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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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INVESTIGATION METHOD OF THERMAL FRICTION
PROCESSING OF THE ECCENTRIC CONE CRUSHER PART

Abstract. The article presents the results of the study performance of cone crushers and the existing technology
restoration of their parts.

The main reasons for the failure of cone crushers are the following: failure armor of the cone and the middle
part, the protective cap, parts of the upper suspension, dust seal rings, bearing rings, the eccentric of the crusher. The
most time-consuming is to restore the details of the eccentric crusher. A new technology restoration worn surfaces of
the eccentric part and the results of an experimental study of thermal friction treatment (TFT) after surfacing are
proposed.

It is revealed that despite the high level of temperature corresponding to intensive treatment modes it is possible
to achieve effective hardening. Implementation of the proposed technology allows: eliminate the undesirable effects
of softening due to re-riveting and reduce the oxidized layer; increase productivity relative to mechanical cutting
methods in 2+3 times and tool life of more than 10 times; the use of affordable cheap material steel 45, 50, 60G for
the manufacture of tools and perform processing at more intensive modes S =0,2-1mm / Rev; n=2000-3000 rpm. It is
established that the TFO of the deposited surface part eccentric, provides wear resistance of the treated surfaces parts
in 2....8 times more than the factory processing technology, while the depth of the hardened layer can be 1.5....
2 mm.

Key words: wear, surface restoration, hardness, roughness, thermal friction treatment, temperature, wear
resistance.

Introduction. The mining and metallurgical industry is characterized by a high level of technical
equipment, where more advanced technological schemes are used, requiring a large number of machines
and devices in the production line. The development of enrichment technology occurs along the path of
complication technological schemes while increasing the capacity of factories and the speed of processes.
Up to 30-50 units operate in the buildings of concentrating plants with developed technological schemes
in one serial chain.

A characteristic feature machines of mining and processing production is the flow of continuous
technological process. All equipment is connected in a single technological chain, thus, the stop or failure
of any machine that makes up this chain, leads to a stop of the entire chain. In order to prevent such
emergency stops, without exception, all links of the chain, both machines and intermediate devices must
meet the service life, i.e. withstand operational periods of operation.

The time spent on replacement parts of concentrating machines leads to downtime technological
chain of the equipment, which leads to high economic costs and inefficiency of the concentrating
equipment. Machines for medium and small crushing of ores in concentrators are cone type crushers.
Figure 1 shows a cone type crusher. The advantage of these crushers relatively high degree grinding of the
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material, the uniform composition of the product in size, the possibility relatively wide regulation of the
discharge gap.

1 - lower support; 2- upper support; 3- crusher cover; 4 - upper housing support;
5- cone; 6- lower housing support; 7- drive; 8- motor; 9- eccentric assembly support
Figure 1 — Cone type Crusher

At the concentrator Zhezkazgan (Kazakhstan) there was studied the level of technical use of cone
crushers (2016-2018). Using statistical data on the operation of cone crushers at the enterprises of LLP
"Kazakhmys Corporation" there were identified the causes of downtime. Figure 2 shows a graph of the
causes of downtime cone crushers for 2016-2018y.

L:h

o |

tech gy mach 2ccid wther P'.1.:

1-2016 y.; 2-2017 y.; 3-2018y.
Figure 2 — Causes of cone crusher downtime for 2016-2018

The main reasons for the failure of cone crushers are the following: failure armor of the cone and the
middle part, the protective cap, parts of the upper suspension, dust seal rings, bearing rings, the eccentric
of the crusher. The most time-consuming is to restore the details of the eccentric crusher. Figure 3 shows
the eccentric of the crusher.

