas Ha leMNH ONpecHeH s BOAb! (Yalie BCero Tennora 1up-
KVIAATIUOHHOIO KOHTYpP2a OXNaxncHus }.'iBHFEl'[‘CJ’lﬁ);
Oymsg~ TETIOTA, SKBUBANCHTHAS MEXaHHYECKOH DHEPIdy YTHIH3ALMOHHODO

Typ6o3ybyaroro arperara.
Vicxonst u3 mpefcTaBIeHHON CXeMBl HEPrONOTOKOR, K02 hULHEHT He-

101630BaHuA TerIoThl (3HepreTuueckui k.n.a.) CAY Beipasutcs B creayroieM
BHJE

o Qed + Qg{) + anc‘ i Qw. + Q(.gy + Q}.-;";a ( 1}
9 0 + 0% + 05"
Packpoem cocrasnstomme popmyist (1)

Q?g =3600- Ne '
Die N, - spdexrusras MOWHOCTS JIAaBHBIX ABHTATENCI, nepeaasaeMas K ABH-
KHTeno, KBT;

O, =3600- P,
TAe P — cymmapias MOUIHOCTS HCTOYHHKOB 3NEKTPUYECKO 3HEPrUH (H3elbre-

th
=



Hepatopos, TypOOoTeHepaTopoB, panoreneparopos), KBT;

Qur = Dpar “in>

. : 2
re D, - norpebieHne HachILIEHHOTO 11apa, spipabarbizaemoro B BIII, kr/4;

i, - IHTATBIIYA HACKILICHHOTO N1apa, K JIA/Kr;

Q}L’c = DJ‘R s
roe D;___A. - noTpebiieHHe HACHILECHHOIO Napa, Bhipabathisacmoro 8 YK, kr/4;
Qg).- == qo}- * DO}-"

TAE G,y YAETBHOC KOJMYECTBO TNNOTEL, HeOOXOAUMOI fiist OTY4eHUs OAHOTO

KATlorpaMMa AKCTHIATA, KIDK/KT;
D,,- HeobxoauMas IPOH3IBOAUTENLHOCTD OTpeciUTeNbHON YCTaHOBKH, Kr/4;

Qymm =3600- N_wrlsa »
tfie N, MOUIOCTE, NepeiaBacya oT yTHAM3AIHONHOMO TypborenepaTopa

Ha rpebuojt Ban, kBT;
20 _ a0 20 20
O =8e il

€ no?
e gj'f’- enbHb 3QdexTHBHBIA PAacXOl TOMIHBA IMABHRIM IpuraTesicM,
kr/(kBT-u);
de - 3¢ eKTHBHAs MOLIHOCTE IMaBH5IX jasurareneit, kBT,

an HH3IIas TenoTa CropaHus TONIHBA, HA KOTOPOM paboTatoT rIaBHbIe ABH-

T
raten, KJDK/KT;
ij - ONpeAeIeTCs aHATOTHYHO IIaBHBIM JIBHTATENAM;

ahne _ Ly
Qm = Benz Qn ' )
rae Bsn .~ Pacxon TOIJIMBA BCTIOMOTATEIbHBIM 11aporcHepaTopoMm, K743

Q- tepnoTa Cropanis TOTINBA, 1a KOTOPOM paboTaeT BCrOMOraTesbHbIN
M

naporeneparop, KUK/,

Vupureigag, 410 B CIY yTHAHHPYIOTCS dHEPTETHYECKHE NOTOKH pasiIny-
HOMO TOTEHLHMAna, psii asropos [1,2] cunTaioT Gofee NPaBURbHbIM OlIeHUBATE
sdpdextusrocts C/IY ¢ MCMONB30BARKEM 3KCEPIeTHHECKOTO METOAR, MO KOTO-
pOMy JKCepreTHYecKu# K.II.4. YCTAHOBKH ONPEASHICTCA BBIPAKEHUCM

_Ene (2)
Mexcoy = 7.
G km

rae E,,,- NOJE3HO HCTIONb30BAHHAS IKCEPIHA, k/Kr;
E,, - 3Kkceprus Tonnusa, kJHK/KT.

Tlo Hawemy MHCHHIO 06a METONa OUEHKH APYEKTHBHOCTA HMEIOT 1paBo
na ux npuMenenue. Bee 3aBUCKT, HA KAKOM YPOBHE HIH STafle yicce0Banns
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5Ta OLEHKa JIe1aeTCs. Ecnu paccmarpusath BCC BHIbl IHEPriH, BblpabarbiBae-
be B CJ1Y, KaK SHepreTH4eCKuH NPOaYKT, KOTOpBIH B gansueiinem Gyuer pac-
XO.I!OBaTI’CH B TE€X HWJIHW HHBIX LIEJIAX (ﬂBH}KCHHC CyJIHa, NPHBOA MEXaHH3MOB, N0~
JOTPEB, OCBEUICHHUE H T.J1.), TO ONPaBLaHO H MPEANOYTHTEIRHO MONB30BATECA
SHEPreTHIECKHM METOAOM. JT0 B MOAHOH Mepe OTHOCHTCA K CTAJHH 3CKH3HOIO
NpPOEKTUPOBAHUS CIY, xorga komnaekrauus C/Y npou3BoIHTCA MEXaHH3MaMH
1 06OPYIOBAHHEM CEPHIHO BHITYCKACMBIMM POMBILLIEHHOCTBIO 1 MIOBAHATE Ha
npoTeKaHye TENIOBbIX MPOLECCOB B KOTOPBIX HET BOMOXHOCTH. EctecTseHHo,
yTO 3TO orpaHHthaeT BO3MOXKHOCTE OTNITHMU3AIINH 1IDH CO3/1aHUH TEIUIOBBIX
cxem CITY.

Ecnu npoextuposanne CIY ppeanonaraeT OQHOBPEMEHHOE CO3JaHHe
KOMIUIeKTyionlero o6opyaoBaiiig, T0 B 3TOM Ciyyae HPCNMOYTHTEIbHEE HC-
[I0JIB30BaTh JKCEPreTHYeCKui noaxox (2).

VauTsiRasg, uT0 GONBIIHHCTBO KOMILICKTYIOMET0 000pya0BaHHI NPHHK-
MaeTcsl KaK NMOTpebuTeNy 3Hepriy PasnuYHOro BUAA, OCTAHOBUMCA Ha aHaJIU3e
sddexruBroCTH CJIY ¢ OMOIIBIO SHEPreTUHECKOI METONA.

QcHoBHBIE NYTH NOBEIIIEHUS 3xoHOMUuHOCTH CIIY H3BECTHLI: TOBbILIC-
HHe K.II.JI. MepBUYHBIX HCTOYHMKOB HEPruH, NosbileHie SPOEKTHBHOCTH pa-
60Thi NoTpeGuTENel IHEPrUy YCTRHOBKHU H BBeeHue Gonee ry0oKo#d yTunnsa-
1IWH TETUIOTHI EPBUYHBIX HCTOUHUKOB 3Heprin. [Ipu npoextuposannn CIY 13
TPEX MEepevyUCNCHHEIX HATPABNCHHH B OCHOBHOM PEaIM3yOTCA BO3MOXHOCTH
Gojiee NOMHON yTHIIH3ALMH.

Hanbonee mokazate/bibiM OYAET aHaM3 BO3MOXKHOCTEH yTHIM3AUMY Te-
IUIOTH! Ha TIpHMepe He(TeHANMBHBIX CYZI0B, KOTOPHIM NPUCYLIM pa3HOOOpasHbie
pexuMbl paboThi, TpeOyioLiue OOMBIINX KONMHYECTB TeILIOBON U ITEKTPHYECKOH
SHEPIHU.

Pacuernoe Mccnenosaine xadectsa Teivoucnoibsopanus CAY Ha npu-
MEpE CPeIHETOHHAKHOTO TaHKepa:

Bomousmernense, J......ooeiverieecnenniniinnn 40000rt;
BEODBCTE XOMA, Vy . covvisnsssinsnoarassrmmmnavabransss 15y3;
JaMBHOCTE, S, .oveii v 12000 Munp;

R ST OE T R ————— 300 4.

B onHom u3 sapuanToB C/IY xoMmiekroBaiack ManooOOpOTHEIM ABHTa-
Tenem 6JIKPH60/195 npoussonctea bpsiuckoro MalMHOCTPOUTENLHOTO 32BOJA,
BO BTopom cpeaneotoporubimM asuratesiem 6YHP60/90 (61.64) npoussoacTsa
(bupmer Wartsila.

Hpu xomrunexranuu CAY paceMarpyusaiuch CREAYIOIHUC BADUAHTEL

- YTHIH3ALMOHHBIH KOTEN OAHOIO AaBNEHHUS;

- YTHIM3aHMOHHBIH KOTea ABYX NaBICHUH;

- YTHIM3aLMOHHBIH KOTeN OZHOTO AABJCHHS ¢ OTAC/BHBIM JKOHOMak3e-

poM;



- YCTAHOBKA YTHAW3aUMOHHOrO TypboreHeparopa;

- YCTaHOBKa BalOreHeparopa,

= YCTaHOBKa BaJ0I€HEpATOpa U 'rypﬁoreHepaTopa.

PacematpuBanuchk caeiyrowue pexumst paboret CI1Y:

XO/IOBBIE PEIKUMBI:

- C IojiepKaHHeM TeMIleparypsl Ipysa 45°C;

- ¢ pasorpesom rpy3a 10 60°C;

- C MOHKO# TaHKOB;

- JeTHHH NepHot;

- 3HMHHUH l1epuoa.

CTOSHOYHBIC PEXHMEL:

- CIPY30BBIMH OIepaLMIMHy;

- 0e3 rpy3oBLIX Onepanwii;

- C MOHKOM} TaHKOB.

Ilepponauanbko pacueThl Buinoausiucs no dopmyne (1). Ioayuennsie
Pe3YNBTATHL K0T IKOHOMUUECKYIO oUeHKY paboTer C/IY Ha xoHKpeTHOM pexu-
Me ee pabotel Oe3 ydera speMend ACHCTBUA DTOMO PEXHMA, YTO HCKAAAET HC-
TUHHYIO KapTHHY TEeTUIOMCIOIb30BAHUA HA KOHKPETHOM OTPE3Ke BPeMEHH, Ha-
NpUMEDP, 34 BPEMSA BBINOIHCHUA CYIHOM pE:I:'iCa. B crasu ¢ 3THM, NOABUIIACH HE-
00XOAMMOCTh BBECTH MOHATHE “CPENHEB3BEIIEHHBIN” KO3 HULMEHT TONE3HOrO

JNeHCTBUA YCTAHOBKY

cE _ = — . = . = " = E 7
ﬂcr}_v L T-?P(‘.tdﬁ irt"ai.i,'r‘p' + Tx60 Uéﬂﬁp T Tem 7}cm}_rap * Tema Ucmlrrp Ly

+ fcuﬂ "?cm},vp) + 2_-3{¢"‘:rx45 E ’?453,0 &z TXGO 3 ?760310 T Tomt ??cmlsp + (3)

T Tomz - Demzap + T3 'ncm‘:‘zp ),
rie  7,,- nons spemenu pabotsl CAY B nerunit nepuos;
f,p- TO K€ B 3UMHHI TePUOA;
Tyq5- ROTS XOROBOro BpemenH pabotel CIIY B pexwme nogorpesa rpysa zio
45°C;
T 60~ TO %e — 0 Temnepatypst 60°C;
Nasap~ KA. YCTAHOBKH B XOOBOM DEXMME B JI€THHH NEPHOA C MOJOIPEBOM
rpysa jgo 45°C;
T433p = TO XK€ — B 3UMHHI nepHox;
Me0sp~ KLU YCTAHOBKH B XO/IOBOM PEXHMC B JICTHHIl 1IEPHOJL C MOJOTPEROM
rpysa no 60°C;
Ne0sp~ TO KE — B 3UMHMH NTEPHOL;
eyt~ AOTS BPEMEHH PabOTBI YCTAHOBKH HA CTOSHKE C MPY30BBIMM ONEPALIHAMH,
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7y~ TO K€ G€3 IPY30BHIX Onepauui;
fﬂﬁ- J0715 BpeMeHH paboThl yCTaHOBKH Ha CTOSHKE ¢ MOJKOI TAHKOB,

ﬂﬁwi.;p' K.JI.A. YCT2HOBKM Ha CTOSHKE C IDY30BBIMU ONEPAUUAMY B JETHHI e-

PHOZ;
'?'c.miw
;k;,”sz- K.IL.JL. YCTAHOBKY HA CTOSHKE 0e3 rpy30BBIX onepauuii B neTHuil nepu-

- TO K€ B 3UMHMH I1epUos;

o
Tempsp = TO XKE B SUMHHA NEPHOL;
Mem3ap = KA. YCTAHOBKY Ha CTOSHKE ¢ MOHKOM TAHKOB B ICTHUH MepHOx;

??mhp- TO € B 3HMHHH [I€PHO.

Bce monu BpeMeHH B3STHI OTHOCUTCABHO OBIHErO BPEMCHH BBINONHEHHS
pefica cyanoM (z,).

OcHoBible pe3ynsTaTsl HCCIEAOBAHHS TEMIOUCIONB30BAHNS [PUBEACHEL
B Tabuume 1.

Tabnnua 1 - 3Hauenns CpeHEB3BEMIEHHOrO K.IT.1, cny

YTHNH3aoHHE KO-
Te OAHOIC IaBNCHNA C
OTAENLHBIM 3KOHOMAH-

Vrunusanuonsusit koven
JIBYX JaBieHUH

Ten Y runu3auMoHHI! koTen
YITr OJIHOI'C JIARNEHHS

3epoM
b
g 2 s = o= = = = =
; a = = = Er) =
Eg A o 4 o, 3o 2 o A a, Z
B | cF| E i/ EE| B |EplE| s EEs
o = B a = Aw =0 = g g. 5 é’ g. = 2 g o
=S,/ §2| v |535| 52| ® |588| 52| & |EgE
ESg| 89 5 Spz| 88 = Ssz| €3 = 852
BNE = g & |Es gl =5 E |E658| £E5 £ 1558
Bexl Ea| 5 |E82] Q| & |sg¢g| gl ¢ |E€s
focl > | o >R se| & |Spd|SF| & (KBS
Viys 156 1154 1155 156 154 |54 15,6 1154 |155
e |769 779 |11 (769 |719 |7111 |769 |779 1791 ]
A (929 [939 |93 929 1939 93] 929 [939 93]
Tras | 0.673 10,678 |0,673 | 0,673 0,678 | 0,673 | 0,673 | 0,678 0,673 |
fx60 0,154 |0.52 0,154 0,154 [0,152 {0,154 |0,154 | 0152 |0.154
{ fom | 0,035 [ 0,034 10,035 0035 (0,034 |0,035 |0,035 | 0034 |0035
femz 0,035 | 0,034 0,035 0035 |0034 |0035 |0,035 |0034 0,035
 Zems (0,103 0,102 | 0,103 10103 {002 {0,103 |0,103 | 0,102 | 0,103
’?45@__ 0,589 10559 10,589 0,589 0,559 {0,589 0,589 |0,559 | 0.589
_7143;2___(},_6_12 0683 [0683 | 0,636 | 0,683 | 0,683 | 0,615 10,683 o,sssj




IMpozomkenne Tab. 1
Moo | 0615 [0.706 [0706 Tos3s [o732 [o732 [os19 (0712 0712
Teosy | 0.623 [0700 [0,700 |0,643 |0.726 |0.726 | 0,626 |0.705 | 0,705
Memtzp | 0448 10448 | 0448 | 0448 | 0448 | 0448 | 0.448 | 0448 | 0,448
 Nemisp | 0546 | 0546|0546 | 0546 | 0.546 | 0,546 | 0546 | 0.546 | 0.546
Temazp | 0.616 (0,616 | 0,616 | 0,616 | 0,616 | 0,616 | 0616 | 0,616 | 0,616
Nemasp | 0.603 | 0,603 10,603 0603 | 0603 |0.603 |0603 |0,603 | 0,603
Tewssp | 0617 |0617 {0,617 | 0617 | 0617 |0617 | 0617 | 0617 | 0617
Tomisp | 0646 [0.646 | 0646 0646 | 0,646 |0646 | 0646 | 0,646 | 0,646

U;;v 0,611 10,618 [0635 |[0,618 {0,622 [0,639 |0.613 |0.619 I0,635

i

Ha ocroBaruy BBINONHEHHOTO PACUCTHOrO HCCIENOBAHMS MOXKHO CAEIATE
CACIYEOUIME BBIBOBL:

- Ha TPRHCIIOPTHBIX CYAaX B PAAE CIYYaeB LENeco0OpasHo yCTaHas-
JMBaTh B KaYeCTBE IVIdBHBIX CPeANCOOOPOTHBIE ABMTATENH, HMEIOUIHE [IPUMED-
HO pPaBHYI0 TOIUIHBHYIO 3KOHOMHYHOCTH C Mal0000pOTHLIMM JBUIAaTEASMH.
TemnepaTypa BRIIYCKHEIX ra30B y cpeaHeoBOpOTHEIX apurateneit Ha
100...150°C soiute, yem y MamooGopoTHEIX pH TOH ke (opcuposke paboucro
pouecca, 4To No3soauT nposect B CJY Oonee raybokyo YTHIN3ALMIO TEII-
NOTHI BBIMYCKHBIX 'A30B;

- NpH OLCHKE SKOHOMHYHOCTH CYAOBOH SHEpreTHueckol ycraHoBku
CreflyeT MOoAb30BaTECHA MOHATHEM “‘CpeHEB3BeUICHHOrO” K. (3), yTo ¢ Goib-
weH TOCTOBCPHOCTHIO MO3BOAUT OMPeJeNHUTh ONTUMAILHYIO TETIOBYIO CXEMY H
KOMIIEKTALMIO YCTAHOBKH; NPH 3TOM YMEHBLIATCA IKCIITYaTalMOHHbIE 3aTpaThl
0 CYIHY 38 CHEeT MOBLILIEHHS TOTUIMBHOA 3xonomuunocTy CAV.

Crnncox antepatypsi: 1. Banmeiiar B.A., I'opaees TLA., 3axapenxo
B.A, Hcromun 11.A. 1 mp. CyaoBbic ycTaHOBKM C ABMraTesMy BHYTPEHHETO
cropanus — JI.: Cyaocrpoenne, 1978-365¢. 2. Apronna JI.B., MuxaiinoBckuii
I'.A., Cenupepcros B.M. Texsuyeckas TepMOJMHAMHKA U Tenaonepenaya — M.:

Bricias mxona, 1979-443¢,
Cmnainss nocmynuna ¢ pedaxywo 06.06.2001 2.

HCCIEAOBAHHE OCOBEHHOCTEH KUHEMATUHKH
COEPHYECKOM POTOPHOM OFLEMHOM MAIIITUHBI

Huxpa C.A. (JonI'HHUH, 2. Jloneyx, Yipauna)
The design of spherical rotary salfstated machine considered. Laws of move-
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ent of main rotating parts have obtained. The low vibration, torque
evenness and other benefits of spherical rotary machine proved.

 OcHOBHBIMU ABHXYILMMHCA neTansmu cdepuyeckoit potopuoi ob6bem-
soii Mammis! (CPOM) SBISIOTCS ABa POTOPA ¥ PaCONOKEHHBIA Mex1y HUMH
ek [1-3]. COBMECTHO C JHCKOM POTOPHI 06pasyioT B Kopryce cdeputieckuit
,_jjapﬂup Tyka. Kxapii potop sABIseTCA aHANOrOM BHUIIKH, a IHCK C MaiblieM
BBITOHAIOT QYHKIHMIO KPECTOBHHEL YIIPOUIEHHas KHHEMAaTHUYECKas cXeMa Me-

xaHu3Ma H300paskeHa Ha puc. .

Puc.2.

Puc.1.

ﬂﬂ.ﬂ HCCIIeIOBaHUS MeXaHH3Ma PacCMOTPHM E€T0 B CHCTEME KOOpAWHAT
XYZ, ieHTp KOTOpO# CoBMeNIeH ¢ TouKit nepecevenns O oceil BpaleHus poTo-
pos-sunok OP u OC. Ock X comeuena ¢ ockio Bpawienns OP nepsoro poropa,
oce Bpamienns OC mpyroro poropa jexut B maockoctd XOZ u nosepHyTa Ha
YIOil Y OTHOCKTENbHO OcH nieproro poTopa (ock OX). B HavansHOM NOTOKEHHH
nonepeynas ock NMepporo poropa AjA; cosnagaer ¢ ockio OZ, a noncpeyHas
OCh BTOporo poropa B B; cosragaer ¢ ocbio OY. B takom ciryyae npocrpancr-
BEHHVIO OpHEHTAIMI0 POTOPOB OAHO3HAYHO 3a7al0T BCKTOPEI 4, B, P, €, [IPHHCM
BEKTOPR! & U B TIEPTIEHAWKYILPHBI APYT APYTY ¥ ONPEACIAIOT OI0KEHME ILToC-
KOCTH MMCKa-KpecTOBHHBI. YKa3aHHBIE BCKTOPbI MOXKHO BBIPA3HTL Yepes ejli-
HHYHBIC BEXTODLL X, ¥ i Z CUCTEMEBI KOOD/IMHAT:

p=x (1);
¢ =-X cosy + z siny (2);
a=ysing + z cosQ (3

A€ @ = X ~ yroa n0BOpPOTa POTOPE;
@ - yI110Bas CKOPOCTh POTOPA.

Hockonbky nonepeunas ock Broporo potopa BB, nomxHa 651Th niepneH-
ABKyfsipHa ero ocu spautenns OC u nornepeyHol ocH nepBoro potopa AA;
ORHOBPEMEHHO, COOTBETCTBYIOMHMIL €if BEKTOP B MOXHO MPCACTABHThL BEKTOP-
HBIM IpOn3BeEIeHMeM BEKTOPOS € U 4

i
hil §



B=[c*a}=\» X y z |
sin}f|

cosy O i
0 sine cospi=
= _X siny Sing + ¥ COS¥ COSY - Z COSY Sing (4)

Taxkum xe 06pa30m NOA0KCHHE JAMCKA-KPECTOBHHLL MOXIO 3a1aTh BEKTOPOM
HOpMaiH N., MEPNEeHANKYIADPHBIM K €ro IIOCKOCTH, B BHJIC BEKTODHOIO NPOH3-
RBEIEHHA BEKTOPOB A H B, ACHALIKUX B ITOH NIOCKOCTH:
N =[a*b] = I X y z |
0 sing cosy
-singing cosjeose -cosysing|=
=-X COSysSIn“@-y sinysing cosp+ z sinysin’ - x cosy cos’ @ =

=-x cosy- 0.5 ysinysin2¢+ z sinysin%o (5)
Kpanpat J1xHB! BeKTOpa
IN/*= cos’y+ sinysin’@ cos’@ + sin’y sin*ax = cos’y+ siny sin’e (6)

Ilpu MakcHMaTbHOM NpHeMIeMOM y = /6 JmHHA BEKTOpA JEXHT B Mpeaenax
0.87</N/ < 1.
Onpeaenuym yrosa ¢ mexay BekropoM xopmann N u ocsro OX:

cosa =N,/ /N/ = cosy/ ¥ (cos’y+ sin’y sin’@) = 1/(1+ tg’y sin’ @),

sina = V(1-cos’a) = tgy sing/N(1+ tg’y sin’@),

tgo = tgysing @)

Jlns cpaBHEHHs PacCMOTPHM JIBHAKCHHE 3aKPETNIEHHOTO B BHIKE | AucKa
3 Ge3 BozueicTBUa Ha Hero apyro#t sunku. O003HaYMM, KaK H paHblle, HENno-
BHKILYIO crcTeMy koopauuar XYZ. Beeaem Bpaiiaiolyiocs ByMecTe ¢ BUKOM 1
1 IHCKOM 3 MOABHKHYIO cHeTeMy KoopanHaT X'Y'Z’, Takyro, 4TO X LICHTPBI #
ocr X 1 X’ COBManaioT, 0Chb Z' NMOCTOSHHO COBMAAAET C OChIO BHIAKH A A, a 0Cb
Y' nepnenpukynapua ocam X' u Z' (puc.2). Ecay takoit ZncK BHIBECTH M3 NOJIO-
JKeHHA paBHOBECHS, OTKJIOHKHB Ha Yo ¥ OT MJAOCKOCTH BpaileHus BUITKH YOZ,
TO Bpallasch BMECTe ¢ BUAKOH, OH OyneT copepiuath koaehaTenbHbie JBHKEHUS
nox acHcTBreM ueHtpobexusix cunt Fy i Fy, puno)HeesX K LieHTpam Mace my;
M I TIONIOBHH AMCKa, Pa3ACIeHHBIX 0Chio A A, . ITonoxuTenbHOE HanpaBIeHNe
BEKTOpPa YTNIOBOH ckopocTH Konebauuin w' BpibepeM COBMAalatolUM ¢ BEKTOPOM
' NOABMKHOMN cucrembl KOOpAMLaT. BeKTop HOpMaiy K [UIOCKOCTH AMCKa n iTe-
pememaeTca B tnockocTd X'OY' v obpasyer ¢ ocsio OX' yvron ¢, Tak 4To

w' = do’/dt.
Hockonsky Iy = Fy =F = 0.5 mafr cosa’ ,
rue m—mMacca QUCKa,
(- YINIOBAs CKOPOCTH BPAILEHHUS BUIIKH,
r = 0.45R - paccTosHME OT OCH BPAILEHHA J10 IEHTPa MaccC MoOBHH,
R - panuyc aucka.

Torna MoMeHT, co3zapacmblit LenTpole)KHBIMI CHAAMUE OTHOCHTEILHEO OCH Ay A;

Lh
oo

M= 2Fr sina’ = mafr” cosa sing’ = 0.5merr sin2a’.
MoMmeHT HHC};HHH ,[lHCK;'i OTHOCHTENBHO OcH A A,
J=mr-=0.2mR".
MoMEHT HMITYTIbCA iconeﬁarem,ﬂom JBWXCHHA JMCKa OTHOCHUTEIIBHO OCH A A,
L =0 =mr w.
VizMeHEeHHEe MOMEHTa HMITY/BCa PABHO MOMEHTY CHI
dL/dt = - M, otkyna  mr’ dw'ldt = - 0.5ma’r* sin 2¢’, Torja
daldf =-0.5¢ sin2¢’ (8)
Makcumansubli npuemiemsiii B CPOCM yron Mexy ocsiMy BpallieHus poTo-
pos 30°, Toects  y=6,
torna B Auanasose 0<¢’ <y npubIHIKEHHO BBINONHAETCS PABEHCTBO
sin2a@’ =2¢’, ¢ y4eToM 4ero noayyuM
daldt=- @ (9)
Pemmennem 3TOro JHOGEPEHUHATEHOTO YPABHEHHS B YKA3AHHOM MPOMEXKYTKE
ecTb QYHKUMS
' = ysinax (10)
Takum 06pa3om, NpH BpalIEHUH CO CKOPOCTBIO () BMECTE ¢ BHIIKOH | Juck 3 co-
BepIacT CBOGO/IHBIC TAPMOHUYECKUE KONeGaHUs BOKDYT 0CH A A, C [IepHOAOM
I=1/@. Bolpakenvie A7 BEKTOpa HOPM&IH K NAOCKOCTH JMCKA B NOMBUIKHOIN
cHucTeMe
n’ = x’ cos(y sing) + y* sin(jsing) (11)
PaccMoTpiy BRIpKEHUE KOOPAMHAT BEKTOPa HOPMAJTH B HCIIONBIKHOMN CHCTe-
Me. ITo ocu OX
n, = n’, = cos(ysing);
THOCNIe PasioXKeHNs B A n.=1-0.5 7 sin’g,
DK Maniom 7= 76 wmmeem n,=1-0.5sin’ysin’p =1-0.125 sinp (12),
KOOpiiuHaTa HaxouTes B nipegenax  0.87 <p, < 1.
Mo ocu OY ¢ yuerom manoct ¥
n, = N',cosp = sin(sinp)cos@ = sinjsingeosp= 0.5sinysin2p  (13)
Ho ocu OZ

i 3 - a1 H 3 H i
n. = n’y sing = sin(sing)sing = sinysin"@ (14)
KBagpar umm: Bextopa n ¢ yuetom Manoct# 7
2 o 2 =TI P ot
/nf”= 1-sin"sin’p +0.25sin"psin’ @ + sin’jsin’gcos’p + sin’sinp =
P S
= 1+0.25sin’ysin'p =1 (15)

Torna /n/=1.
Cpasrenue nonyucnnsix PE3YABTATOB JIs BEKTOPA N ¢ BeIpaXkeHUAMH (5) u (6)
A BekTopa N nokassiaer, 4To KoopauHathl 1o ocam OY 1 OX cosnajaior

N" = n}'r i\r.‘ =My
Hecooreterpie xoopanHaT o ocu OX u ATUH BEKTOPOB ONpeenseT pasuully
SHAYEHMA YIJIOB MEXIy BEKTOPOM HOPMANM H 3TOH OCHIO B 06OMX CITydasx, 10
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. €CTh-OTKIOHEHYE Ko:ie0aTeisHOT0 ABUKCHHAS -AKCKa OT-CBODOHBIX TapMOHie-
cKuX KoneBanuii. PacueTHblc 3HaYEHKI YTVIOR TIPY TTOBOPOTY-TIPUBOABOTC Bana
TpHuBe/ieHs! B Tadi. 1.

-+ Jing npuugrora HHTepEana 0< @ <y= a6 < }-Iemu (7) MOXEM MPUHATD

a=sing=(I- cos’a) = tgysing N(1+ tg’y sin’p).
Torzaa ckopocTs x01eHaTeNbHOT0 IBHKEHHSA JAHCKA C yderom @ = ax

- wqdar’dr- a;—tgycos'(a(lvzg 7*sm ga) s
+ wtg ysin (Dcos;o(l" tg ysin gp)

- CropocTh¢RODONHBIX rapMOHUteckuX Konebanni

(16)

tgf=tge/ cosy
wy = dffdt = wcos xf’(l sin ycasjw]
dw/dt = (@ cosy/ (1- sin’y cos’ @)’ sin’ysin2@/ cosy=

=- w,’ sin /Sm’gp! cosy

(18)
(19)

(20)

Takum 00paszoM, CBOOOMIHbIH POTOP COBEpIIaeT YCOPCHHO-BpAlaTeIbHOE IBH-
JeHye, pacyeTHbIE apaMeTpsl KOTOPOTO NpuBeieHsl B Taba.2 (ykasaHs! OTHO-

| cuTenbHEIE 3HAYEHHs CKOPOCTH W/( U ycKoperus Q = (dwy/dr)/a). Bo BTOPOH

TOJIOBHHE 000POTA 3HAYCHHS NIOBTOPSIOTCA.

“Kak Bumnm, AsmxeHue aucka 8 CPOM npakTuyecky He OTNHYaeTces 0T cBodoi-
“HBIX FapMOHHYECKUX KoJleDanul noa AefCTBHEM LEHTPOOSKHBIX CHII, 03TOMY
. ‘HE BLIZLIBAET MMHAMMYECKHX HAPY30K HATNIDHBOAHOM BANE.

Pacemotpum apuwkenue csobosHoro potopa 2. (puc.l). Bpamenue ero
ONMCHIBAETCH YIIOM fF MCKIy paree OTpe/elleHHBIM BEKTOpoM B H-0ckio QY.
« .IIponenias ipeobpazopanys, aBATOrHYHEIE IPHBEASHHBIM BhILIE, HONYYHM:
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: : Tabauua 2
w' =da/dt = wycosp (a7 .
PacyeTHple 3Ha9eHus CKOPOCTEl, OTHECEHHERIE K CKOPOCTH BpAIlEHHs [pHUBOI- ng g i? ;g gg jg ;3 gg ~%g-- 2? gg
HOro Baja @, ykazauol B 1201, 1.
TGt 1 Wolw |1.16 |1.15 |1.11 (107 ]1.02 |0.97 10.93 |0.89 0.87 10.86
- e 0 -0.13 {-0.23 {-0.28 {-0.29 [-0.27 |-0.21 |-0.15 | -0.07
Lo 0 [10 [20 |30 J40 50 Je0 70 8 |90 ] fs = ' AL :
P T TG NS P I I D £ N p |9 T100 110 [120 [130 [140 [150 [160 [170 |180 |
o |0 |5 10 |15 |18 |23 |26 |28 |29 |30 B |90 [99 108 [116 [126 |136 |146 |157 |168 | 180
ﬁ’w 32? ggg ggj ggg gf ggg g;g g?; gig : g ~ [#alo 0386 [087 [089 {093 1097 [1.02 [1.07 |01 [115 | 1.1
Yo ks E ; 8 45 4 4 E : : :
) 0 1007 |015 10.21 |0.27 029 1028 1023 10.13 |0
P 90" [100 |110 [120 [130 [140 [350 [160 [170 180 e el i
;_ 30139 TR % 20 T3 W 5 0 PacyeTHei¥ MOMEHT HHepLMM CBOOOAHOIO pOTOpa OTHOCHTENbHO CBOGH OCH
Pl - A R b T e e T 0 ERE I CHHA ;
Ww | 0 |-0.10 {-021 |-030 |-038 [-045 [052 |-0.54 [-0.56 [-0.57 J=02mR (1)
W/w | 0. [-0.10 |-019 {029 [-0.36 |-043 [-050 |-054 [-0.56 [-0.57 arem — Macca poTopa,
o SR — pajiyc ero cheputeckoi MOBEPXHOCTH.
4 180 190 1200 210 1220 1230 |240 250 1260 270 BosHuikarouuii oT HepaBHOMEPHOCTH BAIIEHUS POTOPA MOMEHT CHITEI
o 0 |5 AL, FS06 - 520 2o 226, | 227 1 08 09 =) <30 Mo = Sl dt 2)
R b e " - - B |8 2 29 |-30 2 s *
g. how -r?s; _; = _5054 '(])552 -(lJiS —D.JSS _020 —Oii TR B Oonbmuncree npumenelinit CPOCM cou3sMepuM ¢ MOMEHTOM Ha MPHBOIHOM
7 1057 0356 054 1050 T-04 036 1029 [-0.09 0.0 | 0 Bayie. [lpuuem xapakrep atoit HEpaBHOMEPHOCTH BpallleHis TaKo#, 4To potop
—L— 3 : > TOPMOSHTCS, OTAABas SHEPrHIO, B IIEPBOH YETBCPTH NOBOPOTA Bala K yCKOPAET-
p 1270 280 |2%0 3?0 310 | 3720 : 3‘39 346 350 | 360 CAI, aKKYMYIHpYs JHEPIHIO, BO BTOPOil 4eTBEPTH MOBOPOTa Bana (1a puc.1,4 mo-
£ A fg / 3?““ 22 y :2 35 '5 ‘;g ol L 55’ _g, - Ka3aHO HCXOJIHOE NONOKEHKE). B IBYXTAKTHEIX ABUraTe/IsiX BHYTPEHHETO Cro-
f; = ’0 ;j:?{} 0221 ;}‘“0 = ’8 645 61532 324 i 6 e PaHus [3] nepBoe COOTBETCTBYCT KOHILY CKATHS, @ BTOPOE — Hauaty pacuiipe-
7 K 5 o ) Gl e . 1 - -5 H'Hﬂ,l'{ M o7 ; e 1T " s
W o 010 019 1029 0 36 043 050 0.5 1.0.56 057 p OM YBEIHYHRBACTCH PaBHOMEDHOCTE KPYTALUCI'O MOMEHTE Ha BBRIXOA
: HOM Bajte gBuratens.

Crncox smreparypa: 1. Likpa C.A. PotopHa cepyuna 06’ eMHa MaLIH-

Ha. BagBka Yxpainu Ne99105752 six 21.10.1999. 2. Lixpa C.A. Poropua che-

PHYHa 06’emHa Mawma. 3asBka Yipaiun Ne2001021100 sin 16.2.2001, 3. Liu-

Kpa C.A. JIyxraxtibiii pOTOPHBIH CHEpOMAAIbHBI JBUTATED C YIIPaBIAEMBbI-
M napamerpamu. C6. tpynor JoHI'ACA, Horeux, 2001.

Cmames noemyniia 6 pedaxytso 08.06,2001 2.

61




AUATHOCTUKA JEKTPOSHEPIETUYECKOI'O
QOBOPYIOBAHHNA

Yauiko M.B., Jesmons AB. (orl TV, 2. Joneyx, Yrpavia)

The diagnosing of the electropower equipment is expedient for carrying out at
three levels. They can be realized on the personal computer with application of
known software.

PaGoTa nocBsieHa crocobam ¥ YCTpOHCTBaM s aBTOMaTHYECKOH
OLIEHKH COCTOSHMS 3NEKTPOTeXHHYEcKoro obopylaopanus. AKTyalbHOCTE pas-
paBoTox B O6JACTH AWArHOCTHKH OOYCAOBNEHA YCIOKHEHMEM 0D0pYAOBaHHUs,
KOTOpOe [€acT HEBOIMOKHOH AMArHOCTHKY TPAAMUMOHHBIMH METOAAMH, H
yBelIHYeHHEM CTOMMOCTM OTKa3a — MOTEPAMH OT MPOCTOs TEXHOJIOTHYECKOro
000pyROBAHKUA NPH N0 HEHCIPABHOCTH.

TpafuIMOHHO AMATHOCTHKE OCYIIECTRIAETCS 110 CXEME, MPe/ICTaBNeHHO

Ha puc 1. VYerpoiicrso

o JI =

i CPaBHEHHME  punuxauus =~ AWATHOCTHKM (Y1) co
HATHOCTHKH. & - \ i JOEepWHUT TeHEpaTop CTH-

MYIMpYIOILEero  CHrHala
(CC), natumk 3Ha4eHus
Hopmel (H), vcTpoicrsa
cpasrenus (¥YC), ycTpoii-
ctBo uuaukauuu (YH).
YC cpasHHBaET peakuuio
00BeKTa  JMArHOCTHKH
(ON1) na CC co 3uayennem H (Tem, KoTopoe H0/X10 ObIThH MPH HCIIPaBHOM
OJ1), YU npencTaBnser pe3ylbTaT CpaBHEHUs B BHAE, YI00HOM A4 N01b30Ba-
tens. [lpy AMarHOCTHPOBaHHMH HECKONbKMX NapameTpos Y| cnabxeno KOMMY-
TATOpPaMH ¥ HOPMHPYIOLUMMHE YCTPOHCTBaMH, MepeKmovalomuMu u fpecbpa-
3YIOIMMU CTUMYJIUPYIOLUHE CHIHAJIBI ¥ CHTHAJBI DEAKIMH Pa3iH4ibIX JNeMeH-
Tor O] Ha Hux.

CyIIeCTBYIOLHE B HACTOAILCE BPEMSA KOMITLIOTEPHBIC CPCACTBA KOHTPOMA
JIAIOT BO3MOMKHOCTE CO3JATH TEXHOJIOIHM JHarHOCTHPOBAHMS, OTIMYHBIC OT
TpajuuuorHoi. Llens gaHHOH paboTsl — NPEACTABATL TP YPOBHS AHAIHOCTH-
POBaHHKS 2JCKTPOIHEPrETHYCCKOTO 060y A0BAHUS.

[To ypoBHIO OOWHOCTH LeAecoobpasHO pasiuyaTe NOKalW3alLnio
HEHCMPABHOCTH - ONPEJIeNleHHe HencnpaBHoro sementa OJl, onpenenenue ero
obIero COCTOSHHU S U ONPEeneHHe pecypca.

JloKanu3auusa HCUCIPABHOCTH MOKET OITh IDMEKTHBHO BbINONHEHA
CpaBHEHHMEM CIIEKTPOB TOKa WiW Hanpsikerus npu pabote O Ux cnextpri 6o-
nee UHGOPMATHBHbI ¢ TOUKH 3PCHUS THATHOCTHKH, YCM CaM CHTHAJ, 310 BUIHO

=¥ Vi

7—> OX i?" vC
CTHMYJIUPYIOLIHE A 3HaveHue

curaan (CC)  Peakuusa | H
Ha CC

Puc. 1. TpaguuuoHHas CXeMa IHArHOCTHKH

HOPMbI
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W3 puc. 2, mobesno npejoctasiensoro Al .3poxapesbim [1]. Muaausuyyans-

&% g A // h\’a

. :
P i

Hbic OCODEHHOCTH CIEKTPOB
MOXHO BRISIBUTE M HCIOIb30-
BaThk ONA aHanM3a COCTOAHHA
YCTaHOBKH. HPHMCHBHHQ‘ KOM-
BIOTEPHBIX TEXHOIOIHHA 00-
NEeryune 3agaqy, cBeis K MHu-
HUMy™my TpeboBaHus K anma-
paTHOH HacTH.

IMpunuun pabo1s! cHcTe-
Mbl 3aKIKHOYAETCA B CPABHEHKH
CMeKTpOB CHrHaIoB pabo-
ueil YCTAHOBKH €O CHEKTPAMH,
COOTBETCTBYIOLIMMHI Pa3ifiHbIM PEXKHUMaM PaboThl yCTPOHCTBA WK HEHCIIPAB-
HOCTSM, 3@HCCEHHBIMY B 0a3y AaHHBIX. AHAIHW3 OCYILECTBIAETCH B PCATBHOM
BPEMEHH, YTO [03BONIAET ORICTPO JOKAIH30BATh HEHCIIPABHOCTB.

CucTeMa AMArHOCTHPOBaHHS, OCHOBAHHAS Ha 3TOM TpHHUMME (puc. 3),
BKIrOuaeT B cebs an-

ot

T S —

Puc. 2. OCUunIorpaMMbl H CEKTPhI Ha-
[pSKEHNS B HOPMATBHOM DEXHME M NPH He-
MCHPABHOCTH

ouHppoBKa HHIHKALHS

CpaBHEHHE napatHyro H  1npo-

U _{ AC l_yc rpaMMHYK0 ~ COCTaB-
4 . Ani

I AL &N @ VU ngroume 1apaTHas

il peanusamus  COCTOUT

HOPMHPO- / CNIEKTPAIbHBIA W3  HOPMHMPYIOLIEro

BAaHMC CICKTPaNbHBIN aHa- | ... «l0pTPET» npeolpa3osareis

M3, QUIBTPALHS | jaypry (HTT), ananoro-uud-

posoro mpeobpa3osa-
tens (ALIT) u nepco-
HaIBHOTO KOMIbiOTepa. [IporpaMmHas cocTapisfiolas BKIOYaeT B ceds He-
CKOMBEKO B3aHMOCBS3aHHbIX MOAyJIel: MOy b OydeH s OLuQPOBAHHOro CHr-
Hana; Moyss LHQpPOBLIX QUABTPOB W CHEKTPANbHOIO aHaMU3a, Peanu3yoLui
IONY4EHHE CIIEKTPOB; MOAY/b 0a3hl JAHHBIX; MOAY/b OFHYECKOTO anamv3a,
CPaBHUBAIOLIKH 1101y4CHHBIH CIICKTP €O criekTpamu B §ase JaHHBIX.

OcnoBHeIM TpefoBanuenm, NPeAbIBISEMbIM K MOAYIIO OUHPOBKH CHTHA-
713, ABNACTCA CKOpOCTH npeobpa3oBanus, KOTOPas HOJDKHA COOTBETCTBOBATH
CKOPOCTH M3MEHEHMs HCCeayeMoro currana. Kak u3BecTHO, 4acToTa IMCKpe-
TH3aIMK J1o/DKHA ObiTh B 2 pa3a Bblllle YacTOTh! HAUBLICINCH FADMOHMKH BXOX-
HOIO CHrzana. 370 Mo3BOJAET MOIYHMTH J1Ba OTCHETa Ha NepuHoj BLICIUeH rap-
MOHHKH, 4TO yA0BieTBOPAET TpeboBaHusM AnarnocTuporanus. Ilenecoobdpasto
TIDUMEHHUTS ANrOpUT™M WHTEPHOMSLUMH NPH Nnomoly nomuHoMa Jlarparxa [2].
Tpefosanns x TouHOCTH OUMPPOBKK HEBETUKH, TAK KAK OCHOBHOE 3HAYECHHC
MMEeT dopma curuana, ¥ COOTBETCTBEHHO ero crekTp. Jlns GonplunHCTBa CHUr-

Puc. 3. Cxema noxanusalnyi HEMCIPaBHOCTH
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H&JI0B BIOJIHE A0CTaTO4HO 6-8 paspajos npeobpasosanus AL

Mojyas 0udposbiX GUILTPOB HEOOXOAUM, T.K. HCCACAYEMblH CHTHAT CO-
REPHHT HEKOTOPOE KOMHYECTBO LUYMOB, OTHOCHTENBHEIH YPOBEHL KOTOPBIX
OCOBEHHO BENMK NPU ManbiX aMILiuTy/1aX. LymMsl BHOCST HCKakeHNs B hopMy
CMeKTpa CHIHalld, 3aTPYAHAS NMACHOCTHPOBAHME M YMEHbBIUAS ero TOYlIOCTh,
03TOMY HEINOCpenCTBEeHHO nepei  nomyYeHHCM CIIEKTpa u&leCOOGp&‘&Ha
uu¢pposas Quistpamus. OCHOBHBIM NPEMMYLICCTBOM €€ ABASIOTCH BBICO-
Kast 3QGEKTHBHOCT K NPOCTOTA PEATH3aLMK NPAKTHIECKH BCEX THIIOB (HITHT-
poB [2].

ony+eHnue ciexTpa CHrHala OCHOBAHO Ha MPHMEHEHUH GLICTPOIO mpe-
obpasosanus Dypbe (FFT) [2] wis onpenenenus aMriuTy YacTOTHLIX COCTAB-
TAOIKX U MOCHEAYIOLer HHTEPNOMALHH IS OAYYEHHS HENPEPLIBHOIO CreK-
Tpa.

