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Bseoenue. Crarps MOCBSIIEHA

CBOMCTB  CYLIECTBYIOIIMX UM  BHOBb

MPOTHO3HPOBAHUIO
SKCILTyaTallIOHHBIX
pa3pabaTbiBaeMbIX OBICTPOPEKYLIMX CTAaNeH B 3aBUCHMOCTH OT HX
XUMUYECKOTO COCTaBa ITyTéM U3ydeHUs TEpMOAWHAMHYECKHX
TIPOIIECCOB B 30HE TPEHMSI IPH PE3aHHUH U TOJyYEHNUSI aHATUTHIECKIX
3aBUCHMOCTEH JUIsl OLIEHKH XapaKTEPUCTUK TPEHUs U u3Hoca. Llenbio
HACTOSIIEH paboTHI SBJETCS HPOTHO3MPOBAHHME H3HOCOCTOMKOCTH
OBICTPOPEXYIINX  CTadedl MO  CTPYKTYPHO-UyBCTBHUTEIIbHBIM
mapamerpaM  aOCOJIIOTHOM WM OTHOcHTeNnbHOH — Tepmo-D/IC
MaTepralla W SHTPONHH, KOTOpas MOXKET OBITh paccuuTaHa IIo
MPaBUITy aJTUTHBHOCTH IIPU M3BECTHOM XUMHYIECKOM COCTaBE.
Mamepuanet u memooul. YCTaHOBIIEHA TEOPETUUYECKAs 3aBHCUMOCTD
MEXIy M3MEHEHHeM 3HTpormu crajgeil 1 ux tepmo-O/IC, coriacHo
KOTOpOH 00JIbIIIeMy 3HAUYCHHIO SHTPOINH MaTepHajia COOTBETCTBYET
MeHblee 3HaueHue abcomorHoit JJIC, uro OBUIO IPOBEPEHO Ha
Pa3MTMYHBIX MapKaX ObICTPOPEXKYIIUX CTAIEH.

Peszynomamor uccnedoganusi. C LETbIO BBIIBICHUS CBS3H MEXIY
SHTPOINUEH, Kak TEPMOAJIEKTPUUECKOM XapaKTEPUCTUKOU
OBICTPOPEXKYIINX CTaJIeH, U MX N3HOCOCTOMKOCTBIO OBUIH IIPOBEICHBI
HCTIBITAaHMS HA TPeHHE IWIMHIPHIECKUX 00Pa3nOB OBICTPOPEKYIIIX
CTajlell Pa3IM4HbIX MAPOK U CTOMKOCTHBIE UCCIENOBAHUS CBEPI IIpU
o0pabotke ctam 45. IlpousBemeHBI W3MEPEHHS OTHOCHTEIHHBIX
tepMo-D/IC 3THX MapoK U PacCYUTaHBI X aOCOMIOTHBIC 3HAYCHHUS. B
pe3yJIbTaTe HCIBITAaHHH HanOOJIBIIYI0 H3HOCOCTOHKOCTH ITOKA3alH
OBICTPOpPEXYIHE CTald C BBICOKUMM 3HAYEHHSMU OSHTPONUH MU
MUHHMAJIbHBIMHI 3HAY€HHAMH a0COIOTHBIX (OTHOCHTEIIBHBIX) TEPMO-
SJC.

Obcyscoenue  u  3akmouenus.  YCTaHOBICHA  CBS3b  MEKAY
TapamMeTpaMy H3HOCOCTOMKOCTU OBICTPOPEXYIIUX CTaled ¥ HX
CTPYKTYPHO—1yBCTBUTEJIBHBIMH XapaKTEPUCTUKAMU HA MUKPOYPOBHE
— sHTpomnueil u abcomorHoN Tepmo-DLIC. g cHKeHHs U3HOCA
IpH TPEHHH W PE3aHMM HEOOXOMMMO TIPUMEHSTh  MapKH
OBICTPOPEXXYLIMX CTalell ¢ MakCUMalIbHOM  SHTpomHMed U
MUHUMAaBbHOH TepMo-0/1C .

