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METAJUTypTUd W JIMTEHHOMY  IIPOW3BOJICTBY.
TexHuueckum pe3yipTaToM n300peTeHns
SIBIISIETCS  YIIPOIICHWE TEXHOJIOTHYECKOTO IMKIIa
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(54) METHOD OF THERMAL TREATMENT OF METALLIC SHOTS

(57) Abstract:

FIELD: metallurgy.

SUBSTANCE: invention relates to metallurgy
field and to foundry. For achievement of technical
result it is implemented heating of shot up to
austenisation temperature and following tempering
for one cycle in fluid bed, herewith it is applied
bainitic hardening, temperature of which is adjusted

in the range of 150-500°C depending on purpose of
shot. Additional in cycle of thermal treatment it is
excluded tempering process.

EFFECT: simplification of technological cycle for
receiving by thermal treatment of cast metallic
shot, reduction of thermal treatment time, reduction
of power inputs and conditioning of metallic shot.
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N300pereHre OTHOCUTCS K JIUTEHHOMY ITPOU3BOJICTBY U METAJUIYPTUU U UMEET LENbIO
MOJTyYE€HUE METAJUIMYECKOMN IpOOY MOBBILIEHHOT O KAUECTBA, UMEIOIIEeN BBICOKUE 3HAUCHMUSI
pa3pyliaroied Harpy3ku Npy UCIIBITAHUSIX HA CKATUE U MUKPOTBEPIOCTb.

[Tpumenenue MeTamuueckoit 1poou Becbma mupoko. [1o manHbIM paboThI [1]
MeTaJTu4ecKas JpoOb pa3IMUHbIX MAPOK MPUMEHSIETCS B METAJUTYPIUU U JINTEHHOM
MPOU3BOJICTBE 71 APOOEMETHOMN U APOOECTPYMHOM OUYUCTKU PA3IIUYHBIX U3IENHI, B TOM
YKCIIE OTJIMBOK, U JIJIs1 IOBEPXHOCTHOTO YIIPOUHEHUS JETAJIEN, B CBAPOUHOM - KAK
CPaHYJIMPOBAHHBIN MPUCATOUYHBINA MAaTEPUATI, B MATEPUATIOBEIECHUY - KAK APMUPYIOIIUIA
KOMITO3ULMOHHBII MaTepua AJis MOJIy4YeHHUs BBICOKONIPOYHBIX U3/IEIUNA METOAOM FOPSYEro
M30CTATUYECKOTO MPECCOBAHUS, B ATOMHOM 3HEPreTHKE - JJIs1 OMOJIOTMUECKOM 3alUThI, B
MPOMBIIIJIEHHOCTU CTPOUTEIIHHBIX MATEPUAIIOB - JIJIs1 PE3KU M MUTM(OBKU KaMHS U.T.1.

OnHako HaubOoJbIlIee TPUMEHEHUE MEeTAJIJIMYECKasi ApOoOb MoIyunsia Ijis 1podecTpyiHoM
OYMCTKH OTJIMBOK, TOBEPXHOCTHOI'O YITPOUHEHMS IeTalIeil U Ju1si OYpOBBIX padoT.

Jl1 IuToi MeTaIn4eckoi IpoOu XxapakTepeH O0JIbIIoi pa30poc MEXaHUUECKHUX CBOMCTB
U CTPYKTYpbL. Tax, mpu UCCIeI0BAaHUU CTATIBHOMN JIUTOM ApoOu nuamMeTpom 2,0 MM ¢
conepxanueM yriepoaa 1,1% ObL10 moKa3aHo, YTO 3HAYECHUSI pa3pylIatollel Harpy3Ku Mpu
WCIIBITAHMM Ha cxaTue u3MeHstoTed oT 100 mo 400 Kr, a 3HaueHUsI MUKPOTBEPIOCTH
HaxoasTcs B mpeaenax 450-750 HV [2]. MUKpoCTpyKTypa CTalbHOM JTUTOM APOOU MOKET
MEHSTHCSI OT MTOJTHOCTHIO MAPTEHCUTHOM C OOJIBIIIUM KOJIMYECTBOM OCTATOUHOTO ayCTEHUTA
JIO TIOJTHOCTbIO OEHHUTO-TPOCTUTHOM, OJTHAKO BCErAa OCTaBasCh I'pyOO3epHUCTOM.

[TpumMeHeHue JOTTOHUTENBHOM TEPMUYECKON 00pabOTKH (3aKaaka U OTIYCK) (IpoOb
CTaJIbHAsI IUTAsl YIyUYlIIEeHHAs!) CYyIIECTBEHHO YJIy4lllaeT CBOMCTBA JIMTOMN IpoOU U ee
CTPYKTYypy. M3BECTHBI CITOCOOBI TEPMHUUECKON 00PaOOTKH METAJUIMUECKOM JIUTOM TpoOH,
3aKJII0YAIOIIMECS] B HATPEBE NPOOU AJIsl AyCTEHUTU3ALMH, 3aKaJIKe B BOJY WJIM MAcCIIO U
OTITYCKE, TPUYEM HATrPeB MO/l 3aKAJIKY U OTIIYCK OCYIIECTBIISUICA B JJIEKTPHUUECKHUX
KOHBEKTUBHBIX neuax [1, 3].