Haubonee TpymoeMkoil 3anaueii gBisieres cosjarue Oasbi AAHHBIX, CO-
NepXamuied CIeKTPabHEIE «IIOPTPEThIY CHIHANIOB, COOTBETCTBYIOIINE HOPMATE-
HBIM H 2HOMaNbHBIM peXumaM paboTs! AMArHOCTHpYeMmOro ycTpoiicTBa. Ecnu
BCE pexuMbl paboTh 00BEeKTa AUATHOCTHKH JETansHO M3BECTHBI, BO3MOXKHA
NpOrpamMMHas MyIFUHs er0 HEUCIPABHOCTEH MPH TIOMOLIM MOACIUPOBa-
nust [4]. B poTnBHOM ciydae Heo6XOMMMO 3KCePUMEHTANbH O Olpe-
HeNUTh TaPMOHHKYECKHMH COCTAB [IPH PasTHUYHbIX aHOMAJIHUAX.

[Ipn pabote yctpolicTBa HANPSKEHHUE UM TOK AMATHOCTHPYEMOH ycra-
itoexy mopatores yepes HIT ua sxoa ALIIT u nocne ouugpoBxy anatusHpyoTCs
NpOrpaMMoH MuarsOCTHKH. OCYILECTBAASTCH NpeABapHTCIbHAA HHTEPTOIALMS
¥ OUIBTPALMA CHTHaNa ¥ B TaKOM BHAE OH NOJAETCA HA AHATH3ATOD CNEKTpA.
[ToxyyerHblit CTIEKTP MO/YIEM JIOFM4YECKOrO aHAH3a CPABHABACTCS CHAYANA CO
CMIEKTPOM CUTHAIA, COOTBETCTBYIOLIUM HOPMaTLbHOMN paBore IMarHocTHpyemo-
ro ycrpoiictea. IIpy 3TOM aHaNM3UPYETCs HE BCE CHIEKTPLI, @ TOABKO MHIMBH-
AyanbHble OCOOCHHOCTH (Halu4ie OMPEACNEHHBIX TAPMOHYK, OTHOLICHHE HX
AMIUTMTY)L ¥ T.2.), TaK KaK Aaxe B HOpMe OpMblL HANPSKEHNS ¥ TOKA pasIuy-
HbI MDY Pa3HEIX pesiMax paboTsl. [lpy 3HAYHTENBHBIX OTKIOHEHHSX CIIEKTpa
OT HOPMBI  BbI/Ia€TCA Npe/iBapHTENbHOE COObIIeRIe 0 HAPYLIeHNH PEKUMa pa-
601hi O] ¥ MPOBOAMTCS €ro AeTalblblil aHaNH3, KOTOpBIH 3aK1:04aeTCs B Cpag-
HEHUM CICKTPOB HanpsxeHusa u Toka O] co crekTpaMu, COOTBETCTBYIOMMMH
Pa3IMYHBIM HeHCTpasHoCTAM (0a30ii JaHHEIX). B pesynsraTe TOUHO, BILUIOTH /10
OTACNLHOTO 2NEMEHTA, TIOKATH3YCTCH MECTO HEUCTIPABHOCTH.

CocTosine 3MEKTPOIHEPreTHHECKOrO 0BGOPYAORAHUS MOXKET ObiTh
OleHeHO B T'epMHHaX WOTAHYHOCH, «XOpOoLIeeH, ((yﬂOBJ]eTBOpHTGHbHOe)) R
KOTHYECTBEHHO B Gamnax. [l1d aTore ycTpo#cTBo auartoctuky (puc. 4) comep-
KAT [ATYMKY CYLIECTBEHHBIX T QyHKUMOHMpoBauus O] Gpusnyeckux penu-
4MH (HAMPSOKCHUA ¥ TOKA, CONPOTHBICHNA H3OMNSLHH, TEMIEPATy bl KPUTHUHBIX
371IEMCHTOB M T.1.), HopMHUpytowme npeobpasosartenu (HIT), yerpoiicTzo bazzu-
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jIOI‘ﬂK" (CDHY), uYyH.

ITpensapuresbao 3KCnepT
MPHUCBAMRBACT MHOXECTBAM YHCICH-
HBIX 3HAYEHHH KOHTDOIHPYEMBiX
BeIMYHMH Ka4yeCTBEHHBIE 3HAYEHMS
TUIIA «BBICOKOE» — «HH3K0e» (Ha-
NPMDKEHUE, CONPOTUBIEHHE W30~
1uu), «6ONbIIOH», «HOPMATbHBIY,
«Manbli» (Tok). Dra 3KkcnepTHas ye-
TaHOBKa BBeleHa B PJIY. Ilocnen-
Hee CPaBHUBACT (PaKTHYECKH M3Me-
PEHHbIC 3HAYCHHUS BENIMYUH C MHO-
KECTBAMH, Ka4ECTBEHHBIC 3HAUCHUS
KOTOPEIM [IPHUCBONT 3KCIEPT, onpe-
IeNseT CpelHeB3BELieHHOE 3Haye-
HHUE COBOKYITHOCTH MHOXKECTB H BbI-
JaeT OJAHO YMCIO, XapakTepu-
syromee obiee cocrosuue OJl. VeTpoHCTBO HHIMKALMM NPEACTABISET 3TO
HHC/IO B BUAIE OLUCHKH B Y100HOM [ONB30BATENO BUAE — LU(POBOM, CIOBECHOM,
B BUJIE LBETa, MCNIOAMM U T.A. ONKACanHas BHIlE JHATHOCTHKA CHIEKTPATHHBIM
aHamM30M (pHC. 3) MOXeT BXO/IHTH COCTABHLIM 3JEMEHTOM JIMarHOCTHPOBAHUS
COCTOAHNS, NPE/ICTaBILAs HHOOPMAUKIO O BETHYUHE B BUJIE €€ CTIeKTPATLHOTO
nopTpeTa.

Pecypc pabots anckrposuepreruyeckoro o0opynoBaEHs NOHKMAETCH
KK OTPE30K BPEMEHH OT TEKYLIETO MOMEHTA JI0 MOMENTA, KOT/IA IIIOTHOCTh Be-
POATHOCTH OTKa3a MPeB30HACT NONYCTHMOE 3HAYCHHE.,

CipykrypHas cxema npencTapnena Ha puc. 5. Hjes oueHxu pecypea - B

CPaBHCHHH HH-
o *{img]» ;

Dazzu-noruyeckoe
YCTPOHCTRO

y >m,
7 >{mm, |-
R o v

ol |+ |
T

OKCNepTHbIE YCTAHOBKM w

Puc. 4. uarnoctuposanue
ob1ero cocTogius 0bopyaoBaLus

Terpana no

I ’| HIl ]-—l ‘J L +—» ¥YC ..y BpPEMCHH BXOJ-
— Oy f HOH BeNMYHHB!
R"-“’ TT MPOrHO3 ¢ M3BECTHBIM
3HaYeHue pecypca | BPEMEHM (3a1aHHBIM)

3HajeHueM. B
KayecTBe BXOJ-

QTKa3a

e ’{ HII i—+

Puc. 5. Cxema nporrosuposanus BbIxona HBIX  BeIU4MH
000pynoBaHus 13 cTpos MOryT ObITE
HCTOMH30BaHb!

bakTuyeciye Harpy3ku uiH ux o00bIleHHoe 3HaYeH e, BHITOIHEHHOE OMHCaH-
HBIM Brie yetpoiicteom (puc. 4). 3ajanible 3HaYeHUs pecypca MOryT OBITE
HOAYYeHsr u3 onprTa OKCMyaTalMi aHanoruyHoro ofopynosanus. Bapuant
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OnpejieNel s 3aaHHOr0 3HaueHMS pPECYpca — MCNONb30BaHHe 3aBHCHMOCTH
JITOTHOCTH BEpOSTHOCTEH OTKa3a OT BpeMeHH padoThl M MAOTHOCTH OTKa30B B
TeKyllee Bpems.

Beisoa. Jl4arsocrMpoBaHue 37eKTPO3HEpreTHyeckoro 000pyoBaHus
11€/16c000pa3HO BBITONHATE HA TPeX YPOBHAX: NPE/ICKa3anyue BPEMEHM BbIXOIa
U3 CTPOst — OLIEHKA TEKYIEro COCTOAHHUA — YKa3aHHC HEHCMPABHOrO 2JIEMEHTA.
Orta wepapxus MoxerT ObITh peanu3oBaHa Ha EPCOHAIBHOM KOMIBIOTEDPE ¢
NPUMEHEHHEM W3BCCTHOTO MaTeMaTHHCCKOTO OOCCieUeHHs CNEKTPAThHOTO
ananu3a ¥ Gazzu-NoruKy, BXOAALIEIO B AKEThl POrPaMM.

Crucok nureparypbl: 1. 3Bonapes Al KomiproTepHoe IHarHociupo-
BaHHe MEKTPOTeXHUYECKUX yctpoiicts // 36ipHuk HaykoBux npaus Jou[ITV.
Cepist «EnexTpotexHika i edepretuka». - Bun. 28 .- Honeipk, JosATY. —
2001. — C.. 2. Mathcad 2000. Signal Processing Function Pack. 3. Matlab 5.11.
Signal Processing Toolbox. 4. Electronik Workbench EDA v.5.1. Interactive

Image Technologies LTD, 1996.
Cmambs nocmynuia & pedarywo 11.06.2001 2

BbIBOP PEXKMMOB ¥ YCIOBUH MEXAHOOBPABOTKH C
YYETOM COCTOSIHUSA ITOBEPXHOCTHOTO CJOs AETAJEU

Yucrsivor A.B. (LW JOPITY, 2. Ulaxmer, Poccus)

The article is devoted to questions of a choice of rational ways and modes of
machining by the physical phenomena in a zone of cutting and plastic deforming
of surface layer of details ensuring increase of details operational properties.

C1pyKTypa MOBEPXHOCTHOIO CJIOA MeTanos ((asoBsiil COCTaB, THII U Xa-
paKTep KPUCTAUTHYECKOH PEIISTKH, MAaKPO- K MHKPOCTPYKTYPA, YHCIO B XapaK-
Tep KpUCTalIMYecKoi PelIeTKH, TeKCTYpa, YHCIO M XapakTep pacnpeicieHns
JedEKTOB KPUCTAIIHYCCKOM PeIUeTKH ) ABAACTCH OJHUM U3 ONPE/ICATIONMX Na-
paMeTpoB kauccrsa nosepxHocTH. CTpykTypa, Hapsay ¢ rybuHON 1 CTeneHsio
YIOPOUHEHHKA, BENHYMION W 3HAKOM OCTaTOYIBIX HaﬂpﬂH{CHHﬁ XapaxKTepusyet
(U3MKO-MEXaHUYECKHUE CBOICTBA MTOBEpXHOCTH. [Iph Mexanu4eckoi oGpadoTke
MarepnanoB KX (HM3MKO-MCXaHMYCCKHE XapaKTEpUCTHKH PE3KO M3MCHAMOTCH.
Haubonee rubkoif U3 3TUX XapaKTEPHCTHK, MOJIAIOHICHCA KOMMYECTBEHHOH
oLeHKe, 9BgeTCa MIOTHOCTh Aucnokanuii {1, 2].

Onpe,r[eneﬁa YHUBEPCANLHAA XapaKTePHCTHKA CIPYKTYPb! HOBEPXHOCTHO-
ro 04 JieTaned - IOTHOCTD AMCIOKalWi Marcpualia MOBEPXHOCTHOIO ClIos M
[pociekena CBA3b MAOTHOCTH ,[I,HCHOK&IH’IH C JpYIUM#U NoKasaTeiaMu (1'}}‘[3}‘1}{0“
MEXAHMYECKOTO M CTPYKIYPHOTO COCTOSHMS NMOBCPXHOCTHOIO ClOs ACTaIEH.
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JlccieioBaHo BAAHNE TEXHOIOTHIECKOM HACNEACTBEHHOCTH PAsIHYHBIX MapOK
cranel Ha M3MCHEHHE TUIOTHOCTH IMCIOKAIMH MCTa/IA NIPH TPEHHH CKOTIkKe-
Hs, © YUETOM TOrO, ¥TO TIOTHOCTH AMCIOKALMH MOXKET CIyXHTb KPHTEpHCM

creneny INAcTHYECKOH NedOpMaliy MeTanna, i ABIAETCS ONHON H3 OCHOBHBIX
x’apa‘lﬂ'epHCTHK Ka4ecTsa I[MOBCPXHOCTHOIO Cl1oA ﬂe'{'aﬂel‘:i, OKa3bIBAKOIIIKMX HEMNOo-
CPElICTREHHOE BAMARNE HA KAYECTBCHHbIE NOKA3ATENH KX IKCIUIYaTALHOHHOTO
crios. Beiia yCTaHOB/ICHA IMHeHHas koppensauus Mexay p, A, H,, (Ovcm)max 115
craneit 110013J1, 12XM®, X18H9T, 40X, npudem ans craneil ayCTeHHTHOro
Kacca OHa OKasanach Gosee TeCHOM,
ueM ang  craneli  QeppuTHO-

Kp T 7] nepauTHOro Knacca [3].
}L‘ VCTaHOBNEHO, YTO B MpOLEcce
300 Vg TPEHHS TOBEPXHOCTHAS IUIOTHOCTh
200 / aucnokaiuit yMmeHslilaetcs, KOrjia B
NOBEPXHOCTHOM CJIO€ HCTIBIThIBae-
MBIX Ha M3HOC 00pa3slioB BO3HUKAKOT
160 o7 HallpsKeHWA pPacT:HEHHA KOMIICH-
o ] CHPYIOUIHE patiee CO3LMaHHbIC B pe-
3yABTATE TIOBEPXHOCTHOTO IUIACTH-
50 3 4eckoro Ae(OopMHpOBaHHS HampA-
f{} KEHHS CXaTHd, CrnocoOCTByIOMINE
30 \ BBIXOY JAMCIIOKalME Ha TNOBEpX-
20 HOCTE. KpOMe TOro B HEKOTOPBIX
X Coy4asX TpH CO3MAaHHK pacTArH-
BAIOLIMX HalpHKEHHH B MOBEPXHO-

10 e CTHOM CJO€ NOBEPXHOCTHad I[J0T-

T HOCTb AMCJIOKAalM# BO3pACTAET, TaK

\,\ KaK pacTACMBAIOIME HANPSKEHUS,

i h‘ BO3HHUKAIOIME B IIPOLECCE TPEeHHS
\

CO3Jai0T HONMIHHTCILHBIE IIPEIsT-
CTBMS AN BBIXOHA AUCHOKaUMH Ha
MOBEPXHOCTL.

\
5 7 10 1520 30AUxI0Pwe

Puc. 1. 3aBHCHMOCTH CKOPOCTH
H3HallxBanus nosepxsoctd AU or
BEAMYUHEI K, (crans 40X - crans P18,
Ve =05 m/c, g = 0,8 MITa)

B xauecTBe KOMMJIEKCHOIO IIO-
Ka3arens, OLEHHMBRIOLIEr0 H3HOCO-
CTOMKOCTb nosepxHocTel u Gusnko-
MEXaHHUECKOTO COCTOsHUS 0Opabo-
TaHHOTO MOBEPXHOCTHOTO cnoda
TIpeuIoKen mokasarens JHCHOKAMOHHOM HACKIIEHHOCTH Kp paBHLIﬁ OTHOIIE-
HHIO NNOTHOCTYH AncnoKalui 06paboTanHOl IOBEPXHOCTH JIETaly K HCXOIHOH
WIOTHOCTH Aucnokaumi. Bo3MOKHO MCIIONB30BaHHE YHMBEPCANBHOTO I10Ka3a-
TeNb NHCNOKALMOHHON HACKILEHHOCTH K, /Ul TIPOrHO3MPOBAIYS H3HOCOCTOM-
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xocTH 0B6pabaThiBaeMbIX AeTancH, NOCHe KOHKPETHBIX TEXHONOTHHCCKHX 1PO-
eccoB 00paboTKH.

Ha puc. 1 B norapu@MHYecKoil CHCTeMe KOOPAMHAT NPEACTABICH IKCHT-
pPUMEHTANBHBIH PadHK 3aBUCHMOCTH CKOPOCTH H3HAILUMBAHHA AU ot x, ans
cranu 40X.

Vcnonesys 3707 rpadyK M 3Has BEAHUHHY K, TIOCIE KOHKPETHOH MexaHu-
yeckoii 06pabOTKH, MOKHO C BEPOSTHOCTEH0 0,95 IPOrHO3MpPOBATH H3HOCOCTOH-
KOCTb OGpabaThBaembiX geTaeil. I7isi TEXHONOTHYECKOTO €€ 00eCTeeiius B 1e-
tanax [1P Oputu onpeneneHsl AOCTHXKKMbLIE 3HAYEHUS BEIHYHHB! K, NIPH pas-
JIRYHBIX BHAAX YHCTOBOM 00padoTku crane 40X u 45.

[TpuMeneH#e nokasaTels AMCIOKALHOHHOH HaCHUILEHHOCTH NO3BOIACT
ONTUMM3MPOBATh YCTOBUS MEXAHOOGPABOTKM B 3aBHCHMOCTH OT Tpebyemoii
CKOPOCTH M3HALIHBaHKA MOBEPXHOCTH TPEHHUA.

PazpaboTansl pa3nHyHbiC HaNpaBIeHHa ONTHMH3AUUA PCKUMOB MEXaHH-
yecko#i obpabotku ¢ nomouipio IBM. B ToM Hncie MeTOHMKA pacyeTa Oith-
MaNbHBIX PEXHMOB pe3annsd, obecreynBaonux 3a/laHBble IKCINyaTallHOHHBIC
XapakTepucTHKU, TIpesnoKeHbl MATCMaTHYECKHe MOACTH ONTHMANBLHRIX TPO-
1eccop Mexanudeckoit obpaborkd, obecneyuparouiye MUHHMAIBHYHO CTOH-
MOCTh 00paboTKu W Tpedyemble KauyeCTBEHHBIE [OKa3zaTend MOIy4acMoro mo-
BEPXHOCTHOTO CNOSL.

MeToJl TUTAHWpPOBAHHS JKCTIEPMMEHTA [I03BOMMI HAMNyHHM oOpasoM
npubAM3UTECS K MHOKECTBY SMIHPHUECKH NodyyaeMbix ToyeK. IIporecc otac-
nounoit 06paboTku nosepxuocTeH neTane# MalIMH 1 NpudOPOB PacCMaTpUBall-
cs Kax HexoTopas (u3MyecKas CHCTeMa, ONHChIBAcMas ONpeleNCHHbBIMH napa-
METpPaMH, 4 TAKKE BXOJHBIMHU B BBIXOAHBIMH TTapaMeTpamMH.

Pa3zpaborarsl MporpaMMbl pacieTa ONTHMAibHBIX PEXUMOB pe3anus npi
MHoronepexozHoit obpaborke geranei Ha sseike QUICK BASIC 4.5, peanuso-
BaHHbIe Ha [ITOBM.

McenenopaHo BIMsHHME Ha H3HOCOCTOMKOCTH Retaliell paspaboTaHHOro
cnoco6a onpeneneHns ONTHMANBHOTO 3HAYSHMsA YCHIHA OOKaTKY NpH 110BEpX-
HOCTHOM IIJaCTHYECKOM Ae(hOPMUPOBaHHH, 3aKIIOUAIOIIEeroca B JKCIICPHUMCH-
TaNbHOM ONpeNeNCHHY ONTHMANLHOIO 3HAYCHHS YCHIHS OOKAaTKH, MCITONB3Ys
rpadMuecKie 3aBUCHMOCTH BIMAHHA [aBNEHHS U CTPYKTYPUOTO COCTOSHUS Ma-
TepHaa Ha YIPOYHEHHE IOBEPXHOCTHOTO Cilost. [IpH 3TOM B KaHeCTBE OCHOBHOH
XapaKkTepUCTHKKM 00paloTaHHON NOBEPXHOCTH Aetald BhIOUPAETCA BeNnHuild
NIOTHOCTY JMcnoxaluil. PaspaGorannkii ciocof CHIWKAET 3aTpathl BpEMEHH Ha
OTpesie/IeHue ONTUMANLHOTO 3HauCH S yeniiks obkatku [4, 5].

BbiTH 1poBe/ieHbl UCCICOBalMS pacnpejeneHus NoKasareneil KauecTsd
o6paboTaHHOK TOBEPXHOCTH jeTasell: napamerpa HiepoxXOBaToOCTH HOBEPXHO-
crd R,, 6e3pasMepHOH XapaKTCPUCTHKY 1IEPOXOBATOCTH A, IiIyOHHBI YIPOHHEH-
Horo cios AH, muxporsepfocTd ff, W BeIWYHHBI OCTATOMHBIX HanpskeHuH
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s AHaNH3 PE3YIBTaTOB fccncnonaunﬁ naet BOBI:!O‘A{HOCTB CAENartk CReayr-
[LHE BBIBOJ: CYKEHHE ToJIed pacCcCaHUs MMOKasare/Iey KayeCTsa [NOBEPXHOCTHOIO
£/10% IPH HEKOTODBIX BHLAX MOBEPXHOCTHOIO MIACTHYECKOTO 1eHOPMUPOBAHHA
PPMBOIAT HE TOTLKO K CYXCHHIO [0715 PacCesHus M3HOCOCTOMKOCTH, HO U K It0-
BLILIEHII0 H3HOCOCTOHKOCTH HX MOBEPXHOCTH [6, 7].

HOIfy‘ieHHHe BLIBOJIbI MMO3BONAIOT NPHMEHATD Ha NPakTHKC OAHH H TC XKE
TexXHONOTHYECKHE METOIBl MpH metannoobpaborke kak ans obccreyeHus 3a-
J@HHOM TOYHOCTH Pa3MEPOB AETANH, TAK H JUiA MONyYeHHS HCOOXOMMMBIX SKC-
[TyaTAMOHHBIX TIOKa3aTeNell Ka4eCTBa IOBEPXHOCTHOIO CIIOA.

Ha OCHOBaHHH YCTaHOBIEHHOMN CBA3H JEMEHTOB pexuMoB pesanus (V, S,
f) C BENWUMIIOH XApaKTEPUCTHUKH 3aCTOHHOMN 30HE! pazpaboran cnocod Ha3Ha-
geHKs! PALHOHATIBHbIX PEXXUMOB Pe3aHHs, YIUTHIBAIOWKN QU3HYECKHE ABICHN
B 30HE Pe3aHHUA ¥ FIyOUHY YNIPOUHEHHBOTO c/10g Ha 00paboTaHHOH! MOBEPXHOCTH
metany. [Ipy 3TOM IS HaxoxacHHA KOIQQHUMEHTa W MOKAa3aTeNisi CTENEHH B
JIAHHOH 3aBUCHMOCTH COCTaBIeHa HOMOIPAMMA, 110 KOTOPO# 3HaueHHs Ko gu-
[HeHTa ¥ IOKa3aTe/ii CTENEHH OMPENEIHiOTCs B 3aBHCHMOCTH OT MEXaHdye-
CKHMX CBOMCTB 0OpabarhiBaeMOIo Marepualna o,, FeOMETPHH 3aTOYKM HHCTPY-
menTa (@, ¥ r) 4 ero Marcpyana,

Ha ycranoBke fu1s ObICTPOTO BBIBOJI Pe3lia M3 30HBI pe3anus Obliy U3y-
YEHB! KOPHU CTDYXeK, [OMyJeHHble NpH Pa3snuyuHbIX YCI0BUAX pesannd. Ouso-
BPEMEHHO HCCIIe0Banacs 1MyOHHa YOPOUHEHHOTO clos Ha ofpaborantoi no-
BEPXHOCTH jeTany, B pesynsrare uccienoBanuit 6510 YCTaHOBNCHO, YTO MCK-
Ay XapaKTePHCTHKOM 3aCTORHOI 30HB! Ha TIepeiHeil II0BEPXHOCTH HHCTPYMEHTA
Ah u rrybunoit ynpousenHoro cnost AH cymecTsyer ciegyronias 3aBUCHMOCTb:

4h = cs(4H)" 1

Jins Haxoxaenus KoadduumenTa ¢, U nokasarens creneHu U B cOOTBET-
CTBHY C CYUICCTBYIOLMMY PCKOMEHTaliAM# OblIa COCTaRNEHa HOMOTPAMME, 110
KOTOpO#H 3na9eHus ko3hD(HULMEHTa ¢, U IOKa3aTelA cTeneHy U onpenensrorcs B
3aBUCUMOCTH OT MEXaHHYECKUX CBOHCTB 00pabaThiBaEMOro MaTepHana oy, reo-
METPHU 3aTOUKH MHCTPYMEHTR (¢, ¥, I) i €ro MaTepHala.

ChaA3b Mexay 2ieMeHTaMu pexumos pesanust (¥, S, 1) v BeauymHOM xa-
PaKTepHCTHKY 3acTolHON 301! Ak cnpefeasercs dopmynamu

V=ci(dh); S = cs(A4h)’; t = c(Ah)". (2)

B smux dopmynax koadduunentsi ¢y 1 cs (06brano rybuHoi pesanus t

3aJIAK0TCA) U MOKa3aTeM CTCIICHEH X K y MOryT OBITh Takke onpefieieHbl 1o Co-
OTBEICTBYIOLIEH HOMOTPaMMe.

Crioco6 Haznauenus pauMOHaNbHBIX PEXUMOB pe3anus ¢ y4eToM (usu-
H€CKUX ABNeRuil B 30He pe3aHus W ryOHHbI YIPOYHCHHOIO CJOS CBOAUTCH K
CIERYIOLIEMY aNTOpPHTMY:

l) B 3aBHCHMOCTH OT Tp&ﬁ}’EMHK IKCINYaTallHOHHBIX XapaKTepUCTHK Je-
TallK (M3HOCOCTOMKOCTH), €€ MATepHaIa U BHA MeXaHH4ecKoi oGpaboTkH yc-
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TAHABNUBACTCS JONYCTUMAas 1MyOUHA YIPOUHEHHOrO C0s Ha MOBEPXHOCTH jic-
Tanu AH,

2) o dopmyie (1) onpenensercs BenMYHHa XapakTepHCTUKHM 3aCTOHHOH
30HBI Ha repejiHei 10BePXHOCTH HHCTpYMeHTa A,

3) o BeiMMHHE HOIYYeHHOW XapakTepHCTHKH 3acTolfHOM 30HBI ompefe-
AAFOTCA 3HAUEHHS ITEMEHTOR PEXKHMOB Pe3aHus, HCHOE3Ys 3aBHCHMOCTH (2);

4) nonyuyeHHsIe 3HAYCHUS INEMCHTOB PEXKUMOB pesanus (n, S) cornacy-
JOTCH € NTACIOPTHEIMHU NaHHBIMU CTAHKOB.

ITpu ucnonb3oBaHuy npefnaraemoro cnocofa BOIMOKHO NMONYYEHHE 10-
CTOSHHOH miyOMHBI YIIPOUHEHHOTO CJos Ha 00paboTarHOoi MOBEPXHOCTH, HTO
NIOBBIIACT JOAIOBEYHOCTE JETAH.

Ha AO3T «lllaxtunckuit 3aBoJ FHAPOIPUBOI» BHEIPEHB MCTOIMUKH TeX~
HOJIOrH4ECKOro NPOrHO3UPOBAHUS H3HOCOCTOMKOCTH 00padaThipaeMbIxX AeTalel
U COCTaBICHUS TEXHONOTMHYECKHX IIPOLECCOB MexanoobpaboTku jeTajiedl To
[10KA3aTeNK0 JHCIOKAIIMOHHON HACHIUCHHOCTA NOBEPXHOCTHOTO ciosa obpaba-
THIBAEMOTO MaTepuana, pH 3TOM AOCTHraeTcs HOBBILIEHUE CPOKA Cay#Ob! 06-
pabarbpiBaeMbiX Aetaied B 1,5-1,7 pasa, a Taioke 1oBbINIeHHE IIPOM3BOANTENL-
HOCTH MexanoobpadoTkH Ha 15 %.

Taxum o6pazom, BbI00p PaNHOHANBHEX CIOCO00B U PEKUMOB MEXaHUYeE-
ckol obpaboTtku ¢ yueroM Qu3MUECKUX ABICHUH B 30He pe3aHus U Miacruye-
CcKoro fe)opMuUpOBaHUs 1OBEPXHOCTHOIO cos AeTaiel obecneunsact Tpebye-
MY10 H3HOCOCTONKOCTD JeTaleH.
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WCCJIETOBAHUE ®U3UKO-MEXAHUYECKHX CBOWCTB
HOBEPXHOCTH INOPUIHEBBIX KOJIEL, OPABOTAHHBIX
JA3EPOM

Yepuera O.I'., Kopobouka A.H., Koznna H.H., [TycrosoiiT A.M.
(AI'TY, JIKX3, 2. Juenpodsepoicurck, Yrpauna)

New method of treatment of the work surface of piston ring has been proposed.
First of all the tools of pistons rings are treated by nitrogen and afier this by la-
ser. These actions given the structure of nitrogen martensite and gardenite (one
of the kinds of martensite) in steel of SOHFA.

BaxneiimuM hakTopom, BIHAIOLIMM Ha H3HOCOCTORKOCTE MOBEPXHOCTEH
TPUOOKOHTAKTHPYIOWMX Nap KIIOPIIHEBOE KOMBIO- THIB3a FAIHHAPAY, ABIAET-
Csl BEICOTA MUKPOHEPOBHOCTEH MOBEPXHOCTHOIO CJI0S M MUKPOCTPYKTYpa MaTe-
prana ofpazia 0T QUUKO-MEXaHHYECKMX CBOMCTB KOTOPOH 3aBUCHT 3KCILTya-
TalHOHHbIE KaUecTBa A€TalH B IETOM.

IIpy ycTaHOBHBLIMMCSH PEKHMC M3HAUWMBAHUS TPYUIHXCS NOBEPXHOCTEH
IIponecchl chema MMHKpPO4YacTHll C MEeTaIHYECKO N NOBEPXHOCTH TpHGOKOHT‘dK-
THPYIOIIMX Tap CTabuiu3upyloTCst U NPUOCTAHABIMBAIOTCS BCAEJACTBUE BO3-
HUKHOBEHHS B MOBEPXHOCTHBIX 30HAX CTPYKTYPBI « MapTeHCHTa TpeHus » [1].

Mpukpo reomerpus TPYIMXCH TOBCPXHOCTHBIX CIOEB MOPLIHEBOIO KOJb-
lla BO MHOTOM OIpejeiseT 3axBaT ¥ yaepixaHue cMa304HOro Marepuana, KoTo-
Phili NpefoTRpalacT abpasuBHLEIA M3HOC MaTepHaoB M NEPEBOJHT IIPOLECCH!
TPCHUA B peXXHM TMAPOAMHAMHYECKON CMa3KH, UTO NO3BOJIIET Ha MITUTENbHbIN
ICPHOX COXPaHUTh IKCIUIYATALMOHHBIC XaPaKTEPUCTUKK B TPHOOKOHTAKTH-
PYloutix napax. OopmupoBaHue HCXOAHbIX H3HOCOCTOMKHX CTPYKTYP B JeTa-
JX MAIUMH |, B 4aCTHOCTH, B MOPIUIHEBBIX KO/LUAX ABUraTeNell BHYTPEHHE 0
CrOpanys npy 3ajaliHOM 11€POXOBATOCTH HCXOAHOH MOBEPXHOCTH CYIIECTBEHHO
CHUSHT npupaboTOYHBIA LMK Nap TpedHs u ofecneuut Gosiee ANHTEABHEIH
SKCITyaTalHOHHBI NepHO QYHKIIMOHHPOBAHUS Y31 TPCHHS B LIETOM.

HPHMSHRQMB}G TEXHOJIOIHH, CBA3AHHBIE C HAHCCEHHEM TTOPUCTRIX MOKPLI-
THii Ha ucxopnible TIOBEPXHOCTH TPEHHA C 3a1aHHOH LICpOX0BaTOCTRI), IT03BO-
JAOT ynepxupath cMa3ouHbI MaTepuan Ha MOBEPXHOCTH M M3berars Heno-
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CpeACTBEHHOIO KOHTAKTa TPYILMXCS nap.

Jlis ofecrneuenus paBorbl mapsl TPEHHA «ITOPIIHEBOE KOMBUO- TH/b3a
WMIHHADAY B PeXUMe MAPOAHHAMHYECKOH CMa3KH npejuiaraeTcs pabouyo fo-
BEPXHOCTb KOJIbI2 NOABEPraTh a30THPOBAHHFO C MOCACAYIOWEH na3epHo¥ 06-
paboTkoi. B pesyibTaTe ra3oBore a3oTHpOBAHUA UCXOAHAA NOBEPXHOCTE KOJIb-
11a HackimaeTcs a30ToM Ha riiyduHY 10 60 MiM ¢ obpa3zoBaHHem HUTPHIOB HKe-
nesa Tuna FeyN,FeyN , UMEIOHWHX MHKPOTBEPAOCTE 230THPOBAHHOTO ClOs Ha

cranu SOXMA ¢ uexonno# eppuTHO-KapOUIHOH CTPYKTYPO# K0 1,59 = 6000

MITa, koTopsie 06eCNEYUBAKOT H3HOCOCTONKHE H KOPPOSHOHHO-CTOHKHE CBOH-
CTBa NOBEPXHOCTH KOHTAKTa TPYLUIMXCH nap. ﬂ,ﬂﬂ MapTBHCH’I‘lIIJlX HpEBp&MEHHﬁ
1 06pa3oBanys NOPUCTOM CTPYKTYPhI MOBEPXHOCTHBIH CIOH HCXOAHOH paboueft
IIOBEPXHOCTH TIOPLIHEBOrO KOJNbla 0OpabarkiBaii UMIYJILCHBIM Ja3epoM THIA
'00C 1001 ¢ sueprueit Hakauku pasuoil 25 kJIx ¢ QOKYCHBIM PaCCTOAHHEM,
paBHBIM 285 MM, ¥ ZHAMETPOM C(OKYCHPOBAHHOTO Jy4a Ja3epa, PaBHBIM 5 MM.

O6paboTka JIOKANBHLIX YYacTKOB pabodel MOBEPXHOCTH [103BOIMIIA T10-
JNYYIHTH CHOKHYIO CTPYKTYPY NMOBEPXHOCTHOIO €104, COCTOAIEH U3 I10CaeA0sa-
TEALHO YepeAyIouUXcs 308 (puc.1.) ¢ 3aJaHHOH MUKPO FEOMETPHEH NMOBEPXHO-
cTH. B MOBEPXHOCTHBIX ClOSX JNasepHoi obpaboTku oOHapyxuBaloTCs Oeibie,
He TpaBsiliiecs 30Hbl, YePe/YIOIMECs ¢ TeMHbBIMH IPOTPABIEHHBIMU obnactamu
€O CTPYKTYPOI a30THCTOTO MapTEHCHTa. benble 30HBI MMEIOT BBICOKYFO MUKPO-

G o
Easmof i R

Puc.1. MHKpOCTpYKTYpa 30Hb5l JlasepHodl 08paboTKM NOPIIHEBOrO
konbia,x 400

TBEPROCTS A0 H 50 =9200 MIla, 9T0 COOTBETCTBYET OAHOMY M3 PA3HOBHIHO-
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creii GECCTPYKTYPHOIO MAPTEHCHTA — FapieHUTY [2].

[loz 30HO# nasepHoH 06paboTku pacnonaracTcs 30Ha TEPMUUCCKOTO BAKS-
s IIABHO TNEPEXONAIIAs B MaTPHYHBIH MaTepuan ¢ COPOMTHOR CTPYKTYpOH,
MHKPOTBEPIOCTS KOTOPO# cocTasnser H 5, = 9200 MlTa.

TIpoBeneHHbIE H3MEPEHHS TapaMEeTPOB [EPOXOBATOCTH paboueli nosepx-
HOCTH HOPIIHEBOro Konbla, 06paboTanHOM j1a3epoM, Ha IPOQUIOMETpE 1103BO-
10T BRIABHTL )/BE.F[H‘{cHHe BEICOTBEI MHKDO HepOBHOCT&fi B 30HAax BOSﬂeﬁC'I'BKﬂ
JiasepHOro ny4a B 2...3 pasa (puc.2.).

1 2

]- BBICOTA MHKPO HEPOBHOCTEH 10 nasepHoi 0OpadoTku;
2- BBICOTa MMKPO HepOBHOCTeH nocite nasepuoit o6paborku:
Puc. 2. [Ipodunorpamma pabodeli HOBEPXHOCTH NOPIIHEBOTO KOJIbILA

Temubie Tpa-
BSILLMECH 3OHBI
a30THCTOTO
MapTeHCHTa

benbie He Tpa-
BSIIIIMECH 30HBI
rapieHuTa

Rl B R R e o

-0

Temuple  Tpa-
BALIUCCH 30HBI
a30THCTOrO
MapTeHCHTa

el
AT T R

KapOOUHTPUB! TETHPYIOLIHX ITEMEHTOB
Puc. 3. Cxema pacniosoxenus usmepeHnii MUKPOTBEPAOCTH 110BEPX-
HOCTH

ITosBienye Ha MOBEPXHOCTH PA3HO YIIPOYHEHHBIX 30H C YBENHYEHHOH
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LIEPOXOBATOCTBE) NMPRBOAMT NPH padore B TPHOOCONPAKEHHBIX Mapax K «OCT-
poexosoMy 3hdexTy», KOrla B MUKPO HEPOBHOCTAX TTOBEPXHOCTH MO}KQVT KOH-
LHEHTPHPOBATECA W YJICDHKHBATBCA CMa30YHbIH Martepuan, ﬂepCBOJL}IUIHH npo-
ecest abpazuBHOrO HCTHpaHUs B paboTy HOBEPXHOCTEH B pexuMe THAPOIHHA-
Mudeckoit cvasku. [lpy 3TOM KOHTaKT MeXIy TpYLIHMMHCA NOBEPXHOCTAMH
OCYLIECTBIACTCH 4Epe3 CMA3OuHBIH CAOH MpU OTCYTCTBHM [IPIMOTO KOHTaKTa
MEXKAY TOBepXHOCTsMHU Tpeuns. KoHTakTHOe TpruboHarpyxenue 4epe3 CMaso-
HBIH CIIOH mornoUaeTcs NOBEPXHOCTLIO M PACCEHBACTCA B Pa3Ho YMPOYHEHHBIX
30Hax MOBEPXKHOCTHOTO €104 W TCM CaMbiM 3HAYHTEALHO CHWXAET HETaTUBHbIE
TpHOOBO3/1EMICTBHS Ha MOBEPXHOCTH MOPIIHEBOrO KoMibla. B Tabnuie 1 npuse-
NeHE! pacripefieneHis 3Haue it MUKPOTBEPAOCTH B 30HaX Na3CPHOro BO3ACHCT-
BUA Ha MOBEPXHOCTH B 3aBUCHMOCTH OT PacloNiOeHHs TeMHBIX [IPOTPaBICH-
HBIX 30H C a30THUCTEIM MapTeHCHTOM H Benpix He TpassalluXxca ciloes rapﬂeuma.
Cxema u3MepeHri MUKPO HEPORHOCTE! NpHBeAecHa Ha PHC. 3.

Tabnuua | — Peaynstarsl U3MepeHnit MHKPOTBEPAOCTH NOBEPXHOCTHRIX
cnoes crau SOXDA nojigeprayThix gasepHo 0bpaboTke L
Touxn usmepenuit Muxpoctpyxrypa MuxpotBepaocTs,

H 5, 10°, MIIa

I " 30Ha a30THCTOrO 6,2
2 MapTeHCHTa 6,5
3 6,8
4 7,0
5 7.2
6
8
9

7.5
3oHa rapieHuTa 8,5
8.8
10 92
11 ; : 7Be |
12 30Ha a30THCTOTO 7.3 |
13 MapTCHCHTA 7.1
14 6,6
15 3 i 6,3

Cnueox anrepatypbi: 1. Kepmendaym B. 5. MexaHo- TepMHYECKOC
dopMupoBanye nosepxHocTel Tpenus.- M.: Mainoctpoenue, 1987.-252¢. 2.
3ambsanoB A.C., Teruyxun [.H., I'abees K.B. Ycnosua u mexaunsm obpazosa-
Hiug DeccTpyKTYpHOrO MapTeHcuta (rapaesunTa) // Metannoseaenne u TepMuyc-

ckas obpaborka Meramios.- 1979.-Nel0.-c.11-12.
Cmambsa nocmynina 6 pedaigno 16.04.2001 &
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IJIAHUPOBAHHUE CPOKOB U OBFBEMOB 3AKA3A
3ATTIACHBIX YACTEH

Yenuos H.A., Cyneiimanos C.JL., [Tamenxo E.A.
(HonI'TY, 2. foneyx, Vipauna)

The case scheduling volume the order of batch reserve parts is considered at
ﬁmd periodicity of output the order. The sample piece of scoping the order with
the account forecasting the rest reserve parts on the moment of execution the or-
der offered

PemoHTHAs CITy)G6a METaNTypruyeckoro peAnpHATHS B npoiiecce cBoek
JIEATENIBHOCTH HCIONB3YeT 3HAYUTEbHbIC 00BEMBI 3a1acKEIX YacTel. bompluoi
1IpobeMoH ABNAETCS ONpEieNeHye ONTHMAILHEIX CPOKOB H 06HEMOB 3aKasa 3a-
MacHeIX 4acTel. 3Ta 3a/1a4a SBISETCA COCTABHOM 4acTHIO KOMILIEKCa 3a1a4 Moa-
FOTOBKHM K pemoHTaM. Mcnonb3oBanue usBecTHBIX pewrenudi [1] B peMonTHOMR
cilyx0e METALTYPrisecKOTO NPEANPHATHS IPUBOAUT K HEPAUMOHATEHOMY HC-
TI0J1b30BAHHIO MaTePHANLHEIX PECYPCOB.

CoBepreHCTBOBAHHE MOAXOAOB K ILIAHKPOBAHHMIO 3AMACHBIX YacTeil Mo-
7pe6OBANO Pa3NENHTh HAa UHAMBHAYANbHBIE U IDYNMOBHE, YTO B 3aBHCHMOCTH
OT HOAXOAA K ONpPENENCHUIO MECTa U BpeMeHHU HCIONB30BaHHU.

K vHnBuAyaNbHEIM OTHOCATCS 3aIlaCHbBIE YaCTH, V15 KOTOPBIX TOMHO H3-
BECTHO MECTO MX PACTONOXEHHs B 000pYROBAHHH U BPCMs HCTIOIB30BAHKS NPH
HpOBENieHHy peMOHTA (HanpuMep, Ban GapabaHa CKMIIOBON nebelKu KOTOpEIf
Oyaer samener 20.12.2001r). B ciyyae [1s TaKuX 3anacHbIx yacteil TIaEHpo-
BaHHE OCYLIECTRISCTCA HHIMBMIyanbHO. [IpH 5TOM BHE 3aBHCHMOCTH OT BHIA
IIIaHKPYEMOTO PEMONTA (KaMMTAABHOr0 MM TEKYINero) Npoueiypa onpeaeie-
His CPOKa HCTIONE30BaHMS 3aMIaCHBbIX YacTelf oniHakoBo. K njiaHHpoBaHHIo Ta-
KHX 33amacHBIX YacTeil HeoOX0AMMO NOIXOAMTS C NMO3UIIUI OCTATOYHOrO pecypea
ACTaNN ¥ NMPOJIOIKUTENBHOCTE BHITIONHEHUS 3aKa3a. B nonHoM obneMe naHHas
3ajlata MOXeT pEeliaThes TONBKO IS TEKyLMX pemoHToB. Korna pemonTHas
Cly’0a MOXeT IPOBOAKTE PEMOHTE! B CPOKH ONPELE/sieMble COCTOSHHEM [eTa-
JIH. JIns Takux 3anacHBIX YacTed 1o KaXXJI0H AeTaili BRINONHAETCS NEPUOAHYE-
CKOE €€ nporHo3upoBaHHe OCTATOYHOIO PECYPCA ypr, 3HAR KOTOPBIHA MOXHO OIl-
PCOCANTE nary OTKa3a Aetany:

Tomx: Tn+ Locm:
The 7, - nata nauana yrpexucHus nporosa.

[porrosusas nara oTkasa sBMSETCH ONHHM M3 OCHOBHBIX dakTopos, y4u-
ThIBACMEIX NIpY MNaHWPOBAHUHM 3anacHbIX yacteil. s ofecredenus cBoespe-
MEHHOTO BEINONHEHHNS PEMOHTHOTO BO3ACHCTBHA HEOGXOAMMO BBIONHUTE Clie-
AYione yciogus.

- laTa MoCTaBKK 3aMacHBIX dYacted [, AOMKHA OLITh HECKOJBKO MEHbILE
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aubo paBHAa J4TC BLIXO/AA JeTanu U3 CTpost:
Tﬂn]ke ni
- 34Ka3 Hd 3ailaCHYX HacTh AOTKEH ORITE BBLIZIAH C TAKUM PacdcToM, 41o6L!
K MOMCHTY OTKa3a 3anacHas 4acTh Onina NoAy4eHa:
Tsaxi‘?—m = Luens
rae T, - aTa BbIIAYH 3aKa3a;
tyen— TIPOAOIIKUTEABHOCTH BBINOIHCHHUA 3aKa3a.

Taxum o6pasom, B clyyae UHAMBUIYANBHBIX 3aMaCHbX YacTeH NCPHOAH-
YEeCKH BRIMONHAETCS CPaBHEHHE MPOAOIKUTEILHOCTH BRITIOMHEHUS 3aKa32 fyen C
HPOHO3HON OLEHKOH OCTAaTOYHOTO PECYpPCa ACTAIH loey,. [1pH BHIMOAHEHHH YC-
JOBHA!

Liom=hici:

HeoOxonuMo MogaBaTh 3aKa3 HAa M3rOTOBJICHWE JaHHOO BHJA 3aracHbIX
yactel.

C y4eToM CTOXaCTHYECKOTO XapakTepa MpOAOKHTebHOCTD BBITIONHEHNS
3aKa3a fuey U OCTATOYHOTO PECYPCE foem HEOOXOAMMA KOPPEKIMSA C YUETOM Clie-
JYIOILETO YCIOBUS:

rn::maucra. e

B a1oM ciydae 3axa3 Ha 3alaCHYIO 4acTh HeOOXOAMMO MOJABATE He MO3/1-
Hee JaThl:

Fiai= o=t

B ciyyae KanuTanbHBIX PEMOHTOB, BRITIONHAEMOTO B 3apaHee 3alliaHupo-
BaHHOE BpEM$, HCIONB3YETCH YIpPOLUCHIIbIH MaTeMaTHYECKUit anmapar A/1s oli-
peliefleHHs CPOKOB BRIAAUM 3aKa3a:

Tinx"_Tm = e

[pu 3TOM HEBO3MOKHO KOPPEKTHPOBAThH CPOKM BBIMOJIHEHHS 3aKasa oil-
pefensis OCTaToYHOe TEeKyliee TexHuueckoe coctosHue meranu. ITotomy uroe
CPOK PCMOHTOB SBISETCH AETEPMHHUPOBAHHEIM U PeMOlTHAs Ciryxba ee uamMe-
HUTb HE MOXET.

