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SKCMNMEPUMEHTAJIbHOE UCCJIIEQOBAHME
TEXHOJIOM'MYECKMUX YINMPYITMX AEDOPMALMMA
LLEHTPAJIbHbIX OTBEPCTHUM LLECTEPHEM

A. C. Cepkos, B. B. lepkay, C. B. Muxaunetnko, J1. b. CepkoBa

OMCcCKMIt rocypapCTBEHHbIM TEXHUHECKMIM YHUBEPCUTET,
Poccus, 644050, r. Omck, np. Mupa, 11

B pabote 3KCnepMMEHTaNbHO MCCNEAOBAHO BO3HMKHOBEHME TEXHONOIMYECKMX YNPYyrux gedopmaumi
LLeHTPanbHbIX OTBEPCTMH LIECTePHEH Manoi TeXHONOrMYeCKOM XeCTKOCTH (HexecTknx wectepHen),
BbI3BaHHbIX BCNEACTBME MX 3aKpenneHusi B TPeXKYNauyKoBbIX CAMOLLEHTPMPYIOLWMX NaTpoHax. Beinon-
HEHO 3KCNepMMeHTaNbHOe CPaBHEHMe CXeMbl 3aKpenneHMsl 3a 3BOMbBEHTY CO CXeMOM 3aKpenneHus
33 HapYXHbIM AuameTp. MocTpoeHbl rPadhMKu MCKaXKeHUst (POPMbl OTBEPCTUSI OT KPYFAOCTH B 3aBMCH-
MOCTH OT MOMEHTA 3aTSXKKM NPMIIaraeMoro K pyKosiTke JMHaMOMeTpHyecKoro Kmoua. Mpu nomoum
MeTOfla HaMMEHBbLUMX KBAAPATOB NOATBEPXKAeHa npeAnonaraeMasi NMHeHHasl 3aBUCMMOCTb FPachHKoB
MCKaXKeHUst (POPMbl OTBEPCTUS OT KPYTrIOCTH B 3aBUCMMOCTH OT MOMEHTA 3aTSXKKM NMPUAAraeMoro K py-
KOSITKE MHAMOMETPHUYECKOTO Kito4a. BbINONHeHbI CpaBHeHMSl Pe3ysbTaToOB, MOMYYEHHbIX MPYM NOMOLLM
3KCMEePMMEHTA C pe3ynbTaTaMM, NONYYEeHHbIMM PaHee NMPM NMOMOLLM KOMNBIOTEPHOIO MOAENMPOBAHKS;
NOATBEPEHA afleKBAaTHOCTb KOMMbIOTEPHLIX MOAENeH M JOCTOBEPHOCTb MOMYYeHHbIX 3KCNEPHMEH-
TanbHbIX Pe3YNbTaTOB. DKCNEPUMEHTANBHO YCTAHOBJIEHO, YTO NMPM 3aKPENnneHUH 3a IBOJIbBEHTY BO3HMKAeT
B cpeaHeMm Ha 30,23 % MeHbLIe BenMuMHA MCKaXKEeHUS (POPMbI OTBEPCTUS OT KPYFIOCTH MO OTHOLIe-
HMIO K CXeMe 3aKpenneHusl 3a HapYXHbii guameTp. JlaHHble pe3ynbTaThl AOKa3bIBAlOT, YTO CXeMa
3aKpenneHus 3a 3BOJIbBEHTY LIECTEPHEH MaJNioM TEXHOJIOrMUYECKOM YKECTKOCTM SBASEeTCS Hamnyulen
C TOYKM 3PEHMSI HAMMEHBLUEro MCKaXKeHMsi (hOPMbl OTBEPCTHIM OT KPYrioOCTH B CPAaBHEHMM CO CXEMOM
3aKpenneHusl 3a Hapy>KHbIM AMAMeTp.

HayuyHasi HOBM3Ha 3aKNIOYaeTCs B MCCNEeOBaHMM BAMSIHMSI CMA 3aKpensieHMsl Ha MCKaXKeHue (PopMbl OT-
BEPCTHS LUECTEPHM MANOMH TEXHOMOIMYECKOM YECTKOCTM NMPM 3aKpensieHMM ee 3a HapYXXHbIM AHMaMeTp
M 3a 3BOJNIbBEHTY B TPEXKYNayKOBOM CaMOLeHTpMpYylowem naTpoHe. MosnyyeHHble B pe3yrnbTaTe MC-
CnefoBaHMM JaHHbIe MO3BOMNISAT HAYYHO OGOCHOBAHHO Ha3HAYaTh MapPaMeTPbl 3aXKMMHbIX YCTPOMCTB NpM
M3rOTOBJIEHMM LUECTEPHEH MANIOM TEXHOJNIOTMYECKOM YECTKOCTH, MCMONb3yEeMbIX B JieTaTenbHbIX anna-
parax.

KnioyeBble cnoBa: TexHONOrM4eckme ynpyrue aedopMmaLMM, LUeCTEPHH, BY6"Ia'I'bIe Koneca, catennmrbl,
Manasi TexHonornyeckKas ¥eCcTKoCTb, TeXHOJoryyecKas HacnefiCTBEeHHOCTb, MCKaXKeHne (PpopMbl OT KpPY-
rNOoCTHM, NOrpeLlHOCTb 3aKpenneHus.
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BBepeHnue

[llecTepHn MaAOM TeXHOAOTMYECKOW JKECTKOCTHU
B AeTaTEeAbHBIX alllapaTaxX OOBIYHO HAXOAATCS B Me-
cTax, TAe TpeOyeTcs Iepepada BpallleHUs MeXKAY pas-
AWYHBIMM YacTIMH MeXaHW3Ma. TakyKe OHM MOTYT
MIPUMEHSTBECS B THUAPABAMUYECKUX CUCTEMax AAA Iepe-
AQUU AABAEHMS >KHMAKOCTH OT HACOCa K MCIIOAHUTEAb-
HBIM MeXaHM3MaM. B cucTeMax, OTBeYaloliuX 3a ras3o-
pacrpeaeAeHre IIeCTepPHU MaAOM TeXHOAOTUYEeCKOM!
KECTKOCTH, MOT'YT IIDUMEHATBLCA AN IIepepaud Bpallla-
TEeABHOTO ABMJKEHUSI OT IIPUBOAHOTO Bara K pacipepe-
AUTEABHOMY BaAy, KOTOPBIM OTKpPHIBAeT M 3aKphIBaeT
KAAIlaHLI ABUTATeAs], IOTOMY 9YTO TpelOyeTcs TOYHas
CHUHXPOHM3alusa pPabOoThl KAAIIAHOB AAA OOeclieYeHUs
ONTUMAaAbHOTO CrOpaHUsI TOIAWBAE, a TakKe AAST 9¢-
dekTUBHOCTH PabOTHI ABUTraTeAs. [103TOMy TOUHOCTH
CHMHXPOHM3AIuNU pabOThHl KAAIIaHOB 3aBUCHUT OT Kaue-
CTBA ¥ TOYHOCTHU M3TOTOBAEHUS LIECTEPHEN MAAOU TeX-
HOAOTHUUYECKOU JKECTKOCTH.

Tak>ke IIeCTepHU MaAAOU TEXHOAOTUYECKOM >KECT-
KOCTHU IINPOKO UCIIOAB3YIOTCS B CUCTEMaX yIIPaBA€HUSA
caMOAETaMM, a UMeHHO:

1. B MexaHm3Max ynpaBAaeHus 1noaérom. [Ipu-
MeHeHHUe TaKHUX IIecTepHell B MeXaHH3MaxX yIpaBAe-
HUS TTOAETOM II03BOASIET O0eCIIeYUTh MAABHOCTHL XOAQ
U YMEHBIIUTb HarPpy3Ky Ha CUCTeMY yIIpaBAEHUs.

2. B snepoHax u 3akpblAKax. [IpuMeHeHne Takux Ire-
CTepHEW B dAepPOHaX M 3aKPBIAKaX 00eCTIeYMBAIOT BBHICO-
KyIO0 TOUYHOCTb U HAAEKHOCTEb PaOOThI 3TUX 3AEMEHTOB.

3. B mpuBopax BCIIOMOTATEABHOTO OOOPYAOBAHUSA.
[TpuMeHeHVe AQHHBIX IIeCTepHEN B IPUBOAAX BCIIO-
MOTaTeABLHOTO OOOPYAOBAHMS, TaKUX KaK HacCOCHI TH-
APaBAMYECKUX CHCTEM, TeHepaTOPHl 3AEKTPOIHEPIUU
W ApyTHe arperaTel, IIO3BOASET CHU3WTL BUOpanuu
U TIOBBICUTH HAAEKHOCTH PAaOOTHI MEXaHU3MOB.

4. B maccu camoaérta. [IpuMeHeHUe UX B I1acCu ca-
MOAETa, @ UMEHHO B CHUCTeMe BBIITyCKa M YOOPKH IIac-
cu obeclleurBaeT BBICOKYIO TOYHOCTb U HAAEKHOCTH
ABIUDKEHUST KOMIIOHEHTOB IIaCCH MPU UX CKAAABIBAaHUU
W PaCKAAALIBaHUM.

5. B TonauBHBIX cucTemax. [IpuMeHeHUe UX B TO-
MMAUBHBIX CHCTEMaX, a MMEHHO B TONAMBHBLIX HacocCax
U APYTHUX 3AeMeHTax TONAMBHOW CHUCTeMBl obecreuu-

BaeT TOYHOE AO3UPOBAHUE TOIAMBA U MUHUMUIUPYET

M3HOC KOMIIOHEHTOB CHCTEMBIL.
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Takum oOpa3oM, IIecCTepHU MaAOU TeXHOAOIH-
YeCKOM JKECTKOCTU HAXOAAT IIMPOKOe IIpUMeHeHUe
B A€TATEABHBIX amlliapaTrax OAaropaps CBoeu CIocoOHO-
CTH CHIJKATh HArpy3KH, yMeHBIIATh BUOpanuu U ode-
CIIeYMBaTh TOYHYIO paboTy M HaAEKHOCTb PAa3AWYHBIX
CHUCTeM CaMOAETa.

