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AnHotamusi. IJens. OmpeneneHne ONTUMAaNbHOTO MeTojga QopMmoBaHus mopomka crama [IP—X17H2, mnomydenHOro
pacmplIeHHeM paciiaBa a3oToM. Memoouka. VccnepoBanu yrmnotHseMocTs nopomka I[IP-X17H2 mo I'OCT 25280-82 mpwu
XOJIOZHOM H TEIUIOM IpeccoBanny. McmbIThiBanm nopomky ¢pakmumit —50; —160; —200 MxM. B mopomky B kauecTBe cMa3K1 BBOJIIIIN
cTeapar IMHKA, cMajel, oTpadOTKy MHAyCTpHAIbHOrO Macia, napadun B kommdectse 0,8 mm 1,2 %. IIpu Terutom dopmoBannm
MOPOLIOK BMecTe ¢ mpecc-¢popMoit pasorpeBanu mo 125 °C; 3atem ObicTpo npeccoBamu mpu gasienun 300...700 MIla.
Pesynomampl. DKCIEPUMEHTAIBHO YCTAHOBJICHO, YTO XOJIOJHOE IPECCOBAHUE PACIBUICHHOro a3oToM mnopomka [TP-X17H2 ne
obecnieunBaeT TpeOyeMoll IIOTHOCTH OpukeToB. IIpHMEHEHHE TEIUIOro NMPecCcOBaHMs CYIIECTBEHHO IOBBICHIIO YIUIOTHAEMOCTH
HCCIIeJOBaHHOTO nopouika. HanGomnbimmii addekt Ha npoluece yINIOTHEHHS MOPOLIKa ITPU TEIJIOM IPEecCOBaHMM OKasain BBoJX 1,2 %
cTeapara IIMHKAa W MOBbIIIeHHWE AaBieHus: npeccoBanus no 700 Mlla. Hayunas noeusna. BrepBble YCTaHOBICHO, YTO MU
IIPECCOBAHNY PACIBUIEHHOTrO Iopoinka crtany [IP—X17H2 onTuManbHBIM SBISISTCST METOA TEIUIOTO HPECCOBAHUS C J00aBIeHHEM
1,2 % creapara uunka npu gasiaenun 700 Mlla. Ilpakmuueckaa 3nauumocms. Pe3ynbraTsl paboThl MOTYT OBITH HCIONB30BAaHbI IPH
pa3pabOTKe TEXHOJIOTUH IIPOU3BOICTBA CIEYSHHBIX M3IEINi KOHCTPYKIIMOHHOTO copTaMeHTa u3 Marepuana [IKX17H2.