I'pynmnoBbiMU 3aNaCHBIMM YACTAMH Ha3BaHB! Te, /NS KOTOPLIX M3BECTCH
WHTEpBaJl BPEMEHH 3@ KOTOPHIH OHM JIOKHBI OBITh HCHONB30BAHEl B COBOKYII-
HOCTH MeCT 000pYA0BaHHS, B KOTOPbIE OHM ycTaHoBiekbi. Hampumep, noaumun-
KUK Ne316 KOTOpbI# YCTaHOBNEH B Y3/1aX PasTMUHBIX MalliMH. A 3aKasbl Ha 3a-
TMAacHBIe YacTH JOMMHBI OBITE HCIIQNB30BAHBI B TCYCHUH O!'!pe,IlBJ'IEHHOFO HHTEDR-
Basia Bpemenyu. Hanpumep, B Teuende mecsua. Mcxons u3 onpefenerus rpynno-
BBIX 3aMaCHBIX YACTCH BHJHO, YTO OHM MOI'YT ObiTh HCTIONB30BAHbI [T TEKY LMY
peMoHToB. Tlojixon JUIs TAKOTO HCTONB30BAaHMA 3allaCHBIX 4aCTCH BO3MOXKCEH
TONBKO B CAY4a€ TCKYUIMX PEMOHTOB BREINOMHACMOIO B TE4YCHHH GleC,—‘.le.ﬂeHHOI"U
gpemenu. JDig aTux 3amacaslx acted MoxkeT ObITh M3BECTHO KOJNAYECTBO HC-
HOAB3YCMBIX B PAHCE NPOU3IBEACHHBIX pEMOHTAX. I{OTO}’)HE MOMXHO NOCTaBUThL B
COOTBETCTBHY C HPHHATBIM WHTEPBAJIOM [UIAHHpOBaHHA 1, Harpumep, MecHll,
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roi.
Jlns aToro HeoOXOMUMO CHOPMHPOBATL CTATHCTHKY HCMONBL3OBAHHUSA 32~

[1aCHbIX HacTeH Als ONpeAc/ieH s TeKyILEro H HeCHWwKaeMoro 3anacos. /s Te-
KyHIero 3anaca npobinema HOPMUPOBAHHUS ~ 3TO pacyeT MHTepBajia MOCTABKH !
obbema nocraBku Q[2] (pucyHok 1).

tha
e
0 N M W
Qmax JL‘ JL L L‘
L
>
Al
Qo L—q i
Qocr| Jd N =
-Q-min= : b 4
s Taae. Laon, Tm 5 T:ax
:, \rQ_;wn, 4
1-ii nuTepsan 2-it AHTepBal 3-# uHTepsan

Puc.1. I'paduk ABHIKEHHSA 3aracHLIX 4YacTed ¢ NepeMEeHHBIM pa3Me-
POM H ITOCTOSHHOM TOUKOMH 3aKasa

B aToM cnywae craTHCTHKAa MCIIONL30BaHMA 3allacHBIX dacTeil MOXeT

OBITH npescTarneHa B Bre MaTpHuilbi N:

N=[nl, n2, ..., nkj,
TIe n; - 00beM 3anacHbIX 4acTeH HCTIONIL30BARHBIX Ha 1-M uHTepBale aHanusa;
K - KOJIMYeCcTBO HHTEPBAIOB alallu3a.

HMcrnons30BaHie MOTOKEHNS MaTEMATMHECKOH CTATHCTHKH MOXKHO Olipe-
ACHUTH BUJ M MapaMeTph! 3aKOHA pacnpe/ieneHus 06beMOB UCNONB30BAHUS Zy
SaN2CHBIX YacTeH 3alaHHOro TUIopasMepa.

3anaBmuc, BEPOATHOCTHIO YAOBIETBOPEHHA MOTPeGHOCTH B 3aNacHBIX
HacTax P, nexa Ha MHTEpBajie MIAHHPOBAHMA, ompenenseM obbeM 3amaca 3a-
NACHEIX yacTeit:

Qmar;-f{szs Px)

Ipunss mungumansubiv 06beM 3anackblx yacteil 8 uexe 0, =0 onpeje-
JHM BenuuHY Cnpoca ¢ Ha 3anacHble 4acTH (CKOPOCTh HX HCIIONb30BaHUs) Ha
MHTepBase MIaHAPOBaHNA.
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g= Ymax = Onin )
fn

CypTag 4TO B MOMCHT Bbl1a4M 3aKa3ad Ha 3alacHBIC YacTH Ha CKIIaje Ha-
X04H/JI0Ch Qqﬁ KOMHYECTBO BZiH‘{aC'I'CH, PacCYHUThIBAEM MX NMPOTHO3HOE KONUYLCT-
BO Ha CKJIaJe K MOMCHTY BBIITQIHCHHSA 3aKasza:

Qp. oenm =Q¢-9L,
rie L- HPOHOJ'I}KHTEEILHOCT}: BBITIOJIHEHHKA 3aKasa.

B atoM cirydae 0ObEM 3aKa3a COCTAaBHT:

Q mx'_"Qmat"Qp.owm -

Mcxons U3 CTOXaCTHYCCKOIO XapaKkTepa 00bEeMOB HCNOIb30BAHHS 3amac-
HBIX yacTeilf B peMOHTAX MOXHO YTBEPX/IATh, YTO ¢ BEPOSTHOCTHI P MO HCTe-
yeHHHK L Ha 2-M HHTEpBAIe KOAWYECTRO 3aIIaCHBIX YacTel OCTaBIIMXCS Ha CKia-
ne Oyner 6onec pacyeTHOrO Oy oon. B CBA3M € 3THM MaKCHMAIBHOE KOIHYECTBO
3anacusIx uacted byser 6onee O, YTO BUAHO HA 1-M WHTEpBane MIAHUPOBa-
HHA. Bo3Mmokia CHTYalMs KOIZia KOJHYECTBO 3aMacHBIX YacTed [OCAe BhINOJ-
HEHMS 3aKa3a OKa3biBaeTcsd MeHble Oy <, YTO BHAHO HA 2-M uHTepBane. B
5TOM CIy4ae ¢ BEPOSTHOCTHIO P3 MOXHO YTBEPXKAATh, YTO 32 BpeMA [ HHTEpBa-
Jia UTAaHKPOBARMA MOTPEOHOCTD B 3aNaCHbIX YacTAX B NONHOM 00BEME YAOBIE-
rBOpeHa He Oyget.

B 3TOM chydac BHYTPM MHTEPBaia MIaHUPOBaHUA HCOOXOAMMO BHLEATEH
JIONOJHUTENLHBIA BHEIUTAHOBRIH 3aka3. BO3HUKHOBeHME JaHHOH cuTyaluu
TipenionaraeT TIPEBRITHCHHE BCIHYMHBl CIIpOCa Ha (I]&KTH'—I&‘-CKOC KOJIM4YeCcTBO
AMEIOIMXCS 3aMACHBIX HacTell. DTO MPHBOANT K PACXOJOBAHKIO 3aNAacHbIX gac-
Teff 24707170 10 NONYYEHUS HOBBIX 3aiaCHEIX HacTell Ha ckiaz.

Ormax <
g
Mcxopa 43 31010 MOXHO ONPE/ISTNTh HHTCPBA] BPEMEHY B IEPHO KOTO-
poro ofbeM sanacHsix yacTell Ha ckiaje byaer pasen Hymo, Op=0:

Lo

3uas BpeMs 32 KOTOPOE OCYLIECTBISETCS BBIIONUCHUE 3aKa3a L ¥ uuTep-
Basl BpeMH A, B IEPHOM KOTOPOI'O HA CKNA/IE KOAMYECTBO 3aMacHbIX yacTel Oy-
aeT paBio Hymo Oz =0, MOXHO ONpeReauTh AaTy AS BbIAaY4 AOHONHUTEIBHO-
ro 3aKasa, KOTOPbI# 0DECIeynT NOTPeOHOCTh B 3aMacHbIX HACTAX B MOJHOM
06beMe 10 110YHEeHHs OCHOBHOIO 3aKasa:

Tr)rm = == L

Ha MoMeHT BbIauy JONOIHKUTENLHOr0 3aKa3a MOXHO OfPEIENIUThL 06 beM

HeoOXOMKUMBIX 3aMaCHbIX YacTed:

ny

Qp.ocm=Qq’?'qAr g
3nas uto Qy=0, To 00BEM 3aNaCHBIX HaCTeH ONpeAeNseTCs U3 BEAUYHRY
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crpoca g ¥ BpeMeHy At Ha MHTepBaNe KOTOPOro CIpOC Ha 3alacuble yacty Oy-
jieT He YAOBIETBOPEH:
annmn.:'q At

3HaK MHHYC FOBOPHT 00 OTCYTCTBUK A0HHOI0 KONMYECTBa 3aMaCHBIX Fac-
Teji HA CKJI2[le IPH NOABNEHUH TpeOOBaHKA Ha X MOTpeOHOCTD. 3ana4a BeLAaYH
noHGJIHHTEHBHO['G 3aKasa TeCHO epereTaeTes ¢ 3ajaueil HeCHMKACMOTro 005-
eMa 3alacHBIX JacTed.

BuiBoabl. PemonTHas cimyx0a MeTaqqypriueckoro nNpeinpuaTHs Hc-
NOMB3YET MHAMBUAYANBHBIE W TPYNIOBbIE 3alacHble YacTH, OTIMYAIOLMECcH

[MOAXOIOM K OTIPEIEICHHIO CPOKOB H 00BmeMOB 3anacHblx yactedl. Jlns kaxaoro

43 MOAXOIOB MPEJUIOXKEH CBOH COOCTBEHHBIH MaTeMaTHYeCK i anmapar K onpe-
JeNIEHHIO CPOKOB H 00BEMOB 3aKa3a 3alfacHbIX YacTeH, B OCHOBE KOTOPOTO Jie-
JKaT MONOKEHUS TCOPUH BCPOATHOCTH U MATEMATUYECKOM CTATUCTHKHU.

Cuucok nutepartypsi: 1. IlnanupoBanue W OpraHW3aiiMg MOCTaBOK 3a-
nacHbIX yactelt mamuH 1 obopyaosanus /AU, Xapun, HIL Bobpux, .M. Mu-
Haesa. - K.; Jlonenk: Bulna wk. onosHoe uza-so, 1986 . - 115¢ 2. MHioTHHA
K.B. HopmupoBanue npou3BoACTBEHHBIX 3aMacoB C IPHMEHEHUEM MaTeMaTnyc-

CKO-CTAaTHCTHYECKHX MCcT040B. -M.:”CraTictika”, 1969rn-112¢c.
Cmambs nocmynuia ¢ pedaxyuio 15.06.2001 2.

K OIIEHKE KOHIEHTPAIMY HAITPSHKEHUY B OPTOTPOITHEIX
OBOJIOYKAX C TPEHIHHAMMU

IlleBuyenxo B.I., Nos6us E.H. (JouHV, 2. Joneyx, Yxpauna)

In this work the research of influence of orthotropic parameters of a material on
avalue of the stress intensity factors in orthotropic shells with cracks is carried
out.

B Haie Bpems cyiecTByIOT pasnugnbie NOAXOAH K PelieHMI 3ajad o
HANDDKEHHOM COCTOSHUM OPTOTPONIHBIX MIACTHH 1 000JI04eK, OCIabneHHbIX
Paspesamu. bonbmnHCTBO H3 HHX OCHOBAHO Ha OTAENRHEIX TPEANONOKCHUIX H
OTpaHuyeHHAX B 06/1aCTH TeOMETPUH HIlM YIPYTHX cBOHCTB 0bonoyex [1-3].

OCHOBHOE MPEeHMYIIECTBO METOAMKH, W3TOXKCHHOR B MOHOrpaduu [4]
COCTONT B TOM, YTO OHA HE NPE/NONAraeT AONONHHTENHBIX OrpaHiYeHui Ha
ICOMeTpHYecKHe apameTpsl 000NOYEK WK YNpyrie cBOMCTSa MaTepua.

B npennaraemoii pa6ote 1a ocHose pesyibTatoB MOHOrpaduy (4] mpose-
ACHO riccnieoBanve BIMAHKS IAPAMETPOB OPTOTPONMH MaTepyaia Ha 3HaueHne
KOS dunHenTOR HHTEHCHBHOCTH YCHITHI H MOMEHTOB B OPTOTPOTTHBIX 060104~
KaX ¢ Tpemmuamu.
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Paccmartpusaercs OpTOTPONHag 000n04Ka NOCTOIHHON TONUMHLL A, 07-
HCCEHHAS K CUCTEME OPTOIOHAMBHBIX KOODAMHAT ¥,) C OCHMH BIOIb HAlIPaB-
AeH}H yNpYro# 1 reoMeTpHyecKol cummetpuu. [Ipeanonaraercsd, uto 060:104-
Ka ocnadiera TPeUMHOH, OPHEHTHPOBAHHON BOML KOOPAMHATHBIX OCEH, U Ha-
XOJMTCH 110] AeHCTBHEM CHMMETPHYHON BHeuHeH Harpysku. bepera Tpellrus
cBOGOAHBI OT HArpy3KH H B Tpouecce AeGopMUpPOBAHHS 0BOTOYKH HE KOHTAK-
TUPYIOT MeX Ay coboi.

VickoMBle HanpsxeHNs NPeACTaBHM B BHAE CyMM HanpsKeHuHi B 0607104~
Ke 6e3 TpelunH b IIpY 3a1aHHON BHEIHeH Harpy3ke (B nanbHeiturem oxu Gyjiyt
0003Ha4aTbCs BEMUMHAMU CO 3BE3/I0MKOM) M HATPSHKEHUH OT BO3MYILIEHHOTO
NO7A, BRI3BAHHOTO HANWYHEM TPellMHOH.

B pabore [4] paccMarpuBaemas 3ajaua CBefieHa K CHCTCME MPAHUYHBIX
MHTErpalibUbIX YPaBHCHUH

ZH lj Kyt -2y (0t =20 (17), (7] <1,i=1,3), (1)
j=13 ]
rac Kyy(x)= ; - ZVI{?ﬁzz“zxgag}(ﬁz ' lixf);_ "
Ksl(X)=zz€i%§|a”2)(ﬁz—lixi); Kj5(x)= (]__Vig;f_ 2#]K3,(x); 2)
Kys(x)= é + v y)(éizi : 2#_—;;“»{3}(5{”)‘]);

_D-v)3+v=-p), 2d[0;] -
ch ] (‘3)

5 f[i-d
47°1a a

49V a dr’

R

2 s :
a(y)= i- j!dz}!f-fcos’ Jeos(2n - 1)9ImG, ,,_; (y]d|\,f{:‘}19;
0

14}

2

a(y)= = [d? (145 ) 'cos .9(vc<352 8+ sin’ 9)003(2;1 ~1)9 ReG, ., (yéa’{v’f)d&;

]
Dt I

=

cos(2n~-1)9

ImG, ,_{yldilis:
COSS nh i(Jl 1 k .

3. Y
(y)= = J]dzgf;“z (v cos” 8 +sin’ 9}-

n

2 _1-pcos® 9 +1y%sin® 9 f=cl ;

a 1| 1?2

E= \’FE 2P =JEE;v= vy ;e = \I?Z(] —v_z)!th;
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H=1-21+v)G,/E; a=1-(u—puv)I2; D= Eh3/12(1 ~v3);
E), E;- momymi IOwra; vy, v, - xoaduuments! ITyaccona; Gy, - momyms
CHBHIa; V- IePEMCLICHHA B Hanpasnexns ocH ¥; 6, — yroi nosopora; R,, R,

— pafliyChi [MABHBIX KPHBU3H 000NOUKH.
CneunansHas gyuxuns G, ,, (v ) umeer sua

Gy (2] Kien0)- ] é(—l)r‘**?“”“—*—f‘-’f -2-] (50, m>-1),

(n=k) \y
e K, (z)-monuduuuponanas dynxius Beccens 2-ro poza nopsijika v .
Hns obecniedeHns eIWHCTBEHHOCTH DCLIEHMA CHCTEMBI (1) B kmacce
QYHKIHH, HEOrPaHHYEHHBIX Ha KOHLAX otpeska [-1, 1], HCIOAB3YIOTCS JIOMO0NI-
HUTE/IBHEIE COOTHOUIEHYS

I
Jw (e)de=0,(j =13). 4
1

Kos@duunentrr nutercuBROCTH yCUNmit 1 MOMEHTOB NpefcTaBUM ciie-

AyiomuM obpaszom
e

= h
K= |—Erpty; K= £ Py )
"a JaB+v-2p)i2f-v2)

Kosdduumentsl 4; xapakrepusyior oTkioHeHue ko3bdHLmEHTOB UH-

TEHCHBHOCTH B 060/104Ke OT COOTBETCTBYIOMIMX KOIDDUILMEHTOB MHTEHCHBHO-
CTH B miacThHe (Anf miacThubl Ay =1, 4y, =0) u Beipakaiorcs yepes Heus-

BECTHBIE QyHKIMH 10 HopMyIam
e I )
4p=lim Vi-c* y,(0) j=13. (6)

AHaIUTHYECKOE PELICHHE CHCTEMEI CHHIYISPHBIX uHTErpaisHsix (1), (4)
HPAKTHYECKH HEBO3MOKHO H3-3a CIIOKHOM CTPYKTYpEI Aep. [ToaTomy s pe-
HICHHS CHCTEMBI HCTIONB30BAICS METON MEXAHMYECKUX KBaIpaTyp [5].

HHCeHHble pacueTE! IPOBOMNHCE ANs ChHEpPHUECKHX, LMITKHIPHYCCKHX
4 TiceBnocdeputieckux 060IOUCK ¢ PasIHYHBIMU JHAYCHUAMM napaMeTpoE op-
TOTpomMu,

Ha puc. 1-2 noxasano usmcnenue K03OGHIMENTOB 4); H A3, B 3aBHCH-
MOCTH o1 otHOWeHHa Moayeit [Oura Ey/E, B chepuyeckoii o6onouke npu
= 0; 0.3; 0.6; 0.9 (kpussie 1-4), B UHIMHAPHYECKOi obonouke pu x# = 0; 0.9
(KpuBgie 5-6) u niceBpoceputeckoit npu u = 0.9 (kpusas 7).

[IposeneHHble pacueTs! MOKa3zam, 4T0 OCHOBHOMH kospduument 4, pes-
KO yMenpinaercs ¢ yBenuyeHHeM OTHOUIEHHS mopyneit FOura s oBonouek
o0o# rayccopoii KpuBu3Hbl. [Ipu 3TOM BiAMAHME YKa3aHHOTO MapameTpa Ha
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JOTOTHUTENAbHEIH KOIQPHUHEHT A3, HE3BAYUTENBHO.

BrusiHHE MOJYNS CABMra Ha BENMYHHY KOIQPHUUUEHTOB HHTEHCHBHOCTH
Gossiiie BCero nposABiseTcs B cdepuueckux obonoukax npyu u>0.6 .

A3y

Ay

2.5}

Puc. 2.

Puc. 1.

Cnucok aurtepartypsl: 1. Kocrenxo U.C. Ynpyroe paBaoBecue 3aMKHY-
TOH OPTOTPONHOK 060M04KH ¢ NPOXONLHEIMH paspesamu // Pu3.-XUM. MEXaHHKA
matepuanos. - 1980.- 16, N5. - C.67-71. 2. Delale F., Erdogan F. Effect of trans-
verse shear and material orthotropy in a cracked spherical cap // Int.J. Solids and
Struct. 1979. - 15, N 12. - P.907-926. 3. Erdogan F.E., Ratwani M., Yuceoglu U.
On the effect of orthotropy in a cracked cylindrical shell // Int. J. Fract.- 1974.-
10, N3.- P.369-374. 4. Konuentpauus sanpsxenuii / ITog pea. AH. I'yaa, A.C.
Kocmopamuanckoro, B.I1. Ulesuenko. — K.: A.CK., 1998. — 387 c. (Mexauuxka
komnosutos: B 12 . T. 7.). 5. IMTanaciok B.B., Caspyk M.IL, Hausimus AIL
PacnipeneneHie HanpsKeHuH OKOTO TPEUIMH B MAacTHHax ¥ obonouxax.- Kues:

Hayk. nymka, 1976.- 444c.
Cmames nocmynua 6 pedaxywo 12.06.2001 2.

KOJIEBAHHS BYPUJILHOM KOJIOHHBI C YYETOM
BHYTPEHHEI'O TPEHUSA
Hlepuenxo @. JL, Yaurun L. M., Tw H. C. (JonITY, 2. Joneyx, Yxpauna)

An influence of inner friction on a strain and deformation of a boring
column is studied. It is shown that this influence isn 't considerable.
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AN VYyet BHEIIHHUX Cun CONpOTHBIACHHUA CO CTOPOHBI ﬂpOMbIBO‘{HOf{ AHHUIOKO-
Ha KONEDATE/ILHBIC HPOLECeh OYPHIBHBIX KOJIOHH PACcCMOTPEH BO MHOTHX
paﬁo-rax [1,2]. B nacrosueii pabore M3yyeHO BIMSHWE BHYTPEHHErO TPCHMH,
p0€ BO3HHUKAET BOICACTBMC HECOBEPILCHCTEA YIIPYTIOro MaTepuana prlfl Jb-
Boﬁ kortonHBl. Kak w3BecTHo [3], MaTemaTHueckolt MOJENBIO /LIS OTIACAHHSA 3TO-
o ABEHMSA CHYXaT iBe pacripocTpaneHHble runotessl: boka-liliuune-Konapa u
Kenpeuna-Poiixta. [ns ycTaHOBMBLIMXCS BBIHYKIEHHBIX KOJEOaHHH MOXHO
paccMaTpuBaTh HIIOTC3Y KOMILICKCHBIX momyne#t (rumoresa Copoxuna). Tx.
runore3a KeneBuna-Qokxra 0 YaCTOTHO-3aBHCHMOM BHYTPEHHEM TpPEHHH He
[IOATBEPXKAETCS SKCIEPUMEHTANBHO [3], TO 0CTAHOBUMCS Ha NIEPBOH.
CornacHo runoteze boka-lllnunne-Konapa s 4acToTHO-HE3aBHCHMOTO
BHYTPEHHEN0 TPEHHUs ypaBHeHHe NPOLONBHEIX Konebauuk OypuisHOM KONOHHEL,
MOZENBIO KOTOPOH CY/KUT YNIPYFHIf CTEPKEHD JATIHHOIO /, HMEET BUA

~2 AZ ~2 )
oY 0 (2%)_, i
_ " ox2 EACE )
C IPAHHYHEIME YCAOBHAME
M,ii(0,1) + cu(0,£) — EFu’,(0,¢)=0; 2)
Myii(l,t) + EFu. (1,1) =0, G)

[ m - Macca eIUHHUIIL! JUTHHLI KONTOHHB!, EF - npogojibHas KEeCTKOCTh, - KO-

3(!)!1}[4‘][15'{31{1‘ UHKITHHCCKOro OTKIOHEHUdA, ——— - ONEParop nocieiosaTeibHOro
L
Juddepennuposanus no cobersertbiM (azam xonebauuil, M, u c- Macca 4

KECTKOCTDL TaNeBOi cUCTEMBI, M, - Macca yTSDKeNnuTenel U Jonota.
IIpu atoM, T.K. An(depeHLrpoBanie 1o (ase NPUBOAMT K AU depeHi-

POBaHUIO 1O BpeMCHH [ W JACJIEHUIO HA COOTBETCTBYIOLLYIO COGCTBCHHY}O Jac-

TOTY, TO rrnotesy boka-llnnnne-Konapa Ha3biBarOT CKOPPEKTHPOBAKHON MOJe-
1610 Kennpuua-Moiixta [3].
Penienne rpanninoi 3agaun (1) - (3) uiem meronom Oypee

urt)= 3 X, (0,0, @)
n=1

o Ry A Ay X
TA€ cobeTsernbie QyHKIMH X ,(x) =sin— + —"-.c0s—~ ,a COOCTBEHHbIC
K= ":‘;:Ifn
SHAYCHUs 1 - onpeaensiores u3 ypasHesus [4]
2
ot =G+ E) =K
nT .3 = s
Anlily — A, (1+ x&5)
W88 Kk =cl/[EF,& =M,/ml - Ge3pasMepHbIE 11aDAMETPbI, XaPAKTEPH3YIOUIHE

KECTKOCTE TaneBOM CHCTEMB M MacChl TAACB0r0 GNOKA ¥ yTSKCAUTENeH.
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Cobcreennbie oynkumMu X, (x) [4] 6yayr opTroroHansHbl C Becoy
p(x)=14&16(x) + &,16(x — ) Ha oTpe3ke [{}, :’], a pynkuuu 7, (1) onpenensiores
H3 YpaBHEHHs

T,+2hT, + T, =0, (5)
rae 2h, =aw,, w, = A,a/l- cobcTBernble YacToTHl Konebanuit, a = qm— .

CKOPOCTH NPOAOJIbHOI BONHB! nedhopMaiy KOJTOHHBL.
Pemrenue ypasuenus (5) umeet BUJ

= - —_
T,(1)=e""" (4, cos@,t + B,sind,t). (6)
Taxum obpasom, pewenne (4) ypasuenus (1) npeacrasnser co6oif 3ary-
xalomue konebanus ¢ @, =+/@?2 - hf,’ - AemnipupoBaHHOH COOCTBEHHOM HacTo-
To# konebanuii. C yuerom 4, = aw,, /2 BEIpaXeHue Ans neMnHPOBAHHOH dac-

TOTBI IPUHHMAET BUA @, = @,+/] —a2/4. 3HaueHus koaphHIMEHTa & BBIUHC-
JSOTCS 10 3HAYCHUIO NorapudMHYecKoro aekpeMenTa A = z¢. Tabauna 3ua-

YeHwH JOrapuGMUYECKOro IeKpeMeHTa [IPHBOAUTES B paboTe [3], onm 3aBuCsT
OT TeMIEPATYPHBEIX PEXUMOB M MaTephaioB. 1ak, And CTAIH MaKCHMAaibHoe
anaveHne a = 0,013, a 370 03HavaeT, YTO HA YAaCTOTH! COGCTBEHHEIX KONeOaHuil

BHYTPEHHEE TPEHHE TPAKTHYECKH HE BHseT. Ero yuet MOXeT IpoBOAMUTLCS JUTs
pelueHuil npy pe3oHaHce.
ITpu pemesny 3aj5a4 Ha BEIHYKIECHHbIE XonebaHus
2 2
&%u Ju 3 [ou
m—z = EF—2 ~aEF —-- T = q(x,t)
ot & oy, \ &x
HeoOXOonHMO 3a/1aTh HaYaIbHBIE YCHOBUS

BaTh cxeMy MeTona Dypbe ¢ yUeTOM OPTOroHanbHOCTH COGCTBeHHBIX dyHKIHil
¢ BecoM p(x). B wactHoctH, ecam wuy =0,vy =0,q9(x,f) = g- Bec emuumim
AnuHBI KONOHHE B & =0, To X, (x)=sinZ x/l, rae cobCTBeHHBIE 3HAYEHNS
Ap onpefensoTCs U3 ypasHeHua g4, =1/& A, a dyukuun T, (r) ssasiorcs
peLieHHeM HEOJHOPONIOI0 YpaBHeH s

T+ 20T + @l =t )
TR B

C HYJICBBIMH Ha4YalibHBEIMH YCIOBHUAMHU.

; /
3necs Azn = ij(x)p(x)dx: 5(1 +&, sin? A,) - KBaJpat HOpMBI COBCTBEHHBIX
0
dyuxuumii.
Obuiee peitierye COOTBETCTBYIOIETO OHOPOAHOTO YPaBHEHHS YKe
ompeneneHo (6), a uyacTHoe uiueM B Bupe 7, =A=const ¥ Torga obiee

pelueHue ypaBHenus (7) UMeeT BHA
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a3

u(x,0)=u, u(x,0)=v, u HCIONB30-

ypaBHERH (7) umeet BUI

-h t
T,(1)=e ™ (A cosd (+B sind t)+ -—_ ‘
: : ) " melala

n-n'n

Jlociie YAOBIETBOPEHHUS HYNEBBIX HAYANBLHBIX YCAOBUH Nonyyaem

I ; 8, Ih,e™' sin@, 1
To(0)=—— (1= cosi,f) + L0 __ S0
maw, A4, maw,®,N,A,

Torza pewenye (4) rpaHHYHON 3a/1a4H C HYNEBHIMU HAYATLHBIMU YCAOBUSMH C
YHETOM, YTO )y, & @, IPHHUMAET BH

EF ;E] B+ & sin? A,)

B Beipaxxeriu (8) npose/ieM OLEHKY BpEMEHHOTO KOO UIMEHTa
2
a’, .
< V] - T!sm(w,,l +@,)|~1.

SINA,X; 1ie - (cos@nr—%sinw"t)} (®)

: u(x,r)=

. e~aw”r 2

.
COS@,t — Esm @yt

Tora MakCHMAaTbHBIC IO BPEMEHH HANPSUKeHHS GYIYT BEIYHCAATHCH 1O H3BECT-
HOH hopmyne [5]

4ql °z°: cosA,x/1

F a2 221+ &,sin?4,)

Taxum 06pasom, BHyTpeHHee TpeHHe NPAKTHYECKHU He BIUAET Ha Hanps-
KEHHO-NEOPMHUPOBAHHOE COCTONHHE GYPHIBHON KONOHHEI NPH TPOONBHBIX
Konebanusax. Maremaruyeckas MOJCNb KPYTHIBHBIX KoneGaHHii MOMHOCTHIO
AHAJIOTWYHA MOJIENH NPOJONBHBIX KoneOaHMi, NMOITOMY M AN KDPYTHABHBIX
KonebaHuii cripaBe kB Takoi BHIBOA,

Tenepr usyuum BiHsAHME BHYTpEHHErO TpeHHS Ha nonepeyHsie Koneba-

Omax ()=

U OypuiibHOM KonoHwsL Jlis H3rubHeIX Xonebanuii ComacHo runorese Boxa-

Hinvnne-Konapa umeenm ypasense [3]

3%y 8° 3 )&%y a[ By)
m=—z+ EJ == 1+a— |22+ 2| Nx,)Z | =0, 9
PY vl L Pu i G e ©)

TA€ y(x,f)- nonepeyHble NepeMeIeHns KONIOHHBI, £J ~e¢ u3ru6HAs KeCTKOCTS,
N(x,1)- npononsioe yeunue.

Orpanuunmes cnyyaem LHAPHUPHOIO 3aKpenicHWss TOPLOB KOMOHHBI H
HOCTosHHOM cuioit N = const, KOTOpY}O MOXXHO paccMarpHBaTh KaK yCpeIHEH-
HOC 3navenne nepemennoit. Torma coGctenHble dyHKUMH X «(X)=sink,x,

k

n=7m[l, u ypasuenne (9) ¢ ydyeTom NpeCTABNEHHS ero peluleHHs B BHJE

ol
Hx1)= 3'7,(1)X,(x) metonom Bybuosa-Tarepxuna NPUBOJUTCA K YpaBHe-
n=1
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Fm

T, +2nT, +w?T, =0, (10)
Jm(EJRE - N) m" m

AHaNoOruvyHO Kak M JUIf PacCMOTPEHHOIO IEPBOrO Ciyyas, PeuleHue

5. ~ 2_ ;2
ypasuenus (10) nmpeactaenser cobol 3atyxaroiine Konebanus ¢ @, = \/- @, —h,
- aeMrduposaHHo# coBCTBEHHOH YacTOTOH H3rHOHBIX KoNeOaHHH.

T.x. npu poroproM criocobe GypeHus 0CHOBHas 4acTh OYPHILHON KONOH-
Hbl HAXOAMTCA B YCIOBHAX PACTAKEHHS, TO OTPaHHUMMCA KpalHWM Ciydaem,
xoraa N =0 ¥ BO3bMEM MaKCHManbHOE 3HaYeHHE KOIPOUIUEHTA (UKITHYECKO-
ro oTknoHeHus npH u3rube o =0,0058 [3]. Kak Buzno us popmynst (10) 3naye-
HUA &, yObIBalOT ¢ myOuHOM Oypenus. I1pu 3TOM, HanpHMep, C y4eTOM 3Have-
Huit napameTpos Gyposoil ycranosku “WIRTH” ans rybuu Oypenus [ =25
B =0,034c™", @, =118¢~;1=1000m: 1y =2,1 107 ¢ oy = 741077 I
3TOTO 3aKJIIOYaeM, YTO BIHSHUE BHYTPEHHEr0 TPEHUS Ui H3THOHBIX KoneOanu#
TAaKKe HEe3HAUMTENHHO, OHO NposBisercs B ycnoBuax oxarua (N =0). [lns
BBICILIMX 4aCTOT KoneGaHuit XapakTep NoBegeHMs Takoil xe.

Taxum obpasoM, BIHAHMEM BHYTPEHHEr0 TPEHMS A7 [I2paMETPOB K pe-
#nmoB paboThl Gyposoit yeranoku “WIRTH” npn BeeX BHIax konebarenbHbix
TPOLECCOB MOMHO NPEHEOPEYkh.

Crnucok autepatypsi: 1. Anekcaunpos M.M. Cunbt CONPOTHBIEHHMS MPH
ABHKECHHH TpYO B cksaxuue. — M.: Hexpa, 1978. — 208¢c. 2. Cumonos B.B,
IOnuu E.K. Bausuue xonebarensubix npoueccos Ha paboty GypHabLHOIO MHCT-
pymenta. — M.: Heapa, 1977. — 216c. 3. Bacunenxo H.B. Teopus konebaunit. -
K.: Buma wrona, 1992. — 430c¢. 4. Ynutus ['M. Maremarudeckas Moaens Oypo-
BOil KONOHHB! YCTaHOBOX poTOpHOro THma //C6opHHK TpyAoB MexIyHapoaHoi
Hay4HO-TeXHHYeckol Kondepenuuu “TIporpeccuBHble TEXHOJIOTMH MALLHHO-
crpoeHus ¥ cospemennocts”. — Jonenx: JouI'TY. — 1997. — C.247-248. 5.
Vautuu ['M. TIposonsHbie Konebanus yIpyroro cTepikiis, Moaenupyiomero 6y-

poByio yctaHoBKy //TIpuknanuas mexannka. — 2000. — Ne10. — C.125-128.
Cmames nocmynuaa e pedaxyuio 16.03.2001 2.

MMOBEPXHOCTHBIN CJION U IMUCCUOHHBIE CBOMCTBA
KOHCTPYKLHOHHBIX MATEPUAJIOB

Ixunbpko A.M. (VHITA, 2. Xaperos, Ykpauna)

It is given the result of the investigations on the application of charge particle
emission and surface potential (SP) methods for estimate of construction mate-
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rial state and peculiarities of surface lager formation after various regimes of
treatment and external effects (plastic deformation, corrosion, mechanical-
chemical treatment).

B Hacrosiiee BpeMsa I H3YYCHHS KHHETHKH MUKDOCKOTIMYECKHX Npo-
peccoB N€GOPMUPOBAHUS M PA3PYIICHHS TBEPAOTENBHEIX OOBEKTOB HCHONB3Y-
0TCA PA3MYHBIe QU3MYECKHE METOAB!: AAepHO-PHU3HYECKHE MEeTOMs!, HHOpa-
KpacHas CTIEKTPOCKONUSA, SNEKTPOHHBIH NapaMarHUTHBIA PE30HAHC, PEHTIEHOB-
ckag (POTOINEKTPOHHAS CHEKTPOCKONHA, AU(PPAKIKS MEUICHHBIX 31EKTPOHOB,
3NIeKTPOHHO-MHKPOCKONIHYECKas (paKkTorpadus ¥ T.A. B mocnemuue roasl ana
3THX LeTeH NpUMEHSIOTCA MeToabl OXe-3NeKTPOHHO! CHEKTPOCKOMMH, 3K30-

‘3NIEKTPOHHOM K aKyCTHYECKOH IMUCCHH, paboTh BBIXONA dMekTpoHa. Mcnonsso-

BaHME Pa3IHYHbIX QH3UKO-XUMUYECKHX METONOR U3YYEHHS MUKPOCKOMHYECKUX
MpOLECCOB Ae()OPMUPOBAHHS H Pa3PYIICHHS MATEPUANIOB MO3BONSIOT M3Y4YUThH
KHHETHKY 3JIEMEHTapHBIX aKTOB, CBA3aHHBIX C OGP&SOBaHHeM TOYEYHHEIX H JTH-
HelHBIX NehEKTOR, CyOMUKPOTPELIUH U T.A.

Yepes NOBEPXHOCTH METANIOB H CIJIABOB IIPOHCXOAAT BCEBO3MOXKHBIC
B3aUMOJICHCTRHS C OKpYXalowleH cpeno# - MexaHudeckas obpaboTKa, TpeHue,
KOppO3Hs, XHMHYECKHE PeaKLH 1 T.A.; I03TOMY PU3NKO-XHMHYECKHE CBOACTBA
3aIMTHBIX MOKPBITHH, 00pa3yIONIKHXCS HA NOBEPXHOCTH META/IOR M CIUIABOB H
MX M3MEHEHMUs T10Jl BIHAHMEM BHEWIHHX BO3AEHCTBHE HMIPAIOT OMNpeiessiouee
3HaYeHHe NpH CO3/IaHWM HANIeXHBIX H OKOHOMHYHBIX B 3KCIUIYaTalluy y3NOB 1
H3IENHH.

B pabore npeacTaBneHs! pe3ylbTaThl MCCIEAOBAaHAH CHCTEMBI METANf-
3aHTHAs TJICHKA, TIOIBEPTHY TOH MEXaHHYECKUM BO3JEHCTBHAM, METOaMH K-
303ICKTPOHHOM SMUCCHU 1 paboTh! Bbix0Aa 31eKTpoHa. OCHOBBI METONOB (oTO-
¥ TepMOCTHMyIMpoBanHO#t aMuccuu (PCI3, TCHD), akycTHueckol IMuccHu
(AD) u pabothl BhIXO#A 3NMEKTPOHA, olpeienseMoi METOAOM KOHTAKTHOMH pa3-
Hoctr noteHnuanos (KPIT) u ycrpoiicTsa a1 MX M3MepeHus NOAPOOHO ONMKCa-
Hbl B paborax [1-4].

|. Baugnne MeXaHWYeCKHX HANpHKCHHH Ha IMHCCHOHHYIO aKTHBHOCT
METaJIoB

ObbexroM nccnieoBanyii GBI OTONOKEHHBIE (QONLTH JIATYHH, MEIU, HH-
Kens, anroMUHUS pasmepoM 60x5 MM’ ¥ TONIHHOI 0,1 - 0,4 mm. dedopmupo-
BaHue nposojunock B Bakyyme 107 [Ta. Cxopocte nedopmaunu Obi1a nocrosH-
HOH u cocrasnana 0,02 ¢, DKCIepUMeHTaNbHAS TEXHUKA NO3BOMSIA O/IHOBpE-
MEHHO cHuMaTh guarpamMMel ofe), I(£) n Ag(g). DMHCCHA INEKTPOHOB TIPH Jie-
Gopmaiuy CTHMYJIHPOBaNach MOHOXPOMATHYECKHM CBETOM C ANHHHOH BOIHEI
350uM. OrgenpHble H3MepeHWsS MPOBELEHH 6e3 CcTHMYIHpoBaHus. Mamepesns
NpoBoxMHK cnenyromwmm obpaszom. Onpenensii 3Ha4eHue NoBepXHOCTHOO Mo~
T€HIHana B OTCYTCTBUM Harpysku. B mpouecce HarpyxeHus BKIIOUANach foj-
€BeTka 06pasiia BHOBS H3MEPSI0Ch 3HAYEHHE NIOBEPXHOCTHOrO MOTEHIHANA.
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Puc.1. Bausuue cTeneny aedopMalvi Ha
®CI3 mepu: 1 - Ke); 2 - o(é)

€M 3MeKTPOHOB.

Jlng nokanusauuy aedopMaiun Ha obpasuax cosfaBany CHMMETPHYHO
1132 GOKOBBIX KOHLEHTparopa hia ryouHy no 1/4 obpasua ¢ Kawj10# CTOpOHbI.
Pe3ynbTaThl, IPEACTaRICHHbIE HA PUC.2 MOMYYCHE! NyTeM YCPEAHEHHS U3Mepe-
il ang wecty obpasios. Kak BUIHO Ha pHC. 2, B NPOLCCCE HATPYAKEHHA 0
paspyuwienus o6pa3lios Me¥ W JaTyHH MHTCHCMBHOCTH 3MMCCHOHHOIO TOK2
PEIKO BO3PACTANA, 2 BEIMUMHA MOBEPXHOCTHONO NOTCHIMANA YMEHBLIANACK.

Ha ofpasiax Memu, nartyHH, HHKENs NPH 3HAYMTEIBHO MEHBIIMX OCTa-

Ha puc. | npuseieHst THITMYHBIE 3aBHCHMOCTH o(£) 1 /(£), KOTOpSIE CHU-
MAJIHCH AUTS OJIHOTO M TOTO ke 00pasla B HEMpPEPBIBHOM PEKHME AedopMallkiy.
MonoTtorRoe yBenuuenue nutencusaocty ®C33 ¢ poctom nedopmauny
YMEHBLUCHHE TOBEPX-

HOCTHOIO MOTeHLHana

/ CBHAETENBCTBYET 0

TOM, MTO 3TC HABICHHE

1 00yCOBNEHO  3BOIIO-

el AUCHOKalUuOHHOH

CTPYKTYpbi oOpasua u

yBENUYEHHEM  BaKaH-

CHOHHOIO MOTOKA M3

obsema obpasua K mo-

BEPXHOCTH C IIOCHE-

AyIoueH HX aHHUIunA-

nued W BRICBEYHBAHU-

sp, v TOUHBIX nedopmanuax
o . (=1%), cooTBETCTBYIO-
=)
” S o2 //! o WUX 06NaCTH MUKpOTLIa-
= 1 + ~
& ’>_/,~-f : CTHYHOCTH,  Habmoia-
£ // | 70Ch YBEMHUEHHE 3IMHUC-
/!
g N | cuonHoro Toka Al//=20%
24— 1 1 140
2 : . 141 He3IHadYUTEeIbLIOL
g : 1 yMEHBIIEKRHE paborhi
ol 1 1 - : 5
[ ! 129 BBIXOAA 97EKTPOHa, KO
| | TOpOE MCYE3aNIO 3a Bpems
PR | + i
: 245 15 ~10 cekyHA TNpH NOj-

JepKaHUKM  HEeH3MEHHOM
BENMYHHbl PACTATUBAK-
WMX Hanpsoxernit, ITOT
3>QQeKT, No-BHIUMOMY.
cBA3aH ¢ HaauuHeM o00-

PAaTHBIX  CTPYKTYPHBIX

Puc. 2. 3aBHCHMOCTE SMHCCUOHHOH aKTHBHO-
CTH Y M3MeHeHH s NTOBEPXHOCTHOTO NOTEHIHATa Med-
ueix (1) w naryssbix (2) ¢onsr ot aedopmainiu
obpasuor. [IyHKTHPOM Yka3aH yposeHb Oe(opma-
LK, COOTBETCTRYIOLIMH paspyuieHuio obpasia
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aMEHEHHUH MOBEPXHOCTH MaTepHAIOB IPH MUKPONLIACTHIHOCTH.

CriefiyeT OTMETHTh, 4TO Pe3KHH POCT TOKa IK303IMUCCHH HAOMONANCS NPy

paspyLICHHH METAIUIOB 6e3 GOTOCTHMYINPOBAKHA.
4 Habmonaembie B npolecce akTuBHOH JedopMauyy H3MEHEHHMS WHTEH-
cuprocTy ¥ kuHeTnkn PCID 1 paboThl BBIXOJA EKTPOHA ABATIOTCA pe3ybTa-
TOM NPOTEKAHHA HECKONBKHMX KOHKYPHPYIOLIMX MPOLECCOB: H3MEHCHHE MEX-
ATOMHOTO H MEXILIOCKOCTHOIO PaCCTOfHMIA W CBA3AHHBIX C ITHM W3MEHEHHH
SMEKTPOHHOH TIOTHOCTH; BBIX0A2 (OPMUPYIOLIMX AMCIOKaUui Ha TOBEpX-
HOCTH; M3MEHEHMEe IUIOTHOCTH AMUCIOKALWM B NMPHIOBEPXHOCTHOM Coe C MO~
crienyiolEM 0bpasoBanieM CyOMUKPOTPELIUH.

CrefyerT OTMETUTh, YTO YYBCTBUTENBHOCTh MPEATIOXEHHBIX METONOB K
BO3HMKHOBEHHIO TIACTHYECKOH feopMaLiy HAMHOIO BBILIE, 4EM CTAHAPTHBIC
MeXaHHUeckue MCrbITaHus. [TonydeHHBle 3aBUCHMOCTH MO3BOJAIOT peliaTh H
00patHyIo 3a1ady - TI0 BEIHYMHE IOBEPXHOCTHONO MOTEHIKANR, HCTIONB3YA TEX-
HHKY CKaHMDOBAHMS, ONPENCIUTH HAaNpsKCHHE B OTIENBHBIX MUKpoobBeMax
METaNjIoB, Ha CTEHKAX TPELIMHBI, OKOIO HEMETANIHYECKUX BKIIOUCHHUI 1 ApY-
FHX JeeKTax, IPHYEM HE3aBHCHMO OT TOIO, 32 CYCT KaKMX MPOLECCOB BO3HU-
KaloT Haupsxenus (TepmooOpadoTka, PasoBsie ¥ CTPYKTYPHBIE NPEBPAIICHHUA U
T.A.).