DHTpomnHio, KoTopas 0e3 0CcoObIX 3aTPYIHEHHI PaCCUMTHIBACTCS IO
M3BECTHOMY  XHMHYECKOMY  COCTaBy  Marephala,  MOXKHO
HCIONB30BaTh KAk JUIl OMEHKH OKCIUTyaTalHOHHBIX CBOWCTB
CYILIECTBYIOIMX, TaK W [ TPOTHO3UPOBAHUS HM3HOCOCTOMKOCTH

BHOBb Pa3padaThIBaeMbIX MapoK OBICTPOPEKYIINX CTaJEH.

* o
Pabora BeinonHeHa B paMkax nHuImarusaoi HAP.

Introduction. The paper is devoted to forecasting the operational
properties of the existing and newly developed high speed steels
depending on their chemical composition by the investigation of
thermodynamic processes in the friction zone under cutting, and by
receiving analytical dependences for evaluating friction and wear
characteristics. The work objective is the prediction of wear resistance
of high speed steels on the base of the structural sensitive parameters
of the absolute or relative thermo-EMF and entropy of the material
which can be calculated by the additivity rule at the known chemical
composition.

Materials and Methods. The theoretical relationship between the
change in entropy of steels and their thermo-EMF is obtained.
According to it, a smaller value of the absolute thermo-EMF
corresponds to a larger value of the material entropy. This theoretical
relationship is experimentally tested on various compositions of high
speed steels.

Research Results. To determine the relationship between entropy as a

thermoelectric characteristic of high speed steels and their wear
resistance, experimental tests on friction for the cylindrical samples of
high speed steels of different types, and study on the wear properties
of drills under steels machining are carried out. Measurements of
relative thermo-EMF of these samples are performed; and their
absolute values are calculated. The results of these tests show
maximum wear resistance of high-speed steels having high values of
entropy and low values of the absolute (relative) thermo-EMF.
Discussion and Conclusions. The relationship between the wear
resistance parameters of high speed steels and their structurally-
sensitive characteristics at the micro-level — entropy and absolute
thermo-EMF, is established. To reduce wear during friction and
cutting, it is necessary to apply the types of high speed steels with
maximal entropy and minimal thermo-EMF. Entropy, which with ease
can be calculated on the known chemical composition of the material,
can be used to assess the operating properties and to predict the wear
resistance of both existing and newly developed compositions of high
speed steels.
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HN3HOCOCTOMKOCTB, BEICOKOHTPOIUIHBIE OBICTPOPEKYILUE CTAIIH.

BBenenne. Cpenud OCHOBHBIX COBPEMEHHBIX TEHACHLUMHA MOBBIIIEHUS OKCIUTyaTallHOHHBIX XapaKTEPUCTHK
MHCTPYMEHTAJIBHBIX PEXYIIUX MAaTepHaioOB MOXKHO BBIJCIUTh TaKO€ HaIpaBlICeHHWE, KaK CO3JaHHE HOBBIX MapoK
osicTpopexxymux craieit (BPC), ycnoxHeHHe HX XHMHYECKOTO COCTaBa BBEJICHUEM HOBBIX JICTUPYIONIUX 3JIEMEHTOB. B aTOM
cilydae BaXHO YMETh MPOTHO3WPOBATH CBOWCTBA CYIIECTBYIOIIMX W BHOBH pa3pabareiBaeMbix BPC B 3aBHCHMMOCTH OT HX
XUMHUYECKOTO COCTaBa MyTEM HM3Y4YEHHS TEPMOJAMHAMHYECKHUX TIPOIIECCOB B 30HE TPEHUS MPH PE3aHUU W IOJYICHHS
AHATMTUYECKUX 3aBUCUMOCTEH JJIsl OIICHKH XapaKTePUCTUK TPEHUS U U3HOCA.