Knrouesvie cnosa: TIOpOIIOK Hep)KaBeIOHIeﬁ CTaJIi; XOJIOAHOE MPECCOBAHUE; TCILUIOC IMTPECCOBAHNE; IPECCOBKA; YIUIOTHACMOCTD
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Anomauia. Mema. Buznauenns ontumanbsHoro Merony (opmysanus nopomky crami [TP—17H2, oTpuMaHOro po3NICHHSM:
postuiaBy azotoM. Memoouxka. JlocnimxyBann yminbHeHicTs nopomky ITP—X17H2 srimxo 3 TOCT 25280-82 mpu xonoxHOMY i
reriomMy (opmysanui. BunpoOysamu mopomkn ¢paxuiii —50; —160; ~200 MKkM. Y IOpOIKH y SKOCTI MacTHIa BBOJWIM CTeapar
LINHKY, cMaJellb, BiIpanbsoBane iHaycTpiadbHe Macio, napagin y ximpkocti 0,8 ado 1,2 %. Ipu Terutomy ¢opmyBaHHI TOpOIIOK
pazom 3 mpec-hopmoro posirpiBamu g0 125 °C; moriMm mBuako mnpecyBamu mnpu THCKy 300...700 Mlla. Pesyasmamu.
ExcriepiMeHTaIbHO BCTAHOBIIEHO, IO XOJIOAHE NMPECYBaHHS po3MmiIeHoro azotoM nopomky I[TP-X17H2 e 3abe3nedye HeoOXiqHOT
LITBHOCTI OpHKETIiB. 3aCTOCYBaHHS TEIUIOTO MPECYBAaHHS iICTOTHO MiABUIMIIO YIIUIBHEHICTh HOCTiIKeHOro nopomiky. Haibinpmmit
edexT Ha mpolec yIIIbHEHHS MOPOIIKY NMPH TEIUIOM IpecyBaHHI Jano BBedeHHS 1,2 % creapaTy LMHKY 1 MiBUIIECHHS THCKY
npecyBanus 10 700 MIla. Haykosa noeusna. Briepiiie BCTaHOBIICHO, 10 NPH MIPECYBaHHI PO3MWIEHOro mopouky crami [1X17H2
ONTHMAJIbHUM € METOJ TEIIOTo NMpecyBaHHs 3 gojaBaHHAM 1,2 % creapaty muuKy i THck 700 MIla. IIpakmuuna 3nauumicme.
Pesynbrat poOOTH MOXYTh OYTH BHKOPHCTaHI IpH PO3pOOIl TEXHOJOTii BHPOOHHITBA CIICYCHUX BHPOOIB KOHCTPYKIIHHOTO
copramenTy 3 MaTepiary [IKX17H2.

Kniouosi cnosa: IOpOIIOK HeprKaBilOYOT CTaII; XOJIOIHE IIPECYBaHHS; TEIUIE IPECYBAHHS; YIIUILHEHICTh
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Abstract. Purpose. To determine of optimizing forming method for nitrogen atomized steel powder ITP—X17H2 in order to
increase the green compact density. Methodology. Steel powder ITP—X17H2 compressibility according to GOST 25280-82 during
cold pressing and warm pressing has been investigated. Steel powder fractions less than 50 pm, 160 pm and 200 pm were tested. Zn
stearate, lard, refining industrial oil, hard wax in an amount 0.8 % or 1.2 % were added to steel powder as lubricant. During warm
pressing powder with tool set were heated up to 125 °C and were rapidly pressed at a pressure 300...700 MPa. Results. It has been
established experimentally that cold pressing of nitrogen atomized steel powder [TP-X17H2 does not provide the required green
compact density. Using of warm pressing substantially increase compressibility of steel powder. Addition of 1.2 % Zn stearate and
high pressure up to 700 MPa has had the most effect on the powder compressibility by warm pressure. Scientific novelty. First
established that for nitrogen atomized steel powder ITP—X17H2 warm pressure is an optimal with addition 1.2 % Zn stearate and at
pressure 700 MPa. Practical significance. The result of research can be used for designing X17H2 sintered structural parts.

Keywords: nitrogen atomized stainless powder; cold pressing; warm pressing; compressibility

eJIb HCCIIeJOBAHUS
IHocTanoBka mpo0JieMbI 1 A

LICJ'H)IO HaCTOHHICﬁ pa60T},1 SIBUJIOCH HUCCIICI0OBAHUC

B TEXHOJOTHYECKON cxeme MIPOU3BOJICTBA
N Ppa3IUYHbBIX METO/IOB (dhopmoBanus MOpOIIKa
CIICUCHHBIX W3JeNuil omepanus (OPMOBAHUS IOPOIIKA N
. N KOPPO3UOHHOCTONKOU cranu IMP-X17H2 c
SIBISICTCA 00SA3aTENIFHOW M BO MHOTOM OIIpENeNSIONIeH N
. OTpeNeIeHHeM  ONTHUMAbHOW CXEMBl IPECCOBAHHS
CBOMCTBA M3rOTOBIsIEMoro m3zenus. Kak mpaBuino, dem
NPUMEHHUTEIBHO K TPOU3BOJACTBY KOHCTPYKITMOHHBIX
BEIIIIE IUIOTHOCTh IIPECCOBKH, TEM BBIINIE IUIOTHOCTH B~
CIICUCHHOTO W3JCNIHUA M, COOTBETCTBEHHO, BBIIIE €ro
MeXaHUIeCKue XapaKTePUCTHKH. [TosTomy .
MeTtoauka ucciaenoBaHuM
pa3pabaTeIBacMbIe TEXHOJIOTHH W3TOTOBIICHHS