2. DK303MUCCHOHHBIA METOJ OLEHKH KOPPO3HOHHOH CTOMKOCTH 3aliuT-
HBIX TTOKPBITH

UsyyeHue 3aKOHOMEPHOCTEH paspyllieHus OKCHAHBIX MIEHOK Ha MeTal-
Nax 103BONHAO Mpe/AnokHTs MeTof TCID Ui OUEHKH KOPPO3HOHHOH CTOHKO-
CTH 3allHTHBIX NOKPBITHH.

MeTo OlieHKY KOPPO3HOHHOMN CTOMKOCTH 3AIUMTHBIX MOKPBITHH netanek
asupyercs Ha YCTAaHOBNEHHHM 3KCHEPHMEHTAIBHON 3aBHCHMOCTH CKOPOCTH
OKHCIICHHs OT BPEMEHH H [OCIEAYIOMIEro ONpeeeHUs KOHCTaHTb! OKHCICHHS,
XapakTepH3yroLieil HHTEeHCHBHOCTE 00pa30BaHys HOBO#H Cpe/lbl Ha MOBEPXHOCTH
Matepuanos. IIpenmyliecTsa B 3ToM Bonpoce mMetona TCII B TOM, 4TO OH yC-
KopsieT (110 CpaBHEHMIO C TPAXMIMOHHEIM METOAOM) NIPOLECC ONPEAENEHHS KOH-
CTAaHTHI OKHCJIEHHS, faeT HH(POPMALIHIO O KONMYEeCTBe aKTHBHBIX LIEHTPOB TO-
BEPXHOCTH, CTHMY/IHPYIOUIMX NPOLECC KOPPO3MH 1 B3aUMONEHCTBHS HX C
BHEMIHE} cpeoil.

Bos6yxietine NOBEPXHOCTH 00pasiioB MPOBOXMIOCE 3MEKTPOHAMH C
SHeprueii 20 5B npu MIOTHOCTH TOKA j =1-10"® A/mm’ B Teuenne Bpemenn = 1
MuH. CxopocTs Harpesa = 1,2 K/c. Tlockoneky ans o6pasoBaHys 3alHTHEIX
TOKPHITHI MIMPOKO HCMONL3YETCH HUKEIB, TO OTIBITHI IPOBOAKANCH HA NiO, no-
AYHEHHOH npy OKMCNeHWM HHKens B arMocdepe Kucropona npu 840 K. TC33
NiO nmeer XapaKTepHBiit MakciMyM B paiore 420 K. IlnotHocTs 3apsiia Ha 110~

BeDXHOCTH OnpefeNanach kak o,=Ne’", rjie Ne — oGbeMHas MIOTHOCTb 3apaaa
B NpunosepxuocTHOH 00nacTv OKCHAa, noyyyacmas Npw 0bpaboTke KpHBBIX

89



TC32. Tonuwna noayHeHHOH OKHCHON TUIGHKA JUIS PA3NH4HBIX BPEMEH OKHe-

aenus t=0.17; 0,42; 0,67; 1,2 9aca onpeaensaach ONTHYECKAM METOHOM.

?83}’J11:'l'3TB! JKCTIEPHMEHTOB MOKAa3bLIBAKOT, YTO Op 3aBUCHT OT BPEMEHY

\
OKHCREHUA, KaK g, = f! 2. 3€1MCTHM, YTO OKHCIEHHC B JaHHOM Ciydae 1Oatqu-

HATOCK NapabolHueckoMy 3aKoHY, Te. Ah~1'2.

Jlng anaiusa SOKCIIePUMEHTAIbHBIX JaHHBIX IPUBACKAIOCH TEOpeTHYECKas

KOHIUENLHS, BhBHHYTas B.B.Bonskenreiinom, comacHo KOTopoH OKHCTIEH e
KOHTPONHPYETCH He AMPOYSHOHHBIMHM TpOLECCaMHM BHYTPH IUIGHKH (TEOpus
Barncpa), 2 saTpyiHeHHAMH pocTa Ha rpauxLe pasjiena okcua-ras. B stom ciy-
4ae NOBEPXHOCTH NJICHKH OKa3hIBAETCS PABHOMEPHO 3apshHKEHHOM (3HaK 3apsiia
OnpeAensercs COOTHOLICHHEM PaloT BLIXOHA METANNIa ¥ OKKCIA) ¥ KOHCTaHTY
1apaboNnYecKoro 3aKoHa OKUCICHUS K, MOKHO CBS3aTh C MJIOTHOCTBIO 3TOI0

3apajna Ce (I'IROTHOCTB XeMOCOpGHpOBaHHbiX aTOMOB Ha HOBCPXHOCT}{).

2
K, =| € ()’”;Xf ) A (1)
& 4ne*/ aelNt |
/X |

-

TAE: & — yOHHa 3NCKTPOHHOMN JOBYIIKM HIKE YPOBHS MPOBOAUMOCTH;
X.— paboTa BbIXOAa MeTaNa;
s = INEKTPOHHOE CPOJCTBO OKMUCHA;
€ — 3apaj 3NeKTPOHa;
¥ — DU3EKTPUYECKas NPOHUIIAEMOCTb.
Tlonarag, 7,- Nem, Ne — MIOTHOCTS, AOHOPHBLIX LEHTPOB, KoHcTanty Ky,

MOXKHO OHpefieuTh, Haxols & U Ne U noap3ysch SKCIepUMEHTANLILIMM JaH-
HbeiMH TC3D.

Pesyabrarsl BRIMMCICEHIE OPUBCACHLI B TA0M. 1.
Tabnuua | - 3HaueHRe TOCTOSHHON OKUCIIEHHS

t, yac K, cM“Icex
0,17 L6 10 « o]
0,42 472x107"
I 0,67 7,14x107°
1,0 220x 10"
2,5 1,65x10™

Cpensee 3navenne K= -‘-1,46-10""s cm*leex.

M3 sxcnepumenTanbeix aanuerx TCO3 K,_,_,f&(}-l{)'l" em’/cex. Pacxo-
AAeHKE 3Haverni Ky u K,,, HEe3HaYnTCIbHO, €C/IH YHECTh HEKOTOPYK HEOMpe-
AENEHHOCTh CTPABOYHBIX AaHHbIX OTHOCHTENBHO X, — X,

Koscranra K xapaxrepusyeT TONWIMHY ApMPOCTa OKHCHOM ILIEHKH 32
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) {ly BpEMCHH, U M0ITOMY MOXET CIIyKHTb MCpOﬁ\KOppO3HOHHOﬁ cTokKo-
\arepyaia. CrienyeT OTMETHYE, UTO N0 AaHHBIM TCD3 MOKHO ONPEAEIHTD
onbko K, HO W OLEHHTH BKNA[ JHEPTHH aKTUBAIMH & H Ne KoHUEHTpalKH
épuux [[EHTPOB B CKOPOCTh OKHCIEHHUS.

~ [lonyueHHble Pe3YNBTaThl NOKA3bIBAIOT, HTO H3YHUCHHE 232 u KPII, co-
OBOKAAOMINX Ae(OPMALMUIO 1 PAa3PYLUCHHE METALIOB CMOKET JIC4D B OCHOBY
Soro MOAXOJA K 1pobneMe paspyIueHus matepualloB. Kpome T0ro, nospiser-
BOMOXHOCTh M3yUeHHs TIPUPOJIB! METAMTHUECKOH CBSA3H, MPOLECCOB obpa-
jﬁﬁﬂﬁ {I0BEXHOCTH METAIIOB M aHaN¥3a KWHETHKH W3MEHEHHS 3MHCCHOH-
i aKTHBHOCTH B npoLiecce 06pa3oBanus IOBEPXHOCTH NPH PasPYLICHIH.
PazpaGoTaHHas annapatypa JUIS PErucTpanuid 3apoxACHHs M pa3BUTHA
PEIMH B METAJUIaX U y31aX KOHCTPYKIMH MOKET 6BITH WCII0B30BAHA B 38BO-
mxnx YCHOBHSIX JUISl KOHTPOSA KauecTBa MeTalia, HCrob3yeMoro B pasIuYHbIX
;ﬁiﬁcrpyxmmx, ¥ OTPaGOTKM TEXHOMOTHY C LEJBbIO CO3AAHHS HOBBIX MaTepua-
JIOB.

"

 Cnucox amtepatypsi: 1. Kopros B.C., Crecapes AMN., Poroz B.B. Dk-
309MHCCHORHBII KOHTPON NOBEPXHOCTH JieTalel nocie obpaboTku. - K.: Hay-
KoBa jymka, 1986. - 175¢. 2. LIKuibKo AM., Kpecuun A.A. I'[pumcnfaﬁe 3K~
'%ﬂexrponﬁoﬁ IMUCCHY U1 UCCIICNOBANMS DU3MKO-XHMUYECKMX CBOHCTE Ma-
Tepnaios. - Xapskos: Y3ITH. 1980. -75¢. 3. IHkuteKo AM. Hepaspyumarouine
Me’m,!lhl KOHTPOJI METalJIOB K Y3/10B SHEPreTHHECKoro obopynosanus. - K.:
HCHO, 1994. - 170c. 4. Likunsko AM. MeToa KOHTAKTHOH Pa3HOCTH TOTEH-

mmanos. C6. HayqHBIX TPyLOB. - Xapskos: XTYP3, 1998, c, 248-254.
_ Cmames nocmynuna 6 pedaryuio 11.06.2001 2.

~ OIIPEJEJEHME OCHOBHBIX IAPAMETPOB PE3LOBBIX
TOJIOBOK ISl 3YBOHAPE3AHUS IMJIMHIPHTYECKHX KOJEC

SImunkos A.C., ®epopos FO.H., Apramonos B, Purunnos K.B.
(Tyal'V, 2. Tyna, Poccus)

In this paper given progressive construction of disk cutting tool for machfﬁmg
Spur gears. Offer methodic for calculation some basic parameters of large di-
ameter gearcutting heads with cutting 100ls.

Tlpy npoeKTHPOBAHKH PE3LOBBIX FONOBOK [T 3y0oHape3aHns LMIHBPU-
HECKHX Kojtec, pabOTAOLIX M0 CXeMe OOKATBIBAIONIEro 3yGOnpoTAruBanus, He-
OBXO/UMO ompesieTUTE: YMCHO PEXYIIMX JJEMEHTOB; AUaMETp MHCTPYMEHT,
BeNMuMHY cexTopa, CBOGOTHONO OT Pe3lioB, HEOOXOAUMOro Uil GecrpensTcr-
BEHHOro femenust 3arOTOBKH, @ TaKXe PacCYUTaTh HEKOTOPhIE YHCTO KOHCTPYK-
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THBHBIE NapPaMeTPbl HHCTPYMEHTA.
Hucno pesuos Z, 3y6opesnoi 1on0BKH LIS 06KaTbIBaIOLLEro 3y001npors.

PHBANKA OTIPELCASCTCS A0MYCTHMOM HaIPy3xoi Ha pexylume kpoMiu. 1o Hop.§
MAarHBEaM 3a/laeTcs MaKCHMANbHO JIOMYCTHMAA TONUIMHA CPE3AEMOr0 CHOS Mo,

Tania da™™ W paccYMTHIBAETCS MPOH3BENeHUe V... xdt, npencraBnsoues

coDOM aeMEHTapHYKO JIuHY ofKara, NpUXOIALLYIOCS Ha OAMH 3y6 HHCTPYMey-
ra. OTHOMICHNE OBluel IMHbI bkata /.. K SMEMEHTapHOH NIHHE 0DKaTa oj-

HOTO pe3a ONpEeseT CyMMapHoe KOTHYECTBO Pe30B, HEOGXOIHMOe AN 06pa-
6OTKH 0AHOI BIAJHHBI 3yGYATOro KONECA MM YHCIO pes3lios HHCTPYMEHTa

7 :-_iﬁi\’_._
9 Ve xdt
obx

Brito onpezenero neobxomumoe konuuecTso PEe3LOB HHCTPYMEHTOR juls
00paboTku 3yGuaTeix KOEC Pa3Horo MoIyAs ¢ pasnuyHbIM YHCIOM 3y05eB. [Ipn
3TOM ZI0MyCTHMAaR TONIHHA CPE3AeMBIX CIOEB METalla BLIGHPALACh HA OCHOBe
HOPMATHBHBIX NaHHKIX CIPABO4YHMKOB MO PacYeTy PeXHMOB pesanus. s 3y6o-
PC3HBIX HHCTPYMEHTOB, paboTalonmx Mo cxeme YHCTOro 0fKara, PCKOMEHIYe-
MBIC 3HAUCHHA MAKCHMAILHOM TONMIMHBL Cpe3aeMoro ¢os coctapsioT 0,2 - 03
MM B CITy4ae HCTONE30BAINS B KR4ECTBC HHCTPYMEHTANBHONO MaTepnana GbicT-
popexylie ctama u 0,1 MM - s TBEPIOro CIiaBa.

Kax 65110 ckasano Baile, dJIeMEeHTapHas JUIMHa oDKara, IPUXOAsIAgCs
Ha OJtiH pe3, OTpaHUYHBAETCS PEKOMEHIYEMOM MaKCHMANBHOM TONIIKROH pe3a.

aK, Anst 3ybonmonbnenus JMCKOBBIMA AONOAKAME KPYroBas Nnojaya Ha omsy
IBOHHOMH X0A pexomenyercs B npenenax 0,3 - 0,5 M. Quepnano, 4yTO 3HAYeE-
14 JMEMEHTAPHOH oja4y 00KaTa /Ul Pe3lOBLIX TOMOBOK HOMKHBI ObITH 321
HBI B 3THX npenenax. OjHako pacyerTs! MoKa3aim, YTo B 3TOM ciiydae HeoOxoun-
MOC HHCIO PC3LOB TOIOBKH Oy/ieT ouers Goasiuum (ans o6paboTiy koteca m =
2,5 MM H z = 27 4HCHO pe3uos nonydaercs Gonce 60). s pa3uieLiieHus Takoro
KOIHYECTBa PE3LOB TPEOYeTCs 3HAYHTENBHO YBEHYHT ANAMET] MHCTPYMEHTA,
H peasin3allns MPONEecca OKaXKeTCs NPAKTHYECKU HEBOSMOKHON.

V3 tpanuumonnoit cxemb! gopmoobpasoranus 3yOvareix npoduneii me-
TOAOM 0DKATa BUIHO, YTO TONIIMEA CPE3AEMOTO KA/bIM 3y6oM pe3uoBoil ro-
JIOBKH €108 YMCHBUIACTCA OT MaKCHMANBHOIO 3HAYCHUS HA BEPLUHHCE 3y6a MpaK-
THUCCKH 10 Hy1A y fHa BAajAuuet. [T03TOMy MakcHManbHas Harpy3ka HPHXOLHT-
€4 11 IepBLIe HECKONILKO 3y0beB, @ OCTaNblbIE 0KA3LIBAKTCSH HEAOIPYKEHHBIMH.
YUuTHIBasA BOIMOKHOCTD ONTHMU3ALKK CXCMbI BbIPE3AHHA BIIAAKHEI 3yOuaTtoro
Kojleca IpH 3yOOHape3aHuy Pe3lOBLIMM rOMOBKAMH, NPEACTaBIACTCS BO3ZMONK-
HEIM YBE/IHYUTE MaKCHMANbHYIO TONUMHY NEpPBLIX Pe30B MPUONM3HTENLHO B
asa pasa. Torna cpennee 3HaueHHe TONMIMH CPe3aeMblX CIOEB OKAKETCH BCE
PABHQ 3HAYHTENLHO MEHbLIE DEKOMEHTIOBAHHBIX, TOITOMY KOMHYECTBO PE3LOB B
TONOBKE MOKET TaKke ObITh YMECHBIIEHO MPUMEPHO BABoe. Tak, AN Kojeca ¢

92

womyieM m = 2.5 MM ¥ uucnom 3yGnes z = 17 3neMeHTapHas nmonaya obkara
pﬁ‘ﬁﬂa 0,8 MM, @ pacHeTHOE YHCIO 3yObeB HHCTPYMEHTA - 30 NpH MaKCUMATBEHO
conauEe cpesaemoro cosg 0,59 mm. Jns koneca m = 2,5 My, z = 27 3eMEHTap-
g monada obkxata paBHa 0,9 MM, pacuetHoe 4ucio 3ybwes - 31 npu maxcu-
vanbHOH TomukHe cpesa 0,53 Mm. CrienosarensHo, A 00paboTkK Koec nan-
Hoi’l rpyDNE! LENecoodpasio HCTONB30BATE PE3LOBYK) TOTOBKY, ocuauiernyio 30
pesnamy H3 GrICTpOpeXyLIeH cTanm. )

BenyyuHa auaMeTpa pesuoBOH TONOBKM JOMKHA YAORICTBOPSTH JBYM
OCHOBHBIM YCJIOBHAM: Pa3MCLICHHE HEOOXORMMOro 4YMCia PeslioB B rojoBKe U
obecredenne BEICOKOU IPOM3BOAHTEABHOCTH 3ybonapesanus.

- HemanosaxHbIM NnokasaTenem moBOro npouecca NpeasapuTeIbHOro 3y-
orapesanys, ABNACTCA POU3BOANTENLHOCTS, DKCTIEPHMEHTHI, TNPOBOAKMBIE C
ﬁ%ﬁuoammn TOJIOBKaMH, pabOTAIOMUMY IO METOAY Z-KPaTHOTO NMpephIBUCTOTO
00Kara, ITOKa3ajlH, YTO peanbHas NIPOU3BOAMTENBHOCTh TAaKMX HHCTPYMEHTOB
COCTaBIIACT OKONO 2 CeKyHA Ha 06paboTKy oaHol Bnaauiist. [Tpu npoekruposa-
HHY TIpouecca, paboTaoiero no cxeme 3yGONPOTArHBAHNS, HEOOXOZHMO cTpe-
MHTBCSA K JOCTHIKEHHIO TAKOH € NPOU3BOIUTENEHOCTH.

Hcxons 13 31010, MOXHO ONpEeAeNHTS HEOBXOMMMYIO YacTOTy BpalieHNs
PE3L0BO¥ rofioBKH. Bpems ogHoro obopora uHcTpymenTa:

0 N
;:l_(,mm), Wy fz@(c), OTKyfa n, :6—:}: 62 = 300mum ™).

Ly n,

Peannsauus npouecca o6karsIBaroLero 3yOOMpOTArkBaK¥s BO3MOXKHA Ha
CEPUIHLIX PE3ePHBIX CTaHKaX. V3 CTAHNAPTHOTO psifia 4acToT BpaleHHs dpe-
3EPHOTO CTaHKa NpHHUMaeTcs 3naverne 31,5 mun™. Ilpu TakoM 3HaYeHWH yac-
TOThl Bpaienus Pe3iioBOH FONOBKH IPOM3BOAUTENBHOCTE COCTABHT 1,9 .

~ Ilo BopmatiBam CKOPOCTH pe3aHus IA (pe3epoBaHUs HHCTPYMEHTAMM,
OCHAICHHBIMY pe3llaMU 13 OBICTPOpeXyILeH CTajH, JOMKHA COCTaBIATL OT 30
A0 40 M/mun. Tlonava Ha 3y6 S, 1IpH 3ToM 3ajaetcd B auanazone 0,3 - 0,8 mm.
OntuMansHeli 1uaMeTp HHCTPYMEHTA HAXOMUTCS U3 BBIDAKEHHS:

1000V 1000V
n=-——- oTKyzsa D =-—e,
T-Rn

~ 3ajasasch 3HaYeHHAMHU CKOpOCTH pe3anus B npenenax 30 - 40 m/c, onpe-
ACHSETCS [yanaion W3MeHeHus JAHaMETPOB PE3LOBLIX FONOBOK, KOTOPBIH CO-
CraBser 300 — 400 Mm. HertpyaHo 3aMeTyTh, YTO HHCTPYMEHT HMEET JOBONBHO
BHYUITe 15 Hb1e pasmepbl. B 3ToM cllyqae HeoOX0ANMO Y4eCTh KOHCTPYKTHBHbIC
OcobernocTy (pe3epHBIX CTaHKOB, M BEIOMpATh AHAMETD HHCTPYMEHTA HCXOAN
3 yenoBus Bo3mMOKHOCTH pasMellleHust ero na cratke. [1o nacrnopTHeiM gaH-
Hbny (pe3epHRIX CTAHKOB PACCTOAHHE OT OCH ILMMHAET 10 HUKHETO Kpast Xo-
0Ta cocragnser: s cradka mofienun 6H82 - 155 mae, ang cranka 6HS3 - 190
MM, Jints cranka 6HS3L - 200 mm. OTcloa MaKCHMANIBHO BO3MOXKHBIH AHaMeTp
MHCTpyMenTa nomxen 6biTh He Gotee 380 MM. Crenyer otmeTnTs, YTO yBEnH-

93



ueHHe AMAMETpa MHCTPYMCHTAa crlocoDCTBYeT BO3MOXHOCTH pPazMCLICHHS
G0:bLIOTO KOMMYECTRA PE3LOBLIX OI0KOB H 3HAYHTENBHOMY YIYUIICHHMIO Kaye-
CTBa MOBEpXHOCTef Hape3aeMbIX 3yObeB.

BenuumHa cBOGOLIONO OT Pe3UOB CEeKTopa Onpefensercs HeoOXomuMo-
CTBIO BBLITIONHEHHMS BCIIOMOTATENbHBIX JIBHXEHUH 32 BpeMs Cro MpOXOKACHHS
TIp¥ 3a/1aHHOM 4HCTIe 000POTOB HHCTPYMEHTA | PaCCYMTHIBACTCA 110 (OpMYJIc:

?7{)
9(‘&' =W, e = 27 -60 Toens

171e: @), - YINI0Bas CKOPOCTD BPALICHUS PC3LOBOH FONOBKH;
4., - BpEM, HEOOXOMMMOE JUS JeJIeHHUs 3arOTOBKH Ha O/1uH 3y0.

Taxum 0B6pa3oM, Benuuuna cBOGONHOTO CEXTOpa ONpeaenseTcs ObICTpo-
AeiicTBHEM 0DKAaTHO-ACHTEALHOIO YCTPOHCTBA, KOTOpoe obeciieunBaeT no Ke-
NepuUMeHTAILHBIM JaHHBIM BpeMs JedeHus Ha 3y0 B npeneiax 0,35 - 0,4 c. Tlpu
3TOM CBOBOAHBIH CEXTOP JOMKEH COCTABIAT 65 - 75°.

Bpems poXoxzeHHs CBOOOAHBOTO CEKTOPa BENHHHOM 70°

[ = _G_Cﬁ- = _1322 60_ =
2z-n, 2-314-315

Torna yron MeXKAY pe3iiaMy B HHCTPYMEHTE, HCXO/% W3 YCIOBHA pasMe-

uieHus B HeM 30 pexylUIHX 3MeMEHTOB, COCTaB/IACT!
8. = 3_@1’_9& = 360-70 =
. z-1 301

KpoMe OCHOBHBIX IapaMeTpoOB Pe3LOBOH [OJOBKH IIPH €€ NpOeKTHPOBa-
HHU HYKHO OTPEIC/IHTS ClIe PSI KOHCTPYKTHBHBIX pasMepos (puc. 1).

BLineT pes3roB OTHOCHTENBHO KOPIYCa TOJOBKM JOMXeH ObIThb MHUHY-
ManbHBIM ¢ HENbIo 00eciieqeHys BBICOKOH XECTKOCTH UHCTPYMEHTA H ONpene-
15eTCs BETHUMHOM MoAyns o6pabarsiBaemMoro Koieca, To €CTh JOMKEH ObiTh
Bonblue BLICOTH 3y0a Koneca, iy 2,25m. Tax, Apy HapesaHWUH UMIHHAPHYE-
CKUX KOJeC MOZyTeM 2 — 3 MM Heo6XOmuMO MMeTh BBIIET PEe3lloB He Melee 8
MM, 9TO 0feCleurRacT HEOBXOMHMYIO KECTKOCTb pe3itoBbix Giokos. Toraa npy
pacyeTiioM JuamMeTpe wHcTpymenTa 380MM HapyKHBIH JHamerp Kopmyca ro-
NOBKH AOTKEH COCTaBnsTs He Gonee 364 mM.

B uncTpyMente 1enecoofpaszHo NpeaycMOTpeTh BOIMOKHOCTL PETYIHPO-
BaHus Bputera pesnos. C 310l 11eIbro Ha 3aHeM TOPLE KaxIIOTO Pe3ld HMeeTcs
peryiupoBodHsIf BuHT M6. Taxas KOHCTDYKILMA PE3L0B 1103BOJISET OCYLIECTE
AT HACTPOHKY WX BHE CTaHKa MOCIe nepeTodeK. PerynMpoBOYHEIC BHHTE
JOMKHEI onuparses #a 6a3080€ KONBLO KOPITYCa TOIOBKH.

Kpennesie pe3iios B paAuaibHbIX 838X I0H0BKH MOXET OCYLIECTBATE"
csl pasnuuHbivu criocobami. Haubonee uenecoodpasto AL 3TOrO HCHONL30-
BATh KJIHHOBLIC NIPHAHMEBIL, obecrnieyusalolIne JOCTATOYHO Bossiuoe ycunue 3a-
KUMa M MUHHMalkHBie raBapuTel wHCcTpyMeHTa. [Ins 3axpemiieHus pesilos B

2

10°.
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._;mpnyce TONOBKH UCNOIB3VIOTCH KIHHBS H BUHTHL. MXx pacnono¥eH1e B Heno-
cpencTBEHHOH 0AM30CTH OT Kpas Pe3iloBOH TONOBKM ODECHedHBACT HANEXKHOE
jakpernvieniue nipn usrubarommx Harpyskax. IIpuyem Hanpasienue ycuius sa-

KMMa KJIHH2 JOJKHO COBIa/IaTh C HANpaBICHHEM YCHAus pe3anus. PacueTHsilt
yroJ MEXy peslamu 10° ofycnasnuBaeT JMOCTATOMHO XecTkue TpeboBaHus K

raﬁap HTaMm BAKUMHBIX

10 ‘ KAHHbEB ycTpokcTsa. Kiu-
Bce=70

Hbs Lienecoodpa3Ho pacro-
aarate Ha MaKCHMAJIBHO
BO3MOXKHOM JHaMETpe Tena
ronoexu (2340 mm). [pu
JToM 00ecrednBaeTcs Mu-
HHMaNbHO Jonyctumas
TONUIHHA CTEHOK MEXKIY
KAHHOM M COCCIHHM pes-
oM - 4 MM, a TaKXKe MeX-
Ay KIWHOM H HapyXHbIM
JMaMCTPOM Kopmyca.
Jancueiinee yMeHblleHHE
MOXKET NPHUBECTH K CHHKC-
HHIO JKECTKOCTH Camoro
32KMMHOTO YCTPOHCTEA.
Hnuxa P23LOBLIX
GnokoB cocrasager 120
MM, H3 KoTOphiX 20 MM
NPUXOIMTCA Ha peryiupo-
BouHble BHUHTHL. Ceyenwue
OLICTPOPCKYIIMX — pe3lioB
cocraBnger 10x10 mm. C
OAHOM CTOPOHBI, 3T0 TO-
3BOMISIET Pa3MECTHTL HeoD-

XOAMMOE 4HCTIO PE3LIOB B TOMOBKE, @ C APYTOH - He BECMOKOMTECA 32 KEeCTKOCTh
M paboTocnocobHOCTE KOHCTPYKLMK HHCTPYMEHTA.

: Juckopag pe3noBas NojI0BKa YCTaHABJIABACTCA Ha LHAWHAPUYECKYIO Of-
PaBKy peseproro cTanka. JluameTp 110caj04HOIO OTBEPCTHS BEIOUDAETCS MaK-
CHMaTTbHBIM - 60 MM %3 CTAHAAPTHOTO Psja JUis ONIPaBOK C HENbIO ofccrneyeHns
Haubonbiel xecTKOCTH. Pe31ioBas rofoBKa YCTaHABNUBASTCA HA ONPABKY Yepes
TIpoMesxyTouHyiO BTY/IKY (Ha PUCYHKE He TOKazaHa), HapyKHbeIH AUaMeTp KOTO-
;POFI pagen 100 MM, a BHyTpeHHHH - 60 MM, Pe3nosas roioska MMeET MacCHB-
HYI0 (40 mm) cTynuity. Ha BHYTpeHHEM # HApYXHOM IMTUHAPAX CTYMUUbI Mpe-
AYCMOTpens! nasbl 07| YCTAaHOBKY iumonok. Mexons us auamerpos, o FOCT

Puc. 1. KOHCTpYKTHBHBIE [apaMeTpsl
Pe3L0BOM ronoBkH jUid obKathiBarouiero 3y6o-
TIPOTATHBAHHA
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BHIOUpAETCA CEYEHUE LIMOHOYHOTO Na3a paBHoe 16x28 M.

OnpesienieHue ONTHMATbibIX 3HAYEHNH OCHOBHBIX apaMeTPOB PE3IOBLIX
rOIOBOK JiiA OOKaThIBAOWWCIO 3YGONpOTArUBaAHKMS IMIKEAPHYSCKHX KOIEC fB-
AseTes OCHOBON T8 CO3JAHHS PALMOHAILHBIX KOHCTDYKLIMA BBICOKOTIPOH3BO-

AUTEIBLHOTO HHCTPYMEHTR.
Cmamea nocmynuna ¢ pedasyuic 22.06.2001 2

METOJ, U3MEPEHHS PACCESIHHSI DHEPTHH IIPH NONEPEYHBIX
KOJIEBAHUSAX NPU3MATHYECKHX OBPA3LIOB

Sluenko B.K., Tapnenxo /I.B., ®unonenko A.A., Hewenko JL.H.
(3I'TY, 2. 3anopoaxcee, Yxpauna)

The article deals with the problem of measurement of energy dissipation at fa-
rigue test. It is offered as parameter of energy dissipation to use vibration accel-
eration of the vibrator head's at fixed oscillation of the free end of the sample.

Jlns paGouux f0MATOK aBUALMOHHBIX ABUrareneil BHOpaLHs ABASETCH
MOYTH TOCTOAHHBIM CONYTCTBYIOIIMM (YaKTOPOM HOPMAlbHOH 3KCIUTyaTalMy.
Tlpu nosisneHuy Ha KakoM-nubo pexume paboTsi ABUrarcis pe3OHaHCHBIX KO-
nebanuil HalPAKCHHS B JIOTIATKaX PE3KO YBENMYHBAIOTCH, B PE3YNbTATE UEro
MOXeT Mpou3oiiT uX paspyuwenue [1]. VX avHaMHUYECKyi0 HANPDHKEHHOCTH
MOXHO CHH3HTb MYTEM [IPUMEHEHHA KOHCTPYKTHBHBIX, METAMIyPrHyecKux U
TeXHONOTHYECKMX MEepONPHATHIl HANPABIEHHbIX HA MOBHILEHUC MX AeMI(H-
pyioineii criocobHOCTH. B T0 e Bpems 3aMac AMHAMUYECKOH NpodHocTH pabo-
YUX JIOMATOK ONpeenneTCs He TONbKO YPOBHEM ASHCTBYIOIIMX B HUX Hanpsie-
Huft, HO ¥ MOKa3aTeaaMM LMKIWYECKOH MPOYHOCTH (HANPHMED, MPEACTOM Bhi-
HOCAMBOCTH). JLi1g pacdeTa 10J1rOBEYHOCTH paboTel TONATOK He0OXo/IMMO BMETh
KOMIIICKCHBIC CBEJCHHS O BIMAHAM MPHMEHAEMBIX MEPONIPHATHH 11a HX HPEAC
BLIHOCAMBOCTH ¥ JeMIOHpYOULyl0 Croco0GHOCT: B AManasoHe pabouyx
TEMMEPATYP HCCNEIYCMBIX Marepranos.

OnpeneneHue npeieia BRIHOCAMBOCTH KaK HATYPHALIX JIONATOK Tak H
06pa3LOB B YCAOBHAX BAM3KHMX K IKCILIYATALMOHHBIM HE BI3LIBAET 0CODOBIX Me-
TOZONOrMYEeCKUX TPYAHOCTEH. B TO ke BpeMs M3yueHHC HEMIIQUpPYIOUIHX
CBOMCTB MATEPHAIOB OCIOKHACTCS OTCYTCTBHEM NPOCTBIX W HANCHKHLIX METO-
AWK MCCTIENOBaHNA B AMaNa3one ux pabounx Temmeparyp. C apyrodl croporsl
CYIIECTBYIOIIHE METOJIMKM TPEOYIOT A1 CBOEH peann3auuy CielHalbHOTo oHo-
PY/IOBaHKS, YTO HE BCeria JOCTYTHO.

[Ipeanaraemas MCTOAMKA MCIIBITARUHA, C HCMONB30BAHNUEM CTAHAAPTHOM
0GOpy/I0BaHHS JUIS NPOBEeHUS HCILITAHUH HA YCTaNnoCTh, MO3BONALT NoNy4ark
CPaBHATENBHYI0 HHPOPMAIIHIO O BENHUMHE PACCEAHMS IHCPTUH B HCCACAYEMBIX
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éﬁﬁpasuax fp¥ HEOIHOPO/THOM HATIPSKEHHOM COCTOSHHM M pabouux Temnepary-
pax. blIok-cxema HCnBITaTenbHOM YCTaHOBKY NOKa3aHa Ha PHC. | . i

_ Obpasew 9 mpu nomouw BUHTOBOTO (ukcaropa 3aKpenserca Ha pabo-
yeit roNIoBKe 11, XeCTKo CBI3aHHOM ¢ 10ABKKHOM KaTyuiKoiA. Karyluka noxmar-
HEHUBAHNUA 3JCKTPOAMHAMUYECKoTo Brbpatopa | mutaercs of crabuausnpo-
BaHHOIO MCTO4HHKA TOKA 2. [TOABMXKHAK KaTyLiKa Yepes3 YCHIMTeNhb 3 CBR3aHa C
3a/1aloIIUM ICHCPATOPOM CHHYCOMAANBHOIO HANpsXeHHs 5. ABTOMar nomaep-
KaHHA aMIATYAB! KOJIeOaHHii KOHCONMBHOrO Komua obpasia 6, yhpaenseMsfi
HaTpKEHHEM EMKOCT-
HOI'O jatyMKa 7, moj-
CTpaHBaeT yacToTy 3a-
JIafollero reeparopa 5
W aMILUIMTYAY BbIXOJI-
HOI'0 CHTHana, TeM ca-
MBIM, obecneynsas
cTabuin3almIo aMILIn-
Tyabl KoneGaHu# KoH-
CONLHOH uacTH 0bpas-
1a ¥ pe3oHaHcHolt yac-
ToTkl. YacTota u uncino

LIMKITOB koJebanuit

Z KOHTPOIHpYyeTCca  TIpH

Prc.1. Cxema ycTaHOBKu ans uccnenoanpsg —[TOMOIM  ONEKTPOHHO-

YCTAIOCTHOH MPOYHOCTH W paccesHhs SHeprum B CICTHBIX yac-
HpH3MaTHyecKuX o6pasiax INpu MomepeyHbx kone- TOTOMEPOB 4.

Oanusx: 1 — BuGpatop sneKTPOIMHAMMYCCKHUL KoneGatensuoe

BOJIC-100; 2 ~ cucrema noamaruuuupanus; 3 — /BWKCHHE  TOTOBKU

Bubparopa npeobpazy-
€TCs1 B nepeMeHnoe
JNEKTPHYECKOE Ha-

YCUIUTEND; 4 ~ 4acTOTOMEPH! 3MEKTPOHHO-CYETHbIE
3-54; 5 — 3apaiommit renepatop; 6 — asTomar noj-
AEPKAHHA aMIUIMTYAbI M YacTOThI; 7 — AAaTYHK 06-

P"Smoﬁ CB3HM; 8 — ONMTHYECKas cucTema kontpons NPAKCHEE,  mponop-
SMIHTYp; 9 — obpasen; 10 — marumk yckopemus —WOHAThHOE  BHOPOY-
:-@,HEGaHHﬁ TOJNIOBKH 'H'H_3‘ 11 — ronoska Bﬂﬁpa‘mpa; CKOpPEHHID FOAOBKH,
12— yactorniit guastp; 13 — younnrens; 14 — y- TPY TIOMOIM  mbe3o-

MEKTPHYECKOTO  jiar-
ypka 10, xoropoe
@%HBHMM dunsTpoM 12, nactpanpaem ; ol b g
i 2, Tp 3 I.:IM Ha '-reicm{y KonebaresbHOro ABH*Ke-
. yeunurenem 13. Veuneuuslit curuan otobpaxaercs Ha K-
"gf’ SNEKTPOHHO-1TY4€BOro ocHmmIorpada 15 u HHUKaTope 14.

HacTora koneGanuii onpeensercss pe3oHaHcHoi YacTOTOl HEPBOro TO-

Ki.i?'l‘zop; 15 — anexTpoHHO-1y4eBoi ocumuorpasd
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Ha nonepedHsIX Ko1ebanuit obpasiia ¥ B Npouecce UCHBITAHWI MOUIEPKUBALTCy

Ha 3a1aHioM YPOBHE.
V38eCTHO, YTO 11PU YCTAHORUBLIMXCS PE3OHAHCHBIX KONEDAHHAX CHCTe-

Mbl COONIONAETCS PABCHCTBRO:
E,=E, +®" +®° + 0"

e £, 1 E; — COOTBETCTBCHHO NOTCHUHANBHAS H KHHCTHYECKas JHEPrus

aHHH OTHOTUIIHBIX 06pa3Ios.

(1)

@° — rUcTepesnCHbBIE IOTEPH B MaTepuaie o6pasua;

@“ — notepu Ha NPeoAOIEHHE CONPOTHBACHUS OKPYXKaIOwIeH cpejsl; bIMH B Ta0u. |

CHYIO JHEPTHIO NOTECPE, YTO MOMKHO HCNOJIb30BATEL 8 CPEABHHUTENBHBLIX HC-

- DKCIIEPHMEHTANBHOR NIOATBEPKACHHE METORUKH OPOBOIMIOCH Ha 00pas-
U3 JKapONMPOHHOro cnylasa Ha Hukenesoi octose DK79U npu xomuarHo
paType. Yactota mnonepeyHerx konebanuii NpU3MaTHYeCKUX 00pasLos
AepKuBaiacy Ha yposxe 240+0.2 Tu. O6pasusl nojasepranucs MexamHue-
"ﬁ 06paboTke U JOMONHATENBHOMH YIPOIHSIOILIeE 0bpaboTke MeTauIHYeCcKy-
WIAPUKAMH B YIBTPa3BYKOBOM [IOJIC B COOTBCTCTBME C PEXUMAMH, MpHBE-

Tabnuua 1 — PexuMbl YIIBTPa3ByKOBOTO YIPOUHEHHS obpasnor

@~ - noTepu IHEPIUH B GYHIAMEHT U B 3aMKe.
Beniwny ptDz npﬁyycnosun NOCTOSHCTBA YCUIHS 3aKperiieHus B 3aMie i uapmie Bpewms ynpounenus, Mun Huamerp
. obpasuos A LLIADHKOB, MM
MOXHO CYYTaTh MOCTOANNOM Ans AaHHOro THNa obpa3uos, [Totepu snepruu @ 1 He YIIPOUHANHCH
1 @7 nponopIMOHANLHEI CKOPOCTH TepeMeiien s 06pasla ¥ 3aBHCAT OT yCKo- } 2 20 1.0
PeHYs ero 3alEMIEHHOTO KOHIA H3MEPIEMOT0 11b£303IeKTPHYCCKUM JaTUHKOM, 3 45 1.0

Tps manom xoadduiieHTe OTHOCHTENLHOrO paccesHys anepruy ¥ crnpaBei-
BO HEPaBCHCTBO: _
@ << @° 21

Hnsi cobnronenus pasexcTsa (1) HEOOXONMMO K 3aillEMIIEHHOMY KOHITY
obpa3zlia MOJABECTH HEKOTOPYIO KHHETHYECKYIO SHEPTHIO Ej, OTIpefeNseMyro Be- :
JHYNRONA BROPOYCKODEHHUS I'ONOBKH @), KOTOpas 00ecreynBaeT He3aTyXarouye |
konebaHHL C Y4CTOM pacCMOTPEHHBIX noTepb. [Ipd yBeNMYEHHH pacceanys |
3HEpruH 8 00pasile CKPhITas NOTCHLUHANbHAN IHEPTHS CHCTEMbI BO3PACTAET, TO B
COOTBETCTBUHM ¢ vciioBueM (1) ang monmepxanus xonebaHuil Ha 3a7aHHOM
ypoue Tpebyercs gomonuutensHas dHeprus. OG03HaYMM IOMOIHUTENBHYIO :
KOMITEHCHPYIOUIYIO 3Hepriio AE) , @ COOTBETCTBYIOLICE ¢Hf MPUPAILEHHE YCKO- |
penns Aa. YpasHenue sHepreruuyeckoro fanasca s aToMm ciyyae GyneT umers
BHL.

© 80 18 28 38 48 58 68 78 88 98
& 0000000 0 (°-Mh

Puc. 2. V3venenue BuGpoyckopenns
OJIOBKY B 32BUCHMOCTH OT HANpsxenuil B
€ KOHUEHTPAaTopa HAMpsKEHHiL: Beibie
MKV — HanpsOKeHWS HWKE Tpelielia BhIHOC-
1BOCTH; yepHble TOUKH ~ HANPSKEHUs BHI-
TIpeaena BLIHOCIMBOCTH.O ,® — 06pasipl
PTiam Nel; A A — oBpasupl mapruu Ne2;
— 00pa3iet riapTiy Ne3

E,+AE, =E; +@° + " + & + AL, ()

B cooTBeTCTBHM ¢ paHee HINOXEHHBIMH JONYIIEHHIMH MOXHO CYMTATD,
4TO MpUpaLleHHe KUHETHUCCKON JHepruu ALy HeoOXOauMo AlsS KOMMEHCaLny |
I'MCTEPE3UCHBIX [10TEPh B MaTepHaie 00pa3lia M OCYILeCTBISETCd 3a cueT Npi-
paLieHus aMNUTY/ bl Konebanuii BOPOrOROBKH, NPOMNOPIMOHAIBHOM u3Mepse: |
MoMy BHOpOycKoperHio Ag . AGCOMOTHYIO BEIHHHHY YCKOPEHHUS 3alieMeHH0"
o KOHLA MOXKHO MPCACTABHTD B BUJIE:

a=da; + Aa (“1} .

Tae  a; = const
Taxum obpazom, Npu HEOAHOPOAHOM HANPSKCHHOM COCTOSHHM 06pas-

OB, YCKOpEHMe BH6p0FO.TIOBKH OJHO3HAYHO OMNpPENENACT OCPCAHEHHYRO THCTE"

e SHepruu B Marepuare.
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Yrpoyrerne o6pa3sLoOB NPOBOMIOCE NPH HEM3MEHHOH HHTEHCHBHOCTH

06paboTky KOHTpOTUpyeMoit
N0  BCTMYHHE  3BYKOBOTO
JaBjIeHHs, CO3HaBaEMOro TO-
poobpasHbiM  KOHLEHTparo-
poM. 3aBHCHMOCTh H3MEHe-
HHA BUOpPOYCKOpEHUS OT Be-
A¥YHHB! HANpsKeHWH B 30He
KOPCETHOr0 KOHLIEHTpaTopa
HATPDMKCHMHE MOkazaHa na
puc. 2. MameHenne Benuyu-
HbI BUOPOYCKOPEHHUS OT umc-
i1a uKnos konebanui u Ha-
TPSOKEHUR NS uccieaye-
MBIX 00pa3loB mnokasana ua
puc. 3.

3aBucumocTH 2 M 3
COOTBETCTBYIOT KPMBBIM H3-
MCHEHHs Heynpyroii nedop-
MalMH 33 UMK OIS HHKIH-
HECKH YNPOYHSIOUINXCH Ma-
TEPHANOB [PUBEASHHBIX B
pabore [3], uyrto moarsep-

CBA3b BH6p0yCKOpCliKH FOJIOBKH C MapaMerpamu OlIPeAenaoUIMMH pac-

- Takwuwm o6pasom, metoa usmepenns B1OpOyCKopeHus rooBKy Bubpatopa
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aamich
Alld HCCcneloBaHHA JIHCCHITa.

THBHBLIX CBOHCTB Marcpug.
< TOB MMECT DS CYLIECTBeR-

HEHHIQ ¢ CYLIECTBYROLIHMy

MeToNaMu:

¢ BO3MOXHOCTE TIpHMelie-
HUS CTAHJAPTHOTO 0Gopy-
JOBaHHUA AN HCTBITAHH
Ha YCTAT0CTh MPH KOH-
conbHOM H3rube obpaziios
¥ HATYPHBIX  JIOMATOX
I'TH;

® BBICOKAs pazpeluaroinag

N, unxnon
Puc. 3. Vismenensie BuGpoyckopennus
TOTOBKM 33 LMK B 3aBHCHMOCTH OT 4HCjia
LHUKIIOB HarpyXenus MpH HANPSKEHHAX Bbl-
u1e npejena BLIHOCAUBOCTH (01 > 02 > o3)

CrOCOOHOCTE U TOYHOCT HU3MEPEHKiL;

¢ M3MEpEHHE BENMYMHBI PACCeNHWS YHCPTMH HEIOCPEICTBEHHO B TpoLiecce
HCTIBITAaHHH Ha YCTANIOCTh B WIMPOKOM JMANa3oHe TEMIEPaTyp ¥ OKPYKaio-
UMX Cpejl.

Cruncox nureparypsi: 1. ILC. Cxy6aueBckiil ABMauHoOHERE rasoryp-
OGuHHBIe mBurareiu. M.: Mamunoctpoenne, 1981, — 549 ¢. 2. Metoani Hccie-
AOBaHHA COTIPOTHBICHMS METANOB Ae(OPMUPOBAHMIO M PaspyLICHHIO MpH
LmkIHdeckoM Harpyxehnn B.T. Tpoiuenko, B.A. I'psasuos, B.A. Crpuxano
Ap- K.: Haykosa mymka, 1974, — 254 c. 3. B.T. Tpomesko Yetanocts u Heymnpy-
rocts metaiuios. K.: Haykosa aymxa, 1971 — 267 c. 4. I.C. Tucapenxo, A.I1.
Axosnes, B.B. Marsees BuGponornamaiommc ceoiicTpa KOHCTPYKIIMOHHBIX
marepuanos. Cnipasoynuk. K.: Haykosa mymka, 1971, - 374 ¢. 5. B byraif,
B.T. Tpouserixo Hexoropsie 3axoHOMEpHOCTH paccesiing IHEPIuy B METANax B
ynpyronnactuieckoii obnacty // Tpyzet XX xonQepeniuin "Paccesue snepruy
T Mexanu4eckmx Konebanusax". — K.: Hayxosa nymka, — 1982.~ C. 164-165.