Cnoco0, onucanHblil B padote [1], B34T B Ka4eCcTBe MPOTOTUIA U 3aKJFOUAETCS] B HATPEBE
IpOOU B AJIEKTPUUECKOM KOHBEKTHUBHOM 1eun 6apabaHHOTO TUIIA, 3aKAJIKE B BOJIY UK
MACJIO ¥ OTITyCKE TaKXke B 3JIEKTPUUECKOM KOHBEKTUBHOI Meun. BpeMst HaxoxeHus: Apodu B
MeYr ayCTEHUTU3AIMH U TI€YU OTITyCKa 3aBUCUT OT MAaccChl IpoOU, 0OpabaThiBaeMoOii 3a OJIMH
[UKJT TEPMHUUECKON 0OpabOTKH, U 1O TaHHBIM [1, 3] MoxkeT MeHsAThCs OT 30-60 MUH 10
2,0-2,5 4.

K HemocraTkaM mpoTOTUIIA OTHOCUTCS OOJIBIIIOE BpeMs HAXOXK/IEHUS 1po0uU B meuax
AyCTEeHUTHU3ALUU U, OCOOEHHO, B MEUU OTIIYCKA U CBSI3AHHOE C ’TUM OKUCJIEHHE JpoOH,
OoJIbIIIME YIHEPro3aTPAThI HA TEPMUUECKYIO 00pabOTKY APOOU.

3agaueit n300peTeHus ABIISIETCS COKPAIEHUE BPEMEHHU, 3aTPAUYMBAEMOr0 Ha
TepMOOOPAOOTKY, M COOTBETCTBEHHO YMEHBILIEHUE SHEPro3aTpaT, COKpaIleHHe
TEXHOJIOTUYECKOTO LUKJIa TEPMOOOPAOOTKH, YIyUIlIEeHUe KauecTBa IpoOU, YMEHbIIIEHUE
paszbpoca CBOMUCTB ApOOH.

VYkazanHas 3aj1auya periaeTrcst TeM, 4TO B U3BECTHOM CITOCO0€ TepMUUYECKOM 00paboTKU
JIMTOM MeTaJUIMYECKOM ApoOu, BKIIOUAIOIIEM HATPEB IPOOHU A0 TeMIIEPATyPhI
AYCTEeHUTHU3ALMU U TTOCIIEAYIONIYIO 3aKAJIKY, HATPEB APOOU I AyCTEHUTU3ALMU U 3aKAJIKY
OCYILIECTBIISIIOT 32 OAWH LUK B IICEBAOOKWKEHHOM CJIO€, TPUYEM MTPUMEHSIOT
M30TEPMHUYECKYIO 3aKaJIKy, TEMIEPATYypPy KOTOpOH peryiaupytoT B npeaenax 150...500°C B
3aBUCUMOCTH OT TpeOyeMbIX CBONUCTB APOOU.

Takxum 0OpazoM, JBOVHAS TepMUUecKas 00paboTKa ayCTeHUTU3AIMUS - 3aKaJIKA - OTITYCK
3aMEHSIETCSl OJTMHAPHON TEPMUUECKON 00pabOTKOM ayCTEHUTHU3AIMS - U30TepPMUYECKast
3akajika. B aToMm ciyyae 1octuraercs 3HaUMTeNIbHOE COKPAILIEHUE BPEMEHU HAXOKICHUS
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JpoOU B TIEYM ayCTeHUTH3aluu (B 2 U 0oJjiee pa3a) B 3aBUCUMOCTH OT MAacCChl 1podu [4]. DTo
CBSI32HO C BBICOKUM KO3((PUIHEHTOM TeII000MeHa B MCEBIOOKMKEHHOM CIIOE, B CBSI3U C
YeM CKOPOCTh HATrpeBa WM OXJIAXKICHUS U3JIEIUI B IICEBIO0KMKEHHOM CJI0€ 3HAYUTETIbHO
OoJibIIIe, YeM B Fa30BbIX KOHBEKTUBHBIX Meyax. ONTUMAIbHYIO CKOPOCTD ICEBI00KUKEHUS,
MpY KOTOPOM KOIDPUIMEHT TEIIOOTAAYM JOCTUTAeT MAKCUMAJIbHOTO 3HAUEHHUS, MOYKHO
MPUOJIM3UTEIIFHO OLEHUTH 110 popmyite [5]

o, =V A/[d(18+522VA )],

rae o - ONTHMAIbHAS CKOPOCTD IICEBIOOKIIKEHHS;

V_ - BA3KOCTb IICEBIOOKIKECHHOMN CPE/IBL;

d - ITMaMeTp YacTuIL;
A_-uncrno Apxumena.