Haunbonee BakHBIM SKCIUTYaTallMOHHBIM CBOWCTBOM JIC3BUHHBIX HHCTPYMEHTOB, B TOM YHCIJIC HU3TOTOBJICHHBIX U3
BPC, sBnsercs ux u3HOCOCTOMKOCTb. MHTEeHCHMBHOCTH M3HamMBaHus bPC MOXXHO OILIEHUTH MO 3aBUCUMOCTH, MOJYYEHHOH Ha
OCHOBE ypaBHEHHs OayaHca 3HTpornuu [1,2], U3 KOTOPOU cieayeT BBIBOJ O TOM, YTO M3HOC NPU TPCHUU U PE3aHUH OyIeT
MEHBIIIC Y MAaTePHAaJIOB ¢ HAUOOIBIINM 3HAYCHUEM SHTPOIINH.

TeopeTuueckue NPeANOCHUIKU. /[ OLIGHKM W NPOTHO3UPOBAHUS H3HOCOCTOMKOCTH MOXKHO HCIONb30BaTh
CTPYKTYPHO-4YBCTBUTEIBHBIN MapaMeTp MUKPOYPOBHI — abcomoTHYI0 TepMmo-2JIC mMatepuana €, KoTopasi, Kak H3BECTHO H3
TEOPHH TEPMODJICKTPUICCKUX SIBICHHM [3—6], €CTh SHTPOIHS ABMKYIIMXCSI HOCUTEICH TOKA — JJIEKTPOHOB S¢ M MOJKET OBITH

orpe/iesieHa Kak OTHOIICHHE TeIUIoThl iepeHoca Q. k abcomroTHON Temmeparype T:

[Mo aHamOrMYHOM 3aBHCHUMOCTH OMNpPEICISIeTCS W TEIIoBas OSHTPONUs S Kak (GYHKUHUS TEPMOJHHAMHYECKOTO
cocTosiHMSL Mareprana. [1o3ToMy MOXKHO TPEONOJI0XKHTh Hadumdue (YHKIMOHATHHON CBSI3M MEXKIY TEIIOBOM SHTpommeit
Matepuana S m ero abcomotHON Tepmo-DJIC. B pabote [7] mns oleHkH W3MEHeHHWs ToTeHIMana ['mb6ca AG peakuuu
ucnoapsyetcst DJIC rampBaHudeckoro siaeMenTa E u anaauTrueckas 3aBUCUMOCTD AJis onpeeneHust AG:

AG=-n-F-E
Ho m3menenne norennunana ['m66ca AG marepunana onpenesnsiercs Kak
AG =AH -T -AS
B pesynbrate
AH-T-AS=-n-F-E
Otkyna
E=—AH -T-AS , (1)
F-n
rae F — gucmo @apazges, N — YUCIO IIEKTPOHOB.

[Monmy4yeHHas 3aBHCUMOCTh YCTAHABIIMBACT CBS3b MEXKIy U3MCHEHUEM dHTponuu marepuaia AS u ero tepmo-2O/IC E:
0oJBIIEMY 3HAYCHHUIO SHTPONMHU MaTepHalia COOTBETCTBYET MeHbliee 3HaueHue ero DJ[C mpu JOMYyMICHHWH, YTO MPOIECC
coBepIIaeTcs Npu HeM3MEHHBIX dHTansnu AH 1 temmeparype 7.

Ourponuu BPC pa3HbIX MapoK pacCUYUTHIBAIOTCS IO MPABWITY aJJUTHBHOCTHU [8] B 3aBUCHMOCTH OT UX XUMHUYECKOTO
cocTasa 1o opmyie:

%0 =S g8

rac Si nu Sj — OHTPOIIHA KaXA0TI'0 KOMIIOHCHTA CIlJIaBa, T]I J — MOJIbHAas A0JIA KaXXJ10ro KOMIIOHCHTA, ZT]I ] =1. Pe3yJ'H>TaTI>I
1 ’

pacuéroB npejcTaBiensl B Tabauie 1 (rpada 3).

