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CraTbsa noctynuna B pegakumio 16 oktsabpsa 2008 roga

Ilpeonooicer cnocob nosviulenus CiyiceOHbIX XapaKkmepucmux oemaiei a30mypouHHbIX
osueamenett (I'TH) uz nopowkoswix (epanynvhuix) 3a2omogok. Memoo exnouaem 6 cebs
20PAUYIO UBOCMATNUYECKYIO 0edhopMayuio npu 8blCOKOM 0ABIEeHUU, HCUOKOPA3HOE CheKa-
Hue u degopmayuio 3a20mogox oemaneu. [lpu smom docmueaemcs 3nauumenvras (00
50%) sxonomusi dopococmosuux mamepuanog. Ilpuseoena mexHoIo2u4eckas cxema us-
20MOBAEHUSL 320MOBOK OUCKO8 U3 2PAHYIbHO20 HUKenego2o cnaasa IITT41HII.

KiroueBble c¢JIOBa: TIOPOIIKOBBIE 3arOTOBKH, TOpsidee HM30CTATUIECKOE IPECCOBaHUE,
)uaKo(da3Hoe ClieKaHue, M30TePMHUYECKas PACKaTKa, IUCKU Ta30TypOUHHBIX JBUTaTeNICH

OTe4ecTBEHHBIN U 3apyOeXHBI OMBIT MOKA3BIBACT, YTO B XaPAKTEPHOM IS
ABUAIMOHHOTO JBUTATEJIECTPOCHUS MEIKOCEPUMHOM MPOU3BOACTBE B YCIOBHSIX
PE3KOTO MOBBIIMICHUS] CTOUMOCTA MAaTEpUAJIOB U YHEPrOpecypcoB OCHOBHBIEC YCHU-
TS CTICUAIMCTOB JTOJIKHBI ObITh HAlpaBJ€Hbl HA CHIYKEHHUE MAaTepUATOEMKOCTH
MPOU3BOACTBA. DTO JOCTUTaeTCA 3a CUET MOBBIIIEHUSI TOYHOCTH 3aroTOBOK, CO-
BEPILIEHCTBOBAHUS METOJ0B UX MoiydyeHus. [loponrkoBeie 3aroTOBKH, MOABEPT-
HYTHIE TA30M30CTaTUYECKOMY MPECCOBAHUIO TIPH BHICOKOM JIaBICHUH, XHUIKO(Da3-
HOMY CIEKAaHUI0O M HM30TEPMHUYECKOM OCAIKE C MOCIEAYIOMIEH HM30TEPMUYECKOM
pacKaTKOM, MO3BOJISIOT U30€KaTh OCHOBHOTO HEOCTATKA MOHOJIMTHBIX 3aT'OTOBOK —
HACJICICTBEHHOM AaHU30TPOINMU CBOMCTB, SIBJISIOLICHCS CIEACTBHEM HEOIHOPO-
HOT'O XMMHYECKOT0 COCTaBa UCXOJHOTO MaTepHaa.

B Hayuno-uccnenoBarenbCKOM MHCTUTYTE TEXHOJIOTMM W OPraHU3alldH MIPOU3-
BojactBa neurarencii (HUNJL), kotoperii Bxoaut B coctaB OI'YIT MMIIIT «Cantot,
pa3paboTaH TMpoIlecC, YIIydIIarommi ciaykeOHble xapakrtepuctuku ['TJ[ 3a cuer
NPUMEHEHUsI JKUAKO(DA3HOTO CIEeKaHUsl W JIeOpMaIliK 3aroTOBOK IHMCKOB, B TOM
yuciie npu ux npomsBojacTtse (puc. 1). Ilpu sTOoM gocturaercst 3HauutenbHas (10
50%) 3KOHOMWUS TOPOTOCTOSIINX MAaTECPHAIIOB.
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Puc. 1. TexHonoruueckasi cXemMa M3rOTOBJICHUS 3arOTOBOK JIUCKOB U3 IPaHyJILHOTO HHU-
kenmeBoro criaBa DI1741HIL: a — razon3ocTtaTHdeckoe MPEeCcCoBaHUE; 6 — KUAKOPa3HOE
CIIeKaHHe; ¢ — MeXaHu4eckast 00paboTKa; e — ocajka, 1-s omeparnwsi; 0 — ocajka, 2-5 ore-
panusi; e, Jic — 3arOTOBKA COOTBETCTBEHHO TEpe]] PACKaTKOM U TIOCIIE Hee

Jnst mccnenoBanuii ObUTH BHIOPAHBI CIAEAYIOIINE OOBEKTHI:

1. ®parmMeHTHl AUCKOB aBHANIMOHHOTO faBurarens «99» m3 crmmasa DI1741HI],
NPOLIEIIINE ONEPALUH TOPIYETO M30CTATUYECKOTO IPECCOBAHUS U TEPMOOOpa-
OOTKYy.