B mpomecce M3roTOBAeHUs IIecTepHeN MaAOM Tex-
HOAOTHYECKOM JKECTKOCTU CYINEeCTBYeT CAOYKHOCTD,
a UMEHHO BO BpeMs MeXaHH4YeCKOU 0OpabOTKU TEXHO-
AOTHMUYeCKHe yIpyrue AedopManuy OKa3bIBAKOT IIps-
MOe BAWSIHME Ha BO3HUKHOBEHME IIOTPEIIHOCTHU 3a-
KpellAeHMs, OT 3HaueHUs] KOTOPOM 3aBUCUT TOUHOCTH
U KAdeCTBO MX M3rOTOBAeHU:A. VIMEHHO IO3TOMYy HC-
cAepOBaHMEe M pa3paboTKa MeTOAOB, CIOCOOOB, IIpU-
éMOB, HaIIpaBACHHBIX Ha MUHUMHU3AIIUIO IOIPEIIHOCTH
3aKpENAeHUs, IBASIOTCS Ba)KHBIM HAIllpaBAECHUEM MC-
CAEAOBAHUN B OOAAQCTH U3TOTOBAEHUS AETarell MaroOu
TEeXHOAOTUUYECKOU KECTKOCTU AeTaTeAbHBIX allllapaToB.

Kpome TOro, y4uTbiBasg HBIHEIIHHEe TeHAEHIUU
K CHWJKEHHIO Beca AeTaTeAbHBIX alllapaTOB U IIOBHI-
LIEHUIO0 UX 3(PE(OEeKTUBHOCTH, HCIOAB30BAHUE TOHKO-
CTEHHBIX AeTaAel, UMeIOIIUX MAAyI0 MacCcy M Maaylo
TEXHOAOTHYECKYIO >KECTKOCTb, CTAHOBATCS BCE Ooaee
pacnpocTpaHéHHBIMU. OAHAKO 3TO TakykKe IIOBBIIIAET
TpeOOBaHMUSA K KAdeCTBY M TOUYHOCTHU MeXaHUUeCKOU
00paboOTKY IIeCcTepHEN MaAOM TEXHOAOTUUYECKOMN JKECT-
KOCTH.

Tak>ke CTOUT CKas3aTb, O TOM, YTO IIOIPEIIHOCTH
M3TOTOBAEHUS IIIeCTepHEH IPU MX JKCIAyaTallu¥ IpU-
BOAAT K IOBBIIIEHUIO AMHAMUYEeCKUX HArpys3oK, BU-
Opanuu, IUIyMy B arperatax; B pe3yAbTaTe TaKue Me-
XaHU3MBI TIPEKAEBPEMEHHO BBIXOAAT U3 cTposa [1].
Mcxopda u3 3TOro MOJKHO CAEAQTh BBIBOA! YEM BHIIIE
TOYHOCTb W3TOTOBAEHUS IIIeCTEpHEM, TeM BLIIIe CTe-
IIeHb HAAEKHOCTH CUCTEM AeTaTeABHBIX allllapaToB.

B panHOU HayyHOU paboTe IOAPOOHO He OyAeT
paccMaTpUBaThCa HIpobAeMa obecIeueHUs] TOUYHOCTHU
M KaQueCTBa M3TOTOBAEHUS IIeCTePHEN MaAOU TEXHOAO-
TMYECKOM JKECTKOCTH, T. K. O0Aee TIOAPOOHO €€ MO>KHO
U3y4yuTh B pabortax [2—19].

B pab6orax [20—23] Ha ONTHYECKUX MOAEASIX Me-
TOAOM (DOTOMEXaHUKU HCCAEAYeTCs HaIpsKeHHO-
AeOpMUPOBAHHOE COCTOSIHME IIeCTepHel Manou
TEXHOAOTMYECKOM >KECTKOCTH, y KOTOPBIX Ha JTale
(PUHUITHON MeXaHUueCKoU 00paboTKe UcKakeHa pop-
Ma LEHTPAABHOTO OTBEPCTUS OT KPYTAOCTH, BCAEA-
CTBHE AENUCTBUS TEeXHOAOTMYECKUX YIPYTUX Aedop-
MaIliM, BBI3BAHHBIX CHUAOM 3aKpeNAeHHUs OT KyAauKOB
caMoOIleHTpUpYIollero narpoHa. I'lo aTol npuunHe npu
MOCAAKe C HATArOM TAKOW IIeCTepPHM C HUCKa)KEHHOM
(dOpMOM OTBEPCTUSA OT KPYIAOCTH Ha 0a30BYIO AETaAb
BO3HUKAET HEPABHOMEPHOE AABAE€HHEe Ha KOHType eé
OTBEPCTUY, BCAEACTBUE Yero BO3HUKAaeT IIpeABapU-
TeABHOe HepaBHOMepHOe HalpsKEHHO-pAedopMupo-
BaHHOE COCTOSHUE B IEPEeXOAHBIX TFaATeAsIX MeKAY eé
3yObSIMHU, UTO CHMJKaeT pecypc e€ MO HU3TUOHBIM Ha-
npsoKeHUsM. [1o3ToOMy NpH W3TOTOBAEHUU IOAOOHBIX
MeTarell eCTb CMBICA PACCUYUTBEIBATH TEXHOAOTHUECKHE
yupyrue pepopMalniy, YTo AQCT BO3MOKHOCTD ITPOI'HO-
3UPOBATh NTOIPEIIHOCTb 3aKPETIACHUS AT HaXOKACHUS
ONTUMAABHOTO PelleHUs 10 €€ yMeHBbIIeHUIO.

Aanree IpUBEAEHBl PE3YABTATHI UCCAEAOBAHUMN ABYX
CXeM 3aKpelAeHHus IIeCTepHEeU MaAOW TEeXHOAOruue-
CKOM >KECTKOCTH, @ UMEeHHO: 1) 3aKpelnreHHe 3a Ha-
PY’KHBIM AMaMeTp; 2) 3aKpellAeHUe 3a 3BOALBEHTY ue-
pe3 yCTaHOBOYHBIe KaAUOPOBaHHBIE POAUKH.

Bropasa cxeMa 3akpelnreHHusI HauboAee ONTHMaAbHA
C TOYKU 3peHUsl pa3MepHOro aHaAus3a, Tak Kak ole-
CIIeYMBAETCsI KOPOTKas pa3MepHas Liellb MeXXKAYy LieH-
TPaABHBIM OTBEPCTHEM U AEAUTEABHOM OKPY’KHOCTH

[16, c. 59], [18, c. 235], [24—27]. B pabotax [28—33]
OBLIAM BBITOAHEHBI UCCAEAOBAHMS HANPSKEHHO-AedOop-
MUPOBAHHOI'O COCTOSIHUS IIeCTEpHEM MaAOM TeXHO-
AOTUUYECKOM JKECTKOCTH, B PEe3YyAbTaTe CAEAAH BBIBOA
0 TOM, UTO NP 3aKPENAEHUH 3a D9BOABBEHTY BO3HUKAET
ropasjp0 MeHbllle HApsS)KeHUU, yeM IPU 3aKpellAeHUHn
3a Hapy’KHBI AuaMeTp. B pabore [34] mpum momoinu
KOMIIBIOTEPHOTO MOAEAUPOBAHUS BBITOAHEHBI MCCAe-
MOBaHUST UCKa’KeHUs1 (POPMBI OTBEPCTUH OT KPYTAOCTHU
IecTepHeld MarOM TeXHOAOTHMYECKOMN JKECTKOCTH, B pe-
3yABTaTe CAEAAH BBIBOA O TOM, UTO IIPM 3aKpPENAEHUU
IIIeCTepHEN 3a 3BOABBEHTY B TPEXKyAQUKOBOM CaMo-
LIeHTPUPYIOIleM IaTpOHe MHCKakeHHe (POpMBI OTBep-
CTUH OT KPYTAOCTH B cpepHeM Ha 30,72 % MeHbllIe, ueM
IIPU 3aKPEIACHUM UX 3 HAPYKHBIU AUaMeTp. A IIOA-
TBEPKACHUST AAEKBATHOCTH KOMIILIOTEPHOU MOAEAU
U TPOBEPKU AOCTOBEPHOCTH IIOAYYEHHBIX OJKCIIepHU-
MEHTAAbHBIX PEe3yAbTATOB HEOOXOAMMO BBIIIOAHUTH
IIPOBEPKY IOAYUYEHHOT'O CPeAHero 3HaueHMU.

Taxum o0pa3oM, AaHHasI TeMa HMCCAEAOBAHUS TeX-
HOAOTHYECKUX YIPYTUX Aedopmanuii OTBEPCTUU LIe-
CTEpHEN MaAOM TEXHOAOIMUYECKOM JKECTKOCTH IIpHU
3aKpelAeHUM KX B IaTPOHE OCTAETCH aKTyaAbHOMU
U HUMeeT OOABIIOe IPAaKTHYeCKOe 3HaueHUe AAS Pas-
BUTHSI TEXHOAOTUMN IPOU3BOACTBA U KOHCTPYKIIUM Ae-
TaTeABHBIX allllapaToB.