Figure 3 — Photo of the crusher eccentric
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According to the research operational indicators of mining and processing machines, the intensity
downtime of KMDT - 2200 units is affected by the wear of the eccentric unit, which is 85% of the total
abrasive wear. It has also been established that when the wear of the eccentric reaches 4-5 mm, the actual
it will reach the limit of wear, as a result, the gaps in the mates increase and this will lead to a rapid swing
of the cone shaft. Therefore, in 3 days or 8 months, the eccentric will reach the limit of wear or fail.
Known work of researchers [1,2,3] to increase the service life cast eccentric restoration under the repair
size, which was used at the enterprises of LLP "Corporation Kazakhmys" does not provide the necessary
increase in the reliability of the restored parts. Wear resistance and durability parts of mining and
processing machines depend on technological heredity associated with machining [4,5]. The conducted
researches have shown that the existing technology restoration of a detail the eccentric does not provide
necessary physical and mechanical properties of a surface which are the main at ensuring durability details
of cars in the inter-repair period [6,7,8]. One of the widespread, inexpensive and effective methods
restoration of worn surfaces of details is surfacing by the mechanized arc of a powder tape [9,10].
Surfacing is carried out by applying the molten metal to the surface of the product, heated to reflow or to
the temperature of reliable wetting liquid surfaced metal. As a result interaction of the molten metal with
the melted (or sufficiently heated) surface of the part, metal bonds are formed between them. The
thickness of the deposited metal can be different: from 0.5 to 10 mm and more [11,12].

The research of technological process restoration details of the eccentric cone crusher, made of steel
35L led to the creation new technologies restoration of worn surfaces including: restoration geometric
sizes of weld eccentric outer cylindrical surface of the mechanized arc powder tape; termofikacine cutting-
hardening treatment [13,14,15,16,17] the deposited surface of the eccentric. It is known that the process of
traditional TFT of metals by cutting discs is a combined method using the thermal and mechanical action
of the tool on the cut layer of the workpiece material [18,19,20,21]. It is carried out by direct contact of the
workpiece and rotating with a high circumferential speed (up to 80 m/s) smooth or rolled on the periphery
of the steel disc (HB up to 150), with a diameter of 500-600 mm and a height of 40-60 mm. The proposed
method of TFT [13] which allows to control the properties of deformable metal layers due to pulse
cooling, and are resource-saving. The study of the applicability of this method in the treatment of the
deposited surface of the eccentric is an urgent task.

Methods and equipment for the study. To conduct the study, a set methods for determining the
parameters characterizing the quality of the treated surface in TFT was developed. The methods used in
the work are: hardness and roughness measurements. Experimental studies were carried out on a circular
grinding machine model 3B151. Special friction discs were manufactured for machining. Figure 4 shows
pictures of the grinding machine and friction discs.

a - model 3B151 circular grinding machine; b — special friction discs
Figure 4 — Grinding machine and friction discs

For experimental studies, special samples were prepared, made material of the eccentric part of the
cone crusher. The hardness of the treated surface was determined using the MET-U1 instrument by the
Vickers method. The device is automatic-determines the hardness of the surface layer. With the help of a
sensor installed inside the device, the ratio speeds of strikes and rebounds striker is determined and the
value of the hardness surface layer appears on the screen of the device. At the moment of impact, the
carbide ball mounted on the end of the striker contacts the measured surface. Inside the bike there is a
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permanent magnet. The principle operation of the striker is as follows: the striker after the tension of the
button (trigger) with the help of a pre-cocked spring is ejected to the measured surface. After moving
inside the inductor and its magnetic field, induces an electromotive force in it. The signal from the output
of the inductor is fed to the input of the electronic unit, where it is converted into the hardness value of the
selected scale and displayed. The tests were carried out at room temperature, in the laboratory base of the
Department "Technological equipment, mechanical engineering and standardization" of Karaganda state
technical University. The duration starting the indicator was taken 15-20 seconds. The surface roughness
of the treated samples was measured by the TR100 Surface Roughness Tester. The device has an electrical
device with special sensors, which automatically determines the value of the standard deviation from the
middle line of the profile machined surface of the part.