2. 'epmetnunbie kancyisl u3 ctanu 20, HanosHeHHbIe Tpanynamu DI1741HII ¢
IpaHyJIOMETPUYECKUM COCTaBOM OKoJj10 315 pum.

B nepBoMm ciydae xunakodasHOMy CHEKaHHUIO MOJBEPrali CKOMIAKTHPOBAHHBIN
Martepuai, UMEIOIIMI B CTPYKTYpe eIMHUYHBIC TPaHULIBI rpaHyil. C MOMOIIBIO YKU/I-
K0(ha3HOTO CIICKaHUsI [P TEMIIEpaType BhIIIE TeMIepaTypsl conrayca Ts (B Halem
ciayuae — Boie 1240°C) mpenmosaraioch yIaauTh OCTATKH TPAHUIl TPAHYN M CO3-
JIaTh CTPYKTYpPY MeTainia, TOaHyo i nedopmarn 6e3 6okoBoro moamnopa. B man-
HOM CiTydae HEOOXOANMO OBbLIO YAAIUTh U3 CTPYKTYPHI MOTYYSHHYIO TIPH TEPMO00-
pabotke Y'-(hazy, MOCKOIBKY KUAKOPA3HOE CHEKaHHE TAKOW CTPYKTYPbI MCKaKaeT
X0[] mpolecca (KUIKOCTh BBIICISACTCS HE TOJIBKO HA MOBEPXHOCTH IPAHYJbI, HO H
BHYTpHU Hee). [IJ1st 3TOro NprMEHSUTH CTaHAAPTHBIA OTKUT, KOTOPBIA OCYIIIECTBIISITH
IIpH TEeMIIEpaType BbILIE TeMIIEPaTypbl OJHOTO pacTBOpeHHs ¥ -(hasbl B y-(ase.

[Tocne xxunkoga3Horo cnexkanusi o0pasipl ObLIN MOABEPTHYTHI:

1) TepmooOpadoTke B coorBercTBru ¢ TY 1.809.530.04;
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2) YIUIOTHEHHUIO MPU KOMHATHOH TeMmeparype U TepMooOpabOTKe B COOTBET-
cteuu ¢ TY 1.809.530.04;
3) medopmanuu (cBOOOIHAs OcajKa MPU KOMHATHOH TeMIlepaTrype co crere-
HbIO Jedopmaru 10 25%) U TepMooOpabOTKE B COOTBETCTBHH ¢ 1Y

1.809.530.04.
B T1abn. 1 npuBeieHbl MEXaHUYECKHE CBOMCTBA MaTepUaia IMOJIy4EHHbIX 3ar0TOBOK.
Tabmauma 1
MeXaHI/I‘lecKI/Ie CBOﬁCTBa 3aroToBOK, ﬂOﬂyquH])IX 1o pa3JII/I‘lelM TEXHOJOI'nsIM
MeXaHI/IqCCKI/Ie Xa aKTepI/ICTI/IKI/I
THI 3aroTOBOK KCU, enBHaﬂ_HqugOCTL'
os | op | O ] Do 1o’ h (mpu T = 650 CZ,
os = 100 kgf/mm")
O — 114.8|142.4| 133 | 169 | 1.52 | 43 > 100
pymma Ne 1 (6es o1- 1,5 91151 8 13.0( 13.9 | 150 | 41 334
JKHTa)
T'pymma Ne 1 (e npensa- |1 00 11144 9l 16.7 | 200 | 156 | 54 > 120
PUTEJLHBIM OTKHUTOM)
Tpymma Ne 2 117.7/149.0/ 13.7| 189 | 1.57 | 68 > 100
T'pymma Ne 3 114.3|153.9|16.1 | 22.7 | 152 | 66 = 120 (cnarer
0e3 pa3pymuieHus)
Tpebosanms > 95 |>140| > 13 |> 15.0/1.5-1.70| > 40 > 100

TY 1.809.530.04

[lepcneKTUBHBIM SIBIISIETCS MIPOLIECC M30TEPMUUYECKON pacKaTKU 3aroTOBOK Jie-
tanen tuna «aucku ['T/[» kak U3 MOHOJUTHOrO METaslia, TaK U U3 MOPOIIKOB 3a
CUCT CO34aHHA BBICOKMX KOHTAKTHBIX IIaBJIeHI/Iﬁ B o4yarc JOKaJIbHOI'O HpI/IHO)Ke-
HUs nedopmupyromieil Harpy3ku. M30TepMuyecKkyto packaTKy OCYIIECTBIISLIA Ha
muann AJIP/1-800 (puc. 2). O6paboTKy MpPOM3BOIWIN MO CXEME, 00eCIeunBaro-
1Iei TMOoTy4YeHHe BBICOKMX MEXaHHMUYCCKUX XapakTepucTuk (puc. 3).