Cmames noemynuza 6 pedaxymio 29.03. 2001 2.

EXPERIMENTAL DEFINITION OF AN ANGULAR RIGIDITY OF THE
BUS IN ROAD CONDITIONS

Akopjan Ruben, Lejda Kazimierz
(Rzeszow University of Technology, Poland)

The calculated dependences confirming a high exactitude of samplings of cor-
ners of a twisting of a body of the bus with the help of the designed device are
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HBIX TIPEUMYILECTS IO Cpag..

. For a final estimation of an exactitude of measurement the trial of the
us LAZ on polygon was carried out.

Taking
into  account,
that moments

of inertia of the

cross-sections
of bars is much
more moment
of inertia of cut
of a plate, and
power effects
on them both
length of a bar,
and plate are

cormmensura-
: ble, strai f
Fig. 1. The calculated scheme and epure of the operat- b ; A S r;ms n:~
oments: a — the calculated scheme; b~ scheme of an- glected  also
migrations; ¢ - epure of torques; d — epure  of the equiationsof 4t
ings moments :
gular  strains
shall write as
P =@ +@, (1)
@~ the mutual angle of rotation of cross slides of a foundation, to which
the device;
tual angle of rotation of bars;
rmer of a twisting of a rotary pipe on a site AB.
- Mutual angle of rotation of bars
4 w S
o =L il @
 f -sag of aplate; f, - sag ofa point In a rotary pipe in a plane xOy; r-
of a bar.
Pl

27

aking into consideration, that the flexings moments M ; = M = 3

e a sag of a plate

Pl
= 3
S 2] 3)
P - force operating on a plate on the part of a bar;
dity of a plate at curving;
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[,,,- length of a plate.
Sagin a point In is defined by expression
(L-1, -1)* for 3
/.= GE’:,,F .._{RA (2L-1,, - I)—PLN - Efm H (4)
where L - length of a rotary pipe;
[ - distance between a cross slide and bar fixed on it;
ET,,,-rigidity of a rotary pipe at curving;

@; M, - flexing moment of a bar from force P; M- friction torque of
ring.

\t usage of the conic bearing, which friction torque depends on it prein-
ce the experimental definition of a friction torque is necessary. In a
tate M, .= 10 Nm. M, will be unconditional in dynamic a little to vary,

will be shown below, will have an effect for an exactitude of measure-

fa corner of a twisting.

jet torque originating in a plate at a twisting of its extremities on a

- @, is defined under the formula

M= &(l’é + I95,83) %)
r \3I

H

R4 - force of a response in a place of rigid closing up of a pipe in a plane xOy,
defined expression

PN A
Ry=Pil-—2 |11 D246 +IXL-I -D+
A { 4L [( e ) (m+ ){ i ) (5)

> /,- polar moment of inertia of the cross-section of a plate,

+3,(L+1, +)]}
(L Ly +1) ]} n view of the above-stated equation (7) it is possible to present as

For deriving the large efforts it is necessary length of a plate to take
probably smaller. Taking into account character of allocation of bending load
and base of used strain gauges (20 mm), we accept {,,= 4 sm. Distance 1, on the

one hand, should be taken probably large for decrease of a corner of a twisting
of a pipe, but, on the other hand, it will call the increasing of a sag f,, and, be-
sides the axial force operating on a plate at oscillations of a pipe in a vertical
plane is augmented that is extremely undesirable from the point of view of an
exactitude of references of a corner of a twisting. Therefore distance | is selected
small and on arrangement reasons is accepted | equal 6 sm.

Length of a pipe in account is accepted equal L =270 sm, external diame-
ter D= 3,4 sm, internal diameter d = 2,6 sm. After an evaluation on the accepted
values of magnitudes of expressions (3) and (4) and substitution them in (2) we
shall receive the equations for definition of a mutual angle of rotation of bars

P8
=210 = 497915 6
"= (31 ) (©)

Y 10“5{Pr+ ﬂ(; + 195,83}+ 1} (10)

!
aving substituted the equations (6) and (10) in the equation (1), we shall

P g 2937,451)(0,1+0,751,)+3,77-1075(P-r +1) (11)
3.10°-r-7

After substitution of values of moments of inertia of the cross-section of a
difiniendums by the known formulas of a strength of materials and solu-
f the last equation rather P we shall receive

0,27-10°p—1

(1+30,6bh°)(1+7,53c- bh® ) + 1,187 28h°
b and / - width and height of a plate accordingly; « - coefficient depend-

b P=118-b-K (12)

and corner of 2 twisting of a rotary pipe on a site AB
M (Etynd)

e,
where GI - rigidity of a rotary pipe at a torsion; M - torque operating on a site

The strain percejved by the strain gauge, pasted on a plate, corresponds to
erage moment numerically equal P. The average efforts of curving thus
ed from expression

(7

0,27-10°p -1
(1+30,6b6k° )(1+7,53a - bi° ) + 1,187 261°
From expression (13) it is visible, that with the purpose of deriving the
fforts width of a plate should be taken probably smaller. From a condition
ibility of arranging of the strain gauge is accepted » = 0,6 sm. A minus
numerator - outcome of the registration of a static value of a friction

of a rotary pipe AB.
The torque M ,can be defined from the equation of an equilibrium of a

node B:

c=708-h (13)

Mn-i-Mp:Mm—ﬁrfmp (8)
where M, - jet torque originating in a plate at a twisting of its extremities on a
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torque of the bearing.

Let's mark, that at samplings corners of a twisting in limits of one minute
the error of measurements can reach 7 % at accelerations of the cushioning
mass 0,5 g. The obtained outcome is justified, if the assumption of a linear de-
pendence of a friction torque of the bearing from its radial load is fair. At a
maximum corner of a twisting the error of measurement caused by change of a
friction torque of the bearing, is less than 0,3 %. o

Having substituted a value b and maximum value of a corner of a twisting
of the device (in our example a comer of mutual turn of 3-rd and 5-th cross
slides of the bus .LAZ-698, by which the gear fastens, @ =19") we shall receive

a resultant expression for definition of direct siresses o.

- 104437 - h

(1+1836K )1+ 4,520 1) + 0,71
Investigating the function ¢ = f{r,k) on an extremum, we shall receive a

set of equations

o (14)

00 1= 2K (1836+ 4,520 +0.71r) - 414.940° = 0;

oh 3
(15)

oo 3 ! 2 i =0

- =1+ A7 (1836+4,52a-0,71r% )+ 82,99ah" = 0.

cr

The set of equations (15) has no solution, therefore, extremums on two
investigated parameters does not exist. Therefore it is necessary to search for an
extremum on one of parameters, beforehand having set anothers. _

So the magnitude h can be defined only by method of successive ap-
proximations, we discover an optimum on magnitude from the following equa-
tion:

[1+82,99ah + 17 (18.36+ 4,52a)
| 0,714

Accepting /1= 0,15 sm, we shall definc on the equation (16) radiuses of
bar ¥=20,2 sm. Further, substituting in the equation (14) defined values / and r,
we shall receive 0=148,0 MPa. The obtained value of effort is maximum for
datas of values of geometrical sizes of a plate and corner of a twisting. Increase
or decrease of radius of a bar » = 5 sm, difiniendum by design features of the de-
vice, effort 0=70,0 MITa. That is, the change of radius of a bar allows to receive
an identical range of a curve of migration of a ray of the oscillograph describing
corners of a twisting of the carrier system of buses, which angular strains differ
more than twice. Taking into account, that is possible to make corners of a twist-
ing of carrier systems of the majority of buses - in a range 30 ' - 60 ', output
about possibility of effective application of the considered device on the major-
ity of buses.

(16)
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It is necessary to mark, that the decrease of height of a plate up to 0,05 sm
allows by change of radius of a bar to receive an identical range of a curve of
“migration of a ray of the oscillograph and thus of a strain of a plate can be aug-
~mented almost twice. At height of a plate #=0,05 sm radius of a bar defined on
the equation (16), /=38 sm. The efforts, obtained at given radius, ¢=195,0 MPa

almost twice exceed efforts at radius =5 sm. However elongation of a bar will
call increase of an error of measurements at effect on the cushioning mass of
the bus of side load.

As far as the compliance of a rotary pipe in angular and transversal direc-
tions strength of a plate influences, it is possible to see, having calculated a plate
with the accepted geometrical sizes, assuming a pipe absolutely rigid. In this
‘case 0=315,0 MPa.

On an exactitude of measurements of a corner of a twisting, except for the
considered already changes of a friction torque of the bearing, will render influ-
ence a dynamic load effecting on a gear in horizontal and vertical planes.

The efforts caused by effect of dynamic loads in a horizontal plane on a
bar of length 20 sm, at side accelerations of a body ¢=0,2 m/s’, 6=0,2 MPa. Tak-
ing into account, that such values of side accelerations arise at significant angu-
lar strains of a body, influence of a dynamic load operating in a horizontal plane,
it is possible to neglect. The a little bit large efforts (about 9 MPa) can arise at
usage of a plate of height 0,05 sm (length of a bar r = 38 sm). However, to esti-
mate an exactitude of measurements it is not obviously possible. For possibility
of an estimation of an exactitude of measurements hold; ng road trials permitting
to place a relations between corners of a twisting and side accelerations is neces-
sary.

The cffect of a dynamic load in a vertical plane calls axial force operating
on a plate and depending on forces of abrasion. Practically flexural stress and

‘€Xpansion - pressing not fixed in an axial direction plate are insignificant.

The frequency of own oscillations of a gear is low (less than 0,] Hz) as
'--gontrasted to by resonance frequency of oscillations of a cushioning mass of
ouses.
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ALGEBRAIC REPRESENTATION OF MODELLING OF
MECHANICAL SYSTEMS BY STRUCTURAL NUMBERS

Buchacz A. (Silesian University of Technology, Gliwice, Poland)

In the paper the basic relations between block graphs [1,4-10/-hypergraphs [2 ]
and higher category and complete structural numbers have been given and the
symbols designated in [1,4,10] are employed.

1. Definition of higher category structural number

Structural number * 4 of k- category is a family of sets * 2

k- k-1 -

k k=1, k- g :
Az{a: A a, 24e a,...,aea},

where: * 4, #2 4., are structural numbers of (k-1), (k-2), ... category.
2. Connections between hypergraphs and structeral numbers
Structural number 4 of graph k)?’ is determined from the following equation:

()

(2)

3

k—iAm

"A:["Ag]¢

where: d/JO - structural complementary number equal 1o the product (in the

sense of structural numbers product) of the prime factors corresponding to al) the

linear independent cycles of skeleton k}."c of block graph *X [4-10], V- isa
|

symbol indicating the transposition of the lower indices, equivalent to the
algebraic derivation of the structural number (comp. eg.[1, 10]).

In the course of determining the structural numbers of hypergraphs,
complete structural numbers are essential for further transformations. As a result,

structural number & * 4 of k-category graph is converted to structural complete
number .« and all k"’AJ}- elements (i=1, ..., n, /=1, ..., m) to structural complete |
numbers, considering - for the generalized case- the defect of the sum of structural |
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ber * 4 columns (comp. eg.[1, 10]).
The elements of structural number *~' Aj; are the algebraic derivatives of

*sructural numbers 14, ...,5 4, of the particular blocks of graph *X
1

,_'h, k_IAL'f k-1 AL"(PUP’ 3)
.%?hefe p;;- algebraic derivative order of structural number *~' 4 i
 Ifstructural number ¥ 4 is expressed as _
4 R T TR
r:' tga] o Tt Moy, \ @)
Mgy iy k_’AZ(p,.-,,)_
then the table P, created from p;; elements in the form of
[Py P2 Pun
P P_:zl {’22 _Pzn : )

Prl Pm2 " Ppn

is called a table of algebraic derivative orders of structural number * 4. The
sums of the table P columns are equal to one another, also they are equal to the

cyclomatic number of skeleton * X, of hypergraph * X .
1

Columns z, and p; of table P are identical for p=p;, that is, when the
following expression applies:
:j\[p,-}-=p,-klr'=1,...,ﬂ,j=l,...,m.

(6)

For the discussed class of continuous systems and their weighed hypergraph
3 A n g =
models, no identical columns occur table P in the course of determining
Structural number 4, thus:

m on

5
s A=f4=YT1""4; , )
# j=li=i
‘:"ifhere: = is a symbol denoting the structural equality of the following structural

B
This problem is current in modelling and analysis of flexibly vibrating beam systems by
- means the graph method and structural numbers [9].

§
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numbers: complete number .« and k-category number * 4.

The determinant function of the structural number of the hypergraph, on the
basis of which it is possible to express the dynamic flexibility for the investigated
class of continuous systems, is defined by the equation:

det *A=det *4, .« = *4, (8)
z @
where: 2= {D,}, 9 = dgt Ay, =1, ..., n-number of graph block units, j=1, ... , m-

number of structural number columns.

To calculate the dynamic flexibility of a torsionally vibrating mechanical
system with the continuous distribution of parameters, whose model is represented
by weighed 4-category graph, the following relation is used:

det kAa detA, s
=l =B .y g (9)
" det4  detA
o Z 9
where: ¥, - dynamic flexibility, determined along chain arzj_sz(]x,-, 11.1,-)

Y,

a

and equal to the dynamic flexibility between any of the two vertices 1%;5 4%, of

weighed hypergraph 5 » to which variables ,s,, ;s ; were assigned, and, in turn,
1

equal to dynamic flexibility Y; 2), d;:t &Aa, ~deter-minant function of the algebraic

derivative of k-category structural number along chain a., equal to the determi-

nant of the characteristic system of equations describing mechanical vibrations of
a bar system, thereof referred to as a characteristic determinant of mechanical Sys-
tem 2, , with the substitution of i-th column- in which the harmonic force corre-

sponding to j-th coordinate occurs, det kAﬂ - the determinant function of the
z L
structural number equal to the structural determinant characteristic to given me-
5
. k
chanical system 9 = {9}, 9, = q;:tAH,anﬁ;-: 4.

For the discussed class of continuous systems, dynamic flexibility ¥, i

determined by means of the dynamic flexibility of particular weighed hypergraph
blocks- models of the subsystem of a complex bar system - by the equation

D

e e (10)
[0, 11D
J=1 J=1

" Comp. the definition of dynamical flexdbility [3, 9.

108

here: Dy, D,, ..., D, -characteristic determinants of mechanical subsystems,
odelled by weighed hypergraphs.

: According to the procedures discussed in [1,10] the following expression is
derived from equation (10):

D_"I"2 1f _%‘.’2_ 2l D‘“E"3;“"n %ﬂ =¥ ¥

. " D D Dy.a, a, D ae2-aylayay-ea, lY"u (1)

G20y - dy,

where: D g, ...q, -Characteristic determinant of the mechanical system, equal to

| determinant of the weighed hypergraph connected along the chains
25 Doy, ..., ~characteristic determinant of the mechanical system, equal

to the determinant of the weighed hypergraph connected along the chains
@034y, ... ; D, -characteristic determinant of the mechanical system, equal

o the characteristic determinant of the weighed hypergraph of the system, con-
ted along the chain a,; Yoz, -.a, ~dynamical flexibility of the weighed hyper-

~ graph connected along chains @ay+ay; Y04y ...q, ~dynamical flexibility of the
weighed hypergraph connected along chains a,a;--+a, and determined between
the extreme vertices of the chain a3y, ... ; ¥, -dynamical flexibility of

- the mechanical system calculated between the final vertices of chain a, of
weighed hypergraph X .
L 1

~ The above formulas, in view of the determinant functions designated on the
1ing of higher category structural and structural complete numbers, may be applied
10 determine the dynamic characteristics of the discussed class of mechanical
Systems [4-10].
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EXPERIMENTAL RESEARCH CONCERNING THE INFLUENCE OF
SPEED ON LINEARITY AND CIRCULARITY OF LONG BORING

Bunea M., Rosnitche G., Muraru C.
(Military Technical Academy, Bucharest, Romania)

To study the influence of rate of cutting from linearity and circularity of boring
was used a drill which dimensions and geometry are shown in Fig. 3. Research
has been carried for the following values of exterior speed: 60, 80 and 100
m/min as well as for an constant feeding (s=0,1 mm/rot.)

The values for the deviation from linearity and circularity have been ob-
tained for two values measured for the installation error: ¢=0,1 mm and e=0.2
mm. for an free distance between the bushing guide and the drill /=0,1 mm.

The length on which measurement to establish the deviation from linearity
was 300 mm. Mecasurements have been made in two measurements planes in
four points as shown in Fig. 4.

The deviation from circularity has been obtained indirectly by measuring
the diameters and making the differences between the measured diameters and
the diameter of drill. The measurement of diameters has been done in the sam¢
measurement planes and in the same measurement points as the ones used ©
measure the deviation from linearity.

The results of measurements are shown in table 1.

For the installation error e=0,1 mm. the graphic representation of the de-
viation from circularity in the two sections and two planes is shown in Fig. 1.

For the installation error e=0,1 mm. the graphic representation of the de-
viation from circularity in the two sections and two planes is shown in Fig. 2.
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| Table 1
& [

" P12 PL34 PL1-2 PL34

sect.| sect. Il sect. !l sect.li

Fig. 1.

Deviation Diameter / Deviation from circularity
A Speed | from linearity (d/4.)
18 | movming T oo e=0,1 e=0.2
3 ! ™ | SectionI | Section I | Sectionl | Section II
2 80 79,95 80,05 79,96
3 i 0 -0.05 +0,05 -0,04
V=6 & < s :
7 0 10121013 0T 7992 | 8006 | 79.95
; -0,07 -0.08 +0,06 -0,05
-2 79.95 80 80,02 79,93
. -0,05 0 +0,02 -0,07
3 V= L ’1 -0, ) 3 3
-4 & Okl 4 013 80 79,98 79,95 80
0 -0.02 -0,05 0
(7 80,03 80,10 80,01 79,97
b +0,03 +0.10 +0,01 -0,03
V__'lo ) ) )
-4 0 |01 -012 79,98 79,96 80,08 80,07
; -0,02 -0.04 +0,08 +0,07
o B ok o -
T3 - E . 0,06+
61 bin 0,04
‘0 . . L ;_ ov=60 0 ’ av=60
02- HE  |mv=o | 0025 |v=80
04 1 |ov=100 '_:v: i Ov=100
3 i ) -o:osﬁ

PLA2 PL34 PL1-2 PL34

sect.l sect. | sect. il sect.ll

S (1) and (2) are shown in table 2.

y(t)=—?-sin(2-l:‘-

z(:):i'zz-cos(z-ﬁ-

Fig.2.

.

~ The values of deviation from linearity and circularity obtained by the rela-

Z-r)+y+<5-i-e+-’1-a::os(2-103’-K-zﬂ:t)

D 2 D

4 J v M)

—-P+ly+d+e+Z|sin(2-10° - —-¢

D) ¥y e > sin( o +a)

AL=s—tg¢+y+5+e+% o)
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bigger than the diamcters situated at 300 mm.; the tronconic shape of
ng 1s preserved in this case too; the circularity errors have extremely val-
the perpendicular measurement planes.

References: 1. Taguchi K, s.a., 1990 ~ The influence of guide pads on
ion deep hole accuracy, Transaction of JSME, no. 56; 2. Yakamavich T,
- Deep Hole Drilling, now it’s faster easier, Automation, Jan.
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ODS OF MULTICRITERIA DECISION-MAKING APPLIED IN
MACHINE-BUILDING. PROMETHEE METHOD

Chereches T., Neacsu V. (4TM, Bucharest, Romania)

aper presents the Promethee method of multicriteria decision-making,
od that takes into account the preference of the decision-maker for each cri-
n and also the nature of this preference. Finally we apply the method in
a particular product.

'\"Designing any kind of industrial product is always a difficult process,

Table 2 h contains a lot of decisions that are to be made by the designer. Generally
s D viation: From line 1 Deviation frofs St tigi ng, the problem to be solved by the designer is to obtain a final product,
Btk Spee?d ity ity h covers the most of the requirements stated by the user or demanded by the
m/min. =0 =02 | e=0.1 =02 - The success of this approach is not possible without making
) : = 2 20,3678 ""‘_0,33 47 promises, because these requircments are usually conflicting and they
G V=60 | -0,180032 0,280056 | 0.1135 20,1287 )t be equally fulfilled. Here is where the Multicriteria Decision-Making
12 3 . 11087 09365 DM) can help the decision-maker find the best choice whenever multiple
——— V=80 |-0,180032 fmest = ting criteria appear.
3-4 0,280056 | -0,0987 -0,1003 ; ; ) )
s e 06743 .-; fter analxzmg th.e requirements of the prf)duct, the designer T.m!l focus
e V=100 |-0,180032 0.280056 | -1 ’-3—402 4506 rther analysis to a limited number of alternatives. In fact, there will be a set
: 2 z SRS TS Rk A ferent versions of the product, for which the designer can provide all data
oy ST BT R Ll A ¢ user would be interested in. All this information will result from
0201 B Ik i fregre;er'x . !OF - lus or from other kinds of evaluation.
04+ 1]:19 cllependence do. I: w.auFmF. 1} 5 ‘The input data are gathered into the 'decision matrix'. This has as many
'g’: : gHey a(rj]gf\;(fsim{j%sli(;;lmn RIS = as alternatives in the analysis (m) and as many columns as criteria consid-
g Frori the studv-af - by the decision-maker (). The cells of this matrix have to be transformed
=3 s At the calcéiatcd o —— er to contain only actual numbers in the {ntcrvai [0; 11. For 1h1§, sometimes
i L o e e — Ecessary to scale the values of the attributes or even to assign numbers
sk Aw * ever the attributes are expressed by adjectives (such as 'outstanding’, 'good’,

Pt.1-2 Pt.2-4 PL1-2 PT.34
ex0,1 e=01 e=02 e=02
Fig. 5.
112

not influenced by modification of
speed; the diameters of the end se¢-

actory', 'unsatisfactory', etc.).
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The difference between the Promethee method and other similar methods
is related to the use of some functions, which describe the importance assigned
by the designer to every criterion. These preference functions express the prefer.
ence that the designer has [or one alternative in comparison with another ong
and the nature of this preference. The definition of the function can be expressed
like this: P: [A % A] — [0;1}, where 4 is the set of possible solutions.

Instead of this definition of the preference functions we will use another
one, which depends on a single variable, calculated as the difference between
the attributes corresponding to both alternatives, for one particular criterion:
P:[-11] - [0;1], where P(x.y)= P'{a(x) - a(y)) can be expressed as:

P[A;, r’l@)’ Z;&j - P(dj(As.-A@ J) (2)

o

'_i:Hav‘mg all those relative outranking flows, we can draw the outranking
. whose arcs are the calculated relative flows. For instance, the arc that ex-
and enters A,» is characterized by the flow P(A,-l JAp ), which expresses

vantages of the alternative 4;; in comparison with 4.

 Step 3.-Calculus of net outranking flows

~ For every alternative we calculate the positive (@), the negative (@) and
outranking flows, using the formulae:

0,d e[~ 1;0] _ E: P(Aq =A:'1) ) i P(Aiz 3 Aﬁ)
P'(d)=1{P"(d),d (051} (1)) ¢+(,4;.1 )=t — ¢5‘(A,-1 ]= Lt
s m—1 m—1
b #4,)=9"(4)-9 (4) 3)

Where d = a(x) - a(y), while P'(d) is a continuous function, which can

have various expressions. Usually the decision-maker uses a different preference
function for each criterion.
Step 1. Reviewing the input data
Before the proper calculation process, the designer will ensure that ali the
following elements are not missing or are well defined:
o the set of possible alternatives for the product:
A= {AJ” A?v'-: Aipyeens Aizeess Am};

~ Finally, the alternative, which has the maximum net outranking flow, is
considered the optimum solution. '
~ Numerical example: Decision-making for a2 100 mm caliber anti-aircraft
d, using the Promethee Method.
- Step I. Input Data

The criteria which the designer is interested in are synthesized in the

othe set of criteria which the designer is interested in: mbol Criterion Unit Criterion
€= 46,3 C 55 Cris Cibs e . BtypeF
Note: When the transformation of the decision matrix was done, all crite- A58 01 Bxplosiye PhalL e g eneit
ria became benefit criteria. Average speed of shglls m/s Benefit
«The new decision matrix: D'=la'; | Maximum high of the trajectory m Benefit
e Time of flight s Cost
o The set of weights for the criteria: P = {;‘7 §io B8 T TP D Py i _ Demand on the foreign market Low /High | Benefit
e The preference functions for all criteria: Cs | Compatibility with NATO ammunition | Low / High Benefit

pl-u]- (00} (v)j=Ln.
Step 2. Drawing the outranking graph :
For every two different alternatives and for every criterion, we calculate &

the difference between the corresponding attributes: d’ 4, ,AQ): @ ; —aqj
where iy,i, =1.m and j=1.n. Following that, we calculate the value of thel
preference functions for each of the above differences, P (d-f [A,-1 ‘Aﬂ)). Then. we i

calculate the relative outranking flow for every two alternatives, 4y and A
taking into account all criteria.

Let's suppose there are four possible solutions: 4 = {4, 45, 43, ALl
* The initial decision matrix (D) is turned into D"
' 2.0 1500 20000 27.5 average very high

2.5 2700 18000 325 low  average
1.8 2000 21000 225  high high
2.2 1800 20000 25.0 average average

114 115



08(=2.0/25) 056 095 0.82(=22.527.5 071 1.0
Cl10(=25/25) 1.0 086 069(=225/325) 043 0.56
“1072(=18/25) 074 1.0 10(=225/225) 1.0 0.78
1088(=22/25) 067 095 090(=22.5/250) 0.71 056

e The relative weights are: P ={0.2; 0.1; 0.1; 0.1; 0.2; 0.3 }.

o For this example we assume all preference functions are identical and
defined as follows:

P:[-11]— [O;IE ];
. 0,de|-10 . (4)
. (d)={d,de[0;l]

Step 2. Drawing the outranking graphs
For the calculus of the differences between cvery two attributes corre-

3 Fig. 1. The outranking graph
Step 3. The calculus of net outranking flows
For this we use table 2 and the known formulac.

- Table 2 - Net outranking flows

sponding to the same criterion, we use the table 1. We use the same table for the 7 - £ -
caleulus of the value of the preference function for the above differences. The : i A3 As 4 @
last column contains the values of the preference functions for every two 0 10210 0.082 0.132  10.1413 0.0686
alternatives. We used the formulae (3), where i\,i, =1..4 and j=1.6. gggg 0~ % 10,082 0.047 * 10.0710  }-0.0993
! 0.2]5 0 0.146 0.1533 0.0880
Table | - Values of the preference functions for every two alternatives. 0.035 0.0éﬁb 10032 0 00510  1-0.0573
02 (04  J0a1 |01 02 103 00727 10.1703  [0.0653 |0.1083 :
P(4 - - 009 |0.13 (028 [0.44 0.210 g
PEA:ﬁj; 008 1= - . 3 022 0082 | Step 4. The decision-making
P(A,A) |- 7 N : : 0.44 0132 - The maximum value of ‘@’ leads to alternative (A;), which will be chosen.
PAA) 1020|044 |- 2 g : 0.084 i clusion . 1@
P(4>,4;) 1028 0.26 |- = 5 7 0.082 {[_'he Promethee lmethod 1s a real asset because it is simple and therefore
P(A z,A:) 0.12 0.23 - - - o 0.047 _mltable ﬁ’r_ aigoftlhms used on computers. Moreover, the method takes into
Pl A 1 0.18 005 018 0.20 - 0.099 = . the pamcuia‘nty of each criterion, by allowing the designer to use differ-
—ﬁ(ﬁsﬂv) : e T e T A L R T 9315 -ferem:{? functions. Though, the real difficulty still resides in the way in
PAsAs) |- 0.07 1005 010 [029 1022 ]0.146 the designer has to provide the calculus process with all input data.
4) (008 jo. : 0.08 |- - 0.035 £ :
;Eja:j;; U 0 E_J__” ot TT S References: 1. Hwang C.L., Yoon K., "Multiple Attribute Decision Mak-
2 A3y - U9 . : 0‘032 — lethods And Applications, A State-Of-The-Art Survey": Springer-Verlag,
(A4,45) ) - - = = > e Brans 1.P.,, Mareschal B., "The Promethee Methods For MCDM": Vrije

Now we can draw the outranking graph, resulted from table 1.
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sitet, Brussels, 1989; 3. Brans J.P., Vincke Ph., Mareschal B., "How To
d How To Rank Projects: The Promethee Method", European Journal
onal Research, 24, Page 228-238.
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CONSIDERATIONS REGARDING INFLUENCE OF THE GEOMETRIC
PARAMETERS AND OF CUTTING CONDITIONS ON THE
THEORETIC DEVIATIONS RESULTED AT CUTTING OF WORMS By
WHIRLING THREAD DEVICE

Cretu Gh., Pruteanu O., Serb A. (T.U. "Gh. Asachi ", lassy, Romania)

This paper established the link relations between theoretical deviation resulted
at worm processing by the whirling thread cutting principle and the geometrical
and processing parameters. The evolutions of these deviations amounts agains
module, diametrical coefficient and worm number of revolutions are represented
graphically.

The cutting of cylindrical worms by the whirling thread cutting principle
is thought now as one of the most productive ways of processing. In this process
the picce turns with slow speed and it is eccentric wrap up by the whirling
thread cutting devices tools, which turn with high speed entering periodically
into the splitter. Also for the correct achieving of the worm profile, the device's
head inclines with an angle equal to that of the worm’s helix reference.

The surfaces of flanks and bottom of the channels are cinematic generated, as
successive wrap upping positions of the whirling thread cutting device tools.
Because of this reason, the resulted surface presents successive deviations from
the theoretical form of the profile. For the size determination of this deviation it
is need to determine the surface equations described by two successive tools of

¢ whirl head. Knowing the processed worm flanks equations it will be detes-
mined the relations that determine the theoretical deviation size resulted in cut-
ting by this process.

For the determination of the surface equations described by the finishing
tools it will be considered more reference systems. First are written the surface
equations described by the tools in the OyXp¥pZ, reference system, in which
OuX, represents the symmetry axis of the disposal face of the whirling tools, and
Oy ¥, coincides with its own rotation axis:

vV
(Xg*“z«z;ftgza,v:[)’o—Ros EBG’N*%I} (1)

In which D, represents the disposal diameter of the noses of tools from
the rotation axis of the device, ay the profiles angles ,e,, is the normal refercnce
cord of the worm tooth space, R, is the circle radius described by the point form
the tool edge blade which processes the reference diameter.

A translation of the coordinate system is performed in the coordinates
Opxgyazq in the length of the OyX) axis with an amount e, so the axis Oy} should
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jde with the axis of processed worm axis, resulting 0.X, ¥, Z, reference sys-
Squation no. | becomes:

. \
E_Ifthe system is turning round the O, X line with an yangle (equal with the
ation angle of the worm helix on the reference diameter), it results the im-
le Oxyz reference system. Knowing the link equation between the two ref-
e systems, the equation of the conic becomes:

g
(x+ef+ Zieay= {)’1 - Ros tgay + %‘i‘J (2)

i
%)2 +(= ysiny + zcosy)z}gza,v =(ycosy +zsiny — Ry tgay, + %} (3)
__Tﬂmetﬁcal considerations the value of eccentricity e it is determined:

W

e= Rﬂs - Ri | e {
\ 2t

~ In which R, represents the radius of the reference cylinder.

~ Then is determined the equation of the normal plane at the average helix
oth space:

(4)

xR, cosp + yh - zR, sinq;—hzgo+h;=0 (3)

For the determina-
tion of the theoretical
deviation at worm flank
processing with thread
cutting devices, are con-

‘(’Efﬂg siderate two successive
! positions of the finishing
tools, offsite between
\ \ them with an « angle,
dependent on the pa-
rameters of the cutter
i conditions. The relation
A < gives this angle:

- Fig. 1. The positions determination of the de- Pszf
ons from the theoretical surface In which #,, repre-
. sents the worm rotation,
> rotation of the whirl head and z, is the number of finishing tools. The
m deviations will be a half of this angle per each rotation. (fig.1). Their size

D

—_—
=

w

(6)
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is determined in the normal plan at the average helix of the tooth space, spine
with a half of & angle around the axis Oy. For this the plan is intersected with
the theoretic flank surface (resulting the curve C,) and a surface generated by the
tools (resulting the curve ().

The relation gives the C; curves equations:
[ . a h [ ha} a
xsin—— —| y~— |+zcos—=0

2 R 2 2
x=Rysinp + HCOS X, COSQP )
p

y=h(¢"%)+fg7fg\f&2 ~ R} - usinx, Y

z=R,cosp — pcosx, sing

To evaluate the amount of this deviation, on this curve we consider m+
equidistant points Ti (i=0,m}, between the head and bottom cylinders, situated
on equal distance with R; to the worm axis. In this points normal are layout to
the helical surface of the worm and they are intersected with the surface de-
scribed by the tools of the whirling thread cutting device, resulting V; points. The
resulting relations from the determinations of the coordination points T; and V,
are transcendental and they are solved with the computer aid. Knowing the co-
ordinates of the 7, and ¥, points it can be determined the amount of the deviation
with the relation: :

Ap;i= \!F(IV,- - X7, )2 "'(J’i»,. X7 )2 +(zy,- zy, )2 (8)
The calculated deviation with this relation depends on many factors: the
module, number of worm teeth, locating diameter of the whirling head teeth,
diametric coefficient worm number revolutions, and the number of the finishing
tools. For the determination of the deviation amount Ak, (i=0,m) and for the
graphic representation of this dependence a special program was realized in
QBASIC. The program is first receiving input data concerning the geometric pa-
rameters of the processed worm and of the cutting conditions. Solving the tran-
scendent equation is achieved using the fractioned range method. After the co-
ordinate determination of the T and V,, points the amount of deviations Ahi is
determined. The obtained data can be graphically represented depending on
point position on flank. The graphics have in their abscissa the deviation posi-
tion in a perpendicular plan on the medium helix of the flank (the point 0 corre-
sponds the exterior diameter, and the point /& on the bottom diameter), and in
the ordinate the amount of the deviation. On the same graphic are represented
the deviation results for 6 values of the variable specified parameter.
In the figures 2 and 3 are represented the deviation evolution on the worm
flank for different values of module (fig.2) and diameter coefficient (fig.3).
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3 Fig. 3. The theoretical deviations values in the across flanks, from some
diameter coefficient ¢

Conclusions

. Studying the evolution of the theoretical deviation to the cylinder worm
Processing with whirl processing, made with this program, a series of conclu-
10ns must be made:

® The deviations are having higher values at the nose of tooth and lower at the

~ pitch diameter

121



e The deviations are higher with increase of the module and the piece rotation,
with diminishing the tool number of revolutions and that of the diametric co-
efficient

® The disposal diameter of the tools influences very little the amount of the de-
viation

¢ For current values of the geometrical parameters and of cutting conditions
the amount of this deviation is the size of the micrometer or even smaller.

References: 1. Cretu Gh. — Contributii privind tehnologia de fabricare a
melcilor folosind principiul filetarii in vértej, T.U. Jasi, 1997 2. Maros D. -

Angrenaje melcate, Bucuresti, Ed. Tehnica, 1966
Cramsa nocmynwia & pedaxywo 21.05.2001 -

BALL PEENING MACHINES
Mieczystaw Korzynski (Rzeszow University of Technology, Poland)

In this paper ball peening method of surface hardening and ball peening ma-
chines designed in Department of Manufacturing Processes of RUT are pre-
sented. Three ball peening machines characteristics and possibilities in use are
described.

INTRODUCTION

After conventional finishing methods like as grinding, polishing etc., the
surface layer condition of machine elements is not too good and causes decrease
in its fatigue limit. Jt is especially important for hard-working machine parts
which work under high changing working loads and caused by hydrodynamics
and centrifugal forces and or vibration. That parts resistance (o these loads de-
pends on surface layer condition of them and on finishing process which these
properties creates. That is just why various hardening methods are used to in-
crease its properties.

Many machine parts working under high load have irregular shape and so
large dimensions and that is just why their hardening by conventional methods
and universal machines (shot peening machines, sand-blasting machines) is im-
possible. They should by surface hardened with special machines and by special
hardening methods. One of them is pneumatic ball peening.

Pneumatic ball peening process is based on making use of stream of small
hard bearing balls, that are accelerated with compressed air and circulate in
closed loop system, impacting on treated surface and causing its cold hardening.
The process effects depend on ejector nozzle geometry and: ball diameter, air
pressure, distance from working nozzle to workpiece, and peening time.
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Basic advantages of pneumatic ball peening are as follows {1, 2, 3k

. - As a working medium bearing balls dia 1-3 mm are used, propelled at

limited speed of 3-10 m/sec. As a results of that the balls do not disintegrate,
ntain their high hardness, during the process there is no dust produced, that

uld be pressed into the surface layer. A smooth ball surface is projected onto

the treated surface in the form of scale-like indentations with radii analogous to

‘ball radius. -

- Low ball speed and their continuous recirculation cause that only a smali

~ ball charge is required and, as air supply source, a regular factory internal com-

essed a}ir network can be used provided with a typical oil and moisture trap-
ing equipment.

.. - After ricochetting, the balls fall down under gravity into the suction zone

s eliminates ball transportion devices and makes bearing ball peening ma-

chines much cheaper.

F o Machining of the machine parts before pneumatic ball peening is quite
standard, and is aimed to get surface roughness Ra=25 - 5 um. Principal vari-

ables of pneumatic ball peening process are: air pressure, ball diameters, dis-

tance from nozzles to the surface to be peened and time of peening.

~ Some machines designed for ball peening of various irregular shape cle-

ments are presented below.

BALL PEENING MACHINES DESCRIPTION

E The scheme of first described pneumatic bali peening machine is pre-

3 Fig. 1. The scheme of ball peening machine for blended shafts: 1 —
- Peened element, 2 — motor, 3 — reducer, 4 - chain transmission unit, 5 -
 chuck, 6 — feed shaft , 7 — chamber, 8 — load screw

Sented in fig. 1. This machine enables to perform pneumatic ball peening of
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various kinds of shafts and many kinds of rotate elements with horizontal rotate
axis as sleeves, rings, small dia cylinders, blended shafis, car and bus stabilizers
with short arms, etc. The tips of element to be peened 1 are fixed in special
chucks 5. During peening treated element is rotating slowly. Power from motor
2 is transmitted to both tips of treated element synchronously by speed reducer
3, feed shaft 6 and two chain transmission units in cases 4. Peened element and
chucks are enclosed in chamber 7, containing telescope sections. The chamber
makes slowly reciprocating motion and is driven from motor 2 by reducer 3.
chain transmission 4, electromagnetic clutch and lead screw 8. Distance and di-
rection of the chamber motion, are controlled by the limit switches. At the bot-
tom of chamber 7 there are some vacuum nozzles 9 of special design |...] which
are generating negative pressure and throw the ball stream at the surface 1o be
peened.

The distance from nozzles to the peened clement surfaces is selected so
that its changing position has not considerable influence on effects of peening.
Machine electro-pneumatic control system makes possible adjustment of differ-
ent degrees of strain hardening at different sections of peened element, accord-
ing to requirements. Machine vacuum nozzles are supplied from air compressor
or from factory compressed air network and runs at semi-automatic cycle. For
that machine the ball batch is about 10-15 kg of 2 or 3 mm dia bearing balls. The
ball peening time of one typical element is about 0,5 hour. The machine work in
semi-automatic cycle and its possibilities among other things are described in [ 1.
2]

A little otherwise is designed the machine presented in fig. 2. That pneu-

T
dds

|

Fig. 2. Basic unit (working chamber) of the machine for pneumatic
ball peening of blended shafts: 1- peened element, 2 — chuck, 3 — first com-
plex nozzle, 4 — second complex nozzle, 5 ~ working ball, 6 — exchange
chamber bottom, 7 — air permeable diaphragm

matic ball peening machine enables to perform pneumatic ball peening of vari-
ous bus suspension elements (stabilizers, bars, etc.) [4]. This machine chamber
~ has only one, non-telescope section. At the bottom 6 of chamber the complex
with two systems of special designed vacuum nozzles is installed. First vacuum
ozzle system has motionless nozzles 3 which are placed under and along rotate
~ main axis of peened element 1 and that constant nozzles 3 are used for pneu-
matic ball peening of horizontal parts of peened element.
~ Second vacuum nozzle system has some motion (self-aligning) nozzles 4,
ich can rotate about small angle and properly to direct stream of balls 5. This
stem contains two complete sets of nozzles, which are placed under and along
th arms axis of peened shaf, perpendiculary (or at adequate angle) to main
te axis. The stream of small hard bearing balls, which are accelerated in vac-
m nozzles with compressed air, impact on horizontal part of treated element
face causing its cold hardening. After ricochetting, the balls fall down under
avity into the suction zone eliminating thus ball transportation elements.
The machine is work in two cycles. After start, during first cycle, com-
essed air is supplied only to constant nozzles. Treated element 1 is rotating to
d fro with predetermined (about 210°) angle range and like as at first machine
the working chamber with vacuum nozzles have slow reciprocating motion.
ring first cycle, only this, just motionless nozzles 3 are working. After pas-
ge of predetermined to treating of that element main part work-time, first cy-
e is finished. Next is starting second work cycle - ball peening of element

& During second work cycle the working chamber is motionless and first
‘nozzle system is not working. While the peened element 1 is stopped in left ex-
freme position and does not make reciprocating motion (constant nozzles air
essure feed is stopped too), second nozzle system driven from special, addi-
lional servo-motor is working. The nozzles 4 swinging on forced by hydraulic
Servo-motor angle and ball peening of one side of element arms is realized. Af-
passage of first arms side peening time, peened element is rotated on angle,
ich makes possible treating of second treated element arms side during re-
ated cycle. In this manner the peened element makes only rotate-reversible
tion and in this time ball peening of element arms is realized. The angle of
I stream is synchronized with peened element motion to obtain required cov-
ge ratio (of bail marks) and required surface hardening.

) For that machine the ball batch is about 30-40 kg of 2,5 mm dia bearing
balls. The ball peening time of one typical bus stabilizer is about ! hour. The

Automatic cycle. That machine assures good hardening equableness of treated

€lement surface but is not too universal — with it only one kind of shafts treat-
Ment is possible. To make peening of various elements, the machine working
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chamber bottom 6 is exchanged. Every bottom has system of nozzles displaced
in dependence on peened element shape. And machine requires special contro}
system (best - computer system) assuring suitable synchronization treated ele-
ment novements, nozzles movements and air pressure in vacuum nozzles.

Third presented machine (fig. 3) is designed on the base of multi-nozzic
chamber. This narrow cylinder-shape chamber 1 has uneven quantify of vacuum
nozzles 2 with one nozzle placed at the bottom of chamber and the other nozzles
evenly spaced on circumference of chamber. i

Through the chamber in many slow cycles with reciprocating motion
treated element 3 is pushed. It assures good hardening equableness of treated
element surface on all its length.

Fig. 3. The main unit of machine for pneumatic ball peening of
blended shafts: 1- working chamber, 2 — vacuum nozzles, 3 — peened ele-
ment, 4 - working balls, 5 — ball magazine, 6 — diaphragms, 7 - compressed
air pipe

Ball peening is realized without treated element turning while the cham-
ber 1 is slow rotating to and fro about small angle, which depends on nozzle
number. This angle is about 27/, whence n — nozzles number on chamber cit-
cumference. Chamber movement makes easy conveying and distribution of
balls 4 in suction area of every nozzle.

Balls conveying can be realized with simple circular through-typc maga-
zine 5 presented in fig. 3 or by pneumatic conveyor or with mechanical feeders
periodically feeding ball buffer-magazines, from where vacuum nozzles will be
supplied under influence of earthly gravity force. This last solution considerably
simplifies construction of machine but requires more balls charge.
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. Adequate air-tight of chamber is ensure by movable side-diaphragms 6
signed like as diaphragm of photographic camera), with change diameter and
ge hole shape, self-adapt to treated element shape and its diameter. For that
chine the ball batch is much less then other ball peening machines, and it is
t 1-5 kg of 1-3 mm dia bearing balls. Machine working chamber has ade-
ate diameter and adequate small width to make possible shifting through it of
ents (shafts) bended up to 90° angle.

This universal machine joins advantages of hardening equableness and
trol easiness but requires special feed system to make feed trajectory accord-
to treated element (shaft) shape. The machine can be used not only to
nded shafis but also to straight, very long shafis and bars, and to all kind of
g steel sections. To ball peening of very long elements is possible multiplica-
of number of working chamber modules and very high productivity.
INCLUSIONS
Above presented ball peening machines makes possibility the hardening
elements with various shape cross sections, blended shafis, irregular shape
chine elements and the like.
They have many advantages: simply construction, supply from standard
pressed-air installation, repeatability of treatment results, and possibility to
t irregular shape and low stiffness workpieces. Can be used in small- and
an-lot production, for strain hardening of low, medium and very hard ele-
its and it may cause even elimination of subsequent belt-grinding operations.

References: 1. Korzyniski M. Bearing ball peening process parameters, ef-
ts and jig & machines to its realize. - Int. Conf. MECHANICS *98. Rzeszow,
and, 1998. p. 403-406. 2. Korzynski M. Pneumatic shot peening machines
roduced by Rzeszéw Technical University. - Int. Conf. on ANTICOR. Kosice,
vak Republic, 1996. p. 43-51. 3. Lunarski J., Zielecki W. Possibilities of
roving fatigue properties of machine elements by pneumatic shot peening. -
Conf. ICSP 4, Tokyo, 1990. 4. Zielecki W., Korzynski M.: The machine for
dening of car elements. - Conf. On Surface engineering. Gdansk, Poland
6. p. 167-169.
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_ COMPARATIVE ESTIMATION OF PARAMETERS OF
"OSCILLATIONS OF A BODY OF BUSES " VOLVO B-59 AND LiAZ-
5 5256

Lejda K., Akopjan R.A. (Rzeszow University of Technology, Poland)

onnection with that while in a due degree the problems of the theory of
Plimization of parameters of a pneumatic suspension bracket are not lighted in
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the literature, the attempt is iiade to fill this blank with new materials on the
basis of careful experimental researches of a series of buses with preumatic sus-
pension brackets. displacement;

In tab. 1 the parameters of the steady-state vertical oscillations of suspen-
sion brackets of controlled wheels of the bus "Volvo B-59" and LiAZ-5256, de-
fined in identical conditions are grouped together.