Experimental studies and discussion of results. Processing of blanks (samples) was performed
under the following modes: spindle speed n=2000-2700 rpm; friction disc speed v=30-40 m / s; workpiece
feed S = 250-280 mm / min; removable allowance t = 1-3 mm. Processed materials-Steel 35L, cutting
disc-Steel 60G. Figures 5 show the TFT processes and processed workpieces.

b)

a - processing process; b - processed samples
Figure 5 — TFT Processes

The influence of the tool geometry on the surface roughness and hardness when changing the
diameter of the friction disc was investigated. Figure 6 shows graphs of experimentally obtained
dependences changes in roughness and hardness when the disc diameter changes from 300 mm to
550 mm.

/? 1 mkam
it HV st

95 \ 4500

75| I\ ™

400

45 S 3800 P
) S

j_:) - g i

L) mm 280 320 400 500 550

280 320 400 450 500
a) b)

a - the influence of the diameter of the cutting disk on the roughness; b- the effect of the diameter of the blade on hardness
Figure 6 — The effect of the diameter of the cutting disc on roughness and hardness, at S = 0.3 mm / min; n = 2500 rpm

From the graph (see figure 6 b) it follows that the increase in diameter D and > 500 mm, practically
does not lead to hardening of the cutting surface. The results indicate an ambiguous effect of the friction
disc size on the processes hardening of the cutting surface. The results obtained when changing the
deformation zone and sliding speed due to cutting modes allow to clarify the question. Figure 7 shows the
results obtained by changing the frequency rotation of the friction disk.
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6 : : : : : 4800
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a) b)

a - the effect of rotation speed on roughness; b - the effect of speed on hardness
Figure 7 — Influence of rotation speed on roughness and hardness, at S=0,2 mm / min; Du=380mm

Figure 8 shows the effect of feed on the hardness and roughness cutting surface. Cutting modes and
tool geometry in TFT have a very noticeable effect on the strength properties of the deformed layer and
the machined surface of the part. These properties, along with the geometry of the machined surface,
ultimately determine the functional properties of the part when it is in contact with other parts of a
particular mechanism Assembly. Therefore, the management of these properties will improve the quality
of the machine as a whole. Increasing the "n" from 2000 to 3000 rpm leads to a 500-600 Mn/mm?2
softening. In this case, a more noticeable softening is observed after n = 3500 rpm. Therefore, an increase
in the sliding speed in the friction contact favorably affects the hardness factor.

K7 mkm HV Mximm?
33 4800 —T1—T1—
2% 4500
10 / 4200 |-

8 3500

a_? 6'34 g’g —— 5“'-'““]‘“
g3 g4 05
a) b)

a - the effect of feed on the roughness; b - the effect of feed on hardness
Figure 8 — Influence on the hardness and roughness of the cutting surface, Du=380mm; n=3500 rpm

Indeed, regardless of how the increase in linear velocity is obtained by V-increasing the rotational
speed or the diameter of the friction disk will be softening. The choice of parameter for regulation
V should be made taking into account their impact on quality indicators. From the experimental results it
can be stated that TFT manage to get rid of the appearance perekleennogo or oxidized layer adjacent to the
treated surface, in addition important is the fact that the gradient of hardness can be adjusted by changing
modes. The increase in flow should lead to an increase in heat dissipation and an increase in the
deformation zone h;. Analysis of the results obtained by changing the feed (figure 3.20) shows an increase
in hardness by 300 Mn / m2 when changing the "S" from 0.3 to 0.4 mm/min.

The results of the experimental studies have shown that TFT allows to provide the necessary
roughness and hardness of the surface which are the main in ensuring the durability of machine parts in
the overhaul period.

Conclusion. 1. The results of the research led to the creation of a new thermo-frictional cutting-
hardening method for processing the cylindrical surface of the eccentric cone crusher part and the
processing modes and the design of the tool were determined.
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2. It is established that the cutting modes and tool geometry at TFT very significantly affect the
strength properties of the deformed layer and the treated surface:

- the increase in flow has a positive effect to the increase in heat dissipation and the increase in the
deformation zone h,. When the feed is changed from 0.3 to 0.4 mm/min, the hardness increases by
300 MN/mm’;

- with increasing speed and diameter of the tool, the quality of the cutting surface improves, i.e. the
surface roughness Ra = 4,5-1,2 microns and the depth of hardening of the surface layer is 0,5-2,5 mm;

3. It is revealed that despite the high level of temperature corresponding to intensive treatment modes
it is possible to achieve effective hardening.