ITerp mccaepOBaHUSI — BBIIBAGHUE HaUAyYIIeN
CXeMBbl 3aKpelAeHUsT IIeCTepHer MaAOM TeXHOAOTHYe-
CKOI JKECTKOCTH B TPEXKYAQUKOBOM CaMOIIeHTPHUPY-
IoIleM IaTpOHe C TOUKU 3PeHUs HauMeHbIero HcKa-
>KeHUsi (OPMBI UX OTBEPCTUM, BBI3BAHHOTO MOMEHTOM
3aTsDKKH Ha PYKOSITKE AMHaMOMETPUYeCKOTO KAloda
(cMAOM 3aKpenAeHUs]) AAS OOecIedeHUsT MAU MOBBILIe-
HUSI TOYHOCTH WX MU3TOTOBACHUS.

3apaun

AN AOCTUIKEHUS IIOCTAaBAEHHOM IIeAU MCCAEAO-
BAaHUSA HEOOXOAWMO BBIIOAHUTH 3KCIEPUMEHTAABHOE
HCCAEAOBAHME TEXHOAOTHMYECKUX YIPYTUX Aedop-
MalM¥ OTBEPCTUS LIECTEPHU IIPU 3aKpelAeHUU eé
B TPEeXKyAQuKOBOM CaAMOIEHTPUPYIOIIeM IaTpOHe
3a Hapy’>KHBIM AMAMeTp U 3a 3BOABBEHTY. TakKe AAS
IIOAHOTBI MCCAEAOBAHUSI HEOOXOAMMO IIOCTPOUTH TI'pa-
(UKH 3aBUCHMMOCTU HUCKaKeHUuss (HPOPMBI OTBEPCTHUSA
OT KPYTAOCTH B 3aBUCHUMOCTHU OT IIPUAATA€MOIO MOMEH-
Ta 3aTsDKKU K PYKOATKE AMHAaMOMETPHYECKOI'O0 KAOYA
AT 00eUX CXeM 3aKpellAeHUs, BBIIIOAHUTH CTATHUCTH-
YeCcKylo 00pabOTKy IIOAYYEHHBIX Pe3yAbTAaTOB 3KCIIe-
pUMeHTa, CPAaBHUTH NOAyYeHHBIe MCKa’kKeHUs (pOpMEI
OTBEPCTUA OT KPYTAOCTH IIPU 3aKPENACHUU IIeCTEPHU
3@ 3BOABBEHTY C 3aKpellA€HUEM 3a HaApy’>KHBIM Aua-
MeTp, CPaBHUTH pPaHee MOAyYEHHBIE Pe3YAbBTAThHl KOM-
IBIOTEPHOTO MOAEAMPOBAHUS C 3KCIePUMEeHTAAbHBIMUI
pe3yAbTaTaMH AQHHOW HaydyHOM pabOTHL, AATh PEKO-
MeHAAQIMN [0 MUHHMM3AUUN HCKa’kKeHus (HOPMBI OT-
BEPCTUS OT KPYIAOCTH (IIOTPELIHOCTHU 3aKpelAeHUsd)
EeHTPAABHBIX OTBEPCTUM IIECTEPHEM MaAOM TEXHOAO-
IUYEeCKOM JKECTKOCTH AAG CAydasd IPUMEHEHUus Tpex-
KyAQUKOBBIX CaMOII€HTPUPYIOIIUX NaTPOHOB.

OcCHOBHas 4acTh

Aaree OyAyT NpeACTABAEHBI OCHAUEHUS, ITOPSIAOK
IIPOBEACHUsA JOKCIIEpMMEHTa MW JSKCIIepUMEeHTAAbHbIe
pe3yAbTaTHl OIPEeAEAeHHOr0 HCKa’KeHHs (DOPMBI OT-
BepCTUS OT KPYTAOCTH IIeCTepPHU MaAOU TEXHOAOTHU-
YEeCKOM JKECTKOCTH, 3aKPEIINeHHON B TPEXKYAQUKOBOM
CaMOIL€EHTpUpPYyIomeM IIaTPpOHe B CTAHAAPTHBIX 3aKa-
AEHHBIX KyAduKaxX. B paboTe IpeACTaBAEHBI MCCAEAO-



BaHUs IIECTEPHU MAAOM TEXHOAOTMYECKOM >KECTKOCTHU
OAHOTO THIIOpPa3Mepa M OAHOT'O MaTeprand, IOTOMY 4TO
MNST BBISIBAGHUSI HAWAYUIIEH CXeMBbI 3aKpelAeHus Ile-
CTEpHM B TPEXKyAQUKOBOM CaMOIIEHTPHUPYIOIIeM IIa-
TPOHE 3TOTO BIIOAHE AOCTATOYHO, T. K. OTHOCUTEABHO
Manas IPUKAAAbIBaeMasi CHMAA 3aKpelAeHHs He OyAeT
BBI3BIBATH MAACTHUYECKUX AedopMaluii, T. e. IIecTep-
HsI OYAET WCHBITBIBATH TOABKO yIpyrue AedopMalivy,
YTO TOBOPUT O AMHEWHOCTH 3aAadHd, KOTOpas ITOAUM-
HAeTcA 3aKoHy ['yka. Tak>ke MOJKHO NIPUBECTH IIPUH-
U TOAOOUSI, KOTOPHIA TAACUT, UTO €CAU ABE CHUCTEMBI
reoOMeTPUYECKH IMTOAOOHBI APYT APYTY, @ UMEHHO AAS
1iecTepHel MaAOM TEXHOAOTMUYECKOM >KECTKOCTU ITO
MMPABUAO AOAJKHO BBITIOAHSITBCSI, TO UX MeXaHWYeCKue
XapaKTepUCTUKU TakkKe OYAYT IIPONOPIIHMOHAABHBIMU.
OTO O3HAyYaeT, YTO MPU M3MEHEHUW pa3MepoB TEXHO-
AOTHMYECKOU CHUCTEMBI (HAIIpUMep, YBeAWdeHUe BCeX
AVHEWHBIX M AMaMeTPaAbHBIX pa3MepoB B ABa pasa),
HAIpPSDKEeHUs U ynpyrue AedopMaluy OCTaHyTCS He-
W3MEHHBIMY, HO C YCAOBHEM, YTO CHAA AOAKHA TOXKe
U3MEHSATHCS MPOMOPIIMOHAABHO pa3MepaM, 3TO MOKHO
AOKa3aTh M3 CAEAYIOMINX (DOPMYA:

rAe O — HOpMaAbHOe Hanpsikenue, Mla; F — cuaa, H;
S — HAOLIaAb MOIIEPEYHOro CedeHus, MM. 3aKOH ['yka
YTBep>KAA€eT, UTO HallpsiyKeHUe IIPSIMO IPONOPIIUOHAND-
HO AedopMalliy, 3TO BbIpa’kaeTcsl CAeAyloled dop-
MYAOU:

E-g,

rae E — mopyab FOnra, Mlla; € — OTHOCHUTEABHOE YA-
AMHeHHe. Aaree MOJKHO BBIBECTH (DOPMYAY:

E:Eus.
S

EcAv NpUMeHUTH IPUHIUI IOAOOUS, T. €. B34Tb
ABE OAMHAKOBBIE TEXHOAOTMYECKHWE CHUCTEMBI U Aaree
BO BTOPOM yBEAMYMTb BCEe AMHENHBIe, AlaMeTpPaAbHEIE
pa3Mephl U IPUKAAABIBAEMYIO CUAY B ABa pasa, TO BHI-
pa’keHUsI OYAYT BBITASIAETH CAEAYIOIIUM 0Opa3oM:
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[MToaydaeTcs, UTO AASL BBIABAEHMSI HAWAyUIllel cxe-
MBI 3aKpelAeHUd LIeCTepHEer MaAON TeXHOAOTUYECKOM!
KECTKOCTU C TOYKU 3PEHMsI HAaUMEHBIIEro MCKaKeHUs
(OPMBI X OTBEPCTUH IIPU 3aKPENAEHUU B TPEXKYAQU-
KOBBIX CAMOII€eHTPUPYIOIIMUX ITaTPOHAX HET HEeOOXOAU-
MOCTH B AQHHOM CAy4Yae MCCAEAOBATh IIeCTEPHU ADPY-
TUX TUIIOPA3MepoOB, AOCTATOYHO HCCAEAOBATH TOABKO
OAHY ILIE€CTEPHIO MAAOM TEXHOAOIMYECKOU >KECTKOCTU
OAHOIO THUIIOPasMepa M OAHOTO MaTepHaAa.

CTOUT OTMETUTH, YTO B AQHHOU paboTe paccMaTpu-
BAIOTCS TOABKO Te CAydYaHW, KOTAQ CHUABI 3aKpPeIAeHUS

AEHNCTByeT Ha IIeCTePHU Ha PaBHOM yTAOBOM pacCTOs-
HUU APYT OT APYTa, B AQHHOM CAydae 3TO PacCTOSHUe
paBHO 120 rpapycaMm, APDYTUMU CAOBAMH, IIOAYUYEHHBIE
Pe3yABTaTHl UCCAEAOBAHUS OYAYT CIIPABEAAVBEI TOABKO
MST TEX CAyYaeB, TAE CHABI 3aKpPEIAeHUSs IIecTepHen
AEMCTBYIOT Ha PAaBHOM PACCTOSIHUU APYT OT APYTa, KO-
TOpOe 3aBUCUT OT KOAMUECTBa 3yObeB, B IIPOTHBHOM
CAydae MOYKHO OyAeT TOBOPUTH TOABKO O KaueCTBeH-
HOW OLIeHKe, a He O KOAMYECTBEHHOU, TaK KaK SIBHO
IpU U3MEHEHUM KOAMYeCTBa 3yObeB OYAET MEHAThCS
SIIOpa HANPSKEHWM, COOTBETCTBEHHO M WCKa’kKeHUe
OpMBI OTBEDPCTHSA OT KPYTAOCTU OyAET APDYTUM, HO 3Ta
TeMa y’Ke APYTroro Hay4YHOrO MCCAEAOBAHUS.