Puc. 2. Cran mis uzorepmudeckoit packatku auckos AJIP/I-800

Puc. 3. CxeMa H30TepMHUYECKON pacKaTKu
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PacueTsl MOKa3bIBAIOT, YTO MPH HUCHOJIB30BAHUU TEXHOJIOTHHU >KHUIKO(A3ZHOrO
CTHEKaHHUS ¥ M30TEPMUYECKON pacKaTK MWIMHAPUIECKOHN KarCylbl ¢ TpaHyJlaMu
K03(ppuLIMEeHT ncnoab30BaHus MaTepuaia Bozpacraet 10 40%.

Pesynbrarel necnenoBaHni CTATUYECKUX CBOWCTB M JUIMUTEIIBHOW MPOYHOCTH yKa-
3p1BatOT Ha cymiectBeHHoe (10-20%) moBbINICHHE MEXaHMYECKHX XapaKTEPUCTHK
MeTaJuia, MOJBEPrHYTOr0 H30TePMUUECKON packartke (Tadir. 2).

Tab6muma 2
Pe3yabTaThl HCCAEI0BAHUI CTATHYECKHX CBOMCTB M JUIMTEIbHOM MPOYHOCTH
Mexanunueckue cBoiictsa npu T = 20°C JmrenpHas
MecTo BBIpE3KH o o5 S v MPOYHOCTE, h
06pasnos Dorn. A 2| (T'=650°C,
MPa % mm kgf-m/cm s = 1000 Mpa)
Hepaf(‘;?“a" 1392 | 1003 | 16.2 | 20.0 | 1.60 46 -
1463 | 988 | 25.0 | 26.2 1.60 51 148 h 55 min
Packarannas 1495 | 1083 | 20.4 | 22.7 1.57 47
30Ha 1491 | 1082 | 20.0 | 24.6 1.53 47 100*
1516 | 1128 | 21.6 | 25.6 1.58 45
HoTY 1 1400| > 950 |>13.0{> 15.0|1.50-1.75| =40 > 100
1.809.530.04 |~ - B e ' = -

* JlaHHbBIC TTOTYyUYEHBI 0€3 pa3pyIiieHus: oopasiia.

B nmporiecce nccnenoBanuii ObIJIO0 YCTAaHOBJICHO, YTO BOMPEKH YCTAHOBUBIIICHCS
MIPAKTUKE PACCMATPUBACMBIA MPOIECC TO3BOJSET OCYIIECTBIATH J1ehOpMaIIUIO
3aroToBOK 10 crerenel Boime 75-80%. [Ipu 3ToM B cilydae MHOTOCTaIMHHOM TO-
psdeit cBOOOAHON OCaJKU Ha MOCNEIHEH ee CTyneHH AedopMariusi MpoTeKaeT B
pexuMe cBepXIulacTUYHOCTH. Ha puc. 4 mokazaHa cTpyKTypa 3aroTOBOK, KOTOpast
XapaKTEePU3yeTCs MOJHBIM OTCYTCTBHEM TPAHULl TPAHYJ U MEJIKUMU BbIJCICHHUS-
MU KapOWIOB, SABISIOIIMMUCS 3JIEMEHTaMH YHpouyHeHusi mertaiuia. CymmapHas
nedopMarus TpaHyJIbHOM 3aroTOBKH cocTaBmia 72%