4. Implementation of the proposed technology allows:

- eliminate the undesirable effects of softening due to re-riveting and reduce the oxidized layer;

- increase productivity relative to mechanical cutting methods in 2+3 times and tool life of more than
10 times.

- the use of affordable cheap material steel 45, 50, 60G for the manufacture of tools and perform
processing at more intensive modes S =0,2-1mm / Rev; #=2000-3000 rpm,;

5. TFT offered as mechanical treatment after surfacing, provides wear resistance of the processed
surfaces of details in 2...8 times more than factory technology of processing, thus depth of the
strengthened layer can make 1,5...2 mm.

K. T. [Heponl, T. M. Bysayonal, B.T. Mapuononz,
A. )I(ayLIT3, C.Bb. Aﬁupem03a3, K. Umamesa', B. K. CmanioBa'
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KOHYC YATKbIIITBIH OKCHEHTPUK TETIT'TH
TEPMO®PUKIHUAJBI OHAEY 9JICIH 3EPTTEY

AHHOTanusi. Makasiasia KOHyC yaTKbIIITapIbIH MaijalaHy KOPCETKIIIiH 3epTTey HOTHKWIEPI XKoOHE TETIKTEePiH
KalTa KaJbIHA KENTIPy TEXHOJIOTUSACH KENTipiIe/i.

Konyc yaTkpITapsl iCT€H IIBIFAPATBIH HETI3Ti ceOenTep MbIHAap: KOHYC OpPOHBI YKOHE OPTaHFBI OOIIKTIiH,
KOPFaHBIC KaKIAaFBIHBIH, YCTIHT1 UITEK TETIKTEPiHiH, MIaHIBl THIFBI3AAFBIII CAKWHACHIHBIH, YaTKBIII SKCIECHTPHUTIHIH
iCTEeH IIBIFYHI.

Kaiita KanmpiHa KeATipy TETIKTEPiHIH €HOCK IBIFBIHIBICHI — YaTKBII SKCIEHTPUTI. DKCICHTPUKTIH TO3YHI 4-5
MM JKETKEHJIe IIEeKTi TO3y LIaMachlHA JKETEe/i, OChIHbIH OCEpIHEH )KaHACylaFbl CaHbUIAY YJIFAsJIbl, ajl OJ KOHYCTBI
OULIIKTI IIaMaJaH ThIC AWKaJITabl.

Srun, 240 kyHae HeMece 8 aiiia SKCLEHTPUK LISKTI TO3y IIaMachlHa XKeTe/ll HeMece icTeH wibFaabl. JKyprisin-
TeH 3epTTeyJiep SKCUCHTPUK TETIriH KahWTa KaJlblHA KENTIPY TEXHOJOTHICHIHBIH KaXKeTTi OerTik (u3uka-
MEXaHHUKaJIbIK KaCHETTePIH KaMmTaMachl3 ETIEHTIHIH KOpCeTTi, ajl Oyl KOpCETKIITep JXOHJAEY apalbIFbIHIarbl
MalllHa TEeTIKTEPiHiH y3aK MEp3iMAUIIriH KAMTaMachl3 €TeTiH Heri3ri KepceTKimTepaiH 0ipi O0JIbIT caHaIabl.