B paboTe OLIAO IPUHATO IIPEeAEAbHOE 3HaUeHHe 3a-
TSKKA AMHAMOMETPUYECKUM KAIOUOM, PaBHBIM M, = =
=42,5 H-Mm. OTO 00OBACHSETCS TeM, 4TO IIPU HPEBHI-
IIIEHUY AQHHOTO 3HaUYeHUsI ObIAa BEPOSITHOCTE TOTO, UTO
IIeCTepHS MOTAA HaA4yaTh WCIBITHIBATH IIAACTUYECKUE
AeopMaliuy, KOTophele IlepecTard Obl HOAYMHSATHCS 3a-
KOoHy I'yka. B a3ToM cAyuae 3apaua nepecTtanra Obl OBITH
AMHEWHOW, COOTBETCTBEHHO, OBIAO OBl HEBO3MOJKHO
BBITOAHUTH KOAMYECTBEHHYIO OIIeHKY MCKa*KeHusT hop-
MBI OTBEPCTHSI OT KPYTAOCTH, TaK KaK IIeCTEPHSI OAHQ,
a cxXeMBl 3aKpellAeHHs ABe, B pe3yAbTaTe IIAAcTHUe-
ckue AedopMallid BHECAW OBl HESICHOCTb B KOAWUe-
CTBEHHYIO OIleHKYy. TakyKe IIpH IIPOMU3BOACTBE TaKHX
A€Tanell IAaCTUYecKHe AedOpMalluyd COBCEM HEAOIY-
CTHUMBI, 3TO CUHUTAETCS OPaKkoM.

[IecTepHs MarOM TEXHOAOIMYECKOU JKECTKOCTU U3-
TOTOBA€HA 1O TeOMEeTPUYECKHUM IlapaMeTpaM M MapKe
MaTepuana, IpeACTaBAeHHBIM B padoTax [34, 35]. Kom-
IbIOTEepHass MOAEABb IIeCTePHM MaAOM TeXHOAOTuYe-
CKOM KECTKOCTH U3 paboTHI [34] sBAsIeTCsI HIM(PPOBLIM
ABOMHUKOM HCCAEAYEeMOU IIIeCTEPHU AQHHOU PabOTHI,
IIO3TOMY 3TO AQET ITOAHOE IIPaBO CPaBHMBATH IIOAYUEH-
HBIe Pe3yABbTAThHl KOMIIBIOTEDHOTO HCCAeAOBaHUsA [34]
C pe3yAbTaTaMM, IOAYYeHHBIMU AaOOPaTOPHBIM 3KCIle-
PUMEHTOM.

OcHallleHue DKCIIepUMEeHTa:

1. Aunamometpuueckuit kKatou TA-B0060-12 nmpous-
BopuTeas: Automotive Equipment & Tools ¢ pabouum
MoMeHToM 3aTskku M, = 10..60 H-wm.

2. TpexKyAauKOBBIM CaMOLEHTPUPYIOMIUMN NaTPOH
7100-0002IT [36] mpousBoauTenss GRIFF.

3. KommaekT m3 3-X 0OpaTHBIX 3aKAaASGHHBIX KyAdd-
KOB ((pakTmueckoe cpepHee apupmeTHueckoe 3Haye-
HHUe TBEPAOCTU II0 MeTopy PokBeara — 57,22 HRC3)
K natpory 7100-0002IT [36] (mpou3BopuTeab FUERDA).

4. KooppUHATHO-U3MepUTEeAbHas MallliHa pydYHas
Mitutoyo Crysta Plus M443.

5. Illectepust m3roroBaeHa u3 cTaanm 38XC [37]
(pakTHUECKOE CpepHee apudMeTHyeckoe 3HauyeHue
TBEpAOCTH 110 MeTOAY PoksBeara — 38,17 HRC3).

6. KommaeKT u3 3-X YCTAHOBOYHBIX KaAMOpOBaH-
HBIX POAWMKOB, M3TrOTOBAEHHBIX U3 cTaru LIIX15 [38]
(dpaxkTUUueckoe cpepHee apu@MeTHUECKOoe 3HaueHUue
TBEpPAOCTH IIO0 MeTOAy PoksBeana — 61,78 HRC3).

B skcmepuMeHTe LIeCTEPHS MaAOU TEXHOAOTHYEe-
CKOM JKECTKOCTU 3aKpeNAsrach B TPEXKYAQUKOBOM
CaMOIIeHTPUPYIOIeM IaTPOHe 3a Hapy’KHBIU AMaMeTp
(puc. 1a) 1 3a 3BOABBEHTY uepe3 YCTaHOBOUHBIE KaAU-
OpoBaHHBIE POAUKU (puUc. 10), AnaMeTp KOTOPBIX pac-
CUNTBIBAACS IIO METOAY, ONHMcaHHOMY B pabore [39].
Taxr>xe AmaMeTp yCTaHOBOYHBIX KaAMOPOBAHHBEIX POAH-
KOB MOJKHO PaCCUUTATh IIPU IIOMOIIY ITPOTPAMMBL AAST
OBM [40].

AAst yAOOCTBa 3aKpelAeHMsI UM HaArASAHOCTH U3Me-
PEHHsI MeCTa IIPOTH0a ¥, PACKpalIeHbI OEABIM IIBe-
TOM (IIOA KyAQUKAMH), @ MECTa BEITHOQAHUS Vo, (MEKAY
KyAQuKaMM) — 3eA€HBIM [BeTOM (uudpa 3 B UHAEKCEe
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Puc. 1. 3aKkpenaeHue mecTepHU:
a) 3a Hapy KHBIN AuaMeTp; 0) 3a YBOABBEHTY
Fig. 1. Fixing a gear: a) by external diameter;
0) by involute

0003HavYaeT KOAMYECTBO KYAQUKOB CAMOLEHTPUPYIO-
IIero ImaTpoHa; MHAEKC S obo3HavaeT CXeMy 3aKpeline-

HUS, IPU 3aKPEeNAeHNUH 3a Hapy’KHBIU AnameTp s = 1,
[IPU 3aKPENACHUHN 3@ IBOABBEHTY S = 2).
AAsT  BBEIIOAHEHUSI OKCIIEPUMEHTa HWCIOAb30Ba-

AaCh KOOPAMHATHO-U3MepUTEeAbHasl MallliHa pydHas
Mitutoyo Crysta Plus M443, Ha cTOAe KOTOPOM pac-
IIOAQTAAC  TPEXKYAQUKOBEIM  CaMOLLEHTPUPYIOLINY
natpoH 7100-0002IT [36] ¢ 3akpenA€HHOU B HEM Iile-
CTepHEU MaAOU TEXHOAOTUYECKOMN >KECTKOCTU. 3aKpe-
IA€HUE IIeCTePHU MAaAOU TEXHOAOTMUYECKOU >KECTKO-
CTH B TPEXKYAQUKOBOM CaMOIIeHTPUPYIOUIEeM IaTpoHe
OCYIIECTBASIAOCE IIPH TIOMOIIM AWHAMOMETPUIECKOTO
kAatoya TA-B0O060-12.

[lpu momomy 1yna, OCHAUIEHHOTO HAaKOHEYHUKOM
chepudeckoil OPMBI, BEITOAHEHHBIM U3 pyOUHA, IIPO-
HCXOAUT U3MePeHHe TPOTHOA ¥y, KOHTYPA OTBEPCTHS
IIeCTepHU B MeCcTaX IPHUAOKEHMS CUA 3aKpelAeHUs
(moa, Kyaaukamu, OeABId IIBeT), a BhIrMOaHUe yé’m n3-
MepsieTCs B CEYeHUH IIECTePHU, PACIIOAOKEHHOM IIO-
cepeprHe MeXXAY KyAauKaMU (3eAE€HBIN ILIBET).

[NorpentHocTs H3MepeHUN KOOPAMHATHO-U3MepHU-
TeAabHOM MalnHbI Mitutoyo Crysta Plus M443, coraacHo
TEeXHUYECKOMY IIaCIIOPTy, MOJKET COCTaBASITL He Ooaee
0,004 mM. CoraacHo cepTuduUKaTy KarAMOPOBKU AWHA-
MoMeTpuyeckoro karoda TA-B0060-12, morpemrHocTb
MOMeHTa 3aTs’KKU IpH paboTe IIO 4aCOBOM CTPEAKe
He npeBbiniaeT 2,4 %.

[MopsinOK TIpOBeAeHUs SKCIepUMeHTa IIPU 3aKpe-
IAEHUU IIeCTePHU MAaAOM TEXHOAOIMYECKOU >KECTKO-
CTH 3@ HapPy’KHBIM AuaMeTp (PHUC. 1a) OBIA CAEAYIOLIMM:

1. IllecTtepHda 0Oe3 ycuAug (KyAQ@uKU ITaTPOHA AOBO-
AUAAUCH AO KaCaHUs C HapYy>KHBIM AMaMeTpOM IIecTep-
uu M, = 0 H-M) 1eHTpupoOBarach B TPEXKYAAYKOBOM
camolieHTpupytomeMm narpore 7100-0002IT [36] u aa-
Aee, B COOTBETCTBUU C 1 u3 (Taba. 1), Tpu pasa uamepsi-
AOCh OTKAOHEHWE (DOPMBI OTBEPCTHS MIECTEPHU Ady,, ,
TIOAYYEeHHBIE Pe3yAbTaThl 3alIMCHIBAAUCE B TaOA. 1.

2. Ilpy moMoIM AWHAMOMETPUYECKOIO KAIOUYa
TA-B0060-12 mpou3BOAUAOCH 3aKpeIlAeHUEe MCCAEAY-
€MOU IIeCTEePHU MAAOM TEXHOAOTHMUYECKOU >KECTKOCTHU
B TPEXKYAQUKOBOM CaAMOILIEHTpUpYIoLeM narpore 7100-
0002IT [36], mpu 3TOM Ha PYKOATKe AWHAMOMETpUYe-
ckoro kKAatoua TA-B0O060-12 mpraarascsd MOMEHT 3aTsK-
KU M_,, COOTBETCTBYIOIINN 3aAaHHOMY U3 TalOA. 1.