Puc. 4. MukpocTpykTypa 3aroTOBOK MOCie KUAKO(A3HOTO CIEKAHUS W IMIACTHUECKON
nedopmaryu ~ 80%
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Heo0xoauMo OTMETHTB, Y4TO 10 HACTOSILETO BPEMEHU HU 3apyOeKHBIX, HU
OTEYECTBEHHBIX MyOIMKaWi M0 TaHHOMY Bompocy He Obuio. IlomydeHHbie pe-
3yJIBTATHI SBJISIOTCS OCHOBOW HOBOMW MPOMBIIIEHHON TEXHOJIOTUU W3TOTOBJICHUS
mckoB ['T/] w3 rpaHyJIbHBIX MaTEPHAJIOB C MOBBIIIEHHBIMU AKCIUTYyaTallMOHHBIMHU
xapakrepuctukamu (Ha 10-20% — mo mpodHOCTHBIM cBoiicTBaM u a0 50% — mo
miactudeckuM). PaspaboTaHHast TEXHOJIOTHS TIO3BOJISIET CYIECTBEHHO (10 2 pas)
9KOHOMHTH MeTaul. OHa 3aluileHa MaTeHTaMH U IIMPOKO OCBEIlIeHa B MeYaTH.

BeiBOABI

1. XXunkodazHoe criekaHue B COYCTAHUU C AeopMaIluei OBbIIIAeT CBONCTBA
MOPOIIKOBEIX 3aroToBok aAuckos I'TJ] o 15-20%.

2. Ilpu ucronb30BaHUM YKa3aHHOW BBIIIEC TEXHOJOTHUYECKOW CXEMBI OTMANaeT
HEO0OXOJUMOCTh B KOHCTPYHMPOBAHWW W W3TOTOBJICHHH KPYIHOTaOapUTHOH crie-
IUAJTLHOW OCHACTKH.

3. Ilpumenenue xunkoda3sHOro CrieKaHusi U JaedopMaIiu 3aroTOBOK Ha pac-
katHoOM ctane AJIP/I-800 B pexumMe CBEpXIUIACTHYHOCTH HE TPEOYeT MCIIOJIb30-
BaHUS TSDKEJIOTO TPeccoBoro obopymoBaHus. [Ipu 3TOM SKOHOMHS JOPOTOCTOS-
mux MetajuioB gocruraer 40-50%.
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O.1. Camotinos, B.A. Iloxnao, 1.A. Bypraxos, B.B. Jlamuw

POJb BUCOKNX TUCKIB Y ®OPMYBAHHI CTPYKTYPW XAPOMILIHNX
HIKENEBWX CI1J1ABIB

3anporoHoBaHo cIoci0 MiABHUIEHHS CITY>)KOOBHUX XapaKTEPUCTHK JeTallel Ta30TypOiHHUX
meuryHiB (I'T) 3 mopomkoBsiX (TpaHyJdBHBIX) 3arOTOBOK. METOI BKJIIOYAE Tapsdy
i3octaTH4YHy JedopMalliro IpU BUCOKOMY THUCKY, piIMHHO(A3HE CIiKaHHS 1 IedopmMalito
3arotoBok aeraneil. [Ipu npomy nocsiraetbes 3HauHa (o 50%) ekoHOMIst JOPOTHX Ma-
TepiaiiB. HaBeieHO TEXHOJIOTIYHY CXeMy BHT'OTOBIICHHS 3arOTOBOK JHCKIB 3 TPaHYJIbHO-
ro HikeneBoro criapy DI1741HII.

Ki1r040Bi c10Ba: mOpOIIKOBI 3arOTOBKH, rapsie i30CTaTUYHE MIPecyBaHHs, piIuHHO]A3-
HE CITiKaHHA, 130TepMiYHa PO3KaTKa, JUCKH ra30TypOiHHUX JBUTYHIB
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O.1. Samoilov, V.A. Poklad, I.A. Burlakov, V.V. Latysh

THE IMPORTANCE OF HIGH PRESSURE FOR HIGH RESISTANT
NICKEL ALLOY STRUCTURE FORMATION

A method of increasing the operation characteristics of jet engine parts made of powder
(granular) preforms has been proposed. The method includes the hot isostatic deformation
under high pressure, the liquid-phase sintering and deformation of preforms. A consider-
able (to 50%) saving in expensive materials is reached. A technological scheme of mak-
ing preforms for discs from the granular nickel alloy DIT74HII is given.

Keywords: powder preforms, hot isostatic pressure, liquid-phase sintering, jet engine
disks

Fig. 1. Technological scheme of making preforms for discs from the granular nickel alloy
OII74HII: a — gas-isostatic compaction; 6 — liquid-phase sintering; ¢ — machining; 2 —
upsetting, 1st operation; o — upsetting, 2nd operation; e, o« — preform before and after
expansion, respectively

Fig. 2. Mill for isothermal expansion of discs AJIPJI-800
Fig. 3. The isothermal expansion scheme

Fig. 4. Microstructure of preforms after liquid-phase sintering and plastic deformation ~ 80%
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