35J1 GomarraH 93ipJEHETIH KOHYCTHI YaTKBIII KCIEHTPHK TETiriH KalWTa KaJbIHA KENTipy TEXHOJIOTHICHIHA
JKYPTi3UITeH 3epTTeyjiep jKaHacaThlH TO3FaH TETiK OeTTepiH KaWTa KajlblHA KENTIPyAiH >KaHa TEXHOJOTHSCHIH
KYpyIbl Tajam €TTi, OHBIH KypaMblHAa MbIHANAp Kipeli: SKCHEHTPUKTIH CBHIPTKBI OCTTEpiH MeXaHM3alHsIaHFaH
YHTaKThI TACIIAMEH JIOHEKEPJIIeIl, TEOMETPUSUIBIK OJIIIEM/IEPiH KalTa KAJIbIHA KENTIPY; IKCIEHTPHUKTIH JOHEKEpIIereH
OeTTepiH Kecy — OepiKTeHAIpin TEPMOPPUKITISIIBIK OHJICY.

3eprreynepai Kyprizy YunH Oerrepii TepMOGPUKIMSIBIK ©HJEY CalachlH CHIATTANTBIH MapameTpiepii
AHBIKTAUTBIH 9JIiCTEpP KelIeH! KypacThIpbuLAbl. JKYMbICTa MBIHA 9/IiCTEP KOJAAHBULABI: KATThUIBIKTHI )KOHE Keip-0y-
JBIpAbIKTHI ommey. Toxipubenik 3eprreynep 35151 Moz, neHrenek axapiaylibl CTAHOThIHAA OPBIHAANbI. ApHalbI
yHiKenicrieH eHeiTiH quck o3ipienai. Taxipubernik 3epTreysepl Kyprizy YIIiH KOHYC yaTKbIII 3KCLEHTPUTIHIH
MaTepHUaIbIHAH apHAWBI YITUIEp 931pICH]II.

AJIBIHFaH 3epTTey HOTHXKeNepi Kecy OeTiHiH OepiKTeHAIpY MpoleciHe YHKeIic AUCKI OJILIEMiHIH dcep eTeTiHIH
aHBIKTa b, MaceneHl HaKThUIay YIIiH AedopMalysiay ayMarbl MEH Kecy Ma3ipiiepiMeH ChIpFaHay >KbUIIaMIbIFbIH
03repTy KaXeT.
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TepMoppUKIMSITBIK OHIIEY Ke3iHIe Kecy MJ3ipiepi MeH Kypall TeOMTepHsCH AedopMarisiiaHFaH KabaTThIH
JKOHE TETIKTiH OHJENTeH OeTTiH OepiKTiK KacWeTiHe ocepi aHBIKTananbl. byl KacueTTep eHAENTeH OCTTiH reoMeT-
PHUACBIMEH KaTap, aKbIpPBIHIA OCHI OETIIeH 0acKa TeTIKTep[iH jkaHacay Ke3iHIe OHBIH (DYHKHIIOHAJABI KaCHETTepiH
aHbIKTaliabl. COHOBIKTaH, Oy KacueTTepli 0acKapy TyTac MallMHAHBIH (yHKIMOHAIAB KACHETTEPiH XKaKcapTalbl.

Toxipube HoTHXKEIepi OOHBIHIIA Keiecl HaKThuTaHabl: TPO ke3inae KyHreH Hemece KbIIIKbUIAaHFaH KabaTTaH
KYTBUTyFa 00J1aJibl, COHAaN-aK, KaTThUIBIK IIET1 MA3ipIii ©3repTy apKbUIbI peTTeyre 0oaibl.

Bepinicri sxorapbuiaTy KbUTYAbIH O6IiHICIH KeOeiTyre xoHe neopMalysiaHy ayMarbIHBIHBIH hH yJIFarobiHa
okeseni. bepimicti e3repTy Ke3iHIe alblHFaH HOTHXKENEp/i capantarania oepimicti «S» 0,3 tan 0,4 MM/MUH aeiiH
3repTKeH 1€ KaTThUIBIKTHIH 300 Mu/Mm? neitin YKOFapPBUIAUTHIHBIH KOPCETTI.

KapkpIHasl Ma3ipre colikec >Korapbl TeMIlepaTypara KapaMacTaH >KeTKUTIKTI OepiKTeHAaipyre KoJl >KeTKi3yre
0oJIaTHIHBI AHKBIHIAIIIBIL.