CIICYCHHBIX MaTEepUaJIOB KOHCTPYKIIMOHHOTO COPTaMEHTa
JIOJDKHBI TIpelycMaTpruBaTh 00ecredeHue MakCUMaIbHOW
TUIOTHOCTH IIPECCOBKH.

B mpouecce mpeccoBaHUs MPOUCXOIMUT YIUIOTHEHHE
Nopolka ¢ odOpa3zoBaHreM c(HOPMHPOBAHHOIO OpUKeTa,
IIPY 3TOM Pa3pyIIaOTCsi MOCTHKH, 00pa3oBaBIIMECs PU

HccnenoBanusaM mozBeprajcs IOPOMIOK MapKH
[IP-X17H2, mnonyueHHBI pacHbUIEHHEM paclliaBa
azoroM. OlLeHKa YIUIOTHAEMOCTH IIPOM3BOJMIACH TIO
T'OCT 25280-82. Ilpu XONOZHOM MPECCOBAHUU ISt
OLICHKH  BJIMSHHUA  T'PaHyJOMETPHUYECKOTO  COCTaBa
MOPOILKA HA €ro YIUIOTHAEMOCTH OIBITHI MPOBEJCHBI C

3achIlIKe  MMOpoImKa B mpecc-GopMmy,  JacTHIIBI nopomkamu ¢pakuuid 50, —-160, —200 mxkM. B kauectBe
[IEPEMEILAIOTCS OTHOCUTENBHO APYT ApYra, MPOUCXOIUT cMmasku nobasism 0,8 1 1,2 % creapara nUHKA.

nehopmanus YacTHII, MEXYaCTUIHBIS u IIpu TerioM mpeccoBaHWW B KadecTBe CMa3KH
BHYTPHYACTHUHBIC ITYCTOTHI 3aIOJHSIOTCS MPECCYEMbIM WCIIONB30BaIM  CTeapar IMHKA, CMayel, OTpaboTKy
MaTepHaJIOM. IIpeccoBanmne TTOPOIIIKOB MOKET WHIYCTPHAIBHOTO Macia, mapaduH, Hanboiee dYacTo
MPOU3BOJUTECA B XOJIOOHOM, TEIUIOM WM TOpPSYEM PEKOMEHAyeMbIC B JUTepaType [3-6].
coctosinuu [1; 2]. Tlpu X010 JHOM NPECCOBAHUU JKECTKUX ITopomkooOpa3Hble  KOMIIOHCHTBI ~ CMCIIUBAIA  BO

MOPOUIKOB IJId UX NOCTATOYHOT'O YIUIOTHCHHUA Tpe6yeTc51
SHAYUTCIIbHOC MOAaBJICHUC, KOTOPOC BO MHOI'UX ClIydadX
Heuenecoo6pa3Ho NPUMECHATL MO TEXHOJOIMYCCKUM
MpUIruHaM. Fopﬂqee mpeccoBaHUC HUCKJIOYacT

BpalllaloleMcsl CMECHUTEle, a cMallell M oTpaboTKy Macia
BTUpaIM B MOPOLIOK IEecTUKOM B crymnke. Cwmech
nopoiuka ¢pakuun —200 MKM, COIepKallyl0 CMasKH,
3acellalii B CTaHIApTHYIO  1pecc-popmy  uis