Teoperndeckast 3aBucumocTh (1) W BeITEKaromMe W3 HeE BHIBOABI OBUIM TPOBEPEHBI HA  PA3IAIHBIX
WHCTPYMEHTAJIbHBIX PEXyLIMX marepuanax. Ha puc. 1 mpeacTaBieHbl pe3ysbTaThl PACYETHBIX 3HAYCHHH DHTPOMHUI pa3HBIX
Mapok ObIcTpopexylux craneid u ux cpaBHenue ¢ DJIC oTHocHTeNnbHO MIaTHHBL Kak BHIHO, CYIIECTBYET CBSI3b MEXIY
suTpornmedt bPC, kak TepMoauHaAMHYECKOW XapaKTePUCTHKOW, W OTHOCUTENIbHOH (abcomoTHOo#) Tepmo-O/IC, koTopas B
MIEPBOM MPHUOIMIKCHHH 0TOOPaXKACTCS KPUBOU TUIEPOOIMIESCKOTO THIIA.
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Puc. 1. Ca3b Mexay sHTponueit 1 Tepmo-3JIC st ObICTpOpeKyIIHX cranei pasubix mapok (TOCT 19265-73): YV — P6D2KSMS ,
A P12D2K8M3, O_ P18,— P6M4®d4, X —P6MS, X_ P6MS5KS, N_ P8M3 D4, ® _poos

Fig. 1. Relationship between entropy and thermo-EMF for high-speed steels of different types (GOST 19265-73):
~ V —pedzxams, A —praozxams, O — pis,
A —P6M4d4, X — P6MS5, X _ P6M5K35, N_ psM3d4, @ — pows

JKCNepUMeHTANbHA YacTh. [l  YCTAHOBJICHHS CBSI3M MEXAY OHTPONHEH, Kak TEPMOIJICKTPUUECKON
xapakrepuctukoii BPC, M HMX H3HOCOCTOMKOCTBIO OBUIM TMPOBENEHBI TPHOOIOTHYECKHE  HCIBITAHUS IMIMHAPHYECKUX
obpasmoB BPC gmamerpoM 5 MM ¢ TOMOIIBIO MPHCIOCOOJICHHS, YCTAaHOBICHHOTO Ha craHke Monaudumkammm [K625,
MO3BOJISIIOIIETO U3MEPATh KPACHOCTOWKOCTD, TEMIIEPATYPY M CHIIy TPEHUSI MPH PA3UYHBIX 3HAUCHHSX Y/CIBbHOTO JAaBICHHS U

CKOpOCTH TpeHus (puc. 2).
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Puc. 2. Cxema nprcnoco0ieHus Jyist TpHOOIOTHIECKHUX UCIBITAaHUH
Fig. 2. Diagram of device for tribological testing

Obpaser; 1 uMeeT BO3MOKHOCTh ITEPEMEIIaThCS B KOpITyce 2 MPUCIIOCOONICHHS O IeiicTBHEM rpy3a 3 u pbryara 4.
Kopmyc pacrosyioxeH Ha OCHOBaHHH 5, KECTKO 3aKPEIUICHHOM Ha MOTIEPEYHOM CYIIIIOPTe CTaHKa. B IeHTpe cTaHKa 3aKperuieH
Ban 6. B xopmyce umeercs mpopess, Oiarogaps yemy NepeMelieHust o0pasia yepe3 CTOMKY 7 U 0aliky 8 perucTpupyroTcs
TEH30/IJaTYNKAMU COTIPOTUBIICHUS 9.

Bpewms, 32 KoTopoe BRIOpaHHBIN YTk TPSHUS OYACT IMPOW/ICH IIPH 3aJAHHOH 4acTOTE BPAILICHUS Baya 6, ONpeIesacTCs

U3 COOTHOIICHHA:
3
t _ 10 ) LTP

" m.D-n

rae L, — BeIOpaHHSBII MyTh TpeHUs, M; D — nuameTp Baia, MM; N — 4acToTa BpamieHUs, 06/MHUH.
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[Ipu wcnpITaHUAX TpUHUMAIH cKopocTh Tperms 0,16—1,3 m/c m ynemsHble maBnerus 30—60 MIla. Ilyts Tpenms
paBrsuicss 1000 M. Pe3ynbTaThl MCCIICAOBAHHM NMPEIACTABACHB HA pUCYHKE 3. CpaBHUTEIBHYIO H3HOCOCTOMKOCTH 00pasIioB
OTIpeNIeISIIN 10 MeToAnKe U3 padotsl [9]. B pesynpraTte McnbITaHUil HA TPEHHE W M3HOC HAMTYYIIMMH IO BCEM ITOKA3aTEIsIM
ciemyet cauTath ctamu POM4®d4, POOS u P6D2KEMS.