3. TIpon3BOAUAUCE U3MepeHHuss TeXHOAOTMUYeCKUX
yIpyrux AedopmManuii OTBEPCTHUS IIeCTepPHU HAIpo-
THUB Ka’KAOTO U3 TPEX KYAQUKOB (IIPOTrHOBL Yim )
a Tak)Ke 110 CePEeANHEe MeXKAY HUMHU (BBIIMOAHUS ;).
Ha skxpane OBM, IIOAKAIOUEHHOM K KOOPAUHATHO-U3-
MepuTeAabHOM MamuHe Mitutoyo Crysta Plus M443,
BBIBOAMAMCH 3HAUeHUs HCKa’kKeHus (QOpPMEBEI OTBep-
ctust Ad),. AAHHBIE M3MepeHHss B COOTBETCTBUU C |
u3 TabA. 1 NPOBOAMAMCE TPU Pas3a, Pe3yAbTAThl U3Me-
peHul HCKa’keHUs (POPMBI OTBEPCTHS Ad;,, 3aHOCH-
AUCH B TabOA. 1.

4. TIyHKTEI 2 1 3 IOBTOPSIAUCE AASI BCEX 3aAQHHBIX
MOMEHTOB 3aTsKKU M, 13 TabA. 1.

5. Bce mnoayuyeHHBIE peE3YABTATHL
3aHOCHUAUCH B TaOA. 1.

JKCIIepUMEeHTa

TaOauna 1. Pe3yabTaThl 9KCIepUMeHTa NPH 3aKpelAeHUU MeCTePHU MaAOll TEXHOAOTMYECKOH JKECTKOCTH

3a Hapy>XHbII AMamMeTp

Table 1. Experimental results for fixing a gear of small technological stiffness by the external diameter

st | | £ Ay, — |
ij § § - i Ei KoAnuecTBO MOBTOPHBIX U3MepeHwuii | Ady; Ady, Ary;
1 2 3

1 0 0,003 0,003 0,004 0,0033 0,0000 0,0017

2 10,0 0,024 0,025 0,024 0,0243 0,0210 0,0105

3 12,5 0,027 0,027 0,028 0,0273 0,0240 0,0120

4 15,0 0,030 0,031 0,030 0,0303 0,0270 0,0135

5 17,5 0,033 0,034 0,034 0,0337 0,0303 0,0152

% 6 20,0 0,036 0,037 0,036 0,0363 0,0330 0,0165

E 7 22,5 0,040 0,039 0,039 0,0393 0,0360 0,0180
)E 5 8 25,0 0,043 0,042 0,042 0,0423 0,0390 0,0195
; 9 27,5 0,046 0,045 0,045 0,0453 0,0420 0,0210
§ 10 30,0 0,049 0,048 0,049 0,0487 0,0453 0,0227
;} 11 32,5 0,052 0,053 0,052 0,0523 0,0490 0,0245
12 35,0 0,055 0,054 0,055 0,0547 0,0513 0,0257

13 37,5 0,059 0,058 0,059 0,0587 0,0553 0,0277

14 40,0 0,062 0,061 0,061 0,0613 0,0580 0,0290

15 42,5 0,065 0,065 0,066 0,0653 0,0620 0,0310

16 0,0 0,004 0,003 0,003 0,0033 0,0000 0,0017




6. IIlecTepHs pacKpenAsnach M3 TPEXKYAAuKOBOTO
camolleHTpupylolero narpona 7100-00021T [36].

Cpepnre apudmeTnyeckre 3HaUYeHUs U3MEPEHHBIX
VCKa)KeHUU (POPMbI OTBEPCTUS IIIECTEPHU MAAOU TEXHO-
AOTUYECKOM JKECTKOCTH PACCUUTHIBAAUCEH TI0 (DOPMYAE:

+ Ad>

13i3 |

_Ady, + Ady

13i1 13i2

1

Ad>

13i

[Tepepa 1. 6 mopsiAka IPOBEAEHUsT dKCIepUMeHTa
U3MePSIAUCH OCTAaTOYHBbIE INAACTHUYeCKHe AedopMaluu
KOHTypa OTBEPCTUSA IIeCTePHU, CIIeHTPUPOBAHHOU Oe3
ycupaust (M, o = 0 H-M) B TPEXKYyAQUKOBOM CaMOIIeH-
Tpupytomem narpoHe 7100-0002IT [36], B pe3yabraTe
CAEAQH BBIBOA, YTO OCTATOYHBIX IIAACTUUECKUX Aedop-
Malluii He BO3HUKAO, T. K. Ady, = Ada, = 0,0040 .

Aanee OIIpeAEAsIAMCH MCKakeHus (POPMBI OTBEp-
CTUs IIeCTEePHU C y4ETOM OTKAOHEHUS (POPMEI OTBEp-

2 .
ctus Ady;, 1o hopmyae:
2 _ 2 2
Ad]Si - Ad]Si - Adm'
OtrkroHeHre (DOPMBI OTBEPCTHsL LIECTEPHU Ady,
2 — —
u Ady, (Mg, = Mg, = 0 H-M) HEoOX0AUMO TIpeos-
pasoBaTh B MCKa)KeHHe (POPMBI OTBEPCTUSA OT KPYTAO-
CTU 110 (DOPMYAE:

. Ad2
Ar& = 8L,
2
, Ad>
Ary = S
2

Aaree HeOOXOAMMO IIpeoOpa3oBaThb HWCKa’keHUe
(OpPMBI OTBEpPCTUS LIECTEPHU Ad133i B HCKa’keHue
(OPMBI OTBEPCTHUSA OT KPYTAOCTHU IO (DOpPMyAe:

W3mepeHHbIE ¥ pacCUNTAHHBIE PE3YABTATH 3aHecCe-
HEI B TaOA. 1.

[MopsinOK HpOBeAeHUs SKCIepUMeHTa IIPU 3aKpe-
IIAEHUM [IeCTEPHU MAAOM TEXHOAOTMUECKOU >KECTKO-
CTH 3a YBOABBEHTY uepe3 yCTaHOBOYHBIE KaAMOPOBAaH-
HBle POAUKHU (pHUC. 10) OBIA CAEAYIOLINM:

1. IllecTtepHda 0Oe3 ycuAug (KyAQ@uKU ITaTPOHA AOBO-
AUAUCH AO KacaHus C yCTAHOBOYHBIMU KaAuMOpOBaH-
HBIMM DPOAMKAMHM, yCTAQHOBAEHHBIMU MeJKAY 3yObsIMU
mecrepun M, = 0 H-M) neHTpupoBarachk B TPEXKY-
AQUKOBOM CaMoOIleHTpupylomeM narpoHe 7100-0002I1
[36] u panee, B cooTBeTcTBUM C | U3 TabA. 2, TpU pasa
U3MepPsINOCH OTKAOHEeHUEe (POPMEBI OTBEPCTHS IIecTep-
HH Ad)),, TOAy4YeHHBIE DPE3YABTATHl 3alMCHIBAAKCE
B TabA. 2.

2. Ilpy moMouM AMHaAMOMETPUYECKOTO KAIOYa
TA-B0060-12 mpou3BOAMAOCH 3aKpENAEHUE UCCAEAY-
€MOU IIeCTEPHU MaAOW TEXHOAOIMYECKOM >KECTKOCTHU
B TPEXKYAQUKOBOM CaMOIleHTpupyolleM narpose 7100-
0002I1 [36], mpu 5TOM Ha PYKOSITKE AMHaMOMeTpude-
ckoro kAatoua TA-B0060-12 mpunrarancss MOMEHT 3aTsIK-
K1 M, COOTBETCTBYIOIIUA 3aAAHHOMY M3 TaOA. 2.

3. [Ipou3BOAMAMCEH U3MEPEeHUsI TEeXHOAOTUYECKUX
yapyrux aAedopMalui OTBEpPCTHS IIEeCTePHU HAlpo-
TUB KaKAOTO W3 TPEX KYAQUKOB (IIPOTHOBI ¥ aps;),
a TakXe 10 CepeprHe MEXAY HUMU (BBITUGAHUS Y ioy,,)-
Ha skpane OBM, IOAKAIOUEHHOU K KOOPAWHATHO-U3Me-
puteabHON MaminHe Mitutoyo Crysta Plus M443, BrIBO-
AVAWCh 3HAUEHWsI MUCKAKEeHUs (POPMBI OTBEPCTHUS  Ad.,,-
AaHHbBIEe U3MepeHusI B COOTBETCTBUU C | u3 TabA. 2 1po-
BOAMAVICH TPU pasa, Pe3yAbTaThl WU3MEpeHUN HCKayke-
HUA (POPMEI OTBepCTUs Ady,, 3aHOCHAMCH B TabA. 2.