YKa3aHHbIM HEAOCTATOK, OJIHAKO TaKOW METOJ| SIBJISETCS
MaJIOTIPOU3BOIUTEIEHBIM U TEXHOJIOTHYECKH CIIOKHBIM.
[ToaToMy MupoOBas MpaKTHKa MPOHU3BOJCTBA CIICYCHHBIX
M3JEeNUI BCEe dYallle HCIONB3YeT TeIUIoe IPECCOBAaHUE
[1-6], 3akmrogaromieecss B TONYYCHHH OTHOCHTEIHHO
IJIOTHBIX OpHWKETOB TPH TEMIIEpPAType MPEecCyeMoro
mopomka okojo 0,1 TemmepaTypbl pEeKpUCTALTH3AIUH
OCHOBHOT'O KOMIIOHEHTA.

OMpENIeIICHUs YIUIOTHSIEMOCTH U oMemanu Ha 10 MuH. B
npenBapuTeNbHO pazorpetsiid 10 125 °C Tepmoctar. [Ipu
3TOM U Tpecc-popMa M pa3MENICHHBIH B HEW TOPOIIOK
IIPOrpeBaIuCh A0 YKa3aHHOM Temneparypsl. IIpecc-
dbopmy  OBICTPO  W3BIEKATM W3  TepMocTaTta |
TIPOM3BOIMIIN TIPECCOBAHIE MTOPOIIIKA.
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Pe3yabTaTsl HcciieqoBaHU

Ha ymioTHsSeMOCTh TOPOIIKOB BIUSIOT MHOTHE
(akTOpB: MHUKHOMETPHUYECKas IUIOTHOCTh, MHKPO-
TBEPIOCTh IMOPOIIKA, TPAaHYJIOMETPUYECKHH COCTaB,
COCTOSIHHE TIOBEPXHOCTH, QopM-pakTop U apyrue. st
KOHKPETHOH MapK{d TIOpOIIKa YIpPAaBICHHE APYTHMHA
apryMeHTaMH, KpOME TpaHyJIOMETPHYECKOTO COCTaBa,
TEXHOJIOTHIECKH JIOCTATOYHO CIJIOKHO, a B HEKOTOPBIX
cydasx ~ HEBO3MOXHO.  IloaToMmy B JaHHOM
HCCIICIOBAaHNK BHavyayie Oblla OIIGHCHa BO3MOXHOCTB
MOBBIIICHUS TUIOTHOCTH OpHKETa 3a CYCT HM3MEHEHHUS
(hpaKIMOHHOTO COCTaBa MOPOIIKA.

Kak cinemyer u3 pucyHka 1, mporecc YIUIOTHEHUS
MTOPOIITKOB TIPU TPHUJIOKCHUU JaBIICHUS OIMUCHIBACTCS
JIOTapU(MIYECKON 3aBUCHMOCTBIO, YTO COOTBETCTBYET
KJITaCCUYECKUM TpeacTaBiieHusM [7]. Bmecre ¢ Tewm,
HE3aBUCHMO OT TIPHJIOKEHHOTO JIaBICHUS, 3HAUCHUE
IUIOTHOCTH  CBIPOM  TIPECCOBKM  BO3pacTaeT ¢
yBennueHneM (paxknuu nopomka. O4eBuIHO, 9To Oojee
ITUPOKUN HaOOp YaCTHI] Pa3HOTO pa3Mepa obecrieunBaeT
MAaKCUMaJIbHOE 3alOJHCHUEC MEXYACTHYHBIX IyCTOT
ITOPOITMHKAMH MEHBIIIETO pa3Mepa.