Table 1 - Parameters of the steady-state vertical oscillations of cushioning
and unsprung masses of comparing suspension brackets

3% Lo |s g Averagesquare-law aberrations ]
9= g ob B==% =
5285 %j o= |5ES ofacceleration of relative ik ;
s28cd|5s |558 — A 1stance, |
$33= 2|2 £ %g E| cushionin | unsprung displacement of s |
555/8 8|Sz |2 Zg masses| masses cushioning
7% mass, mm

0,50 [10,64| 454 11,74 10,50 1,=1980
£ 16,13 3,28 9,03 7,73 1,=2705
£ [2200 11,85 459 | 12,17 13,61 ,=1480 |
=z 16,75 3,59 9.03 8,36 1,=2205 |
. 0,58 [10,04] 3,73 9,62 11,30 1,=1920 |
2 |2565 16,43 | 3,84 7,57 10,20 1,=2750 |
= 0,68 {1036 4,17 11,52 12.10
3 16,16] 3,87 9,47 10,50

On a foundation of performances of free oscillations obtained at alpha
tests of a vibratory system with a suspension bracket of controlled wheels (with-
out shock-absorbers) of the bus "Volvo B-59", the fundamental frequencies of
vertical oscillations of a cushioning mass, and also relative damping factors of
free oscillations stipulated only by abrasion in joints of a suspension bracket and
internal abrasion in rubber-cord to an envelope of elastic units installed.

From datas, reduced below (tab. 2), follows, that the rather high funda-
mental frequency of free oscillations of a cushioning mass varying depending on
static load in limits is inherent in a suspension bracket of controlled wheels of
the bus "Volvo B-59 ", despite of a low vertical rigidity of used pneumatic elas-
tic units 1,3...1,4 Hz.

At connection of hydraulic shock absorbers the own frequency of oscilla-
tions of the system increases approximately up to 1,5...1,55 Hz.

To define a relative damping factor on performance of the oscillating sys-
tem with hydraulic shock-absorbers practically it is not obviously possible, as
the fading of oscillations happens in time, smaller, than period of one oscillation.

The high fundamental frequency of oscillations of the investigated syster
explains by a feature of arrangement of a suspension bracket: the elastic units
displaced for an axis of the bridge concerning an axis of a hunt effect (joint) of a
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uiding rig of a suspension bracket on significant distance (830 mm). Such dis-
ced layout of elastic units also stipulates a heightening of fundamental
uencies of oscillations of a cushioning mass proportionally to ratio of
istances from elastic units both from an axis of whecls and up to an axis of a
unt effect (joint) of a guiding rig.

It is necessary to mark, that the forces of abrasion in joints of a guiding rig
force of internal abrasion in rubber-cord to an envelope of hose elastic units
"a suspension bracket of controlled wheels of the bus "Volvo B-59" almost do
ot render damping influence on vertical oscillations of a cushioning mass. The
elative damping factor of oscillations depending on static load on a suspension
acket and other oscillatory parameters is in limits 0,034...0,044. For matching
e shall mark, that at free oscillations of a suspension bracket of controlled
theels of the bus LiIAZ-677 (directing device - quarters of a spring and trans-
al traction, clastic hose units of a standard size H-48, @320x200) the
elative damping factor reached 0,090...0,095. '

Table 2 - Some parameters of a suspension bracket of controlled wheels of
e bus "Volvo B-59"

Cushioning mass, Pressure air Fundamental | Relative |
{redundant), MPa
comes on frequency of damping
suspension oscillations of factor of
bracket, kg | cushioning mass, Hz | oscillations
in elastic | in tires
elements
2565 0,260 0,78 1,40 0,040
0,68 1,38 0,041
0,58 1,36 0,043
0,48 1,35 0,044
3520 0,340 0,78 1,30 0,034

The estimation of the forced steady-state oscillations of an investigated
bratory system s carried out on average square-law values of vertical
splacements and accelerations of a cushioning mass, and alse vertical accel-
rations of unsprung mass (tab. 3 and fig. 1,2).

At the steady-state oscillations vertical displacements of unsprung masses
tically did not exceed height of irregularities of the microprofile of a road, i.
dm ing driving a wheel did not lose contact to footprint.

The relative displacement of a cushioning mass with a heightening of
ressure of air in buses increased. More intensive growth of displacements was
_..served at increase of an air pressure in buses from 0,48 up to 0,58 MPa and
irom 0,68 up to 0,78 MPa.

. With increase of a cushioning mass come on a suspension bracket, from
2565 up to 3520 kg the relative displacement of a cushioning mass, as a rule,
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was diminished at any rigidity of

3 i 'Um‘m;g mass. | | N5 | buses and frequency of external
L ".th {esgt st Esh]  disturbing force.

§«§ 10,01 _.lr.ﬁ.. = J;“t- = The heightening of fre-
a il 4 quency of external disturbing
j,;’ ' { i &, 2630xe force with 10 up to 16 s practi-
§§ 60 1= Cuchioning mass —y17——1 cally irrespective of static load
gg 40 - e ¢] on a suspension bracket and ri-
By T 1 175 gidities of buses was accompa-
< T 48 52 56 60 64 68 12 76 nied by decrease of relative dis-

Pressure air in tires (redundant), MPa placements of a cushioning
1mass.

The vertical accelerations
not - cushioning masses at any
values of static load on a suspen-
sion bracket and frequencies of

external perturbations with in-

Fig. 1. Vertical accelerations of
cushioning and unsprung masses: G, - a
cushioning mass come on a suspension
bracket; n - frequency of external dis-
turbing force (1,2 -10,0.. 11,0s"; 3.4

-15,5...16,5s"). : 2

crease of an air pressure in buses

_]_]—T_ir_"f" T intensivcl_y accrued. i et

TR - N (IS5 i At increase of an air pres-
£ wo b1 2, | sure in buses on 1 MPa average
5¢ L SN | A5 . square-law values of accelera-
£3 ol | HA=mr '?:‘ tions of unsprung mass are aug-
EE e “" =T R | mented almost on 2 m/s’. The
52 80 - = Z i heightening of frequency of
g 60 __,{!?f" ot -+ external perturbations with 10 up
Z ;9 [ Mowamsisoisrods {62650k | 46 16 5 is essential (on 1.2

m/s’) diminishs average square-
law accelerations of a unsprung
mass at fo a cushioning mass
come on a suspension bracket
2650 kg. If this mass makes
3520 kg, the increase of
frequency of

Q48 852 05 0.60 0,6¢ 08 472 475
Pressure air in tires, MPa

Fig. 2. Relative displacement of
cushioning masses (denotation see in a
fig. 1).
external
perturbations is much less tells on a value of average square-law accelerations of
a unsprung mass (depending on an air pressure in tires it is diminished
approximately on 0,3... 1,0 m/s’). The growth of static load on a suspension
bracket promotes lowering of average square-law accelerations of a unsprung
mass at frequency of external perturbations 10... 11 s and their heightening at

15... 16 5},
The change of frequency of external perturbations at fixed static load on a
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pension bracket does not render essential influence on a value of vertical ac-
erations of a cushioning mass. The increase of static load at a suspension
cket calls some decrease of vertical accelerations of a cushioning mass. Last
reduced also at decrease of a rigidity of buses. In tab. 4 the relative average
are-law accclerations, obtained approximately in identical conditions,
sprung and cushioning masses of the oscillatory system with suspension
ckets of the following types are reduced:
I - dependent pneumatic suspension bracket of controlled wheels with an

ind - figurative guiding rig of the bus "Volvo B-39" with hose elastic units;
- II- independent double-lever pneumatic suspension bracket of controlled

eels of the bus LAZ-699 with double bulbs of a standard size Z300x200;
I - dependent pneumatic suspension bracket of controlled wheels of the
us [LIAZ-677 (variant 1) with fixing of the bridge the quarter springs and trans-
ersal traction, as which elastic units use double bulbs of a standard size
1300x200;
: IV- dependent pneumatic suspension bracket of controlled wheels with

xing of the bridge by semielliptical springs of the bus LiAZ-677 (variant 2)
with double bulbs of a standard size @300x200.

As we see, the relative vertical accelerations of cushioning and unsprung
masses are a little bit lower in a vibratory system with a dependent pneumatic
spension bracket supplied by an A - figurative guiding rig. It is explained in
ain properties of used pneumatic hose elastic units,

From tab. 5 and the fig. 3 follows, that at fixed width of a pec-weed track
d static load on a suspension bracket by increase of a ratio of shoulders of a
nt effect the transversal angular rigidity of a suspension bracket is reduced,
d the corner of a roll of 2 body in a transversal plane increases. Last also is es-
ntially augmented with decrease of a spring track and with a heightening of
atic load at anyone spring track.

~ For cxample, at peak load on the bus the corner of a roll above a suspen-
Sion bracket of controlled wheels (without the registration of link through a body
th a suspension bracket of driving wheels) does not exceed an established ad-
ssible limit at width of a spring track 8=1960 mm, if £,/1; <1,60, and also in a
ase B=1780 mm and [,//, < 1,20.

_ The comparison of datas of tab. 5 displays, that for sufficing to the re-
Juirements on smoothness of a course of the bus and stabilization of a position
a body in a transversal plane the spring track of a suspension bracket of con-
lled wheels should be not less than 1880...1900 mm.

At smaller width of a spring track the transversal angular rigidity of a sus-
ion bracket of controlled wheels of the bus will be unsufficient and for a
ghtening of stabilization of a body in a transversal plane it is necessary a sus-
Pension bracket of controlled wheels to supply torsion with the stabilizer of
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transversal stability.

Table 3 - Average square-law values of vertical displacements and accel-
erations of cushioning and unsprung masses at the steady-state oscillations of a
suspension bracket of controlled wheels of the bus LIAZ-5256 with shock ab-
sorbers.

Mass comes| Pressure | Frequency of | Relative displacement of
on suspen- | airintires | extemal Acceleration, m/s” cushioning
sion {(redundant),| disturbing mass, mm
bracket, kg | MPa foree, unsprung | cushioning | on a line of | above an
radian/s mass mass  |elastic units| axisof
e | wheels |
2565 0,48 10,20 7.23 2,90 8,90 6,22
16,19 6,20 3,53 8,40 5,86
0,58 10,04 9.62 3,73 11,30 7.89
16,43 7.57 3,84 10.20 7.12
0.68 10,36 11,52 4,17 12,10 8.45
16.16 9,47 3,87 10,50 133 |
0,78 10,25 12,96 4,89 16.60 11,59
15,71 10,65 4,70 14.30 9,98
3520 0.48 10,94 6.47 2,71 9.40 6,56
16,59 6,35 2,41 8,60 6.00
0,58 12,15 8,74 2,76 11,00 7.68
15,83 8,59 2,81 9.10 6,35
0,68 10,15 10,60 2,86 11,50 803 |
1542 10,14 2.94 10,00 7,00 |
10,39 13,72 338 12,60 8.80 l
(.78 1034 12,31 3,06 14,50 10,12 |
16,31 12,20 2,64 11,90 831 |
1543 10,82 3.26 12,20 852 |

Thus, the datas, obtained as a result of experimental research, characterize
some properties of a dependent pneumatic suspension bracket with an A -
figurative guiding rig, which can be used for an approximated estimation of iis
quality.

Taking into account specific conditions of operation of urban buses (in
peakhours buses work with limiting loads, which arc defined by capacity of
compartment), it is necessary to increase a safety factor of units of guiding rigs
of a suspension bracket.

The obtained experimental indexes of the steady-state vertical
oscillations, defining to a certain extent smoothness of a course of the bus LIAZ-
5256, in main do not differ from similar indexes of buses, therefore further
heightening of a transversal angular rigidity in 1,5...1,6 times by exception of
additional tanks of clastic units of suspension brackets controlled and driving
wheels are connected to aggravation of smoothness of a course. Let's mark, that
the exception of additional tanks of elastic units of a suspension bracket of
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trolled wheels promotes a heightening of a transversal angular rigidity in
1,25, and suspension bracket carrying on - in 1,30...1,34 times.

If the arrangement of a wide door on back overhang of the bus allows to
se a spring track of a suspension bracket of driving wheels up to 1700 mm
out damage to smoothness of a course, the transversal angular rigidity can
creascd in 1,24... 1,26 times. In vehicles with pneumatic suspension brack-
upplied fast regulators of a position of a body (“active" suspension bracket),
tomatically raising stabilizing property at driving on curvilinear sites of a road
e expense of regulation of a vertical rigidity of suspension brackets, the rolls
completely be eliminated also without essential aggravation of smoothness

course [1,2].

- Noticeable aggravation of smoothness of a course on roads with a poor-
ity coverage, and also heightening of a mass and cost of a suspension
ket stipulate usage in suspension brackets of stabilizers of transversal
bility of torsion type only in extreme cases. For vehicles with pneumatic
ension brackets the stabilizing devices containing a disconnccting gate can
o be recommended which overlaps the channel and links the additional tank
an elastic unit [2]. ¥

Table 4 - Relative average square-law values of accelerations z/2gp of

An air pressure | Frequency of Type of a suspension bracket
in tires external dis-
(redundant turhing force. d i i n ’ b¥
Relative acceleration of a cushioning mass
0,48 10,2 180,7 | 180.0 1943
158 180.0 | 2143 237.1
0,68 102 2680 | 2420 2743
i 15,8 256,7 | 2700 298.6
(.48 10,2 1618 160,0 168,5
15.8 183.8 207.1 2314
0.68 10,2 265.0 264.3 270,0
158 253, 288.6 302.8
Relative acceleration of unsprung mass N
0.48 102 72.5 83.7 114.7
158 88.2 100.8 1314
0,68 10,2 104.2 97.1 117.1
15.8 96,8 117.1 128.5
0,48 102 72.8 81,4 84.0
15,8 60,2 80.0 81.4
0,68 10.2 715 1 102.8 88.0
15.8 73.5 1i7.1 91.0_ |
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Table 5 - Oscillatory parameters of a suspension bracket at normal load on
one elastic unit H-48, component G, = 30,411 kH

G, = 74,065 ¢H

I/l G, =28.938 k1 G, =19.540 kH
2G,, kN{C,, kN/m| 1, Hz | 2G,, kN [C,, N/m| 7. Hz | 2G.. kN |C,, kNim| n, Hz hl

0,7 | 41,340 | 91,33 | 0,885 | 70,771 | 131,75 | 0,813 i
08 | 36,172 | 110,50 | 0.974 | 61,925 | 155,68 | 0,884
0.9 | 32,153 | 120,00 | 1,015 | 55.044 | 182,76 | 0,957
1,0 | 28.938 | 141,26 | 1,101 | 49,540 | 209,93 | 1,026 _ _
L1 26307 | 160,24 | 1,173 | 45,036 | 237,40 | 1,091 | 67.332 | 31337 | 1,025 |
1.2 24,115 186,47 | 1.265 | 41,283 | 268,40 | 1,160 | 61.721 | 350,33 | 1,084 |
1.3 | 22,260 212,21 | 1,350 | 38,108 | 301,75 { 1,230 | 56,973 | 38795 | 1.141
1,38 20;970 233,53 | 1,416 | 35,898 | 328,81 | 1.284 | 53,670 | 420,35 | 1,188
1.41 {20,523 | 241,84 | 1,441 | 35135 | 339,33 | 1,305 | 52,528 | 43297 | 1,205
15 19,292 | 269,28 | 1,521 | 33,026 | 370,82 | 1,364 | 49,376 | 467,94 | 1,253

i 1,6 | 18,086 | 301,36 | 1,609 | 30,962 | 4G1,82 | 1,420 | 46,290 | 512.28 | 1,31l

1,7 {17,022 | 334.54 | 1695 | 29,141 | 42526 | 1,461 | 45,567 | 555,68 | 1,365 |

The note. G, - static Ioad on a suspension bracket; 2 G, - static load on elastic units of 2
suspension bracket: C, - vertical rigidity of a suspension bracket; # - partial frequency of
oscillations of a cushioning mass. i

References: 1. Axonsx P.A. [Iuesmatuucckoe noapeccopHBaniie asro-
TpaHcnopTHeix cpeacTs. Yacts I «Brma mixona». Jssis, 1980. C.207. 2. Axo-
ngH PA. Tlueemaruyeckoe noApeCCOPUBAHHE ABTOTPAHCIIOPTHBIX CPEACTH.
Yacts Il «Buuia uikona», Jesis, 1984. C.237. 3. Akojan Ruben. Budova
pojazdow samochodowych. Oficyana Wudawnicza Politechniki Rzeszowskiej.
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RESEARCH OF THE ROUGHNES AND BURNISHING DEGREE BY
VIBROROLLING

Nagit Gh., L., Slatineanu L., Dodun O.
(Technical University “Gh. Asachi” of lagi ~ Romania)

This paper presents some and experimental research to direction of burnishing
degree by vibrorolling. The importance vibrorolling consist to improvements in
surface quality in two ways: its geometry and the phisico-mechanical proprie-
ties. This paper presents the influences of input parameters and the
mathematical models of the output parameters.
INTRODUCTION
Surface work-hardening by vibration is a perfected process, by that it
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increases the efficiency of the deformation with the help of a vibration motion of
he deformation element, along the sample’s rotational axis. A device was build,
mountied on 2 traditional lathe. [t allows a large variation of input data.
; CONSIDERATIONS ABOUT THE EXPERIMENTAL PLAN
A researching plan was carried out, to allow a minimum number of
eriments, a large number of conditions and a measuring possibility of output
To model the output data, a complete factorial plan was used. The had in
W output parameters were: rugosity (R,) of the worked surface and burnish-
degree (4,). The kind of experiment was complete orthogonal factorial, type
he Yates algorithm was used to determine the research points. Three samples
each point and a semnification threshold ¢=0,05 were considered. The input
vels of the input parameters were varied by considering the technical
ossibilitics of the installation. The operation was carried out in presence of
ydraulic oil H20. The initial rugosity of samples was not considered as an input
rameter (it was constant), but its value was used to determine the smoothness
ee. The last operation before surface vibration work-hardening was a fine
ming. The input parameter and their levels are exhibited in table 1. Six pieces
ay be simultaneously placed on shaft and secured against rotation. The shaft
d pieces were fixed on a lathe between the points in order to be processed the
ints in order to be processed the rotation. To ennoble the comparison between
output parameters of vibrorolling on the shaft were placed five picces cache
e of a different type of steel. The sixth (usually made of OL60) was
brorolling using the some parameters as the other five but without the
oscillatory movement. The number of treatments for each materials is 2°=64 and
e number of pieces required is 64x3=192. Therefore to process all the types of
I a tool of 576 pieces were needed. In table 2 there are exhibited the
experimental results. The samples’ diameter was 60 mm.
Table 1 - The level of input parameters used in experimental design

e

Input parameter Level Unitof |
Significance . 1 2 measurement
n.q —number of double stroke 350 940 cd/min
dp, (or 1) the diameter of balks or | 6.75 (1) 15.85 mm
spherical radius of diamond point (3,5)
2e=| - the amplitude of 0.6 1.6 mm
oscillation
F — force 100 (20) | 600 (60) N
n—numberofrotation | 100 400 rev/min
f—feed 0.024 0.132 mm/rev |

RESULTS AND CONCLUSIONS
A compicte-new microrelief (especially a polyhedral type IV one) means
ddecrease of rugosity of work-hardened surfaces, whether the working parame-



ters are proper. The smoothing degree of surfaces is described by equation (1).
R_.
(1)

ain
R,

The following analyses were performed: verifying the possibility to [podcl
through linear functions, deriving the coefficients and statistical testing; if the
response is positive, the analysis stops here; if negative, whether the model
cannot be a linear or a linearizable function, an other type of function is selected,
on the basis of Gauss criterion.

The mathematical models is:

R,=568&107 -1.002"-63768'-08999 - 0.8999+. 4367 -08916”

lop =

2)

The model of the smoothness degree is described by equation (17).It shows that

the rotational frequency has an important effect on smoothness degree.
1. =0233: n-0.495 g f—0.452 : F0.333 “n ‘(0‘625 . 28—1.326 ; db0.93
L R (2

The graphical representation is should in figures 1 and 2.

(3)

Fig.1. Typical dependents of the roughness parameter R, by input parame-
ters by vibrorolling

Fig. 2. Typical dependents of the burnishing

- degree by input parameters
by vibrorolling

- After models and results were studied, one can assess that a classification
of the effects of different factors on the output parameters is possible. For
~ Instance, the largest influence on the burnhishing degree is exerted by the
Vibration amplitude, which should have low values. The second larger influence
is exerted by the indentor’s diameter, which should have a maximum value.
Note the low influence of the normal load on the surface hardenig.
- Parameters rotational Jrequency and feed have always effect within the
Process and should be selected at a minimum level, and vibration frequency and
ormal load (when the latter is significant) should be selected at maximum
evels. Also note the effects of interactions between the indentor’s diameter and
he vibration frequency, and between the frequency and the amplitude. The
explanation consists of that that they are the main elements which describe the
Bumber of “attacks” of the ball indentor upon a microasperity during the
rking stroke and the number of such microasperities included within an
attack”. There are no significant effects on the burnish degree exerted by the
Vibration frequency, but the amplitude, the indentor’s feed and the rotational
frequency have major influences.
~ Afier the models and results study, a classification of the effects of differ-
0t factors on the output parameters is possible. For instance, the largest influ-
®nce on the surface roughness is exerted by the vibration amplitude, which
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should have low values. The second influence is exerted by the indentor diame.
ter, which should have a maximum value. We can note the low influence of the

normal load on the surface roughness.

By cold plastic deformation we obtain the improvements of geometrica] -
proprieties of surfaces and of physical — mechanical proprieties. It is possible -
assurance of a great burnhishing degree.
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COMPARATIVE ASPECTS CONCERNING EXTERIOR SHAFTS
GROOVE MANUFACTURING PROCESSES

Nedelcu Dumitru, Pruteanu Octavian, Bursuc Silviu
(Technical University “Gh. Asachi” of lasi Romania
Faculty of Machine Manufacturing)

1. INTRODUCTION .

The technical paper presents a comparative
study of exterior triangle shafts groove manufactured
processes using cutting process and cold plastic de-
formation process. _

The main scope of technical paper consists 12
point out using comparative way the advantages and
disadvantages of both manufacturing processes frorlﬂ
surface quality (roughness, hardness and metallic
structure) point of view.

2. MANUFACTURING METHODS USED

AutoCAD 14.0 soft to SC Nicolina SA Iasi-Romania. The profile is present in

The cutting manufacture of shafts
triangle groove used the universal-milling
machine took into account the following
cutting regime: 160rot/min; 12mm/rot.

The cold plastic deformation

process used the MURF 32 machine tool.

3. EXPERIMENTAL
RESEARCH RESULTS

3.1 Hardness measurement
The cxperimental measurement of

hardness is made using Vickers method.
This method is based on stamp diagonal
size measurement obtained after small
loads of diamond pyramid printed into
material crystals studied.

- The hardness is given by ratio between penetrate force P and surface area
S of diamond pyramid stamp (relation 1):

gL )
s

The S area can be write as follow (relation 2):

@

— - ™

:
: |
9
I r
‘ |
! 4
l :
} !

I | ]

FOR OBTAIN THE EXTERIOR TRAINGLE
SHAFTS GROOVE )
To obtain the shafts groove using cutting
process was used the milling with loomed mill
(figure 1). The looming disc mill was made using the
dates from running program caneluri.exe 20:1 scale,

- Cutting process

Fig. 1. Groove
milling with loomed
mill
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18 2,4 3% hlmm)

Fig. 4. Measurement hardness way of shafts groove obtained using

',here:: - d is the stamp diagonal, um; ais the top angle, o =136°£0,5°
The relation (1) was replace with relation (3):
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HV =1854,4- i:- 1)
d

For hardness measurement to shafis groove obtained using cold plastig
deformation is using a same methodology.

The figure 4 presents hardness measure way for shafis groove obtained
using cutting process and figure 5 presents the hardness measure way for shafts
groove obtained using cold plastic deformation.

3.2 Experimental values of roughness

The roughness measurements were made using the apparatus from TCM
Depariment —-Technical University “Gh. Asachi” lasi-Romania and observe the

1

|

|

|

|

|

| ; o
| e
| .

1

!

i

2%

24 08 12 18 24 3.2 hirom)
Fig. SMeasurement hardness way of shafts groove obtained using
cold plastic deformation

Fig. 7. Metallic struc-

e, BT ture for shafts groove ob-
Fig. 6. Metallic struc- tained using cold plastic de-
re for shafts groove ob- formation

recommend methodology from STAS 7730/4-87. ed using cutting process

The correciness of measures concerning certain parameter of surface, it’s
up to number of base measurement length used to roughness parameter value
and the number of measures on surface. Is adept the base length that is the refer-
ence length of line used for disorder separate, which is the surface roughness.
For measure length used to profile characterization will take a certain number of
consecutive base lengths establish total measurement length aflerwards like
product between base length and measured length.

For shafis groove obtained using cold plastic deformation was used 2
same methodology of roughness measure.

Thus for shafts groove obtained using cold plastic deformation the rough-
ness values are between (0,5...0,8) z#m and for shafts groove obtained using cut-
ting process the roughness values are between (3,2...6,3) pum.

3.3 Experimental research studies concerning structure changes

The transversal sections of shafts groove are under the polish process and
chemical attack to obtain the metallic tests. For changes structure analyze was
used Carzeiss microscope with 100%, 300% and 500% increasing power.

The metallic structure tests analyzed was obtain to top groove, flank
ve, foot groove and base material and thus results the main conclusions
7)fonns, crystal dimensions and deformation network of material {(figure 6
- 4. CONCLUSIONS
The main conclusions afier cold plastic deformation of shafts groove is
this process obtain a better roughness, hardness values because during this
leads to change of dimensions and forms of material crystals, space ori-
1on of them and destruction of fragile phases of crystals.
~  Also for cold plastic deformation of shafts groove was obtain better pro-

= 1or top, flank and foot of groove.

- It’s interesting to point out that cold plastic deformation is cheaper process
parative with cutting process of obtaining exterior shafts groove.
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ASPECTS REGARDING THE TEXTURE OF THE SURFACE HONNED ]
WITH SUPERABRASIVES Fig. 3.(c) "barrel” shape Fig. 4. (d) "conic" shape

Bardac Doru, Ranea Constantin, Paraschiv Dragos o o A—T
(Univ. Politehnica Bucharest, Univ. Tehnica Gh. Asachi lasi, Romania) x € [0;L]=> y=b-(b/L)}YL +3(2x~L)
x €[0;L] => y=(b/ LI +3Q2x-L)* -2b
: x € [0;L] => y=(b/LYx-L)
with b = cylindrical aberration
2.2. Test of diamond grains shape
x e[latg gl =>y=-x/1g €
x € [atg g2atge] =>y =x/tg &
x ef2atggl]=>y=10
Existence conditions:

This work presents a computer simulation programme which makes evident the
build up way of honing surface microrelief with diamond rods, quality, and
which makes evident the possibilities to achieve superfine surfaces.
1. GENERALITIES
From researches and scientific works issued, clearly results that honing
process was not in detail studied and presented, respectively the correcting proc-
ess of shape aberrations, roughness, the generation way, the chip thickness and

other quantitative appearances, relating to this manufacturing kind. Y
With a computer simulating programme we are going to make evident the e o {590 0 2
interaction between diamond hon microrelief and kind of shape aberration which Pt |
in practice are met at the honing cylinder bores (saddle barrel, conicity). : A = 1, 2,...,nn = total number of the
In order to draw up the simulating programme we thought to set down £! it grains-
some elements in connection with the definition of formed aberrations, of think- € © F= i! E=F.1
ing and approximate the grain | Pl T
Y shape and their distribution, a}so x € [E; Eitartg €]
L sty estal?hshmg the motion equation Fig. 5. Pyramidal grain
0 | —x of diamond hon in honing proc- y=x-E)g e
ess.
s el o 2. MATHEMATICAL i & e
Fig. 1. (a) “rectilinear shape PATTERN OF SIMULATING of i_ “J] II
HONING PROCESS ] X
Y 2.1. The establishing of the initial IES 5 / ©
surface shape. f 2 | -
~y It is thinking the following | ) ]

Fig. 6. Distribution of the units pyramidal grains
x € [Ei+aptge; Ef2artge] =>  y=-(x-E)ltge-2a
x € [Ei+ 2a:tg g; F)] =  y=0

L
o / \ shapes: rectilinear (Fig. 1.), sad-
L2 dle (Fig. 2.),”barrel (Fig. 3.
' conicity (Fig. 4.) with the follow-
ing graphic account.

Fig. 2. (b) "saddle" shape
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Test condition : |; > 2a;tg & 0 Xg=L-¢/¢o+ 1 (k= odd number)

2.3. Motion equations of the diamond hon E (C}O Xg=L - L-¢/¢o (k=even number)
a) the accrossing length of the diamond hon is 0 _ _ _ i
We shall study the motion equation of the diamond hon on the cylindrical shape o X=L-¢/gg+1 (k= odd number)

for the three cases : p=L ; p<L ; p>L

Beit:

1 = the length of the diamond hon

L = the length of the part

p = pitch airscrew a = thread angle

o= grip hold angle of the screw for length L.

max = grip hold angle of the screw taking into account the hon length ]
k = number of strokes : odd for the down-stroke even for the up-stroke

a)p=L; ¢o=2n [Fig. 7.]

o Xi=L-L-¢/o - 1+1 (k=even number)

Omexitcanbeused: Xg=LorX,=L-1 ,as aresult;
(L-1)¢o/L :

the increased length of the diamond hon is le Relationships:

= (L+p)/R tga ;

- b0 (L+o -1)/(LH, )

_—

m = the ordinal number for the intersection of the trajectory with the
tablished generating,
- pass number of the diamond hon to obtain the ordinal "m" intersection.
beit: [Q]=the integer of the g, q= Q-[ Q]
q=0=>k=[0Q]
vith k = the integer pa number of the diamond hon the ordinal "m" intersection.
2 The co-ordinates of A and points will be:
e kodd:
© Xa=(LHo )q(0maldo)- lo
0 Xg = (L+10)q(dma/o)H-1o
e keven:
0 Xa=(L+ 10)(1-qdmax/d0)-(I+ 1)
o X =(L+Io)(1-qdmax/do)-io

Xa = beginning point coordinate of the diamond hon
xg = ending point coordinate of the diamond hon
x; = alleatorv point coordinate of the hon

o~
I

0f 2

o] l ~¢

Be it:

e distance from the upper margin of the item for, it calculated the
ess,

the reference distance used in STAS for calculate the roughness.

xd Fig. 7. x| Fig. 8.

) p>1L; ¢o =2n [Fig. 8.]

23) p <L; §o = 27 [Fig. 9]

Used formulas:

tg a =D/ 2rR , R = cylinders radius , o =L/R tg .

Motion equations of the A, B and i points are the same in all the three cases:

* (A)
o Xa=L-0/¢o (k= odd number)
0 Xa=L-L-dp/dg—1 (k=even number)
e (B)
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One makes a choice "m" for : x4 <1y < X,
one calculates I3 =1, = xa
Be it: w = the grain pitch or the unit grain pitch

0 B

it results:
ny=1z/w
ny=n;-[n]

The grain profile will be introduced in the matrixer for calculate the roughness

of the 1.¢r area.
The program can calculate:

1 n
SR Z}’;’
=]
Ry = US(Ymaxf + Y3 +'-‘+anax9
and it stops when it finds the asked roughness R
Be it

nuaamwwr‘nnn a1 e
[0 ]l 0 iy

Poaty Bet

3
R L]
Baceh) Bearcn

Fig. 12. The simulated roughness of
the surface, the Abbott curve and the V,.for
the D46 (FM 200) superabrasive grits with
different inclination angles

146

‘Ymm,? ke
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Ay = the total allowance
Kmax = the total
number of passes to obtain the
Ra
= the total number of
passes for machining Ay,
1t results:
N =(Arod ) (K pox'2)
3 EXPERIMENTAL
RESEARCHES
The simulation program has
two distinguished parts, one
for calculations and the other
for graphics. For FM 200
grains use it obtains the fol-
fowing shape of the honing

e (I-‘ig 12.), before and after honing process

4.CONCLUSIONS

After the input data (the
type of profile, the surface,
length, the cylinder shape aber-
ration, the cylinder bore radius,
the helix angle, the grain shape,
the diamond hon length, the
place where the roughness is
calculated, the grain penetration,
the working length for rough-
ness calculation, the process ad-
dition) for the grain shape from
Fig. 12. it resulted the diagram
which shows the calculated sur-
face roughness, types of chips
section at honing and passing
== member for a known processing
——— addition.
Sections of splinters are
A —— put into evidence (Fig.13.)
. = EESsEnEE S e s— which generate surfaces with
: : e e . Jarge roughness but they have
the advantage regarding the
volumetric efficiency and the
splinter quantity increased in

-----

P e e e
ftOn KGOSON LECETER

Fig. 13.

‘comparison with the spherical grains,
e conclusion is drawn that there is the need of usc for these types of grains for
fferent degreasing honing procedures.

.~ References: 1. Bardac D. (1992) Aspects with resepect to build up of
ning surface microrelief with Superabrasives, The annual symposium of ISM.
charest - Romanian Academy pp 219-224. 2. Bardac D. (1994) Theoretical
tributions on surface generation by honning with superabrasives CNS Con-
ence Proceedings (in Romanian), Bucharest, pp 191-200. 3. Bardac D.
96). Contributions on the quality and precision improvement by
erfinishing processes of the shafts utililized in the aircraft reactive engines.
D. thesis (in Romanian). University POLITEHNICA Bucharest. 4. Clayton,
(1988). Physical properties of superabrasives, Ceramic Bulletin,
67 ,No.6. 5. Dorin A., Marinescu LD. (1981) The establishement of Techno-
ical cutting capacity of the Diamond Wheels in the Plane Grinding. Annals of
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under the soldering flux when is using the auto-
mating welding flux machine (fig.1:1- piece, 2 -
welding band, 3 ~ steel plating).

This technology is recommended because
the surface that is obtaining, is cleaning and in
this case is not necessary others remaking. How-
ever, for small series is recommended the electric
arc welding.

The loading with attachment is not makes
. with the expensive materials. It is makes with

Fig.2. usually materials what are cheaper that the re-
building piece.
After this steel plating at the proper dimensions and at the even metal cut-
3. Following the heat treatment with high power Laser (System GT 1200,
—He —Ne, P=1200 W, A = 10,6 pum).

It is very important in this operation, the irradiation time, the focusing
ry small) and the retaining device. For cylindrical pieces it is using spiral feet
ice of laser beam on surface and for plan surfaces it is using a revolving
yhedral mirror device (fig.2:1 — Laser system, 2 — revolving polyhedral mir-
3 — piece).

the CIRP, Vol 30. 6. Grieb E, P. (1978) Honning with Borazon CBN, metal bong
stones. Industrial Association Japan, Tokyo May 1978. 7. * * * Romanian Syn.

thetic Supcrabrasives — U.P.S. Dacia
Cmamoa nocmynua 6 pedaxyuio 28.05.200/ ,

A RECONDITIONING METHOD OF STEEL PIECES WITH
CLASSICAL WELDING AND LASER TECHNOLOGY

Petrescu A., Vertan H.P.
(Military Technical Academy, Bucharest, Romania)

The appearance of the modern technologies has not eliminated the recondition.
ing process, thanks to theirs efficiency and saving materials. In the paper is de-
scribed a reconditioning method of steel pieces with the planes or cylindrical
surfaces, using cheap materials, classical welding and laser heat-treating. The
resources and energy limitation are leaded to diversification and development of
reconditioning technology.

The process proposed by the authors are joining two known technologies;
- Classical welding with electric arc or weld on cheap materials;

- Laser heat treating to the new surfaces; & ""_.:.-m sd
The pieces to reconditioning are on steel such 18MnCr11, 40CrNil2. | P
Before the steel addition welding, is necessary to prepare the surfaces. 533-6&%8
Generally, wear, rust, and paint affect the surfaces, greasy substance traces, & 99 oAt
which could modify the coating properties L )i 50000
and provoke pitting, nonmetallic inclu- [ lfi:z:
sions or exfoliation. Therefore, the picce b 112}
surfaces must be prepared like every sur- = W;,-_:@@W
face that will be weld. B g AV
As concerns the great area surfaccs, 2|
the welding require pre-heating (with
burner for small series on in furnace for
bigger series).
The problems that must b solve for
the propose method are the same for the
steel plating technology. This is advisable i
that the steel layer, in this point of view, (0 ":I_J_‘_
£ be obtain through melting the loading '
Fig. 1. bands under the electric arc influence.
what is turn up between piece and band of Fig. 3
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The surface hardness is very large at these obtaining structures. These of.
fer resistance at the wear even there is the friction heating.

The heat transfer with a large temperature gradient concerning at the train.
ing a quasi-amorphous or martensite with density (cryptocrystalline) and it is no
necessary other heat treatment.

As part of the effectuated researches, the studies of temperature influence
in application zone of proposed technology were very important.

For the studies, we have utilized the finite element method, which given
supplementary indications for efficiency solutions of research (fig.3).

CONCLUSIONS

By applying the reconditioning technology, we have obtained satisfactory
results that give us many hopes for more conclusive experimental results.

The approached theme is considered to be stringent useful, allowing to
obtain important benefits in several industrial branches such as defense and ma-
chine building.

References: 1. Golubeev, V.S., Lebedev, F.V., Injenernie osnovi sozdania
tehnologhiceskih lazerov, Vissaia Skola, Moskva, 1988; 2. Echim, I. s.a,
Tehnologii pentru sudarea prin topire a otelurilor, Ed. Tehnica, Bucuresti, 1974;
3. Popescu, N., Gheorghe, C., Tratamente termice neconventionale, Ed. Tehnica,
Bucuresti, 1990; 4.Vertan, H.P., Stiinta materialelor, Ed, Contera, Bucuresti,
1994; 5.Vertan, H.P., Stiinta materialelor, Ed, Academiei Tehnice Militare, Bu-

curesti, 1997,
Cmamos noemynuna 6 pedaxyuio 28.05.200 2.

DETERMINATION OF OPTIMAL LASER CUTTING PARAMETERS

Radovanovic R. M.
(Faculty of Mechanical Engineering, University of Nis, Nis, Yugoslavia)

Determination of optimal laser cutting parameters is shown in this paper. Goal

Junction for optimization of cutting parameters is machining time. Field of

permissible values is determined by functions of cutting quality and

characteristics of laser machines for contour cutting thin sheet. Optimization of
cutting parameters is done by graphics method,
Introduection

Laser technology is a new technology that became available for commer-

cial applications in 1970. Laser cutting is one of the largest applications of lasers

in metal working industry. It is based on the precise sheets cutting by focused

laser beam. Laser cutting is based on applying a highly concentrated light en-
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ergy obtained by laser radiation that is used for metal cutting by melting or
poration. Laser cutting processes make heat action fully effective (namely,
ting, melting, evaporation), that is those that are produced by the laser beam
cting a work piece surface. A desired cut is obtained by moving the laser

along a given contour. Since our desire is to remove the evaporated and
ten material from the affected zone as soon as possible, the laser cutting is
ormed with a coaxial current of the process gas. The gas blowing increases
cutting velocity for as much as 40%. By combining the laser as the light ra-
on source and the machine providing motion, in addition to the applied nu-
cally controlied system, it is possible to provide for a continual sheet cutting
ong the predetermined contour. Technological problems faced in the field of
machines' application to contour sheet cutting lie in insufficient knowledge
the laser technique in addition to the absence of both sufficiently reliable
actical data and knowledge about the parameters affecting the forming process
elf. One consequence of this js the fact that laser machines are not as much
as they should be regarding the possibilities they offer. For rationally ap-
cation of laser machine it is necessary to optimize laser cutting process. Laser
ting optimization, mathematically observing, is-definition a goal function ex-
me value. First step in optimization of the cutling process is definition of
thematical model given as functional dependence of measured value on pa-
neters gated on design of experiment. The result of analysis of influence pa-
eters on cut edge quality are very often given by mathematical models. De-
ination of optimal parameters start after definition a goal function based on
thematical model. As result of optimization process we can determine the op-
cutting parameters.

Determination of influence factors

From all influence factors on cut edge quality it is experimenting with
e factors:
¥ laser power Py, kW
* cutting speed v, m/min
‘sheet thickness s, mm.
‘Output parameters are taken:
" Parameter of roughness R,

dross height h.
- The experiments have been performed on the COs-laser sheet cutting ma-
iine with the CNC control. The technical characteristics of the COy-laser are:
ation wave length 10,6um, zone of the continual power regulation 0,2-1,3
continual work regime, beam divergence less than 4 mrad, beam diameter

, mode TEMg, circular polarization. The focusing system lens is of 28
In diameter and of focal distance 125 mm. The nozzle con opening is 1,6
The material used for examination is law carbon steel Ust 13/Werkst. No
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1,0333.5 (DIN). The work

= process is carried out by
i the oxygen process of 98%
in purity.

Regression equation
for parameter of roughness
R. and dross height A,. are:

0.542

Focused Laser Beam

R_=12,528.
P

z o2 s (1)
AT
1.687 _1.530
vV

P;,sn (2)

h, =0,005-

Determination of optimi-
zation model
For goal function is
Fig. 1. Laser cutting taken machining time,
Machining time by laser

cutting is definition with equation:
t == (3)
where are: L-cutting length, v-cutting speed.

Mathematical optimization model form:
e goal function:

Fonax™ @
e limitation functions:

R = Clﬁ,-‘”‘v”sm (5)

by = C, Py 5% ©)

PL 2 PLmiu (?)

PL 2 Pf.min (8)

V2 Vin ©

¥ Yinin (I{}}

Example for laser cutting law carbon steel Ust 13 tickness s=3mm with
parameter of roughness R,4<25um and dross height hy<0,2mm give mathemati-
cal model in form:

e goal function:
F cmax— V (‘t ])
¢ limitation functions:

By meEn i (12)
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ting parameters

PN <17,705 (13)

P, 20,2 (14)

P 213 (15)

v20, (16)

V< Vi (17)
Logarithming and taken designations:

xi=ln(10PL) (18)

x=In(10v) (19)

ave an linear mathematical model:

e goal function:

F emax=x2 (20)
imitation functions:

-0,528x,-0,322x,<-1,864 (21)
-1,311x,+1,687x,<2,874 (22)

x;20,693 (23)

x<2,565 i (24)

x20 (25)

x,<3,689 (26)

_ Optimization cutting parameters
For optimization cutting parameters applied a graphic method.

Drawing a
limitation  func-
tions in coordi-

: \ df ﬁc/ nate system Ox;x2
is given a field
: “D” of possible

| 4 solutions, fig. 2.
b As a goal
/ function is
-] i Flonin=x2 18 pos-
3 sible more opti-
mums. All points
on section of a
= straight line CD

-

3‘]

R ALY

~

|
i
|
|
c i 4 5]
I
ﬂfﬁg) & E;‘.'lo;es) 0323 1536) ot 1_.,5:;3&) are s Opt] m al
solutions.

Points C
and D have coor-
dinate:

Fig. 2. Graphic method optimization of laser cut-
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C(x)=2,565;x,=3,689)
D[X;=2,558;XQ'-‘3,689]
Decoding, we have:
C(P,=1,30kW; v=4m/min)
D(P;=1,29kW; v=4m/min)
It is evident that optimal parameters of laser cutting are:
Pr=13kW 1 v, ~4m/min
Conclusions

Optimization of laser cutting parameters is performed in accordance with :

machining time and the cut quality indicators. Optimization process with
machining time as like goal function resuits with optimal values of cutting
parameters. Field of permissible values is determined by functions of cutting
quality and characteristics of laser machines for contour cutting .thin §hcez.
Regressions equations of surface roughness and dross height in function of laser

power, cutting speed and sheet thickness was determined by multi-factor plan of |

experiment, For optimization cutting parameters applied a graphic ms_ethod. .
Graphic method is simple way to determine optimal values. Drawmg a
limitation functions in coordinate system Ox,x, is given a field “D” of possible
solutions. As a goal function is possible more optimums.
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PRECISION AT SUPERFINISHING

ON TOROIDAL SURFACES

(TU “Gh. Asachi”, Iassy, Romania)

1e theoretical and experimental results obtained concerning the influence of
process parameters, upon the circular shape errors at Superfinishing the in-
or rings of the radial ball bearings, are presented in the paper.
- 1. Introduction
Superfinishing is widely applied as final operation in processing both in-
al and external surfaces, plane surfaces or bearing races, when rigorous con-
ons are imposed for the surface quality and for the manufacturing precision.
uperfinishing, the cutting speed value can be computed by geometrically
ming the value of the worked piece’s speed and the value of the tool’s speed.
the cutting speed can be increased by using a greater speed for the worked
e, for the abrasive bar or for both of them.

2. Theoretical considerations
In order t0 an accurate determination of the elementary volume of mate-

rial removed by a single abrasive
particle, it was assumed that the
mentioned volume is located into a
plane that is perpendicular on the
direction of the tangent to cutting
speed vector, and it encloses with the
machined surface the angles noted with
¢ and ¢, (see figure 1). The cutting
trace are looking like two joined
pyramids (see figure 1), the next
relation could be written:

1
V=5(f1+12 ) (1)

e: V' is the average volume of material removed by abrasive particles
ed on a surface; 7 is the cutting trace surface measured on a direction as
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like the cutling speed vector m, and m> are the heights of the two pyramids.
From figure 1, it can be demonstrated that:
mi=h/tigd, and my=h/tgd, so the volume of the material removed
an’ _

single abrasive particle is:
e _l_.i._._l 2
OR._cosal\tgp, 1gop @

Analyzing the graphic representation of the roughness, after first 3-4 sec-
onds of abrasion process, the longitudinal roughness knows major modificationg
and, for this, a more correct relation is:

P
poagidd ! L, 3)
i=16R; "1gp, 120,
where: di,, is the average value of the bases of irregularities along the cutting
speed direction. In conformity with [1], by analogy with the grinding process,
the overfinishing process could be approached by two different points of view:
a) statically
b) dynamical.