CoxpaleHre BpeMeH! HaX0XAeHHs IpoOU B IeUM ayCTEHUTU3ALMU ITO3BOJISET TAKKE
YMEHBILIUTH 00€3yIJIEpOKMBAHUE U OKUCIIEHHE ITOBEPXHOCTH 1poOu. [IprMeHeH e KUIsiero
CJIOS1 JUISl U30TEPMUYECKOM 3aKaJIKU MTO3BOJIAET B IIMPOKUX IIPeeIax BApbUPOBATH
CTPYKTYPY U CBOICTBaA ApOOM, B 3aBUCUMOCTHU OT €€ Ha3HAYEHUS U TPEeOyeMbIX
(hM3UKO-MEeXaHUUECKHUX CBOUCTB. [TpHr 3TOM TICeBIOOKMKESHHBIN CIIOM 711 H30TEPMUIECKOM
3aKaJIKU UIMEET HEOCTIOPUMBIE ITPEUMYIIIECTBA IO CPABHEHUIO C PACILUIABAMHU COJIEH, TAK KaK
3aKajika B pacIuiaBax COJiel MPUBOIUT K BBIHOCY COJIU, K HEOOXOAUMOCTHU €€ yAaIeHMUs,
yXyLIAET 3KOJIOTHIO, a TAK)KE IPUBOJIUT K KOppo3uu MeTaia. OTMEeTUM, 4TO B
TEXHOJIOTUYECKOM LMKJIE IMOJIYyUEHUS JIMTON METAJUIMUECKON APOOU UMEIOTCS TaHHBIE O
MIPYMEHEHUU TICEBI0O0KMKEHHOTO (KUIIALLIET0) CIIOS A1 CYLIKHU IpOOU NOCIE PACTIbIIICHUS
KUJIKOTO MeTaJljla CTpyer BOJIbI WK Ta3a U OXJIaXAeHUs B OacceliHe ¢ Bojol [6].

B kauectBe npumMepa ObLTM TPOBEACHBI UCIIBITAHUS TBEPAOCTH 1O BUKKepcy NBYX mapTuit
CTaJIbHOM JTUTOM qpobu ¢ conepkanueM yriepoaa 0,68-0,7, TOMOIHUTEIBHO COACPKALIMX
0,24% W (Y7B) u 0,15% V (Y7®). Harpes u oxjiaxaeHue o0pa3ioB IPOBOIUIN B
OJTHOTUITHBIX JTAOOPATOPHBIX YCTAHOBKAX KHUIIAILIErO CIIOS ¢ pa3MepaMu paboueit 30HbI
0,3x0,6x0,7 M. IIceBpooxkumxeHre OCyIIECTBISIIM IPOTYBKOM ra30BO3AYLIHON CMECU U
CKUTAHUEM ITPUPOIHOTO Tra3a B CIIOE JIEKTPOKOPYHIa ¢ yacTuaMu 320 MKM.
HM3otepmuueckas 3akaika NpoOBOIUAIIACH B CJIO€ C yacTULAaMu 120 MKM.

ITocne aycrenutuzanuu ripu 860°C 00pa3sibl MoABEpraad U30TEPMUIECKON 3aKaJIKe B
IICEB/IOOKUKEHHOM CJ10€ B TeueHue 30 MUH IIPU pA3JIMYHBIX TEMIIEpATYpaXx.

3nauenus TBepaoctu (HV) mo Bukkepcy mocie u3oTepMUUecKoi 3aKaaku B
TMICEBI00KIKEHHOM CJI0€ MpUBeIeHbI B Tabmuie. Ha kaxaplil pexkuM U30TepMUUECKOM
3akajiku Opanu o 20 oopasiuoB.

Tabauna

Mapxka cramm
MuxkpotseprocTs HV Ipu pa3iMuHbIX TeMIepaTypax H30TepPMUYECKOH 3aKaIKu

250°C 275°C 300°C 325°C
V7B - 587-605 502-534 334-327
Y7o 551-606 534-598 484-587 285-320

CtpykTypa Bcex 00pas3ioB ApoOU, MPOIIEAIINX U30TEPMUIECKYIO 3aKaJIKy, IPEACTaBIIsIa
co0OM TOHKOTIJIACTUHYATYIO (PePPUTO-KAaPOUIHYIO CMECH.
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dopmyna u3obpereHust
Crnioco0 TepMudeckoit 00pabOTKU CTAIbHOM JIUTON APOOH, BKIIOUAIOIIUI HATPEB APOOH
710 TEMIIEPATYPbI ayCTEHUTU3ALMHU U TTOCIEAYIOIIYIO 3aKaJIKy, OTJIMYAIOIIUICS TEM, UTO
OCYIIECTBIISIIOT U30TEPMHUUECKYIO 3aKaJIKy Apoou nipu 150-500°C, ipu 3TOM HarpeB U
M30TEPMHUYECKYIO 3aKAJIKY IPOBOJAT 3a OAUH LMKII B IICEBIOOKUKEHHOM CIIOE.
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