Pacuer mopuCTOCTH TPECCOBOK, MONYYCHHBIX IPU
MakcuManbHoM naBiaeHun 700 Mlla, mokassiBaeT, 4TO
JUTS WCCIICIOBAHHBIX IOPOIIKOB PAa3IHYHBIX (QpaKIuit
oHa cocrapisier 29,3; 28,0; 27,6 %, COOTBETCTBECHHO
(B TOpSAKE BO3PACTAHUS TPAHYIIOMETPHIECKOTO COCTAaBa
mopomika). BBox B MOpomIOK creapaTa IHWHKAa HE Jall
3HAYUTENbHOTO d3ddekra, B ITOM ciaydae Oblna
JTIOCTUTHYTAa MUHUMaJIbHas mOpucTocTh 24,1 %. Huzkas
VIUIOTHAEMOCTh ~ TOpOIIKa TIPH  TakOM  METOZe
(hopMOBaHUS OOBICHACTCS BBICOKOW MHKPOTBEPIIOCTHIO
YacTUI] TOPOINKa, a TaKKe NPUOMIDKAIONIMNACT K
mapoodOpasHoi ¢opme dacti. JlIs TaKMX YaCTHIL
3Ha4YeHUE (haKTOpa HEPABHOOCHOCTH, PACCYMTAHHOTO KaK

3HauYenne IIOTHOCTE MPECCOBOK I/CM’, IOJIyMeHHBIX IPH TEILIOM H X0JI0HOM NPeCCOBAHMH /
The value of the compact density g/cm3, obtained by warm and cold pressing

COOTHOIIICHHE  MAaKCHUMAQJIBHOTO ¥  MHHHUMAIILHOTO
pasMepos, kosnebuercs B mpeaenax 1,0...2,0.

300 00 500 600 700 BO0
Jlaemerne npeccpeanig, MITa

e S0 W =l (160 Ma == (-200 Maad

Puc. 1. 3asucumocms niomumocmu npeccosxu om
Oasnenus npeccosanus / Fig. 1. Dependence of green
compact density from compact pressure

Takum  o0pa3oM, TPOBEIEHHBIE HCCIIEJOBAaHUS,
ytoTHsieMoctu nopomka [TP-X17H2 mpu npuMeHeHnn
TPaAULIMOHHOW  CXEMbl  XOJIOAHOTO  IPECCOBAHUS
MOKa3alid, YTO TaKOW BapUAHT MPHEMJIEM TOJBKO JIs
MONYYCeHUsT  claOOHAarpyKeHHbIX  w3menwid. s
MOBBILICHUS TUIOTHOCTH MPECCOBOK MPUMEHUIIN TEIIoe
npeccoBaHue. Pe3ynbraTel HcciaenoBaHUsl MPUBEACHBI B
tabmune 1. J[ns ymoOcTBa COMOCTaBICHUS JaHHBIX TaM
)K€ JaHBl 3HAYEHWsS IUIOTHOCTEH TIPECCOBOK IMpH
XOJOZHOM  TIPECCOBAaHMM CO  CTEapaToM  I[MHKA.
[lomyueHHbIe JaHHBIE CBUAETENBCTBYIOT O HAIWIHH
MOJIOKHUTEIBHOTO 3 dekTa oT pazorpeBa MOpOIIKa CO
CMa3KoM Ha Tpoliecc ero yroTHeHus. BeposarHee Bcero,
9TO MPOUCXOIUT KaK 33 CUCT CHUKCHHUS KOI(PPHIIUEHTA
MEXYAaCTUYHOTO  CKOJIbXKEHHUS, TaK U  HEKOTOpPOTO
Pa3ymnpoOYHEHUST MaTEpUATa YaCTHII.

Tabnuya 1

XomogHoe Temnoe npeccoBaHe CO CMa3KOM
Jlas- MIPECCOBAHUE C
TICHHUE nobaBieHueM
TpeccoBamHms, creapaTa cMaiels 0TpaboTKa Macia napauH cTeapar IuHKa
MIla [UHKA
08% | 12% | 0,8% 1,2 % 0,8 % 12% [ 08% | 1,2% 0,8 % 1,2 %
300 5,22 5,31 5,30 5,25 5,43 5,40 5,32 5,20 5,31 5,40
500 5,49 5,70 5,65 5,80 5,63 5,75 5,60 5,68 5,75 5,93
700 5,61 5,90 5,92 6,03 5,87 5,95 5,80 5,79 6,03 6,16