OKCHEHTPUK TETIriHIH OaikpIThuraH OerrepiH TMO OHBIH 3ayBITTBIK OHJEY TEXHOJOTHSACBIMEH CallbIC-
THIpFaHIa OHJICNTeH OeTTepIiH TO3yFa TOIMALUTITIH 2...8 ece »KOFaphl KAMTaMachl3 €TETiHI aHBIKTAJIbI, OCpIKTCHAIPY
Kabatsl 1,5...2 MM Kypaiiiel.

YCHIHBUTFAH TEXHOJOTHSHBI XY3€Te achlpy KeJleci CHIaTTaJFaHFa KOJ JKETKi3edi: KalTa KYI ocepiHeH
Ka)KeTci3 KaiTa OepikTeHIipy KYOBbUIBICHIH OOJIbIPMay JKOHE KbINIKbUIAAHFAH KaOaTThl a3aiiTy; MEXaHUKAIIbIK KeCcy
omiciMeH OHIMIIUTIKTI CaNBICTRIPMAIBl 23 ece JKOFApBUIATy XOHE KYpalIblH MIBIAaMIBUIEIFEIH 10 ece apTThIpy;
Kypayiiipl 93iprey yiniH Kosbketimai ap3an 45, 50, 65" Oonmar mapkamapbiH Kongany »xoHe S =0,2-1MM/00 ;
n=2000-3000 06/MHH Ma3ipiiepiMEH OH/IEY.

JoHekepreyeH KeWiH MeXaHUKaNbIK KeCyaAiH OpbIHbIHA KypriziieriH TDO enmenren OeTrepiiH TO3yFa
Te3iMaLTIriH 2...8 ece 2...8 ece )KOoFapbl KAMTaMachl3 €TETiHI aHBIKTAJIbI, OepiKTeHIIpY KadaThI 1,5...2 MM.

Kyprizinren Toxipubenik 3eprrey HoTmkenepi TMO-miH KakeTTi KeAip-OYABIPIBIKTEI KOHE KATTHUIBIKTHI
KaMTaMachl3 €TeTiH KOPCETTi.

Tyiiin ce3mep: TO3y, OerTepai KaiTa KallblHa KITIpy, KAaTTBUIBIK, KEHip-OYIBIPIBIK, TEPMODPUKIHSIBIK
OHJIEY, TEMIIEPATypa, TO3YFa TO3IMILTIK.

K. T. l.l.leponl, T. M. By3ay03al, B.T. Mapnononz,
A. )Kaymf’, C.b. A6upemona3, K. Umamesa’, b. K. Cmansiona’

'KaparanauHckuii rocyiapcTBeHHbII TeXHHUeCKuil yHuBepeuret, Kaparanza, Kasaxcran;
*Hapouitckuit rOCYAapCTBEHHBIN FOpHBIA MHCTUTYT, HaBou, Y30ekucras;
3 AJIMATHHCKHI YHHBEPCHTET SHEPIeTHKHM U CBsi3H, AnMarsl, Kazaxcran

HNCCJIIEJOBAHHUE CIIOCOBA TEPMOq)PI/IKHI/[OHHOI‘/‘I OBPABOTKH
JAETAJIN QKCHEHTPUKA KOHYCHOMU JPOBUJIKHA

AHHOTauus. B craThe NpUBOIATCS pe3ynbTaThl MCCIEAOBAHUS HKCIUTyaTallMOHHBIX NOKAa3aTeNned KOHYCHBIX
TIPOOUIIOK U CYIIECTBYIOMIECH TEXHOJIOTHH BOCCTAHOBJICHHUS MX JIeTalICH.