DTOT BBIBOJ OBLI MOJBEPTHYT AAJbHEHIIICH TpoBepKe MpH cBepieHuu B ctanu 45 (HB 197) oteepcruii auamerpom 13
MM TiryOuHOM 40 MM Ha BEpTHKaJIbHO-CBEpPIWIBHOM cTaHke Moaudukamun 2A125 ¢ mogaueir 0,28 MM/00 M CKOPOCTBIO
pesanust 0,36 M/c Ipu OOMIBHOM OXJIAXKAEHHH 5% pacTBOPOM SMYIBCOJA C PACXOA0M S5 JI/MUH.
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Puc. 3. 3aBucumocTh MHENHHOTO M3HOCca h 06pa3moB oT ymenpHOro  Puc. 4. DnekTpudeckas cXeMa yCTAHOBKU I H3MEPEHHUs TepMO-

nasnenns npu V=const=0,33 m/c DJ1C
Fig. 3. Dependence of linear wear rate h of samples on specific Fig. 4. Electrical diagram of installation for measuring thermo-
pressure at V= const=0.33m/s EMF

Bcero ucnpitano 225 cBépi — 1o 25 00pasioB, U3rOTOBICHHBIX U3 KaXKOW MapKu ctaind. V3HOC CBEPI M3MEpsUTH TOCTe
obpabotkn 20 oTBepcTHH; CTOWKOCTH | OIECHUBAIM YHCIOM OTBEPCTHH, HPOCBEPJIECHHBIX IO MEpPETOYKH. Pe3ynabpraTsl
CTOMKOCTHBIX HCIBITAHHH, 00pabOTaHHBIC C MCIIOJIB30BAHIEM JIEMEHTOB Teopun Haaéxkuoctu [10], npeacrasieHs! B Tabnuie
1 (rpadsr 4-6). BugHo, uTO HAWIydIIHe PEKYIIME CBOWCTBA IMOKasaau CBEpia u3 craneii P12D2K8M3, P6M2KEMS u
P6M4d4.

beutn mpousBenensl mu3Mepenus tepmo-O/C ob6pasnoB BPC mpm momomy mpucrocoOieHus, 3JIEKTpHUYEcKas cXema
KOTOPOTO TIpe/ICTaBlIeHa Ha pUCYHKE 4.

Bonsdpamossiit crepxkens 1 auamerpom 1,6-2,0 MM, HarpeBaeMblil 10 HEOOXOAMMOM TeMIepaTypsl MpH TTOMOIIH
JTabopaTopHOro TpaHchopMaTopa 2 M CHHMpaIHM 3, CONpHKacaeTcs ¢ HcciienyeMbiM obOpasuoM 4. Temmeparypa crepiKHS
OIIpeIeNsieTCsl MOCPECTBOM TepMONapbl 1 MILIMBOJIbTMETpa 5. Benmuuny Bo3Hukatommeit npu atoM TepMo-03/1C dukcupyror
BOJbTMETpOM 6. B Tabmune 1 (cTonber 1-2) u Ha puc. 5 nmpuBeneHsl 3HaueHus abcomoTtHbIX TepMo-03/C BPC.