AHanu3 BIUSHUS PAa3TUYHBIX BUIOB CMAa3KH MMOKA3al,
9TO0 TpH  TemioM (OPMOBAaHHHM  HCCIEIOBAHHOTO
rmopomka HauOosnee A(PPEKTHUBHONH CMAa3KOW SBISETCS
cTeapar mWHKa B KommuectBe 1,2 %, KOTOpBIA IIpH
temrieparype 125 °C mepexoauT B )KHIKOE COCTOSIHHE U
COBEpIIECHHO paclipeesisieTcsl MeXay YacThuiamMu. Takoi
BapHaHT  CJEIyeT CYUTATh  ONTHUMAJIbHBIM  IIPH
¢dopmoBannn mopomka [IP-X17H2, Tak Kkak oOH

MO3BOJSIET IOJIy4aTh MPECCOBKHM C OTHOCHUTEIBHOM
IUIOTHOCTBI0O  Okojo 80 %, dro ymOBIETBOPSET
TpeOOBaHUSAM TIPH IPOHM3BOJCTBE CpeIHEHATPYKEHHBIX
Jietajgeil U3 HeprKaBeromux crajied. J[onmoJHUTEeTbHBIM
apryMeHTOM B  TIIOJIb3y  CKa3aHHOTO  SBISETCA
BO3MOXKHOCTh ~ TNPHUTOTOBIICHMSI ~ CMECH  IIOpPOIIKa
[TP-X17H2 co cTeapaToM IIMHKA B MPOCTBIX CMECUTEISX
(nanpumep, 06apabaHHOTro, KOHYCHOTO, JIOIIACTHOTO,
THUIIA).




I[J'IH IMMPOTHO3HOT'O pacyeTa Tpe6yeM0r0 JaBJICHUA aHI)TepHaTI/IBHHﬁ BapHUaHT, BLI6paH0 TCILIOC

npeccoBanust P, MIla, o0OecneynBaromero 3agaHHYIO IIPECCOBAHUE.
OTHOCHTENBHYIO IIIOTHOCTh CBIPOM IIPECCOBKH € mpu 2. C HuCHoIb30BaHUEM 3KCHEPUMEHTAIBHBIX JTaHHBIX
YKa3aHHBIX BBIIIC ONTHMAIBHBIX YCIOBHSX, MOKHO MONy4eHO  YPaBHEHHE  JIOTAPU(PMHUUECKOTO  THUIIA,
BOCIIOJIb30BATbCSl  YPaBHEHHEM, IIOJYYEHHBIM HaMHU MO3BOJISIOIIEE TP TEIUIOM IPECCOBAHUM (TeMIeparypa
ITyTeM CTaTUCTHYECKON 00pabOTKH IKCIIEPUMEHTATHHBIX 125 °C) paccunmraTh JaBieHHE, HEOOXOAMMOE IS
JTAHHBIX nmoiy4eHnss OpukeToB coctaBa X17H2 3amanHO#
Ig P =6,221g 0+3,46. O
. CTaHOBJEHO, 4YTO  IPU  IPECCOBAHUH
pacnsuleHHoro nopomka cranu ITP-X17H2 B xecrtkoit
Brisoner npecc-popMe ONTHMAIBHBIM SBISIETCS METOJ TEIUIOTO!
1. Tloka3aHo, 4TO HpPU XOJOJHOM IPECCOBAHHU B npeccoBanust ¢ nodasnenuneM 1,2 % creapara nuMHKAa U
3aKPBITOHU mpecc-hopMe PacHbUIEHHOTro a30ToM Topornka  Aasienun 700 MIla. Takoi MeTO/ MO3BOJIAET MOTYYATh
Hepkaseromen cranmu [IP-X17H2 He obecreunBaeTcs MIPECCOBKU C OTHOCUTENIbHOM MIIOTHOCTBIO 0K0JI0 80 %.
JIOCTaTOYHAS IUIOTHOCTB MIPECCOBKH. Kak
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