Ta6auna 2. Pe3yAbTaThl 9KCIIEPHMEHTa IIPH 3aKPeNAeHHH IMIeCTePHH MaAOi TeXHOAOTHYECKOH JKECTKOCTH
3a BOABBEHTY Yepe3 YCTaHOBOYHEBIe KAaANOPOBaHHbIE POAMKHU
Table 2. Experimental results for fixing a gear of low technological stiffness by the involute through setting

calibrated rollers

g 5 " . ; Ad3,, MM | |
°gxz 5 i % KoAnuecTBO MOBTOPHBIX Ad, Ady, Ary,
O g=< s . 9KCIEePUMEHTOB |
1 2 3
1 0,0 0,003 0,004 0,003 0,0033 0,0000 0,0017
2 10,0 0,018 0,019 0,018 0,0183 0,0150 0,0075
3 12,5 0,020 0,020 0,021 0,0203 0,0170 0,0085
4 15,0 0,022 0,023 0,023 0,0227 0,0193 0,0097
5 17,5 0,025 0,024 0,025 0,0247 0,0213 0,0107
6 20,0 0,027 0,027 0,026 0,0267 0,0233 0,0117
E 7 22,5 0,029 0,028 0,029 0,0287 0,0253 0,0127
gg 5 8 25,0 0,031 0,030 0,031 0,0307 0,0273 0,0137
% 9 27,5 0,033 0,032 0,033 0,0327 0,0293 0,0147
3 10 30,0 0,034 0,035 0,034 0,0343 0,0310 0,0155
11 32,5 0,037 0,037 0,036 0,0367 0,0333 0,0167
12 35,0 0,039 0,038 0,039 0,0387 0,0353 0,0177
13 37,5 0,041 0,042 0,041 0,0413 0,0380 0,0190
14 40,0 0,043 0,044 0,043 0,0433 0,0400 0,0200
15 42,5 0,045 0,045 0,046 0,0453 0,0420 0,0210
16 0,0 0,003 0,003 0,004 0,0033 0,0000 0,0017
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4. TTyHKTEL 2 U 3 TOBTOPSIAUCH AAST BCeX 3aAAHHBIX
MOMEHTOB 3aTsKKU M, U3 TabA. 2.

5. Bce moOAyueHHBIe pPe3yAbTATBl JIKCIEPUMEHTA
Adj,, 3a8HOCHUAUCH B TabA. 2.

6. IllecTepHa pacKpenAsiraCh U3 TPEXKYAAUKOBOI'O
camolleHTpuUpytolero narpona 7100-0002IT [36].

CpepHne apudmMeTudecKue 3HaUeHUsI U3MepPEeHHBIX
UCKaKeHUU (POpMBI OTBEPCTHUS LIECTEPHU MAaAOW TeX-
HOAOTHYECKOM JKECTKOCTH PacCUMTBHIBAAUCH IO Op-
MYA€:
— Ad233i1 + Ad233i2 + Ad233i3 .

1

Ad2

280

IMepep 1. 6 mopsiaAka NIPOBEAEHUsI SKCIIepUMeEHTa
U3MEePSIAUCH OCTAaTOYHBIE IAACTHYECKHe AedopManuu
KOHTypa OTBEPCTHs LIeCTePHY, CIeHTPUPOBaHHOMU
C MOMeHTOM 3aTsikku Ms, . = 0 H-mM B Tpexkyrau-
KOBOM caMolleHTpupyloieM narpore 7100-0002IT [36];
B pe3yAbTaTe CAeAaH  BBIBOA, UYTO  OCTATOYHBIX
IAACTHYECKUX AedopMalluid He BO3HUKAO, T. K.
Ady, = Ady,, = 00040 MM.

Aaree OIPEAEASIAUCH HUCKa’KeHUs: (POPMBI OTBEP-
CTHS IIECTEPHU C YIETOM OTKAOHEHHSI (DOPMBI OTBEP-
cTust Ady, 1o dopmyae:

AdY, = Ady, — AdY, .

OtrArOHEHUE (DOPMBI OTBEPCTUsI IIeCTEPHU Ady,

3 — —
uAdy, (M, = M, = 0H-M) Heo6xoauMO mpeobpa-
30BaTh B MCKa)KeHMe (POPMBI OTBEPCTUSI OT KPYTAOCTH

o hopmMyaaM:

Afg = Ad2331
b2
> Ad23316 .
2316 9

Aanree HeOOXOAMMO HOpeoOpa3oBaTh HCKa)KeHHe
(OPMBI OTBEPCTHUA LIECTEPHU Adfa'l. B HCKa)KeHHUe (hop-
MBI OTBEPCTHUSI OT KPYTAOCTU 110 (popMyAe:

Arzgx = Adgi ’
2

V3MepeHHBIE ¥ paCCUUTAHHBIE PE3YABTATHI 3aHece-
HBI B TaOA. 2.

Ha puc. 2 u puc. 3 npeacTaBAeHBI TpaUKU 3aBU-
CUMOCTU UCKa’KeHUU POPMBL OTBEPCTUS OT KPYTAOCTH
Arf& B 3aBUCHMOCTH OT MOMEHTa 3aTsKKu M, AWHA-
MoMeTpudyecKuM KarouoMm TA-B0060-12 npu i = 2...15.

Hcxopsa m3 MOAydeHHBIX I'PadUKOB (PUC. 2 M pUC.
3), MOJKHO IIDEANIOAOJKHUTH, 4TO IOAyYeHHBIe KPHUBHIE
3aBUCHUMOCTH UCKa>KeHUM (POPMBI OTBEPCTUS OT KPY-
IAOCTH Ar;, B 3aBUCHMOCTH OT MOMEHTA 3aTSDKKH M,
AmHamMoMmeTpudeckuMm KatouoMm TA-B0060-12 aast o6eunx
CcXeM 3aKpelAeHUs B TPeXKYAQUKOBOM CaMOIIeHTPUPY-
IOI[eM TIaTPOHE MMEIOT AWHEHHYIO 3aBUCUMOCTb.

[Tocre mpoBepeHHsT 3KCIIEPUMEHTOB KyAQuKU Iile-
CTepHSI U YCTAHOBOYHBIe KaAUOPOBAHHBIE DPOAUKH
OBIA BHU3yaAbHO OCMOTPEHBI Ha OTCYTCTBUE CMATUU
B MecCTaX KOHTaKTa MX APYT C APYroM B MOMEHT 3a-
KpenaeHus. B pe3yabTraTe cMAaTUN He OBIAO BBIIBACHO.

Aanree Arg 0OpabOTKU IIOAYYEHHBIX 3KCIIepUMeH-
TaAbHBIX Pe3YABTATOB MCIIOAB30BAACS CTATUCTUYECKUU
MeTOpA OOpabOTKU pPe3yAbTAaTOB — MeTOA HauMeHb-
IINX KBaApaToB [41—45], B uTore OBIAU HOAYYEHEI
ypaBHeHUs (OYHKIUN KPUBBIX HCKaKEHUs (HOPMBL

3a Hapy>KHBIH THaMeTp

0,0300
0,0275
0,0250

MM

. 0,0225
0,0200
00175
0,0150
0,0125

KDYITIOCTH.

Hckaxenue GopMEI OTBEDCTHA OT
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Puc. 2. I'paduK 3aBUCUMOCTH MCKaKeHU# (GopMbI OTBEPCTUST
OT KPYTAOCTH Arf; B 3aBMCUMOCTH OT MOMEHTA 3aTsDKKu M,
(3aKpernaAeHue 3a Hapy>XHbI AuamMeTp) !
Fig. 2. Dependence diagram of hole shape distortion from Arg,
roundness as a function of tightening torque M,
(fixing by external diameter)
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Puc. 3. I'paduk 3aBHCHMOCTH MCKaKeHU# (POPMBI OTBEPCTUS
OT KPYTAOCTH Ar; B 3aBHCHMOCTH OT MOMEHTa 3aTSKKH M, i
(3aKpenaeHue 3a 5BOABBEHTHBIN NMPOGHUAB)

Fig. 3. Dependence diagram of hole shape distortion from Argl
roundness as a function of tightening torque M,
(fixing by involute)

OTBEpPCTHUSI OT KPYTAOCTU Yhy, IIECTEPHU MaAOH TeX-
HOAOTUYECKOU >KECTKOCTU B 3@aBUCHMMOCTH OT MOMEHTa
3aTSKKU X, . AMHAMOMeTpudeckuM Karouom TA-BO060-
12. PacuyéTol U 06paboTKa pe3yAbTaTOB 3KCIepHMeHTa
METOAOM HAWMEHBIINX KBAaApPATOB He IMPEACTaBACHEI
B AQHHOU paboTe, T. K. 3TO 3HAYUTEABHO YBEAUYUAO OBI
eé 00BEM, IO3TOMY HUXKe OYAYT NPeACTaBA€HBI TOABKO
IIOAYUYeHHBIe ypaBHeHHs (DYHKIIUM KPHUBBIX HCKaXKe-
HUsT POPMBLI OTBEPCTHS OT KPYTAOCTH Yoy,

YpaBHeHUe (DYHKIIMU KPUBOM HCKAKEeHUSA (POPMBL
OTBEPCTHSA OT KPYTAOCTU Y, IIeCTepHU MaAOH TeX-
HOAOTUYECKON JKECTKOCTU B 3aBUCHUMOCTU OT MOMEH-
Ta 3aTSIKKA X AAHAMOMETPUYECKUM KAIO4OM TA-

Ms3i
B0060-12 (3akpemnAreHne 3a Hapy’KHBIM AUaMeTp):

ym. = 0,00062452 7473 x,,.,, +
+0,00409186 8132.

YpaBHeHUe (PYHKIIUM KPUBOU HCKa>KeHUSI (HPOPMBI

m & _

OTBEPCTHs OT KPYTAOCTH yy. IIECTEPHH Marod Tex

HOAOTUYECKOU >KECTKOCTH B 3aBUCUMOCTH OT MOMEH-

Ta 3aTSKKHU X, . AMHAMOMETPUYECKUM KAlOuOM TA-
B0060-12 (3aKkpemnAeHUe 3@ 9BOABBEHTY):

¥, = 0,00041239 5604 X, +
+0,00339604 3956.

Aaree HEOOXOAUMO BBIIIOAHUTE IPOBEPKY IIPABUAB-
HOCTH ITIOAYYEHHEIX YDaBHEHUN QYHKIUA .. AMS
9TOr0 HEOOXOAMMO B HUX IMOACTABUTHL 3HAYCHUS X, ..
1 BBIIIOAHUTH PACYET.