Cas3p TepM0-2/IC ¢ maHHBIMM 110 MHTCHCHUBHOCTH M3HAIIMBAHMS U HKCIIEPUMEHTAIBHBIMH PE3yJIbTaTaMH CTOHKOCTHBIX
WCTIBITAaHUH CBEPI M3 OBICTPOPEXKYIINX CTaJeH pa3HBIX MAapOK HAIJIITHO MpEACTaBlIeHa Ha pUC. 6, U3 KOTOPOTO CIEIYyEeT, YTO
HanOosee 3¢ (eKTUBHBI CTaIN, IMEIOIIe MUHIMaJbHbIC 3HaYeHNs TepMo-D/(C.
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Tabnmma 1
Table 1
Om3HUYecKue U dKCINTyaTallHOHHbIE XapakTepuctuku bPC
Physical and operational characteristics of HSS
CTOWKOCTH CBEDI, IIT. OTB.
Mapxku A6COJ_I;O IT[ga; OHTponus HnTeHcuBHOCTH
craneu TepMOB o ' s, Jx/mMomb °C | usnammsanus, J*10°® cpemss TapanTuiiHas
MK (BeposTHOCTE 0,9)
1 2 3 4 5 6
P18 15,2 28,04 2,5 144 66
P6M5 15,0 27,26 3,0 178 82
P6M4d4 13,5 27,46 2,5 245 68
P4M4 D4 8,7 27,3 - 102 68
P8M3D4 10,8 27,53 1,6 175 70
P9D5 11,5 27,83 15 145 69
P6D2KEMS 4,2 30,60 15 241 90
P12D2K8M3 6,1 30,78 14 332 130
Lspriy M8
; > 709/ 0
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7/// 3 wim omb > 30
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Puc.

5. 3nauenns tepmo-OJIC pazIMUHBIX

mapok BPC ortHocurtensHo Bombdpama. Kpuseie: 1 —
P6M5; 2 — PoM4d4; 3 — P18; 4 — P6M3; 5 — P12; 6
— P9®5; 7 — P8M3d4; § — PI12D2K8M3; 9 —
P6M2KEM3
Fig. 5. Values of thermo-EMF of different HSS
types relative to tungsten. Curves: 1 - P6M5; 2 -
P6MA4F4; 3 - P18; 4 - P6M3; 5-P12; 6 - P9F5; 7 -
P8M3F4; 8 - P12F2K8M3; 9 - P6F2K8M3

Puc.6. B3aumocss3p abGcomoTtHOH TepMo-D/IC M HHTEHCHBHOCTH
n3HamuBanus BbPC npu TpeHun (kpuBas 2) U rapaHTHHHOIN CTOHKOCTH CBEpI
npu pe3aHuu (Kpusas 1) 1uist pasHbIX MapokK ObIcTpopexyuux craneit. Kpusbie:

N _ poooksms, @ — praaoksms, O — p1s, L — pamaad,

AN P6M4®4, X — P6MS, A — P6M5KS, V' — PSM3d4, X _—
P9®5

Fig.6. Relationship between absolute thermo-EMF and HSS wear rate
under friction (curve 2), and warranty of drills under cutting (curve 1) for

different HSS types. Curves: (N — ped2ksMs, @ — pioaoksm3, O —
p1s, L] — pamaowa, /N — pemawa, X —poms, A — pemsks, V
— pam3d4, DXI— poos
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BriBoabl.

1. YcraHoBIeHa CBSI3b MEXIYy H3HOCOCTOWKOCTBIO OBICTPOPEKYIIMX CTAICH W CTPYKTYPHO-UYBCTBUTEIHHBIMHU
XapaKTepUCTUKAMHU MaTEpHUajIOoB HA MUKPOYpPOBHE — dHTpomnei u abcomoTHoi TepMo-DJIC. Jlns cHmwkenns n3noca bPC npu
TPEHWUH U Pe3aHUH HE0OX0aUMO TpuMeHATh Mapku BPC ¢ MakcuManbHOW SHTpONHMEH 1 MUHUMAIBHOH TepMo-D/JIC.

2. Tak Kak pacy€T SHTPOINUI MAaTEPHUAIOB HE BBI3BIBACT 3aTPYAHCHHUH, TO 3TOT MOKA3aTEIh MOKET OBITh HCIIOJIb30BaH
JUTSL IPOTHO3MPOBAHUS H3HOCOCTOWKOCTH BHOBB pa3padareiBaeMbix Mapok BPC.
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