The number of cutting edge (MT) located into a transversal section made
at the depth &, will be ed nd divided at a specific referential length Lg. Therefore,
the statically number MT will be given by a relation like:

N
iy MT,
—_i=l

Nyrrs= 7

It was practically observed that from all the number of statically cutting
edges, only a percent are effectively cut the material. For that reason, the
dynamic number of cutting edges was defined, noted with Nyrpy [mm™']; this
one will be divided by the referential length Lg, too. We can write:

Nurow<Nazsr
and this has distinct implications for both the desired roughness obtaining and
the improving of the cutting process efficiency.On that account of the above
mentioned statements, the relation that will give us the value of the removed
material will be:

by 3

fot

B

d., o I 1
Lo R RS (6)
6R. 1gp g,
TE
AL L L R S )
=1 6R, 1go 1go, '
where: diy, h,, @, and @, are the average values of the parameters presented in

this paper.
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(3

4 3. Experimental conditions and results

~ Experimental researches concerning the influence of the process
ers upon the shape errors of the bearing races, at superfinishing applied
radial ball bearings, were developed.

- The experimental conditions were:

- The machine-tool was SCM 01-93, realized by the main author of this pa-
in the Department of Machine Manufacturing Technologies from the Tech-
University “Gh. Asachi”, asi.

FlgSThe principle scheme E
of the machine.l-the bearing

ring;2-driving shaft;3-supporting g
PR TR LN TR s s

"

Fig 2. Machine-tool SCM01-93

orking pressure p=0.2 MPa:

e number of rotation per minutes
© the bearing ring: n,=2720
I/min;

cillatory frequency: nos. = 260 min’:

ocessing duration: (=15 s;

he angle of the oscillatory motion for the abrasive bar: © @ = 20 %

brasive bar type: EK 11200-07-100 VLO4S. :

€ were graphical represented the variations for the values of a coefficient
PCeqr, named by the author “evaluation coefficient”, describing the errors of
aring race’s circular shape by the calculus formula (8) where:

. AFPC,
AFPC,

fork;4-abrasive bar

JAFPC., @®)

-

C, is the value for the circular shape errors of the bearing ring’s race, be-
re superfinishing;
PCy is the value for the circular shape errors of the bearing ring’s race,
diter superfinishing;
This approach was considered to be more significant in developing re-

157




searches concerning the influence of different process parameters upon the ¢y
cular shape of the bearing race. The interpretation of the graphical represents.
tions is relatively simple, as a bigger value for the right above mentioned coeffi.
cient indicates an improvement of the process efficiency, meaning a decrease of
the shape errors, AFPC,q, in our situation.

i 4. Conclusions
" As it can be observed in the graphical representation from figure 4, for the
ified working conditions, a decreasing of the shape errors AFPC4 can be
obtained by increasing the working pressure, but this influence is relatively
1, as it is shown by the values AAFPC,y,, which are smaller than 1.

There must be remarked that, in our situation, the maximum values for the
ation coefficient AAFPC,,, are between 1.1 and 1.3, so the influence of the

S e o TR KR AL " oscillatory frequency
| OAAFPC oo | AFPC=0,0003p °“-0,0084p *+0,0889p - = upon this parameter
18 T— 04757 !“’37‘“}’ " -2,0423p + 18525 £ Y = 0.003%- 0.0535k¢ 0.3023k- 0.6025x + 1.44: are relatively insig-
16 +—— R™=0,999 j RY= 05374 ——LoT1 nificant,
14 7 g In figure 6, the
12 3 N / \ - influence of the
Lo N e > < o7 A processing duration
04 05 1- T shown, the‘ grapl_nc;.al
02 e QR e el O '_tl_{s)—}é rep_resentauqn indi-
0 — L ! 5 10 12 15 18 2 24 2 cating an improve-
2 24 28 32 37 TR e S R T e e e ment of the values

——LOT1

_ & /\ = LOT2
e AN
0.8 v e i
0.6 " _ 6 5ii 2y > — Poly.
y =-0,0017x" +0,0468x" - 0,4985x " +2,6115x" | (AFPC)

04 - - 6.9622x" +8,7043x - 2.8056 Eﬁ

R’ = 0,993 ‘

0‘2 _| R R O O S e R B e T TR s sl

752 92 1303 Lnosclosemin)

B R A YT 4 v

295

il AFPC,,
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AFPCy, after 16+18
s, when AAFPC.;
takes the value 1.2

Fig. 6. Influence of the processing duration ¢
upor the values A AFPC,,,

It is very important to pay attention to the fact that choosing in a wrong
1e process parameters’ values may have undesired effects, in the sense of
sing the values of the shape errors AFPC,,.
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> 2, p. 49-51. 5. Paraschiv Dr.,Sarbu 1. (1994) The Machine Tools for
shing by Vibropolishing. Internatinales DAAAM Symposium,
r-Slovenia. 6. Sarbu I., Pruteanu O.V.,(1994). Researches Regarding the
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INTELLIGENT INTEGRATED CAD SYSTEM OF THE FLEXIBLE
ASSEMBLY MODULES

Setlak G.
(Rzeszow University of Technology Department of Computer Science,
Rzeszow, Poland)

This paper describes the integrated design support method for flexible assemble
systems. The first part of this paper presents basic rules of the module assembly '

technologies and a project of intelligent support system for computer aided qs.
sembly process planning. The second part includes a coincidence description of
the chosen aspects of implementation of this expert system using expert system
shell PC-Shell 2.2 and presents example of application of the system for design-
ing of the flexible assembly modules.

1. Introduction.

The design engineering of the modern flexible production systems includ-
ing the Flexible Assembly Systems (ESM) is a very complicated and responsible
task. It assumed, that the ESM is universal enough to be able to connect a high
production capacity with the small quantities of production lots and short cycle
time. It should ensure a production under the conditions of dynamical and sud-
den changes of the product range, the planed fixed dates for order realization
and also the possibility of fast introducing of product design change into produc-
tion [1, 2]. According to the opinions of many assembling specialists the module
assembly engineering is the fundamental and most promising direction of the
development of the modern assembly technology [4, 6]. The module technology
is based on rules of the group production technology, which dominated in last
dozen or so years, it improves and develops it [6]. In addition, the module as-
sembly technology enables a production adjusting according to market require-
ments, an casy adjusting oft the assembly system to every change of the product
design, adding new engineering assembly modules. The planning of the flexible
assembly modules in accordance with the modular engineering is the all-
important problem at the centers for research and science as well as in design
offices of the leading production companies in the last years.

This paper presents the problems connected with the using of possibilities
of the expert system of the Computer Aided Assembly Process Planning [5] for
aiding of the module assembly technology planning. The CAAPP was devel-
oped in order to support the decision making in the desi gning and functioning of
the flexible assembly systems. It is a hybrid expert system, a knowledge base,
comprising dozen or so models analytic as well as simulation types necessary
for a complex solving of the above presented problems. In order to fulfil the
identification and classification tasks for product, parts and assembly unit
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groups, additional program modules are used, which include artificial neural
networks.
y 2. The basic rules of the modules assembly technologies.

The module assembling engineering consists in presenting of the produc-
fion process as a set of technological modules. The technological module is con-
sidered as a structurally closed part of the processing, which conforms to the
nctionality, integrity and universality requirements. The module assembly
ans, that the assembly system has a modular structure and each module real-
s a defined function or a limited function range, which are parts of a general
sembly process. According to the definition [6] a technological assembly
del composes “an integral set of the main and auxiliary activities of assem-
ng, which are realized in a defined sequence at one station and uses a defined
tool set for connecting of surfaces, parts, subassemblies, assemblies”. The con-

tion of the elementary technological modules lies in a proper development
d selection of technological modules. Each of them realizes a proper design
dule of construction. During the planning of the flexible assembly systems
th the modular assembly engineering the following stages can be selected [6]:
¢ Analysis of the construction of the assembled product and the assembling
- technologies.
¢ Identification and classification of objects into groups and subgroups of the
- processed parts and (technological similar) assembly sets. The working out
~ of a typical flow chart (based on common assembly sequences, similar to the
~ manipulation activities, duration, etc.).
# Separation of autonomic, integrated assembly activities from the flow charts,
~ then assembling the separated assembly units into groups depending on
- equipment with instrumentation to carry out these operations.
# Planing of structures and functions of the constructional modules.
 Preliminary planning of elementary technological modules.
$ Assembling of the elementary modules and selection of proper, possible
. Variants of the technological and constructional modules.
?thimization of the technological module structure and the structure of the
- Constructional module realized.
* Classification of the elementary technological assembly modules.
.'::Fina] planning of the technological assembly modules, the modular techno-
logical complexes and of the corresponding constructional modules.
~ The analysis of the construction of the assembled product concerns first
dff all the analysis of a producibility for the product construction, which is in the
=Sent generally made using the DFA methodology (Design For Assembly).
he analysis of the producibility for a construction must be carried out in order
mplify the product constructions, redicing the part forms and subassemblies
lumber. The questions concerning the producibility of product constructions as-
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sembled automatically were investigated among other in [1,2]. In these works

the fundamental quality and quantity characteristics for producibility of product

constructions for automatically assembling are presented (these are such fea-

tures, as: interchangeability, regulation possibility, easy controlling and tool ac-

cessibility etc.). Planing products for assembly using the modular technology the

constructional product modularization principle is to be kept. That means, that

by planning of units, subassemblies and parts following steps must be taken:

¢ Identification, separation of parts and basic surfaces;

¢ Use of typical assembly diagrams and methods;

¢ Aspiration to adjust a new product to such a construction, that the existing
constructional modules and technological modules can be used.

By working out the expert system for modular assembly aiding system
planning the necessity of integration of the constructional planning process with
the processing planning was taken into consideration in order to utilize better the
existing production equipment and eventually expansion or modernizing of it.

3. Conception structure of expert system for support of the flexible assem-
bly modules design.

For aiding of the modular assembly technologies and to solve the prob-
tems of classification and identification of products groups, parts and units, the
program modules have been developed, which complete the expert system
CAAPP. These are the program module KLASGRUP and the module PKTMT.
The program module KLASGRUP includes all procedures, which are necessary
to carry out the constructional analysis of the planned or modernized product,
and procedures to group and classify the processed parts and (technological
similar) assembly units of the mounted parts in order to separate and work out
the constructional modules. The module PKTMT contains procedures for classi-
fication and grouping of the technological assembly modules. The details of the
working out and structure of the expert system CAAPP, which technologically
aids the assembly production preparation, are shown in the work [5]. The system
application was made in the shell system environment PC-Shell 2.2, which is the
base of the integrated program artificial intelligence pack SPHINKS of the com-
pany AITECH [3]. The PC-Shell 2.2 system integrates the expert systems shell
using blackboard architecture clements and the simulator of the neural network.
It assures the knowledge representation as declarative expressed rules, facts and
distributing knowledge in the neural network. The expert knowledge can contain
in some knowledge sources. This system enables procedural knowledge repre
sentation 100. The knowledge representation language SPHINX is a mean for
building intelligent applications. It is the way of integration of particular antifi-
cial intelligence systems.

The PC-Shell 2.2 [3] system makes possible an integration of the declara-
tive knowledge representation with procedural knowledge representation lan
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page, which enables ’pmgramming of the system activity. The program in the

-Shell system consists of instruction set included in the control block. The

set of language instruction enables the integration of neural network and the

ert system.

4 Th.e realization of application in the PC-Shell system is following:
Crcatmg'by the NEURONIX subsystem one or some neural application.

Elaborating knowledge base in form of knowledge sources.

¢ Integration of the elaborated knowledge sources on the level of knowledge

. representation language.

B A concepti?n model of the expert system for aiding of the flexible assem-

.moduie planning is shown in the Figure 1.

lii‘;tggiﬁ;zz?n Graphic presentation
B cionofan. > and writing < REZIDENT
s gt i document of a CAD SYSTEM
f 18 one construction T
Analysis and PI§Ming and classifica-
classification of products [ tion of technological
and parts i assembly modules  [___
KLASGRUP PKTMT

i e

Ekspert System Interface, built on the
(PC-Shell 2.2) base of fuzzy set theory
i}
NEURAL
1 \erwork |e<  Fuzzyfication |

Fig.1. Conception model of a hybrid expert system for design of the flexi-

® .
Y€ assembly modules

T9 realize and test the program modules form aiding of the planning of
- flexible assembly systems using the modular assembly engineering the
Bowledge base must be completed with following data:
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typical constructions;

constructional features of the product parts;

typical assembling flow charts and assembly methods;

machinery data, technical equipment of the production system data,
production costs for representatives of products from technologically similar
groups.

In form of algorithms the constructional product analysis methods and as-
sembly technology are formalized. Two additional modules have expanded the
expert system CAAPP; in addition a user interface has been introduced, which
enables a presentation of a quality, verbal information in form of referring to an
adequate primary fuzzy sets. It enables an use of fuzzy (approximate) conclusion
mechanisms In the program modules KLASGRUP and PKTMT the neuron lat-
tices are used to classify the assembly parts and group the products. On this way
there is the possibility at this system to gain and process the symbolic knowl-
edge (in form of rules), a non-symbolic knowledge (by means of neuron lattice
and in form of chromosomes of a genetic algorithm) as well as a fuzzy knowl-
edge.

> * + > @

4. Conclusions.

The approach to the aiding of production systems planning based on the
modular technology, proposed in this work, is a very promising direction for re-
search on the field of the new production technologies. In the present the base
problem at a practical realization of the presented expert system is lack of an ac-
cess to data and work immensity, necessary to the pre-processing of the input
data and to enter them into the knowledge base. The way of integration of the
neural network and the classical expert system presented in this paper is an in-
teresting solution on the level knowledge representation language. Preliminary

tests indicate that the approach employed in the PC-Shell system is capable of |

supporting problem formulation in ill-structured problem domains.
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'COMPENSATION SYSTEMS OF BACKLASH AND PITCH ERRORS
OF THE FEED KINEMATICAL LINKAGES OF THE NUMERICAL
2 CONTROL MACHINE TOOLS

Stan Gh., Ungureanu V. (Unv. Bc., Bacau, Romania)

high accuracy of the numerical control machine tools especially of the
achine tools performing interpolations, requires new conditions that have to
fulfilled by the feed kinematical linkages. This paper aims at systemizing the
mpensation systems being used by the machine tool builders, showing the
fvantages and disadvantages of each one. The relation of the kinematical
wkage 1o the numerical control equipment is also considered, as well as the
tronic compensation possibilities of the latter.

The backlash compensation of a feed kinematical linkage can be per-
ed clectronically, mechanically or through a combination of both.

The clectronic compensation is simple and safe, providing increases of the

error cannot be improved, since the transient duty is the same.
By knowing the diagram of the positioning error in function of the move-

¢, the rate of the mechanical backlash can be established when changing di-
ection. If this backlash only results from systematical errors, it can be inscribed
! _thc machine data of the numerical control, that will be issuing an additional

. Through the analysis of the systems used by the NC machine too] builders
t results that the usage of the mechanical backlash compensation is mostly
countered on kinematical linkages having the pinion rack set as the last
ent of transmission.These compensations are performed, in mechanical
lerms, rigidly and elastically.

- a) The version of rigid compensation does not totally eliminate the back-
h because of the various errors (radial runout of the gears, pitch errors of the
s, etc.) that minimize it.

Fig. No. I shows a feed kinematical linkage used on grinding machines,
e the backlash take-over on the first transmission ratios is performed
fitough a double transmission of gears, relatively moved through an eccentric.
the transmission ratio on this portion is Z=40 / Z=g0.

- The movement is transmitted further through a duplex type wormed gear-
g of a transmission ratio Z=1/7=60.

© The duplex wormed gearing, through its design, can take the gearing
dacklash.
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The movement goes on to the final element of the kinematical linkage
through a rack and pinion. For the backlash to be taken from this gearing, a dou-
ble linkage is also used, i.e. two racks with inclined teeth, “V” placed, and two
pinions. By the relative and axial motion of the two pinions, the gearing back-
lash is decreased.
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Fig.1. Kinematical linkage with rigid backlash take

The presence of two racks in the kinematical linkage structure makes this
solution be expensive and consequently, less used.

A similar backlash system, mainly used on the kinematical linkages rotat-
ing the table, consisting of a double linkage, is shown in fig. 2.

One branch of this linkage consists of the gears 3, 5 and 8, and the other
one of the gears 3, 4 and 6. The backlash take between the two branches is per-
formed by means of the eccentric 7. The motion is further transmitted through a
duplex wormed gearing, composed of the wormed shaft 2 and the wormed gear
1.

b) The version with elastic backlash take has the advantage of a total
elimination of the gearing backlash, but the transmission efficiency is decreascd
and, by default, the machine life is shortened.

When using the elastic backlash take version, the condition of below has
{o be complied with:

i
Where: F, is the pre-stressing force for backlash take
F, is the resistant force (friction force and cutting force)

As drive systems for backlash take, the most used consist of hydraulic and
disk spring types. Fig. 3 shows the backlash take system being used on large
sized bridge type milling machines, especially in case of the table feed linkages.
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In this case, the kinematical linkage has two branches as well, that are to be pre-
1 2

54321

TIITIIL LIS T A A

Fig.4. System of backlash take

'_ Fig.3. System of backlash take
e with disk spring drive

with hydraulic drive

essed by hydraulic cylinder. Upon the axial motion of the hydraulic cylinder
on, the two pinions that are mounted on the same shaft and have inclined
in opposite directions, will rotate to opposite directions, thus driving the
ranches of the linkage, up to annulling the gearing backlash.

- It may be noticed in the figure that the pinions gearing the rack (mounted
the movable element) make contact with one flank only of the teeth. The first
of gears of the driving servomotor has not the backlash taken over. This is
lained by the fact that this backlash is decreased by the total ratio of the of
linkage portion and finally has a very low value at the final element of the

ge (the rack).

- A system similar to the one mentioned above is shown in fig. 4. Here, the
8Xial motion of the two pinions is given by a pack of disk springs. In this case,
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the entire linkage is located on the movable element 8. The linkage has tow
branches having the pinion Z7 as final element. The disk springs 4 are pre-
stressed by means of the screw 5 that moves axially to different directions,
through the thrust bearing 3, the two pinions with inclined teeth. Finally, the two
pinions Z7 will rotate to opposite directions annulling the backlash in the gear.
ing. Similarly as above, the first gearings 2 of the servomotor 1 are not provided
with backlash take, as their low influence is acceptable.

All backlash take systems have to be analyzed in relation to the clamping
system of the movable element, as well as to the guiding system being used (hy-
drostatic, rolling or sliding type).

The electronic compensation of pitch and backlash errors used on NC
machine tools: The new numerical controls are offering the machine tool build-
ers several compensations and corrections sometimes being relevantly helpful
with improving the machine tool performances.

For a feed kinematical linkage, the numerical controls provide the follow-
ing types of compensations and corrections:
- Pitch corrections;
- Linkage backlash compensation, measured on the final element;
- Thermal compensations;
- Mutual corrections on the mutual position of two axes.
The current numerical controls are using as compensation system for the

ball screw pitch errors,
Lead screw error

g more than 1000 points,
Error after compensation 1D both  motion
directions.

AT S A A Due to this man-

7 Tk | T t \T'ﬂf‘__ .
I AREN R B AN v ner of compensation,
= with different rates in
’ the two directions, the
difference between
Fig.5. Electronic compensation rates related to the

same position means
the backlash compensa-
tion that is automatically performed. Thus, the backlash compensation is done in
more than 1000 points and each point has a different rate.

Fig. 5 shows the error of a ball screw and the dot line means the pitch er-
ror after compensation in only 18 points. It is obvious that in this case, the error
has been decreased four times, as only 18 points are used.

Other numerical controls are providing the possibility for inserting the
electronic backlash compensation, of a limited number of backlash rates on
various lengths. Accordingly, fig. 6 shows five rates of backlash that are estab-

of the pitch errors
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ished for certain rates of the movable element travel. Any direction reversal of
movable element motion, the related backlash compensation for in the re-
tive travel area will be automatically inserted.

|
L

| Travel[mm]

I8 4 . [ i l3 14 Is
Fig.6. Electronic backlash compensation.

ol

Conclusions: The backlash itself is composed of the backlash between
s in case of gearings, the backlash caused by the lack of contact of the
upling elements (such as gears-shaft, motor — shaft, etc.) that occurs to the
reducers of within the linkage structures.

. Incase of the feed kinematical linkages using the rack-pinion set as final
element, because of the much higher rate of the needed transmission ratio, the
klash rate will also be higher. The positioning linkages are less demanding in

s of backlash, as there are electronic methods for compensation.

The contouring feed linkages are very sensitive, as any inaccuracy may be
und in the tool path. Even very low backlash and elastic deformation rates are
ntending to accumulate while changing the motion direction of the movable
ement, Therefore, the choice of the backlash compensation system has to be

efully done.

References: 1. Pressman, R., Numerical Control and Computer Aided
fanufacturing, New York,1991. 2. Cervenka. N., Reimbun. U.,Analyse des dy-
mischen Verhaltens einen Hochleitun, Maschinemarkt, nr. 84, 1993. 3. Ma-
he, H., Probleme bein Walzschranbtreib als Antriebs und MeBelement in
Kzeugmaschinen, Maschinenbautechnik, nr 2,1990.
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IMPROVING THE INTERPOLATION MACHINING ACCURACY ON
MALL SIZED CNC MACHINE TOOLS WHERE THE TRANSIENT
PROCESS OF THE KINEMATICAL LINKAGE IS LINEAR WITH

i DEAD AREA

Stan Gh., Ungureanu V. (Unv. Bc, Bacau, Romania)

: from the design stage of the CNC machine tools it is necessary to know the
Sation between the machining error and the response times of the kinematical
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' linkages taking part to- interpolation. Thispaper establishes this velation, fp). :_.
“towed by an analysis-of the factors having a direct influence on the machining
accuracy. In case of the small sized CNC machine tools, a linear transient proc.

“ess isused, as the inertia rates are-low. Such a-transient process has a responge
“time-lower than an-exponential one. Further to the analysis of the relation
between the path error and the response times of the kinematical linkages,

- several conclusions may result, necessary-for:both-machine tool designers and

technology programmers. :
-+ . The presence of the dead-stroke at this response type of the linkage is

caused by the rotation: of the movable element; at low rates; while changing the

motion direction. This rotation while changing direction is caused by the resis-
tant force of the mobile element which is not centred towards the moving force,
“Although the directional guiding-of the mobile.element.can be very good, the
presence of the slide rotation while changing direction is always sensed, either

.more or less. This dead stroke is not included to the.closed loop of the feed link-
-~ age (speed:and position circuits). Therefore, the choice of-such a type: of re-

~sponse of the feed linkages, in case-of small>size CNC machine: tools, is the

closest to reality (fig.1).Contouring performance by a circle is a machining pro-
cedure often used on CNC machine tools.

- The circle segment OAB is considered to be machined through circular in-

terpolation, at the speed rate “V”* through movement along the Ox and Oy axes at

the rates V. and V, respectively, and the point A is appoint whatever on this path

“(fig.2)

command moment and the performance moment, a delay “#,” occurs, that makes
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* Because of the delays on axes, caused by time difference between the

tual path of the tool to be different from the programmed one.
With a view to bringing this case of circular interpolation to a case of lin-
nterpolation in terms of calculation method, the circle arc OAB) will be
dered developed (O'AB’). Thus, the length of the circle arc OARB being
ammed, 27R/y, will be equal to the length of the O’B’ segment. The speed
on the two controlled axes V, and V, along the circle arc are:
V. =Vcosa
Vo=V (1)
v =Vsina
- By assuming the hypothesis that there is an average rate for ¥ and V,,
the approach of this case of circular interpolation will be reduced to inter-
ng the segment O’B’ with the remark that in the relation of the path error
feed rates of the two linkages will be the ones from the circular j nterpolation.
~ By symbolizing with ¢y and &, the projections of the segment B’C to the
go-ordinate axes it may noticed that :
- - The projections of the segment AB to the co-ordinate axes are:

1 AB' =V t4; AB', =V 1, (2)
- The projections of the segment AC to the co-ordinate axes are:
{Acx :ABx_‘fx =V.\-t0"§x (3)
AC, = AB, -, = Vitg=é;

The presence of the dead area within the structure of the transient duty
affect the relations of the follow-up errors as below:
2

6.{ = Vxl(trr + r,r) 2 EJ‘; =

at @
gy =V 5ty +7,) -2
here V,” and V)’ mean the average speed rates along the segment O’AB’. T
I, mean the response times along the two directions of the linkages. @, and
dymean the accelerations along the two directions of the linkages.

. 2 1
axfzrx e VX[1 . ayf 2% s V}I‘,}

As, el (5)
3 2 2 2 2
o substituting and reducing, the foliow up error along the two axes will result:
: Vsine
fx % —2_('{.« +2?x)
Vcosa ©)
‘5}.- = :_2'—— (!ry + 27_1-)
-_-éubstituting in the path error “e”, from the linear interpolation, it results:
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fo"VyffxE Vcosasina(z f 4 )

= = = LT =ET 7
§ ¢ MR 2 b s s y
_Vcosasina Vcosa  Vsina )| y
= 5 [ g +- 0 +27, - 7,] (8)

¥
While passing through the dead area, the linkage will have an uniformly

accelerated movement:
2c. rz”:
Ty = T ;ry = 4\/"_ 1
. a, a,
where C, and C, mean the rates of the dead strokes along the two directions of
the linkages. In this case, the path error can be expressed as below:

Kcosasm a{cosa . Sine srna ‘ ’7 ch
2 a, a, J\| \ 2

If the two dead strokes C, and C, are equal, the maximum rate of the path
error will be at o = 45°, 135°, 225°, 315° (fig.3). If C, # C, the machining path
error will increase. Accordingly, the rates of the dead strokes should be as low as
possible and where same exist, the two rates C, and C, should be equal. Thus,
the maximum rate of the path error will be equal to the one from the transient
response without dead stroke.

Conclusions: By analyzing
the relation of dependence between
the path error and response time of
the two kinematical feed linkages,
one may notice that the error will be
zero when the two response times are
equal.

As the response time rates are
depending on the axis speed, f,
V/a, it can be easily concluded that if
the axes have equal accelerations, the
equality of the times will exist only
when the speed rates along the axes
are equal. This case is found at the
linear interpolation of a straight line
at an angle of 45" towards the two
axes. In case when the acceleration
on the two axes is different, there will result another angle of the interpolated
straight line towards the two axes. It may also be noticed that, in the distribution
of the two speeds of the linkages, an important role is held by the manner of set-

X

)

(10)

F;g 3. The profile of an interpo-
lated circle when the transient duty is
linear
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ing the work piece on the machine tool table, so that the angle of the interpo-
d straight line can be sometimes modified with a view to decreasing or even
ulling the difference between the response times of the two axes. Accord-
y, the technology programmer of the respective machine tool, being in pos-
jon of these relations can intervene in terms of decreasing the path error,
from the technology stage.

At circular interpolation, the two speed rates will be either plus or minus,
ending on the quadrant where the circle arc is located. The path error will
be either plus or minus, towards the programmed circle.
analyzing the last relation of the path error, in case when the circle arc be-
me a circle, it results that for a = 0°, 907, 180°, 270°, the rate of the path error
will be zero. From the term,

cosa sina

ay a,

'r' can be noticed that for the points a =k - 45° (k=1,.
.Jf(a +a, )

2 a.a,

If a. # a,, the rate of the term will be higher than for a, = a,. By consider-

..4), it becomes:

2
a, the value of the term will be — . So, the more the acceleration
a

on the two linkages will be higher, the rate of the path error will be lower.

Within the process of establishing the transient duty which is done even

during the design stage of the machine tool, the accelerations on the machine

should be equal on the axes taking part to interpolations and the rate should

be as high as possible.

~ When the acceleration rates on the two linkages differ, the circle obtained
ough contouring machining will have deviations from roundness, which are

maximal at points where a = k - 45°. The more the difference between accelera-

tions is higher, the roundness deviation will be higher.

. This way of establishing the relationship van also be extended to other

es of interpolations: revolving, helical, sinusoidal, hyperbolical, etc. If the

mm of the response in transient duty is different and does not fit the linear or

cponential type, the algorithm for determining the path error is the same until
e moment of determining the follow-up error on axes.

~ A special case in exploiting the CNC machine tools in terms of interpola-

tion consists of the curves or surfaces that have o be machined and cannot be

expressed analytically and are defined through a number of points (SPLINE).

a The path error for such curves can be done in analogy to the above, with

the remark that, for establishing the effective rate of the contouring error is to be

added to the path error and the error of approximation of the curve through

_Tl_' a,=a,=
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points.
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THEORETICAL RESEARCHES ON FEED KINEMATICAL LINKAGES
OF THE NUMERICAL CONTROL MACHINE TOOLS

Stan Gh., Ungureanu V. (Unv. Bc., Bacau, Romania)

The feed kinematical linkages of the numerical control machine tools have a
direct and decisive influence on the machining accuracy. Their research in
closed loop (for the speed and position circuits) is definitely needed, as the
transient duty of the linkage participates directly to the path error of the work
piece being machined. This paper presents a theoretical research method of the
kinematical linkage as a whole, based on patterns, offering important data on
the system performance.

The characteristic of the kinematical linkage means the ratio between the
output and input rates of the servomechanism or of the component element.
When the input rate is constant in relation to time, then the static characteristic
will result. Unlike the static characteristic, the dynamic characteristic can be ob-
tained under the conditions of a rate variable in time.

The researches on kinematical linkages have had as form of expression 2
mathematical model of the form:

dx, dx’e & 4 yf&ii‘ly_z__) (1)

X TR )=z s
(% 2 R )=Z(f

dt’ g d dt
The symbols mean: ¥

f(#) = external factors ;

3(t) = variation of the input rate;

x.(f) = variation of the output rate.

These models are reduced at a more simple form by replacement with prac-
tical equivalent models whose equations are linear, and with constant coefli-

cients.
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Ei{a_ ix_i”? o df df.-r d &
Kz, —t . —) f,a?,m.;&n- S y,d—i’_,.%r) )
iOThe study of these equations is much easier by using the Laplace transfor-
.
~ The researches on a feed kinematical linkage (fig. 1) are presented at two
es:
- The first stage establishes the equations of calculation based on the systems

eory and the second stage calculates an example.

| Several steps are attended, by beginning with deducing the substitute sys-
(flg.2). The transformation is done based on the hypothesis that the mecha-
S i composed of concentrated inertia elements (motor, gears, slide) and con-
trated arc'elements (shafts, ball screw). As such, the division is done into
ements having an important elasticity treated as arcs and elements having an

L_"portant inertia, treated as carrying mass. The reduction of the elastic deforma-
ons to the motor shaft will be:

e A2

e Gy =Wi'Cy G)
here i means the transmission ratio.

ili : The conversion of the axial elastic constant into rotary elastic constant
ill be:

G =C,,(hf2;r)2 ' 4)
Mass

%

2, J Ball screw drive
i h-Ball screw pitch
e
b Rcclilcer Adjustment 91 /92 E)3
rate, X
47 r . TZ B

Preset /7 7 7

value Ct1

“~Correction network

Fig.1. Feed kinematical linkage

. Fig.2. Equivalent
and equivalent block diagram §.2. Equivalent system

____'re: C,; = axial elastic constant;
rotary elastic constant;
the screw pitch.

The inertia torques of the rotation are brought to the motor shaft by means
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of the relation:

6,=(1/i)*6, ()
The mass conversion to the lead screw will be:
0,y =(h!27)* my (6)

where my means the slide mass (weight).

Through the relations of above, fig. 1 will be transformed into an equiva-
lent scheme, as per fig. 2. Further on, the transfer function of the mechanism
will be deduced through the relations of inter-dependence of the elements and
the relation of below will result:

£
G(P)="5 :
o

= : ™
3 Ap6 +B'p5 +Cp‘1 +Dp’ -i-.-!%’p2 +Fp2 +1

which is known as transfer function for a sixth range member.

Table - 1: The coefficients of the characteristic equation: A, B, C, D, E, E,G

COEFumernee eeen EXPRESIA
A ;
53,3,
cc.C,
B 1,1k +J.-J_..‘k: _l_":")ku
C,C.C, CGL GGC
11.C, LG LLC Tk K, o L,1LC
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The table 1 presents the expressions of the coefficients A, B, C, D, E, F.
As in practice, the elasticity of the bail screw and nut represents 70% of the total
elasticity, C and C, = o can be approximated with a good accuracy, that leads

G(p)= e 8

e Aipzi-Bip—f-l -

Gy(p) = - ©
: A2p4+82p3+C1p2+sz+1

. With the models simplified as such, several harmonics will be lost, espe-
cially the ones of high frequency and low amplitude.

. The characteristic curve of amplitude of an oscillating system with two
masses is presented in fig. 3.
~ In consequence, the researches carried out by different authors have re-
duced the whole assembly to a linear system of one degree of freedom, as opin-
fons are differing in terms of the mechanisms determining the characteristic of

mass, dumping. They may be grouped as follows:
Total torsion rigidity of the kinematical linkage;

Torsion rigidity of the lead screw;
Axial rigidity of the lead screw;

Mass of the slide along with work piece, reduced mass moment of iner-
tia of all mechanisms composing the linkage.

01

0z

19 /0y, ——p

\\7'%
\

2 b
0(1 U?wm £ 2:9(%1

A

A
LA
oy
% oy 2| D
Cf'l a'| C21 €2 =Cﬂ/
8-1
‘% @1 ]1}oosi & 1 i0s L
: Q{1 |1]or]e it foB
LY @)1 ]1i005 4 110
L = 1
1\ @i 1w s [ ]0 71
G g0 g,

Fig. 3. Characteristic curve of amplitude of the oscillating system with two axes
The non-linear behaviour of the lead screw-nut is known, but with a view
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to simplifying the analysis, it can be approximated to a linear element.

Most of the theoretical and experimental dynamic studies of the feed kin-
ematical linkages have been finished at the level of the mechanical part. \

The integration of the transfer function to the assembly structure of the re-
spective axis loop and, afterwards, the application of the methods of the auto-
matic adjustment theory have been less studied. This manner of approach of the
theoretical research of the feed kinematical linkage in its entirety can be ex-
tended up to the level of construction parameters.

Conclusions: The usage of this method of theoretical research of the kin-
ematical linkage as whole gives important data on the performances of the kin-
ematical linkage. Through this research it can be known, even fron} the Eiesign
stage, the behaviour of the kinematical linkage in dynamic and static d}lt_les. At
the same time several parameters can be adjusted, with a view to optimizing the
static and dynamic behaviour of the linkage.

This method of analysis and research, though featuring several simplify-
ing hypotheses, gives good results on the steps to de done even from the design
stage of the kinematical linkage. The method itself is easily usable through the
computer and represents a useful guide to any builder of numerical control ma-
chine tools.

The results of the researches are answering the issues of the transient duty
and linkage stability, as well.

Knowing the transient duty both while accelerating and decelerating,
gives important data for sequent analysis of the path error of machining through
interpolation. This topic is more complex and is not approached by this work.

References: 1. Pressman, R., Numerical Control and Computer Aided
Manufacturing, New York,1991. 2. Cervenka. N., Reimbun. U.,Analyse des dy-
namischen Verhaltens einen Hochleitun, Maschinemarkt, nr. 84, 1993. 3. Ma-
rusche, H., Probleme bein Walzschranbtreib als Antriebs und MeBelement in

Werkzeugmaschinen, Maschinenbautechnik, nr 2,1990.
Cmampa nocmynuna é pedaxyuio 9.06.2001 &

WAYS OF INCREASING THE MACHINING ACCURACY OF
INTERPOLATION ON NUMERICAL CONTROL MAHCINE TOOLS,
WHERE THE TRANSIENT DUTY OF THE KINEMATICAL
LINKAGES IS EXPONENTIAL WITH DEAD AREA

Stan Gh., Ungureanu V. (Unv. Bc., Bacau, Romania)

In order to intervene on the machining accuracy while contouring on a CNC
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machine tool, the relation between the path error and the transient duties of the
kinematical linkages taking part to interpolation, needs to be known. The more
he transient duty is better, the error of the contour being obtained towards the
required and interpolated one, will be lower.This paper establishes the relation
;_emfoned above in case of the kinematical linkages having an exponential
fransient process with dead area. This kind of response of the kinematical
Jinkages is encountered on most of the CNC machine tools, medium and large-
zed. By means of this relation, the manner of influence can be established, of
e more Important factors of within the linkage structure (such as slide-
ideway friction coefficient, transmission ratio, pre-loading forces, cutting
rees, etc.) on the transient duty and, by default, on the path error. Also, ways
intervention can be established, with a view to minimizing the path error.

. It is known that the medium and large-sized CNC machine tools are using
an exponential curve as transient duty, both while accelerating and decelerating.

e use of this curve is given by rhe condlt:on of obtaining a response time as

, The prcscnce of the dead stroke at this response type of the linkage is
'-aused by the rotation of the movable element, at low rates, while changing the
‘motion direction. This rotation while changing direction is caused by the resis-
t force of the mobile element which is not centred towards the moving force.
Although the directional guiding of the mobile element can be very good, the
,‘ { Y (B8

&y

Fig.1. Exponential response
with dead area

Fig.2. Programmed and
performed path

Presence of the slide rotation while changing direction is always sensed, either
more or less. Therefore the choice of this kind of linkage response on CNC ma-
chine tools is the closer to reality.

On the other side, into an ideal case, if the linkage as whole responded in-
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stantly, the path error would be zero or very low. :

Fig. No.1 shows the type of exponential response with dead area.

Let the linear path OAB be considered, programmed to be followed
through linear interpolation at the v feed rate, by movements along I%}e Ox and
Oy axes, at the V; and V, feed rates respectively, and A, a ‘whatever point on this
path. Because of the delay on axes, (because of the transient duty of each axes
taking part to interpolation), a delay to comes up between the moment of the
command and the moment of performance, that makes the real tool path to be
different from the programmed one.The path error “¢” is defined as me‘AC
segment, where the point C is the intersection of the rf.:a! path to the .normgl in A
to the programmed path. In order to find the size 01_° this error, the point B is con-
sidered on the programmed path, defined as the point where the tool would have
reached from A, in the time t;, in uniform motion (fig. 2).

AB=V 1, (1)

By symbolizing with &, and &, the projections of the segment BC to the

co-ordinate axes, it may noticed that : .
- The projections of the segment AB to the co-ordinate axes are:
AB, =V ty; AB,=V, 1, 2)
-The projections of the segment AC to the co-ordinate axes are:
AC,=AB, —& =V ity ~¢,
AC), - AB} _é}‘ - Vyto —5},
By noticing that BC is the hypotenuse in the right triangle s ABC and
BCD, it will result:

()

BC? = AB? + AC? =CD* + BD? (4)
where, from the last equation it will result: ] ;
Vit + 7,200 + (Vg =& +(Vytg =€, = £ +&, 5)

By developing and making the related reductions, the rate of the delay to
is obtained:

= i*]:‘féf‘_ (6)
L7
Concluding, the rate of the path error “e” will result:
e=AC? = AC% + AC?, = (Vo — &) + (Wt £, 7

By replacing the value of t; and developing, the value of the path error becomes:
2 Vedy ____Vy_ffx )’

e,

The rates of the follow-up errors will be as follows:
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61 i V.x(tr.\.‘ + T_\') 5 S_\:

; 9)
Sy =Vy(ty +7,)~S,

- V:'and V' Average rates of the speed rates at circular interpolation;

- I and .~ Response times on the two directions;

- 7, and 7, - The rates of the dead stroke on the two directions;

- §, and S,- The distances run by the fixed dynamics linkage.

I,

S’.c — J [Vx' ix] Vx'e“ﬂrx ]df
by (10)

¥ n \ —.&.
Sy = Of[Vy-Vye 7 lat

By resolving the integrates, and substituting, it results:

Vi -8, Veosa, -pu,
é’:—ﬂ——(g F-D=- (¢ 7

i _,I)
: g (11)
K Vsina , -4
f=-Ze " -D=- G )
B B
V.=-Vcosc
ere: ¢
Vy=Vsma

s

n this case, the angle refers to the circle arc being interpolated. Concluding,

the path error will be:

VE -V £ A
I Lﬁé = Vcosasina[l (e Pm 1o Pmyy r.-7,]  (12)
,JVZI + Vy2 B ,

It may be noticed the presence of a dead stroke within the value of the
1error. In order to minimize their effect, the two values 7, and z,,should be

al and be as low as possible.The relation (12) expresses the relation between
path error and the response times of the two kinematical linkages in case of a
ular interpolation. Depending on the quadrant where the circle arc is located,
rate of the two speeds will be either plus or minus and the path error will
) be plus or minus.

By analyzing the last relation of the path error, in case when the circle arc
ime a circle, it results that for a = 0°, 90°, 180°, 270° the value of the path
HOr is zero. The maximum error value will be found at o = 45°, 135°, 225°,

", having a shape similar to the one shown in fi g 3.

Conclusions:Based on these relations between the path error and response
mes of the axes participating to interpolation, conclusion may be made, that

€=
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can be useful 10 both CNC machine tool technology programmers and CNC
machine tools designers.

The technology programmer, by using the path error relations, has the
possibility to assess the machine tool performances for interpolation machining.
At the same time, based on the relations of above, the technology programmer
can modify several parameters of the cutting duty (especially the cutting speed)
and of the work piece setting on the machine tool table (with a view to equaliz-
ing the response times on the two axes), such as to decrease the rate of the path
error up to an admissible rate, required by the work piece particularities.

The CNC machine tool designer has the possibility to establish the re-
sponse times of the kinematical linkages, starting from path error rate, based on
these relations. Further, the response times will help him determine the accelera-
tion and deceleration, whose rates once known, lead to establishing the torsion
moment of the driving servo-motor, at
transient duty. Based on this moment, the
kinematica) linkage will be sized, in func-
tion of the required elastic deformations
(another dead area of within the kinemati-
cal linkage loop). In case of using the ex-
ponential acceleration-deceleration, the
maximum rate during the transient duty
should be found out and, depending on
this rate, the torsion moment of the ser-
vomotor will be determined with a view
to further sizing the feed kinematical
linkage.Further to analyzing these rela-
tions, the CNC machine tool designer
should provide an equalization of the re-
sponse times of the axes taking part to in-
terpolation, with a view to decreasing the

Fig.3. The profile of an in-
terpolated circle when the tran-
sient duty is exponential

path error rate.

At the design stage, this requires an optimization of sizing the linkage. In
case of several machine tools having controlled axes with high inertia (columns
moving, etc.) their location should be considered such as to avoid their partici-
pation 1o interpolation. Several CNC machine tools whose axes frequently work-
ing under interpolation have different inertia rates (e.g. X axis, Y axis) that lead
to high path errors, which is not recommended.

The dead area of the axes taking part to interpolation should be equal and
as low as possible too. Thus the designer can have all needed data for choosing
the guiding solutions and focating the last element of the kinematical linkage.

The structure of the machine tools with contouring numerical control
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regarded in terms of path error, should have the controlled axes taking part to
interpolation provided with equal and as low as possible accelerations-
decelerations.

References: 1.Pressman, R., Numerical Control and Computer Aided
Manufacturing, New York,1991. 2.Cervenka. N., Reimbun. U.,Analyse des dy-
namischen Verhaltens einen Hochleitun, Maschinemarkt, nr. 84, 1993, 3, Ma-
rusche, H., Probleme bein Walzschranbtreib als Antriebs und MeBelement in

Werkzeugmaschinen, Maschinenbautechnik, nr. 2,1990.
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ACCEPT A PROPOSAL CORNER BY PULLING OF
AXISYMMETRICAL PROFILES

Todic M., Miletic O. (University of Banja Luka, Bosna & Hercegovina)

In this work you can see diagram of the part investigation of the accept a pro-
posal corner by pulling of axisymmetrical profiles-wires. Through familiar
model for determine of the accept a proposal and modern computer proportion
-equipment we investigate influence of individual parameters which are appear-
ing in the zone of deformation i.e. influence of parameters like: speed of pulling,
lubricant instrument, kind of the pulled material and degree of deformation.

1. INTRODUCTION

Tehnological process of pulling gives great importance in primary indus-
try because of the great necessary profiles that are using in farther industry pro-
duction. It's familiar that profiles of smaller dimensions transverse section and
larger length only can product with this tehnology. The process of pulling is de-
veloping in condition of intensive inside and external friction. Inside friction is
result of plastically flow, while external friction is appearing on contact surface
deformation zone. Result of it is that in deformation zone appears triaxial inten-
sity of stress of deformation condition. That intensity of stress-deformation
condition is changing from entrance in deformation zone to her exit. Length of
deformation zone depends from corner of the tool (matrix). With increase of the
‘corner o decrease the length of deformation zone or opposite i.e. decrease of the
corner length is increase.

2. INFLUENCES PARAMETERS IN PROCES
‘ Force of pulling is performing basic factor (parameter) which is distin-
guishing the process of pulling. Importance parameters that are influencing on
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force of pulling are:
¢ mechanical quality of pulled metal,

degree of deformation,
geometric largeness and quality perform of the tool,
material of the tool,
coditions and quality of the lubrication,
speed of pulling,
preparation material for pulling,
coldness of the tool,

increase of stress of the chart,

* geometric largeness of the transverse section.

On the basic of parameters above, we can conclude that is very big num-
bers of influences parameters on the force of pulling in the tehnological process.
On some parameters we can influcnce at taking on the process while on some
we can influence.

From that conclusion that at projecting process we have to correctly
choose that parameters i.e. optimize their sizes.