>
Aanree 9KCIIepUMEHTAaABHBIE Pe3YABTATHI AL, He06-
XOAMMO CPaBHUTb CO CTAQTUCTUYECKUMU pe3yAbTaTaMu

Y7, 1o dopmyre:

-100 %.

e m
ar«?’ _ Arsi«‘;i ~ Ysai
s3i T AI'SI

s3i

Ta6auna 3. CpaBHeHHNe 3KCIIEPUMEHTAABHBIX PE3YABTATOB

CpaBHeHI/Ie OKCIIePUMEHTAABHBIX PEe3yABTAaTOB

Ar?

s3i

CO CTaTUCTUYECKUMHU pe3yAbTaTaMU Y., IIPEACTaBAe-
HO B TabA. 3 1 TabOA. 4.
CpaBHEHHE IKCIIEPUMEHTAABHBIX PE3yAbTAaTOB Arfm.

CO CTATUCTHYECKUMHU Pe3yAbTaTaMU Y .,

" . He TpPeBbI-

maoT 1,94 %, CAepAOBATEABHO, IOAYYEHHBIE 3KCIIEPH-
MEHTAABHBIM MEeTOAOM 3HAUYeHUA HNCKa>XeHUsd (bOpMI:I

Ar2

13i

pesyAbTaTaMu Vi, (3aKpenAeHue 3a Hapy>KHBIA AnaMeTp)

Ar2

Table 3. Comparison of the Ar;;

(fixing by external diameter)

CO CTaTUCTUYECKNMHU

experimental results with the Y{';, statistical results

=
. :D: PesyabTaThl, PesyabraThr, CpaBHeHue
E ; g TIOAy4YeHHBIe MIOAyYE€HHBIE METOAOM 9KCIEePUMEHTAABHBIX
& | BKCHepHMeHTi{\beIM HaI/IMeHbLHmI/IX PesyABTaroB co
= MeTOAOM Ary,,, MM KBaApaToB Yy, MM CTaTUCTUYECKUMHE Or, %
s
2 10 0,0105 0,0103 1,94 %
3 12,5 0,0120 0,0119 0,84 %
4 15 0,0135 0,0135 0,00 %
5 17,5 0,0152 0,0150 1,11 %
6 20 0,0165 0,0166 —0,60 %
7 22,5 0,0180 0,0181 —0,55 %
8 25 0,0195 0,0197 —1,02 %
¥ 9 215 0,0210 0,0213 —1,41 %
10 30 0,0227 0,0228 —0,58 %
11 32,5 0,0245 0,0244 0,41 %
12 35 0,0257 0,0260 —1,28 %
13 37,5 0,0277 0,0275 0,61 %
14 40 0,0290 0,0291 —0,34 %
15 42,5 0,0310 0,0306 1,31 %

Tabauna 4. CpaBHeHUe 3KCIIEPUMEHTAABHBIX Pe3yAbBTaTOB Afzi, CO CTaTUCTUYECKUMH

pe3yAbTaTamMmn Vu: (3aKpemnnenne 3a BOABBEHTY)
Table 4. Comparison of the Ar,), experimental results with the Y, statistical results

(fixing by involute)

=
. I_p PesyabraThr, PesyabraThl, CpaBHeHUe
E ; Nz TIOAy4YeHHBIe TIOAy4YeHHBIE METOAOM 3KCIIePUMEHTAABHBIX
= ! chnepHMeHTaS{\LHLIM HaI/IMeHLLHmI/IX Pe3yABTaTOB CO S
. METOAOM Ar,;;, MM KBAppaToOB Y., MM CTaTUCTUYECKUMU OI,,;, %
Ew
2 10 0,0075 0,0075 0,00 %
3 12,5 0,0085 0,0086 —1,16 %
4 15 0,0097 0,0096 0,69 %
5 17,5 0,0107 0,0106 0,63 %
6 20 0,0117 0,0116 0,57 %
7 22,5 0,0127 0,0127 —0,26 %
8 25 0,0137 0,0137 —0,24 %
’ 9 27,5 0,0147 0,0147 —0,23 %
10 30 0,0155 0,0158 —1,90 %
11 32,5 0,0167 0,0168 —0,79 %
12 35 0,0177 0,0178 —0,75 %
13 | 37#5 0,0190 0,0189 0,53 %
14 40 0,0200 0,0199 0,50 %
15 | 42,5 0,0210 0,0209 0,48 %

™
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Tabauna 5. CpaBHeHHE DKCIIEPUMEHTAABHBIX Pe3yAbTaTOB 3HAYEHUN

HCKakeHUs! (GOPMBI OTBEPCTHSI OT KPYTAOCTH ArsiX HIeCTePHU MaAOW
TEXHOAOTHYECKOI JKECTKOCTU B 3aBUCHMOCTH OT CX€MbI 3aKpenAeHHUs
Table 5. Comparison of experimental results of distortion values of bore shape

from roundness of the AISI
the fixing scheme

gear of small technological stiffness according to

n, T i M, = x,., HM Arg‘ MM Arfs‘ MM A.rfs;“., 9
2 10 0,0105 0,0075 28,57%
3 12,5 0,0120 0,0085 29,17%
4 15 0,0135 0,0097 28,15%
5 17,5 0,0152 0,0107 29,61%
6 20 0,0165 0,0117 29,09%
7 22,5 0,0180 0,0127 29,44%
8 25 0,0195 0,0137 29,74%
S 9 27,5 0,0210 0,0147 30,00%
10 30 0,0227 0,0155 31,72%
11 32,5 0,0245 0,0167 31,84%
12 35 0,0257 0,0177 31,13%
13 37,5 0,0277 0,0190 31,41%
14 40 0,0290 0,0200 31,03%
15 42,5 0,0310 0,0210 32,26%

OTBEPCTHsI OT KPYTAOCTH Jr, B 3aBUCHMOCTH OT MO-
MeHTa 3aTsSKKH M, AMHAMOMETPUYECKHM KAIOYOM
TA-B0060-12 ars 00enx cxeM 3aKpelAeHHUs B TPEXKY-
AQUYKOBOM CaMOIIeHTPHUPYIOIeM IaTpOHe HMeIOT AM-
HeWHYIO0 3aBUCUMOCTD.

Aanree HeOOXOAMMO BBIIIOAHUTHL CpaBHeHHE JKC-
TIepUMEHTAaABHBEIX PEe3yAbTATOB 3HAUYeHUM HMCKa’KeHUs
popMBI OTBEPCTHsI OT KPYTAOCTU Arj, IIECTEPHU Ma-
AOM TEeXHOAOTMYECKOW JKECTKOCTA B 3aBUCHUMOCTH
OT CXeMBbl 3aKpelAeHUs B TPeXKyAadYKOBOM CaMOIleH-
Tpupylomem natrpone 7100-0002IT [36], arst aTOrO He-
00XOAUMO BBITOAHUTHL PACUYéTHL IO (hopMyAe:

>
o _ Any

Asni

p— 3’
# 100 %.

13§

CpaBHeHHe NOAYUYEHHBIX 3KCIIePUMEHTAABHBIX pe-
3YABTATOB 3HAUYEHUU UCKaKeHUs (DOPMBI OTBEPCTHUA OT
KPYTAOCTH Ar, UIECTEPHH B 3aBHCHMOCTU OT CXEMEI
3aKpeNAeHUs IPEeACTaBACHO B TaOA. 5.

CornacHO CpaBHEHUIO SKCIIEPUMEHTAABHBIX pe-
3yABTATOB (TaOA. 5) NpHM 3aKpelAeHUM IllecTepHel
ManOM TEeXHOAOTMYECKOM JKECTKOCTU 3a 3BOABBEHTY
B TPEXKyAQUKOBBIX CaMOIEHTPHUPYIOIIUX IaTpPoHax
uckaxeHre (DOPMBEI OTBEPCTUSI OT KPYTAOCTH  Ar,,
B cpepHeM Ha 30,23 % MeHblIe, 4eM IIPU 3aKPEeNAeHUU
UX 3a HapYKHEIH AaMeTp Ary,.

CornacHO 4YMCAEHHBIM pe3yAbTaTaM KOMIIBIOTEp-
HOTO MOAEAMPOBAHMS Hay4dHOM cTaTbu [34], mpu 3a-
KPEeNAeHUM IIeCTepHeM MaAOM  TeXHOAOTUYEeCKOM
JKECTKOCTH 3a JIBOALBEHTY B TPEXKyAQUKOBBEIX CaMoO-
IEeHTPUPYIONINX IaTPOHAX UCKa’keHue (GOPMEI OTBEp-
CTHSI OT KPYTAOCTHU Ar,,; B cpepreM Ha 30,72 % MeHbIIle,
4eM IIPU 3aKpellAeHUHU UX 3a Hapy’KHBIU AMaMeTp Ary;;.

Aanree HeEOOXOAMMO BBIIOAHUTH CpaBHEHHE UMC-
AEHHBIX Pe3yAbTaTOB KOMIILIOTEPHOTO MOAEAUPOBAHUS
C 9KCIePUMEHTAABHBEIMU pe3yAbTaTaMH 10 (DOPMYAe:

’ o2
ArAsni c ArAsni o 100% =
Al

_30,72% — 30,23 %
30,72 %

Art =

Asni cp

100 % = 1,60 %.

CpaBHeHVEe YHCACHHBIX PE3YABTATOB KOMITHLIOTEPHOTO
MOAEAVPOBAHUSI C IKCIIEPUMEHTAABHBIMU PEe3yAbBTaTaMU
He mpesbiiaer 1,60 %, crepoBaTEABHO, TaKUM 00Opa3oM
ITOATBEPIKAQETCSI aA€KBATHOCTH KOMITBIOTEPHOM MOAEAU
1 AOCTOBEPHOCTH 9KCIIEPUMEHTAABHBIX PE3YABTATOB.

3aKAOueHne

1) cpaBHeHUe SKCIEPUMEHTAABHBIX PE3yAbTATOB
ArJ, €O CTaTUCTUYECKUMM DPE3yAbTaTaMU yr, He Ipe-
BhIMaeT 1,94 %, cAepOBaTeABHO, MOAy4YeHHBIE JKCIIe-
PUMEHTAABHBIM METOAOM 3HAUeHWs WCKa’keHUust Pop-
MBI OTBEPCTHSI OT KPYTAOCTH Ary B 3aBUCAMOCTH
OT MOMEHTAa 3aTsSKKU M, AMHAMOMETPUYECKUM KAKO-
yom TA-B0060-12 aast oOemx cXeM 3aKperaeHus
B TPEXKYAQUKOBOM CaMOIIeHTPUPYIOIleM IaTpoHe UMe-
IOT AUHEUHYIO 3aBUCUMOCTD;

2) coraacHO CpaBHEHUIO 3KCIIEPUMEHTAABHBIX pe-
3yABTQTOB (TaOA. 5) IpU 3aKpeNAeHUM LIeCTepHeuU
MaAOM TEeXHOAOTMYECKOU >KECTKOCTU 3@ 3BOABBEHTY
yepe3 yCTAHOBOUYHbLIE KaAUOPOBAHHBIE POAUKHU B TpeX-
KyAQUKOBBIX CaMOII€HTPUPYIOIIUX IaTPOHAaX HCKaKe-
HUe OPMBI OTBEPCTUS OT KPYTAOCTHU ALy, B CpeAHEM
Ha 30,23 % MeHbIIe, YeM IPU 3aKPEeNAeHNU WX 3a Ha-
PYJKHELI AMaMeTp Ary ;

3) cpaBHeHHe YHCAEHHBIX PE3YAbTATOB KOMIIBIO-
TEPHOI'O MOAEAMPOBAHUSA Hay4HOU paboThH [34] c 3KC-
IIepUMeHTaAbBHBIMU pe3yAbTaTaMU AQHHOM Hay4HOM
paboTsl He mpeBbIaioT 1,60 %, CAeAOBaTEABHO, TaKUM
00pa3oM TOATBEP>KAAETCS aAeKBAaTHOCTH KOMIIBIOTEP-
HOUW MOAEAM M AOCTOBEPHOCTb JKCIIEPUMEHTAAbHBIX
Pe3yABTATOB;

4) Ha OCHOBAHUM IIOAYYEHHBIX PE3YABTATOB HCCAE-
AOBaHUM CAEA@H BBIBOA O TOM, YTO 3aKpellAeHUe Iiie-
CTepHel MaAOM TEXHOAOTMUYECKOU JKECTKOCTHU 38 9BOAD-
BEHTy uepe3 yCTaHOBOUHBIE KAaAMOPOBAHHBIE POAUKU
B CaMOIIEHTPHUPYIOIMUX IIaTPOHAX SIBASIETCS HaWAyd-
MM B COBOKYIIHOCTH C TOYKOW 3peHus olecleue-
HUSI HaUMEHBIIIeTO0 UCKa>keHUsi ()OPMBI OTBEPCTUH OT
KPYTAOCTU (IIOTPEeIIHOCTU 3aKpelAeHUs]) M KOPOTKOM
pasMepHOM Ienu II0 CPaBHEHUIO C 3aKpPelAeHHUeM 3a
Hapy’KHBIM AmaMeTp. TakuM o6pasoM, IpU MeXaHU-



YeCcKOM oO0paboTKe IIecTepHelM ManOd TeXHOAOTUYe-
CKOM >KECTKOCTH, 3aKpPEeIAdsd UX B TPEXKYAQUKOBBIX
CaMOILIEHTPUPYIOIIUX IIAaTPOHAX 3@ IBOABBEHTY, MOJK-
HO IIOBBICUTH TOYHOCTH U KaueCTBO WX M3TOTOBACHWUS,
a A Ooabliero sdpekra MOXKHO 3aKPeIASTh TaKue
LIeCTePHU B MHOTOKYAGYKOBBIX CAMOILeHTPHPYIOIIUX
naTpoHax (6oaee 3-X KyAaukoB) [34] ¢ 6a30BBIMU TeX-
HOAOTMUYECKUMHU ITOBEPXHOCTSIMU KyAQUKOB, MMEIOIIUX
KOABIIeBble KaHaBKU HMAM BBIIOAHEHHBIX M3 MaTepHa-
AQ, UMeIOIIero BICOKUM KOIPPUIIUEHT TPEeHUs IIOKOSI,
3TO AQCT BO3MOJKHOCTH CYIIeCTBEHHO CHHM3UTb HeOO-
XOAMMBIA MOMEHT 3aTSKKU M, Ha PYKOSATKE AWHA-
MOMETPHUUECKOTO KAIOYa AASI HAAEKHOTO YAep KaHUS
MexaHWu4ecKu oOpabaTbiBaeMbIX IIIeCTepHEeN MaAou
TEeXHOAOTHUECKOM JKECTKOCTH, a 3HAYUT, I MUHUMU3H-
poBaTh UCKa’KeHUe (POPMBI UX OTBEPCTUU OT KPYTAO-
CTU (IOTPELIHOCTh 3aKpPeIlAeHUs), B pe3yAbTaTe IIOBBI-
CHUTb TOYHOCTb U KQueCTBO UX U3TOTOBAEHUS;

5) runoTeTU4YeCcKU BO3MOKHO MUHUMU3UPOBATDH UC-
KaKeHHe POPMBL OTBEPCTUU OT KPYTAOCTHU LIeCTePHEN
MaAOM TEeXHOAOTMYECKOU JKECTKOCTH, €CAU IlepepaThb
9Ty BPeAHYIO (DYHKIIUIO, @ MMEHHO IIepepaTh TeXHO-
AOTHUYECKHe yIpyrue AepopMariviv ApyTrUM dAeMeHTaM
TEeXHOAOTUYECKON CHCTEeMBI, HaIpuUMep, BBIIIOAHUTH
YCTAHOBOUHBIE KAAMOPOBAHHBIE DPOAUKM MaAOW TeX-
HOAOTUYECKON JKECTKOCTH, TaKMM 0O0paszoM BO3MOJK-
HO AOOUTBLCSI TAkKoro 3(p@eKTa, 4TO LIECTEPHU BOBCE
He OYAYT WCHBITHLIBATH UAM OyAYT UCIBITHIBATL He3Ha-
YUTEeABHBIE TEXHOAOTHYECKHe YIpyrve aAedopMmarud,
B pe3yAbTaTe 3TOTO IIOBBICHUTCS TOYHOCTH M KaueCTBO
UX U3TOTOBAEHUS, HO B 3TOM CAydYae Hy’KHO IPHUMEHATh
MAST YCTAHOBOUHBIX KaAMOPOBAHHBIX POAUMKOB MaTepu-
aALl, UMelolIe BBICOKYIO CTelleHb N30TPOIHOCTH, UTO-
OB 06eCIeYnTh BBICOKYIO TOYHOCTH II€HTPUPOBAHHUS
mIrecTepHel IPW WX 3aKPEeNAeHUHW B CaMOIIeHTPUPYIO-
LIIUX MaTPOHAX;

6) Tak)Ke THUIOTETUYeCKHM BO3MOJKHO MHHUMU3U-
poBaTh KUCKa’KeHHe (POPMBI OTBEPCTUU OT KPYTAOCTH
LIeCTEPHEN MaAOW TEXHOAOTMYECKOM JKECTKOCTH, €CAU
IPeABAPUTEABHO MX OXAQKAAQTh B a30Te, TaKUM oOpa-
30M, HA MOMEHT UX 3aKpelINeHHUs U IIOCAeAYIOlLlel Me-
XaHUYeCKOM 00paboTKM OHU OYAYT MMeTh BPeMeHHYIO
KECTKOCTh, B pe3yAbTaTe 3TOrO MOBBLICUTCA TOYHOCTH
U KaueCTBO UX U3TOTOBAEHUS.

BbaaropapHoCcTH

HccarepoBaHUue BBIIIOAHEHO HPU (PUHAHCOBOM IIOA-
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EXPERIMENTAL RESEARCH OF TECHNOLOGICAL ELASTIC
DEFORMATIONS OF THE CENTRAL HOLES OF GEARS

™

A. S. Serkov, V. V. Derkach, S. V. Mikhailenko, L. B. Serkova

Omsk State Technical University,
Russia, Omsk, Mira Ave., 11, 644050

The research experimentally investigates the occurrence of technological elastic deformations of the
central holes of gears of low technological rigidity [non-rigid gears) caused by their fixation in 3-cam
self-centering cartridges. The authors present an experimental comparison of the attachment scheme
by the involute with the scheme by the external diameter. Moreover, the graphs of distortion of the
hole shape from roundness as a function of the torque applied to the wrench handle were plotted.
The least squares method was used to confirm the assumed linear dependence of the graphs of hole
shape distortion from roundness as a function of the tightening torque applied to the wrench handle.
The authors compare the results obtained by the experiment with the obtained earlier using computer
modeling, the adequacy of computer models and the reliability of the experimental results. Experimentally
it was determined that at fixing by involute there is on 30,23 % less value of hole shape distortion from
roundness in comparison with the scheme of fixing by external diameter. As a result, the scheme of
fixing by involute with a gear of low technological rigidity is the best in terms of hole shape distortion
from roundness in comparison with the scheme of fixing by external diameter.

The scientific novelty is to investigate the influence of clamping forces on the hole shape distortion of
a gear of small technological rigidity when fixed by its external diameter and involute in a 3-cam self-
centring chuck. The resulting data allows scientifically justifying assignment of parameters of clamping
devices in the production of gears of small technological stiffness used in aeronautical vehicles.

Keywords: technological elastic deformations, gears, toothed wheels, satellites, low technological
rigidity, technological heredity, distortion of shape from roundness, fixing error.
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