® @ o & o o o @

3. THE SHAPE OF PULLED CANAL AND HIS GEOMETRICAL
LARGENESS
Deformation zone in which is working out deformation we can divide on:
entrance zone, working zone, calibration zone and exit zone. Geometrical large-
ness for every of the zones depend on: diameter of the exit hole, corner of the
gradient working zone and degree of deformation. Lengths of calibration zone
depend on the material of the tool and material of the working piece. While
length of the working cosines must be larger than the length which is in a touch
with the working piece. By the literature and experience reference his length is

calculate by the formula
du o d.-' ( 1
_ iga

For pulling steal alloy recommends that /, = (1.5 +2)d, , while for the
colored metals recommends that /; = (1.1+1.3)d;. Every of the zones have it's
own tehnological process, oldough some of them are more influences i.e. they
have decisive influence on the process like the working zone. Generator of the
working piece zone can be generated like:

¢ straight line,

e radial line,

e recess line(concave) and

* sigmoid line.

First of the form is the most convenient for use because of the simple and

[d . 0.5
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- easy making. In this zone especial influence has corner of the gradient hers gen-

- erator, because through him we directly influnces on the size of deformation

force. Many of the investigators were interested with this parameter because of

his importance. On the basic of these investigations came to the next formula:
oty i 2l T @
\0.77- 4, -k

Most frequently his size js about 3° to 15°. With his increasing we came to:

e increases gradient of generator working piece which is influencing on
increase straining on contact perform and result of that is increasing of
the force of pulling,

e conditions of the lubrication is deteriorate, lubricant substance g0 away
on the wrong side i.e. it doesn’t create oil film between perform of the
tool and perform of the working piece,

e provoke bigger normal and tangential increasing of stress on contact
perform,

e perform of the working piece is more bright i.e. stratum of lubricant
substance on perform of the working piece is smaller.

If the corner is in optimized area than force of pulling depend on the con-

ditions of lubrication. Oldought the working corner out off the optimized area

‘than condition lubrication doesn’t have importance influence on the force of

pulling.

3r

4. POSITION OF THE ZONE OPTIMIZED CORNER
_ Position of the zone optimized corner depend from a great deal of number
that are appearing in deformation zone, but some of them are more interesting,
like:
e degree of deformation,
e presence of the force contra stretching and her intensity,
¢ largeness of coefficient friction,
* largeness of section working picce.
‘ With increasing degree of deformation beginning zone optimized corner is
moving in the direction of the bigger corners. Increasing of force contra stretch-
Ing zones is moving in the direction of the smaller corners. With increasing coef-
ficient of fraction zone optimized corner goes to the bigger corners that also
Worth for increasing of the section-working piece.

5. EXEPERIMENTAL INVESTIGATION
! To investigate influence for some parameters on largeness corner genera-
for working part zone of tools i.e. influence on the force of pulling is made sen-
Sor on detection of pulling force, tools with different corners a, and all that is
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ner gradient of generator by working piece of tool-matrix. That result are present
on figure 4+7.

From that diagrams we see that is more suitable lubrication STPM in rela-
 tion on lubrication NaCal50. Area of optimized corners for material that are us-
. Ing in experimental investigations is moving in diapason from 7+9 degree. At
aluminium optimize corner goes to value higher corner i.e. at small corner gen-
 erator is impossible create pulling process.

bind in the computer proportion system. On figure 1 is present look of three-
dimensional sensor for detection of pulling force.

Tools(matrix) with corners gradient of waorking part:

* 2a=21°7'9.62"

o 2a=16°

* 20=13°42'14.73"

¢ 20=11°3'6.86"
On figure 2 is present tool-matrix with sensors, and on picture 3 computers 7. CONCLUSION
prop.(.).lr.‘l}?.n Ch_al_r,l' On the basic of theoretical-experimental investigation we came to conclu-
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Fig. 1. Three-dimensional sensor . IR Fig. 4. Value of the comer gradient tool at Fig. 5. Value of th di-
A o . Fig. 2. Tool-matrix with sen- S . ELE G TS GOt it
for detection intensity of pulling force e g brication with NaCal50 for C.0345 ent tool at [ubrication with STPM for
On figure 3 is present proportion chain with digital collected proportion dates. Gl
6. RESAULTS OF EXPERIMENTAL INVESTIGATIONS Pl e ] e e
In table 1 are present results of experimental investigations. g s ' e i o i 7
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On the basic from results of experiment we got optimized area of the cor-
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tncpostoone Do sion that formula (2) doesn't satisfy regulation of optimize comer in engineering

practice i.e. his retreat is for investigated materials smaller from 10%. Especial
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Fig. 3. Computers proportion chain with sensors
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Table 1.

. working ; o+ Degreeof | Pulling | Fullin
Oedi Material | halfeorner Maltlcr}al Matc_?.rla_l i ; defogrmation ! speed forceg
num. o [] condition | lubrication .1%_1 frr_ir’scc] [kN] |

I HvV NaCa1s0 | 30 235 16.25
2 50 5] HV NaCa 150 30 2,70 16.56 |
3, < 33" HV STPM 30 230 16.10 |
g | HV STPM 30 2.70 16.30
{s. v NaCalS0 30 2.30 14.50
6. HV NaCal50 30 2.70 14.75
7 6° 51’ TV STPM 377 2.35 15.55
3. HV STPM 30 235 14.45
19 ] HV STPM 30 2.70 14.58
DT JT H\: NaCa 150 :je 235 141
1. aus) HV NaCa 150 30 2.70 1435
2 TV NaCa 150 373 2.35 16.45
13. i’ TV NaCa 150 177 2.70 16.55
14. 8 v STPM 30 235 13.85
15. HV STPM 30 2.70 14.15
16. TV STPM 37.7 235 14.30
17. TV STPM 37.7 2.70 14.45
8. HV NaCa 150 30 2.35 15.4
19, | 10° 33 HV NaCa 150 30 2.70 15.7
20. 35" HV STPM 30 2.35 14.9
21. HV STPM 30 2.70 15
1. HV STPM 30 235 14.30
3 o— HV STPM 30 2.70 1455
3. TV STPM 36 235 15.15
4, TV STPM 36 2.70 15.4
L5 HV NaCals0 | 30 2.35 13.9
6 Hv NaCal50 30 2.70 142
7. TV NaCal50 36 2.35 15
8. | C.0145 . TV NaCalS0 36 2.70 152
9. 1 qus) | 8 HY STPM 30 235 | 141
10, | HV STPM 30 270 | 1425
1L TV STPM 36 2.35 15.05
12, | TV STPM 36 2.70 15.15
13. HV STPM 30 233 148
14, 10° 33 Hv STPM 30 270 15.0
5. 35" TV NaCals0 36 2.30 16.9
| 16. | TV | NaCal50 36 2.70 17.0 |
T 6° 51" HV NaCal50 2213 2.3 | break
e 9;';'% 8° HV | STPM 2213 23 2.7
3. ihiE BrT HV STPM e 23 220
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COMPARATIVE EVALUATION OF BILEAFLET HEART VALVES
PERFORMANCE

i Wojnarowski Jozef (Silesian Technical University, Gliwice, Poland)
- Mirota Kryspin (£6d? Technical University, Branch in Bielsko-Biaia, Poland)

1. Motivations

Replacement of heart valve is now commonplace in modern medicine.
-~ The artificial heart valve successfully removes natural valve defects as causes of
- hearts insufficiency. However, its performance has never reach the level compa-
rable to the natural valve. Many of patients suffer from consequences of valve
 thrombosis or embolus, anticoagulant-related haemorrhage. As an example on
 the fig. I has been presented bar graph depicting freedom from the device
~ thrombosis and the haemorrhages.

Probability, [%)

; ; : 5 Ygars pgs[op,ﬁ[-] !
Fig.1. Patients free of the haemorrhage and device thrombosis

These serious medical problems are always connected with hemodynami-
cal sphere of artificial valve functionality.
. 2. Methods of hemodynamics evaluation of valve prosthesis
- We have two basic methods of evaluation of artificial valve hemodynamics. The
main deference between these methods lies in form of model and manner of in-
formation acquisition.

Virtual models based on numerical methods give fully information on mi-
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croscopic level of flow evolution. It makes a valuable tool of design and vajve
improvement. Contrary 1o these, experimental methods give global and
macroscopic characteristics and rather appropriate to quality testing.
2. Phenomenological model of
flowing blood
Phenomenological model  of
blood flow in a neighbourhood of artifi-
cial valve are defined by geometry, fluid
properties, and transport equations (to-
gether with boundary conditions).
Geometry of considered flow
problem are described by artery geome-
o e try (accordingly to anatomical data) arti-
TR ficial valve geometry (given by manu-
facturer). In this work geometrical con-
figuration of mechanical prostheses are
chosen accordingly to manufacturers’
catalogues. Figure 3 shows the basic ge-

ometry parameters used in the numerical simulations.
A (St.Jude Medical shapc) B(ATS Medical shape)

Fig2. Methods of hemody-
namics evaluation

Fig 3. Various geometrical configuration of bileaflet heart valve prostheses
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The human blood is a colloidal liquid with constant density
(7=1050...1060 kg/m’), and complex rheological properties. In present work

Walburn-Schneck apparent viscosity empirical model has been used, [3,5]
TPMA

Gy H+ey o
A 0
where  Hml/100ml] —hematocrit, TPMA[g/] 00ml] -proteins level, and
¢1=0.000797, ¢,=0.060800, ¢;=0.004990, ¢,=145.850 are empirical constants.
The complex exponential form (1) together with the indicated set of con-
stants ¢y, ¢, ¢3, ¢; makes it possible to obtain correlation on level 90% for the
- system (77,-7 ).The figure (4) presents changes in a viscosity coefficient, in de-
pendence of hematocrit 4 and TPMA4, for several selected shear rates 7 levels.
- We can observe the increase of viscosity coefficient with TPMA, and particularly
hematocrit /4, in dependence to decrease of shear rate values 7.

Sheatrate 5,0 /s

gy
&g

Apparent viscosity,
fmPas)]
= =3
s E8BEEg 8

10 £ L7z
20 30 40 / 20 30 ann H
i ** (i00m)
TPMA, [g/100m) {ml/100m) TPMA, [g/100m]

Fig. 4. The human blood viscosity coefficient distribution in depend-
ence of hematocrit (H=30...75 ml/100 ml), proteins (TPMA=1.. .4 £/100 ml)

An arbitrary hemodynamical flow problem can be described in terms
L Imass

= =0, @)

and momentum balance equations
. Ju, 7 . Ou;
%+R",_‘i-—-l—~o—(§ﬁ,p+@ _c?i.'r._ji"f_ = {} (3)
ot ox; pox; Re{ Ox;  ox;
. 1n dimensionless form, [4].
Equation system (2) and (3) together with constitutive equation (1) make

structure of phenomenological model of blood flow in a neighbourhood of a
heart valve prosthesis.
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3. Numerical model formulation
The numerical model has been established on a base of finite element and
weighted residual approach. We receive for mass and momentum equations cou-
pled by penalty function method, [1]

Ou ., ou 190 5.290% M OU; 40 =0 3
gw{ﬁt u’z?xj- pﬁx ( 4 haxk+Re0°xj ! ®)

where w, is weight function. Spatial discretisation has been performed by linear
combination of nodal values U, and shape functions @, as

U; =U ;a'lya B (4)
Discretisation in time domain has been obtained by implicit two-step scheme

3ol gzl 1)
Uy = 23{‘- + U [rr+1]
[wg | 2 2 d2+ fw, [”[""'1 g4 ]dﬂ -
0 4t o ax} (5)
} .

( e} [M:] ~[,m1
Iwa 20 {i %) )] dsd - fw { { L B d2 =0
ax, p 9x; ax:l-p axj

To avo:d an unphysical spurious oscillations and a divergent solution the
welght:ng functions are selected as sum of a shape function and Hughes weight-
ing function (SU/PG formulation), [1,2]

= ¥, kY, (6)
-

Closure of model structure makes the boundary conditions in the form no-
slip condition at the prostheses and wall, uniform inlet velocity, and stress free
outlet condition.

4, Results for velocity fields and discussion

Numerical experiments has been performed on assumption that flowing
blood is characterised by hematocrit number H=43.0 ml/100 ml, proteins level
as TPMA=2.5 g/100 ml, and density p=1.055 g/cm’. On figures 5 and 6 have
been presented obtained velocity field distributions.

Obtained results for dimensionless gradients of spatial changes in velocity
fields grad(,/u ‘U ] and d\y=d>; component of rate of deformation tensor are
presented in next figure 7.

In prevalent opinion increase of opening angle gives better hemodynami-
cal characteristics. It is fully confirmed by results for valve A and C. However
this tendency is not obvious if we consider valve D and C or D and B. Valve D
as valve C has opening angle less then 80° but it gives considerably smaller val-
ues of gradients and deformation. Based upon the above discussed results we
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can draw a conclusion that there must be another parameter responsible for

- changes in hemodynamical quality. We sugest that location of pivoting axis in
. relation to valve ring is a missing parameter. Displacement of the pivoting axis
. in the flow direction significantly decreases selected values of the hemodynami-

cal parameters.
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Fig.6. Dimensionless velocity field distribution (valve configuration C and D)
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Fig.7. Valve geometry versus dimensionless:
a) gradients of spatial changes in velocity fields; b) d,,=d; component of rate
of deformation tensor

193



5. Conclusions

The analysis of hemodynamical sphere of an aortic artificial valve per-
formance makes an important clement of analysis and valve construction im-
provement. The evolution o physical fields, which describe the flow, in a deci-
sive way affects unfavourable processes observed after implantation artificia]
circulation organ like heart valves.

Performed analysis of flow field evolution affords possibilities for state
basic geometrical parameters in sense of hemodynamical quality: location of
pivot axis of closing element, maximal valve opening angle, form of leading and
trailing edges of valve.

Increase of opening angle and — first of all — displacement of pivoting axis
location outside valve ring can significantly improve hemodynamical valve per-
formance,

Presented method evaluation of artificial valve hemodynamics based on
numerical simulation makes possibilities of extensive exploration of prostheses
flow performance. It creates effortless way of estimation of respective hemody-
namical properties of the artificial valve.

References: 1. Brooks A.N., Hughes T.J.R.: Streamline upwind/Petrov-
Galerkin formulations for convection dominated flows with particular emphases
on the incompressible Navier-Stokes equations. Computer Methods in Applied
Mechanics and Engineering, Vol.32, 1982, 199-259. 2. Franca L.P.: Incom-
pressible flows based upon stabilised method. University of Colorado at Denver,
UCD/CCM Reports, No.4, 1993. 3. Walburn F J., Schneck D.J.: A constitutive
equation form whole human blood. Biorheology, Vol.13, 201-210. 4. Wo-
jnarowski J., Mirota K. Modelling of flow filed around artificial valves. In: Li-
pesch D. (Ed.) Biofluid mechanics, Fortschrittberichte VDI-Verlag, Reiche 17,
No.107, 1994, 429-443. 5. Wojnarowski J., Mirota K.: Non-Newtonian effects
in a simple vessel blood flow problem. Proceedings of The 10" World Congress
on the Theory of Machines and Mechanisms, Oulu, Finland, Vol.5, 1999,
1841-1846
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DYNAMIC ANALYSIS OF BANDSAWS

Wojnarowski J. (Silesian Technical Um‘vers?:y, Poland), Plosa J., Wojciech S.
(Lodzian Technical University, branch office in Bielsko-Bialo, Poland)

This paper provides the dynamic analysis of a handsaw. The mathematical
model of the system uses the rigid finite element method. The model is applied
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Jfor numerical calculations in the analysis of free vibrations of the system and

. forced vibrations caused by the frame of the saw and material.

The subject of analysis is the BEG-200 handsaw (Fig. 1a) prqduced by the
Bielsko Machine Tool Company; it is designed for cutting bars, pipes and sec-
tions made of steel, iron and non-ferrous metals, Material cutting occurs in a

- plane perpendicular to the axis of the material or at any angle between 0° and

45°. The arm of the saw is an aluminum alloy casting. Steady stress of the band
blade is ensured by using disk springs to stretch the belt. The saw drive is a two-
stroke induction engine with a reduction gear. The saw is equipped with a cool-
ing system to reduce friction and extract heat from the work space.

The mechanical systems of the arm and base are subject to reciprocal ef-
fects of vibrations, which cause uneven sawing, deterioration in the quality of

. the cut and even breakage of parts. A saw with a similar desi gn was analyzed in

papers [1], [2] and [3]. o
The dynamic model (Fig. 1b) was made by using the rigid finite ele:rl:ent
method which treats the saw as a set of rigid bodies connected by spring-

- damping elements.

Fig. 1. BEG-200 saw
a) construction, b) scheme of the saw
In the system analyzed it is possible to distinguish six rigid bodies flexibly

. connected: base, fixing system, arm bearing, right side of the arm, left side of

the arm, belt tension system.
The equations of motion of the system are derived from the Lagrange
equations of the second order and have the following form in the case consid-

- ered:
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where T - kinetic energy of the system,
V - potential energy of the system,

D - dissipation of energy of the system,
Q - non-potential generalized forces,

d T 4T
Sy = —— .
dtoq;  dqy
In the model considered the kinetic energy is described by the relation:
T=37 3)
i=1

where 7; - kinetic energy of the z-th body in Fig. 1b

The column matrix of the generalised coordinates of the system has the
form:

S ol
a=lalalalalalel] . @)
where the component vectors q;; are defined as:
9= [x,. Yiz @iy @iy @f,z]r : (5)

The system therefore has 6x6 = 36 degrees of freedom.

The local coordinate system {i} is connected with the subsystem i (in the
following called rfe;,). The system {0} is connected with the base. The transfor-
mations of coordinates from the local system connected with rfe; to the base Sys-
tem is carried out according to (4);

where: 1, =[x, ¥z, 1] - vector of coordinates of the point in the base system,

1= [x,f Vi z; I]T - vector of coordinates of the point in the local system,
B; - transformation matrix.

If we assume that angles Pix @iy @;. fori=l, ... ,n are small, matrices
B;; are written as follows:
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I ~@i: @iy X
o= . 1 -0 ¥ . )
= Q’:, Ppr Q)r',x 1 Z;
0 0 0 |
After differentiation of equation (6) with respect to time we obtain:

i =Br. (8)
Kinetic energy rfe, can be defined as:
: .—.% [ fdm, = %u-(B,. H, B ), ©)

| where H, = [rr; rdm,- is the (symmetrical) matrix of the masses of the rigid

my
elements. 5 _
After necessary transformation the following is obtained:
d T oT

B (10)
where A; =(“:',ﬂ« )j-_xzi

a =or(By B, BL ) fori=1,...m j,k=1,..,6 .
Taking into account that the generalized coordinates of rfe 1-n are inde-
pendent, we can write:

LA LEN UEN TN (11)
dtoqy;  0qy

where q - defined in (5),
A=diag{A; A, A Ay AsAg)

The system considered of n=6 bodies can be connected with any number
of spring damping elements
(sde). The deformation of
these elements and the
forces of gravity determine
the potential energy of the
system considered.

Before  determining
the potential energy of the
forces of gravity and defor-
mation of sdes it is impor-
tant to consider the method
of determining the systems of coordinates of rfe 1-n. It is assumed that the ori-

Z;
Fig. 3. Angle of incline of the axis of the arm
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gins of all systems of coordinates {i} (i=1,....) are the same as the origin of the
base system {0}.

For a non-deformed system too, the axes of the systems of coordinatcs
{0}-{n} are identical.

The potential energy of the forces of gravity is defined by the formula:

V= § Vs (12)
where ¥, - is the potential energy of the rfe,.
oV,
The derivatives 3 £ can be written in the following form:
49
Cq;,
: B;
ap:‘g .I2
—= . |=mglooro] . |n, (13)
oq;
o -
%46 | | Bis |

where m; - mass of the rfe,,

g - acceleration of gravity,

r;. - vector of the center of the mass of rfe;

r;. - vector of the coordi-
nates of the center of the
mass of rfc; with respect to
the system {i},

B; - defined in (7).

It is assumed that the
sde designated as p connects
rfe o and f (Fig. 4). Since,
as mentioned above, sys-
tems {a } and { B} are the
same in the non-deformed
state, the coordinates of sde
p are defined by the same

Fig. 4. Spring-damping element p
a) non-deformed, b) deformed

vector in I"!J "

The energy of spring deformation of sde p is calculated according to the
formula;
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Vp,s=§[qa—q,9]rcp[qa-qﬁ]- (14)

Using relation (14) we obtain:
av
-- a;" =K ,q, (15)

where

EUTRIGE JONVRY S S
0 Cpssed, - Cpan)~ @
KP=? 0 0 e 10 0
0:i<Cy 0 0 -.Cs 0178
02 0 557 00 W 0
| |
o B
The energy of spring deformation of all sdes is defined thus:
it
Vo= 2 Vs (16)
f P=;
where m - number of spring-damping elements in the system.
Finally, the equations of equilibrium can be written as follows:
AG+Kq+D=0, 17
" where )
' [%g
aq,
K=FK,, D= ,
p=l _
OV g
L %9, |

A - defined in (11),
K , - defined in (15),

oV,
—=£ _ defined in (13).
From equation (17) we can obtain (after omitting vector D) equations
leading to definition of the frequency and forms of free vibrations:
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detlK - @A )=0. (18)

K-o?A)p, =0. (19)

When analyzing forced vibrations, generalized forces may occur on the
right side of the equation (17).

Therefore the paper presents the model of a saw as a system of rigid bod-
ies connected with spring elements. The mathematical model is obtained from
the Lagrange equations of the second order. Using the formulae obtained, a
computer program has been elaborated to calculate free and forced vibrations of
the saw. Results of computer simulation will be presented at the conference.

References: 1. Wang K.W., Mote C.D. Jr. Vibration coupling analysis of
band/wheel mechanical systems. J Sound and Vibration 1986: 109: pp.237-258.
2. Mote C.D. Jr. Dynamic stability of an axially moving band. J of the Franklin
Institute 1968; 285: 329-346. 3. Wojnarowski J., Wojciech S, Dynamic Analysis
of Bandsaws by the Method of RigidFinite Llements. Machine Vibration 1993;
2: pp. 144-149. 4. Craig 1.J., Introduction to Robotics. Addison-Wesley Publish-
ing Company. Massachusets. 1988
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A RELIABILITY MONITORING SYSTEM USINGTHE VIBRATION
FOR ELASTIC SUPPORTS AT MILLING MACHINES

Zichil V., Pintilie G., Simionescu G., Ciucescu D.
(University of Bacau, Engineering Faculty, Bacau, Romania)

Milling machines are known as an important source for noise and vibrations in
industry. That's way, improving the systems which are between the machines
and the foundation, can improve work conditions. Actually, the appreciation of
the moment of changing the elastic Jack placed between the machine and the
Joundation is made specially by optical observation. There are many cases
when, optically the jacks are in a proper stage but, due to the damage of the
characteristics of rubber, the vibrations are transmitted at the foundation in an
increased level, over the comfort limit. The authors propose in this paper an
easy system of diagnose for the stage of the rubber characteristics, with the pur-
pose to determine the right moment of the elastic Jjacks replacement, which has
10 be done for the workers comfort.
1. Introduction

Milling machines are known as an important source of vibrations for the
function mode: due to the high mass of the moving elements, the damper of the
twist vibrations is very exposed. An usual milling machine works at the lowest
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regime at about 600 rotations per minute (r.p.m.}: Increasing this r§gime, we
create the possibility to appear a very strong vibration movement, which can be
compensated only by the rubber jacks. _

In the rubber jacks technique, there are some importance parameter,
which must be respected an permanently verified. The capacity of the jacks to
absorb shock and vibrations is mainly give by the carrying force. Into all this

' phenomena, it's very important to consider the alterations which appears at the
- attach and vulcanisation process.

The literature offers a few characteristics of the rubber, which can t?e
taken as bases for the quality appreciation of the rubber jacks in the f:lynamzc
long-time stress, but those parameters are very difficult to measure, without to
dismantle the rubber jacks from the chassis (tab. 1.1).

Table 1.1.

Rubber durity [°Sh (A)]
30 |40 |45 |50 |60 {65 (70

The parameter

tion % compression |5 - 10
©=0,25 2 125127145 |6 7 7,3
45153 |6 79518 . 19.5

®=0,50
Permissible  com- 516 165172519 |10 |11
pression strength
®=0,75
2217310 |2 113 |14 |5
®=1,00
Permissible shear- Lo ld2472 12 12.3°13.0 135

ing strength

~ where @ is the form coefficient.

2. Mathematical model o
The mathematical model is a prisma. It is based on a prismatic jack of

vulcanised rubber, with dimensions a x b x ¢. The rubber jack is vulcanised on

two metallic plates, which can take the carrying force P, being stressed onl){f in
the field of small deformations (& < 0,2). The relation between the geometrical
parameters, mechanical magnitudes and stress elements is:
P:ﬂIEﬂ'SX (2“1)
ho

" where /3 is the coefficient of "marginal effect”.
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I+ ; o (2 +v2
ﬂ = A —— A,
2 314+ 27 +v? -
and:
a b
uz;; V=E (2.3)
the form coefficient @ is:
ab
D= (2.4

[2[a+ f’;)h]

or, relying on the abstract magnitudes u, v, it's possible to write:

1
—uv

2 3
?= 5
u+v ('"3)

Itis possible to check up the rubber jack at the stress conditions in two ways:
a). when the force P is known but the rubber characteristics are unknown:

8
O—Pf = E 5 O_a {2‘6)
or,
b). when the characteristics of the rubber are known but the force P is unknown:
o, = PaEax
o = » -£0, 2.7)
As final results, we can find the proper dimensions as:
P
a—+ b o (AL g
ahibo, (2.8)
with stress and deformability conditions:
€= S€
ﬁZESIS ¢ (29)
oc=ME,eso, (2.10)

where §is the section of the transversal section.
The authors recommend for £ the following calculate methods:
=1 foru<landv<]

1, (2+v)2
Bo=l+-v" - —foru>1;v>1] 2.11
2 3 34+u2+vﬂ : * G
ﬁ2=§+-é—u2foru=v 2.12)

Il
By=1+-u’ foru>v (2.13)
2
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3. Experimental device and results

Hardware part is composed — as shown in figure 3.1 - of an accelerometer
characterised by a sensitive smaller as SmV/ms~, a PC computer with an ana-
logue impute board type AX5210-PG, an oscilloscope, a video camera and a vi-
brometer type N 2103. Tests was made upon cars, microbuses and trucks, all
equipped by DI Diesel engines.

To obtain an optimal signal for the analogue impute board, the authors
was forced to obtain firstly a basis signal, which was corrected with a high band
filter. Due to the necessity to eliminate the out-range values, we've considered
an evaluate, subsequent mediated in time.

A group of tests was made upon new rubber jacks mounted on small, me-
dium and large new milling machines, another-one for those three categories of

‘milling machines at the half life-time and finally, a group of tests was made at
' the end life-time for those milling machines (based evaluation of life-time was

technical using guides for each machine). A better comparison possibility ap-
pears if we presents those results one after another, for different using periods.

& N dEwide THOUNRamIH b Ie IR e BT hal

- J,k'.'ﬁ ! q‘"\wﬁw
P Sl -

-“‘Fig. 3.4. New rubber jéck, medium
machine

Flg 3.3. New rubber jack; ;
small machine

Fig. 3.1 j_f-‘lgrdre device - Fig. 3.2. Basic signai
Figure 3.2, presents the basic signal obtained in ideal test conditions. _Fig-
ure 3.3, 3.4 and 3.5 are obtained by testing new rubber jacks at a small, medium,
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respectively at a large milling machine. As is aspect, at new jacks, at trucks we
can observe the biggest amplitude at the vibration moving. At small and medium
machines, the comfort limits are almost the same, so the level of vibrations and
noise are sensible equally.

Evan at large milling machines, the level of vibrations give the possibility
to have a very good comfort degree.

The figures 3.6, 3.7 and 3.8 are obtained for a small machine which has
functioned 1.000 hours, a medium machine after 1.500 hours of running, respec-
tively for a large milling machine after 8.000 hours of running.

4. Conclusions and limitations

In all the analysed cases, if the amplitude is rising over the value of 6 V,
the vibrations are pregnant in the cockpit, damaging the driver comfort (even for
microbuses or trucks). The main limit of the sister is the existence in any test
service of a computer endowed with an analogue impute board type AX5210-
PG or something compatible, an accelerometer characterised by a sensitive
smaller as SmV/ms?, an oscilloscope, and a vibrometer. The attach of the accel-
erometer is possible due to a magnetic support in any place of the chassis, in the
neighbour of the attachment points of the rubber jack to the chassis.

P 2 T MW : P
A T b TN - T e 2N i
- 'a"“ i ﬂi’pﬁu_ ,-',_..g‘;if"p‘ e ser 1 1T ﬂl}‘.éﬂ;‘i&}'\‘ toe

Fig. 3.5. New rubber j‘acl-c o Fig. 3.6. Used rubber jack, small
large machine machine

. Figl. 3.7. Used i‘llbbei‘jéck;
medium machine

~ Fig. 3.8. Used rubber jack,
large machine
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TOOLS RELIABILITY EVALUATION SYSTEM
USING THE A VIBRATION MONITORING SYSTEM

Zichil V., Pintilie G., Simionescu G., Ciuceseu D.
(University of Bacau, Engineering Faculty, Bacau, Romania)

An on-line and in-process based monitoring system to detect tools reliability via

. an accelerometer was developed and successfully evaluated in a splitting opera-

tion. Prior to test and evaluate the tool wearing conditions, a simulation model
was developed. Transfer of the on-line vibration signal to the frequency domain

- employed the fast Furrier transfer function, and set thresholds were used to de-

termine the tool condition after various experimental tests. The tests, were con-

- centrated upon a full automate lathe.

1. Introduction
With the use of tool wear detection in machine tools, it was able to in-
crease machine tool life, to avoid autovibrations in splitting process, to avoid

- unexpectedly tool break-out and utilise the fully manufacturing environment. In

the absence of a tool monitoring system, automation of such a process would be
impossible. Experimental set-up can be divided in two parts: hardware and soft-
ware. In comparison to other in-process methods, such as those that employ dy-
namometers and acoustic emission sensors, the proposed system is easy to set up
and does not require changing of the mechanism. The system has additional
benefits: high reliability and low cost.

The wear stadium of the tool, can influence the quality of the splinted sur-
faces and the accuracy of the final dimensions. On another side, tool wearing
can decide on the split speed, lead and depth, but in the same range, the machine
reliability, the proportion of the damages and the frequency of those damages.
Thus, the new monitoring system is potentially useful for untended splitting op-
erations in on-line and real-time tool worn-out and breakage detection in linked-
cell manufacturing systems.

Literature shows a simple table with the maximum of the amplitude of di-
verse machine-tools (tab. 1.1).
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_ Tablelr
‘No.Crt.| Machine- tool type i Max. arh;)'l'i'u'lde__{_n":r'n] e
1. Planing machine " s

: 0,35 I
L2 Lathes, milling machines e | 003 T
L 3. In-polisher machines | =, 005 e

L4 [Pressmachines | 009 T T T
2. Mathematical model
The mathematical model is based on a two liberties degree system. It is
supposed that the material which has to be split is an absolute stiff part, and the
to?l with the support and the cinematic succession were reduced at one malerial
point, hanged by two elastic bundle.
Upon the two stress directions, X; and X;, with the mass "m" and elasti-

cally constants "k,; k", damping constants "c,;c,", the movement equation is:

nf,‘ic', +p%y +kyxy = (~rx, COSQr + X, sina)(ﬂ—a) (2.1)
M3y +CyXy + kyXy = (= rx, cosa + ro;sina ) -a) (2.2)
with solutions as:
x[ = A]L’JJ 5 xz — .426)'1 (23)
If we note that:
& =sinasin(f-a} &, =cosa cos(f - a) (2.4)
by = ky; ky = nky; s:ki 2.5)
‘ o 0
for an optimal splitting process, is necessary that:
i2
;%(n — & +n56,)>0 (2.6)
ok ok
2 (n-s5e,)+ -1 +55,)>0 (2.7)
m mn
ky €ty
;[1-!-:14-5[&‘2 - )]+—-ﬂ~?7- >0 (2.8)
¢ +¢y
—=>0
~ (29

Into an ideal case, < o< 90°, and all the four conditions are carried-out.
[n_ the matter-of-fact, @ < < 90° and the worst situation appears when o = /2.
Different tests, has shown the dependence between force, noise and an electri-
cally output at a new tool and to a used one.

3. Experimental device and results

Hard_ware part is composed — as shown in figure 3.1 - of an accelerometer char-
gctenscd by a sensitive smaller as SmV/ms™, a PC computer with an analogue
impute board type AX5210-PG, an oscilloscope, a video camera and a vibrome-
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ter type N 2103. Tests was made upon a fully automatic lathe, type Mazak (fig.

Fig. 3.3. New tool signal Fig. 3.4. Damaged tool signal

Figure 3.3. provides a diagram of the experimental set-up, using a new
tool, in normal working conditions. Based on this diagram, considered correctly
from the point of view of splitting process, a conclusion was possible. All tests
that was driving through this process, by changing the splitting parameters, has
to obtain the diagram for each typically process. That’s why, the authors forward
presents a succession of diagrams obtained for different splitting conditions. The
diagrams are presented in the order that was obtained, using different row mate-
rials, starting with soft steel, ending with hard steel.

Based upon the different splitting conditions, the authors was able to filter,
from the vibrations spectrum those which are typically for the proper throb.

The explanation for the next five figures is: figure 3.4.- splitting process
using a damaged tool; figure 3.5.- splitting process using a damaged tool, work-
ing with high lead; figure 3.6.- splitting process using a damaged tool, working
with small lead; figure 3.7.- start splitting process in a soft steel; figure 3.8.- start

207



References: I. Chen, J., A fuzzy-nets tool breakage detection system for
end milling operations, 1996, International Journal of advanced Manufacturing
Technology, 12, 153-164. 2. Cho, D. W., On-line monitoring of tool breakage in
face milling using a self organised neural network, 1995, Journal of Manufactur-
ing System, 14, 80-90. 3. Tansel, 1., Detection of tool breakage in milling opera-
tion, 1993, International Journal of Machine Tools and Manufacture, 33, 531-
544. 4. Weck, M., Adaptive control for face-milling operations with strategies
for avoiding chatter-vibrations and for automatic cut distribution, 1975, Annals

of the CIRP, 24-1, 405-409.

splitting process in hard steel.
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ot Fig. 3.7. Start splitting signal Fig. 3.8. ‘?zan[ splitting signal in
stee
) 4. Conclusions and limitations
Wa Oghe experimental results .ShO\?f that t.hc proposed method gives an easy
¥ ot comprising the level of vibration during the splitting process. Testing the
process, gﬁer 10 hours of function using the same tool, offers the ﬁa:st de : {;
ta)pproa'chmg,. After this first test, varying with the row ,materiai new testsglzzz ?0
l{_]f:Ernzﬂma, scf:a we can‘ s-applreciate the optimal moment of 100l cha,ngin g2, a3 way as
costs of reconditioning to be as small as possible is. The technique cannot
measure tool breakage where chatter vibrations are present. When thiqs h nc?
;}}:f:) ;u::% It;:):;l rcméwes different size chips for each cut. It. was also poszfg;‘;ntz
e ependance of frequency with time for a new tool and fi

one. Using a system of filters for the highest signals, it's possible t:)l scﬂz:rzn ey
§ ] 2 % te rea-

;s;)sr;i!t?!e signal from noise, reducing the total information which is fo be ana-
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TIPABHJIA

APEACTABICHHS PYKONHCeH B MEKAYHAPOAHbIA COOPHUK HAYYHLIX TPYI0B
JIOHELKOTO rocyiapcTBEHHOI0 TEXHHHECKOTO YHHBEPCHTETA
«IlporpeccHBHbIE TEXHOJIOTHH H CHCTEMb] MALIHHOCTPOCHHSD?

Cogepxanne pykonuceit J0MKHO OTPaXaTh HOBbIE JOCTHKEHUS HAYKH ¥
TEXHHKM B 061aCTy MAlIHHOCTPOCHNUS, UX NIPAKTHYECKOC 3HaYCHHE, COOTBETCT-
BOBaTh TEXHHYCCKON HanpasieHHOCTH cOOPHUMKA M MPEACTABIATH HHTEpEC /A
HIMPOKOTO Kpyra CrneuuanucTos,

B pykonucH 10mKHO GBITh KPaTKO U3IOKEHO TO HOBOC H OPUTHHATILHOE,
47O pa3paboTaHo aBTOPAMH, NMOKA32HO NPEMMYILUECTBO Mepeji aHanoraMy npel-
niaraeMpix paspaboToK, OMUCaHbl MX 0COOEHHOCTH # MPAKTHYECKas 3HAIUMOCTD.
Pesynpratht paboTel HC ZOJDKHBI NPEACTABAATECA B BUAE TE3HCOB.

SI3bIKH TIpEICTABNEHHUS PYKOTIHCEH: YKPAUHCKHH, PYCCKUH, aHITMACKME 1
HEMCI{KHH, '

COOpHYK Hay4HBIX TPYAOB SBASETCH CHCUUANBHBIM H3JAHUEM B KOTOPOM
MOTYT TNYONMKOBaThCs Pe3yNbTaThl AHCCEPTALMOHHBIX paboT, Tax KaK OH BKIHO-
yen B nepeyens BAK Vkpaunst (Ilepenix Ne | maykosux (axopux BuAaHb YK-
paiHy, B SKUX MOKYTh TyOGNHKYBATHCA DE3Y/IbTaTH AuMcepraiiiinux podir Ha
3000yTTE HAYKOBUX CTVIeHiB JOKTOpA i KaHAK/aTa Hayk. JlonaTok 10 MOCTaHO-
sy nipesuaii BAK Vpaiuu ig 9 uepsus 1999 p. Ne 1 - 05/7).

OCHOBHAS TEMATHKA CBOPHUKA

1. I'Ipaxmxa U NEepCenexTHBLl CO3AaHNA B IPUMCHEHHA NPOTPECCHBHBIX TEXHO-

JOTHH.
2. Uudopmauuonnsie texHonornn (CAD/CAM/CAE). Mexanusaius 1 aBTo-

MaTH3alUMs NPOM3BOACTBEHHEIX MpoLeccoB. TIpodaembl MEXaTPOHHKHN M ME-

XaTpPOHHBIE TEXHOMOIUH,

3. Tlpobnembl NpOEKTHPOBAHKS W NPUMEHCHUS HHCTPYMEHTOB, IPOIPECCHBHBIC
MHCTPYMEHTANbHbIE MATEPHATH 1 HX 00paboTka.

4, ABTOMATH3aIIMS KOHCTPYKTOPCKOH M TEXHONOTHYECKOH MOJATOTOBKH [TPOH3-
BOICTBA, [1pOrpeccUBHOE 000pyI0BaHHE.

5. VnpapieHHe KaucCTBOM, METPOJIOTHS, CepTHdyKalins, AMarHOCTHK, HaIeK-
HOCTH M IKCIITYaTalys TEXHONOrHYECKHE CHCTEM.

6. CrienyanbHple H HETPaAMUHOHHBIE TEXHONOIAH, IKOHOMHYECKHE MPODIeMBl

MaLUIHHOCTPOCHHA.



7. Boupocni MOJICIIHPOBAHNA 1 PACYETOB CIOMHBIX TEXHHUCCKMX CHOTEM.
8. DproHoMuycckue ¥ JKoAorHUeCKHe NpobaeMbl MaUIMHOCTPOCHMUS,
B pamkax cBopxuka Moo NIPEACTABAATE peknamy MPOAYKIHH, KOTOPAs
Oyner momeuieHa nociie pykonuceit crareii.

OPEACTABJEHUE MATEPHAJIOB

JUist PUHATHS. PELICHHS O BKIIOYEHHH pykonucy Baweii cratsu B c6op-
HUK HEOOXOAMMO BBICTATH B 2PEC PenaKUMOHHON KOILTer i ClieayroLee:;
® 324BKY H CBEAICHHA 00 aBTOpax CTaThM;
® PYKOMHMCH CTaThH B JIBYX SK3eMIIapax (BTOpOii 3K3IEMILISP CTAThH JOMKEH

OBITE HO/IMHCAH BCEMM aBTopamHu);
® aKT SKCMIEPTH3b! (OHH IK3CMIIAP);
® JUICKCTY 3,5 jioMMa C 3aMHChIO TEKCTa CTAThH.
Hybnuxkauus crareii B nanHOM cBopHuke nnartHas.

TPEBOBAHUS K OPOPMEHUIO

I. Teker pykonucu crateu ot 5 ao 10 CcTpanuil na 6enoit Gymare dopmara Ad
(210x297 mM) ¢ nonsmy: BepxHee v gwxHee 30 MM, NeBoe K npasoe 25 M.
Crpanuitel se HyMepoBaTh (HyMEpaLHIC BRIIOIHHTS KapaHIamoM B HUXeM
TpaBom yriy). Pykomucs cTatsd odopmuts ¢ NIpHMEHEeHUEM pefiakTopa
WinWord (ne mike sepcun 6,0) wprdrom Times New Roman pasmepom
14, pacrieyatats B ByX SK3EMMAAPAX C BLICOKHM KAYECTBOM neyary.

2. Topsnok odopmenns. Marepuansl 1oMmKHb! 0TBeYATS crenywouei cTpyk-

TYPHOIi CXeMe: Ha3BaHKe, (PaMUMKH K HHULUATL] &BTOPOB, COKpaILEHHOE Ha-

SBAHHE OPraHU3alMi, roposa, CTpaHbl, aHHOTALMS HA AHITHHCKOM A3bIKE,

OCHOBHOH TEKCT, BBIBOABI, CIIHCOK JHTepaTypst. Hazsanme TIe4araTs npo-

NMACHBIMU(KUPHBIMH) OyKBaMH, He oTCTynas oT BEPXHETO noJig, 6e3 nepexo-

COB, HEHTPHPOBaTE. epes 1,5 uHTepBana cTpouHbIMH Oyxpamu — bamuanu

H RHHUKATB] ABTOPOB (KHUPHBIMH), B KPYIVIBIX CKOBKAX KYDCHBOM — COKpa-

HICHHOC Ha3Balue opeanusayuil, HasBaume 20podos, cmpan ( 4epes 3aMaTyio,

uenTpuposats). Uepes 1,5 unrepsana — MAaTEPHATBl CTAThH (A3BIK H3TOXKE-

His — 10 BRIGOPY aBTOPOB, MEXCTPOYHLIH untepsan 1). Cm. obpasen

0(OpMICHHS MaTePHATOB.

I'pahuueckuii martepuall (pHCYHKH, TpaguKu, cxempr) CIeNyeT BBIMOAHATE B

dopmare ".bmp, *gif, "pex, *.dwg pasmepami He Meree 60x60 MM BHeapeH-

HBIMH O0bexTamu (o Xoxy Matephanos). Bee nosuuuu, 0603uayennsie Ha

pucyHKe, n0mxHb! ObITh 06BscHEUR! B TekcTe. [To3mumy Ha PHCYHKE HOMKHEI

Ll

216

PAcTonaratucs [O YacoBoi cTpenke. [To/ KawARM PUCYHKOM YKa3bLiBaeTcs
€ro HOMep W HaspaHue, Hanpumep: Puc. 3. Cxema yerpoiictsa. Kaxabiii pu-
CYHOK [10/1)K€H HMETb O/IWH KHTEPBAN CBEPXY M CHH3Y.

. Popmysisl ¥ MaTeMaTHYECKKE 3HAKH JOUKHbI OBITE HOHATHbL. [loKasaTeny,

CTEMEHN ¥ HHACKCH IOMKHBI OBITh MEHBLIC OCHOBHBIX 3HAKOB U BbUIONHATh-
€A B COOTBETCTBHM ¢ pelaktopoM Qopmyn Microsoft Equation. Mopmyist
HOMepYIOTCs (cnpasa B KPyrNbIX CKoOKax, He OTCTyHas OT MpaBoro 1ois),
TOJNBKO B TOM CHyYae, €ClH Ha HHUX B TCKCTE MMEIOTCA CCHUIKH. Mexay
KpaHHHMH 3HaKaMu (POPMYJBl H TEKCTOM JOJKEH BBINOJIHATBCA OAMH HH-
Tepsall. CopMy Il BHIMOMHAOTCS KypPCHBOM.

Pasmep dopmya aas Microsoft Equation

Full (o65148s1)....cueeannn i e R AT TR S S 14 pt
Subscript/Superscript (KPYTHBUL HHACKC). ...v.vvvveneeirerneieesniennenes. 10 pt
Sub—Subscript/Superscript (MEIKHA HHAEKC). ........vvvviveeneireneeinn e 8 pt
Symbol (KpYIHBIA CUMBOM)....vueieeniaeaeien e eiiiin e e eeen e e 16 pt
Sub-Symbol (MeTKHIT CHMBOM). . cevvevaeinirseeeeeeeennienn, e 12 pt

. Bee rabnuugs JOMXKHEI UMETh Ha3BaHHE H H(}pHﬂKOBH}“{ HOMED H pacnojia-

raTeCs 10C/Ie YIOMHHAHUS 110 TeKCTy, Hanpumep: Tabmuua 2. Knaccuduka-
uns My@T. Kaxnas abnuna I0/0KHa HMETh OJIMH HHTEpBas CBEPXY H CHH3Y.

. Cnucok auTepaTypbi JOMKEH ObITh NPUBEieH B KOHIE CTATHH B COOTBET-

CTBHM ¢ obpasuom. [lepedens cCuinoK JOMKEeH ObITE COCTABACH B 1opaaKe
ynoMuHanus B Texcre. CChITKYE Ha UTEPATYPY 3aKIIOHaeTCs B KBajIpaTHBIE
CKODKH.

. TeKcT pyKomHcH c1athy TpeOyeTcs 3allUcaTh Ha AMCKETY 3,5 HrofMa, KOTO-

PYIO HYXHO MOANHKCATH CReAYIOmuM 06pasoM: GaMUIHN K HHULHANE! aBTO-
POB, Ha3BaHHe CTATHHU.

. Matepuaiis! pykonucs npefcrasisiores 6e3 u3rubos,
. Marepuansi, He oTBevaloMe NepeuHCIeHHbIM TPeBOBAHHAM U TCMATHKE

HaHHOTO CGUPHHK&, d TaKXE IIOCTYMHBILIKE B PCAEKUHOHHYK) KOJUIETHIO C
OMo3JaHKeM, Omy6IHKOBaHE! He BYAYT.
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