OCHOBHBIMH TIPUYMHAMH OTKa3a KOHYCHBIX JAPOOMIIOK SIBIISIOTCS CIEAYIOIINE: BBIXOA U3 CTPOsi OPOHH KOHyca 1
CpeIHEH 4acTH, 3alUTHOTO KOJIIIAKa, JETajeil BEpXHEro IMOABECA, KOJIEL NBUIEBOTO YIUIOTHEHMS, KOJEL IOAIIT-
HHUKA, 3KCUIEHTpuKa ApoOmikn. CaMbIM TPYJOEMKHM SBISETCS BOCCTAHOBIICHHE NETATH SKCLUEHTPHKA APOOIIIKH.
YcraHoBIIEHa, YTO KOTJIa U3HOC 3KCLUEHTPUKA JTOoCTHraeT 4-5 MM, (hakTHYeCKH OH JOCTHIHET MPEeIebHOro U3HOCa,
BCJICACTBUC 3TOT'0 YBCIIMYMBAIOTCA 3a30PbI B CONPSKCHUAX, a OTO MPUBCIACT K 6I)ICTpOMy Ka4YaHWIO KOHYCHOI'O Baja.
CrnenoBarenbHo, 3a 240 qHS Wiu 8 MecsleB 3KCHEHTPUK JTOCTUTHET MPEAeNIbHOTO M3HOCA WM BBIMIET U3 CTPOS.
IIpoBeneHHBIE UCCIENOBaHMS OKA3aJIM, YTO CYLIECTBYIOIIAs TEXHOJOTHSI BOCCTAHOBIICHHS IETald 3KCLEHTPUK HE
obecrieunBaeT HE0OX0MMbIE (PU3UKO-MEXaHHMUYECKHE CBOICTBA IMOBEPXHOCTH, KOTOPHIE SIBIISIOTCS OCHOBHBIMH IPU
o0ecrieueHnH JI0JATOBEYHOCTH JeTalIel MallliH B MEXKPEMOHTHBIH TIEPHOI.

BrinosiHeHHOE HCCIE0BAaHUE TEXHOJIOTMYECKOIO MPOLECCa BOCCTAHOBJIECHMS JETANM SKCLEHTPUKA KOHYCHOM
JIPOOMITKH, M3TOTOBJISIEMBIH 13 cTaimu 35J1, MpUBENo K CO3AaHUI0 HOBOM TEXHOJOTHH BOCCTAHOBIICHUS M3HOMICHHBIX
MIOBEPXHOCTEH CONpSAracMbIX JeTaled BKIIIOYAIOLIUI: BOCCTAHOBJIIEHHE I'€OMETPUUYECKUX Pa3MEPOB 3KCLEHTPHUKA
HAIUTaBKOHM HApYXHOH IMUIMHIPUYIECKON MOBEPXHOCTH MEXaHW3UPOBAHHON AYTOil MOPOIIKOBOW JICHTHI; TEPMOPPHUK-
UOHHAs PeXYIe-yIPOUHSIOmas 00padoTKa HAIUTABJICHHOM TOBEPXHOCTH 3KCIEHTPHKA.

Jnst mpoBeieHust MccieoBaHus ObUT pa3padOTaH KOMIUIEKC METOIMK OIpe/esIeHHs] apaMeTpOB, XapaKTepH-
3YIOLIMX KauecTBO 00paboranHOM moBepxHocTH pu TAO. B paboTe MCOMB30BaHbI METOIBI: H3MEPEHUE TBEPIOCTH
U HICPOXOBATOCTH. SKCHepI/IMeHTaIH)HI)Ie HUCCJICAOBAHUS BBIIIOJIHAJINCH HA prFJ’lOHJIll/I(l)OBaHbHOM CTaHKE MOACIn
3B151. beuin M3roTOBJIEHBI CHELHMANbHbIE TUCKA TPeHUs Ui oO0paboTKu. {1 MpoBEAEHUs SKCIIEPUMEHTAIBHBIX
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WCCIIeIOBAaHMIA OBUTH TTOATOTOBIICHHI CIIEIMaIbHbIE 00pas3mbl, U3TOTOBJICHHBIC M3 MaTephaia JeTald SKCIEHTPHKA
KOHYCHOHU JIPOOTITKH.

[omyueHHbIE pe3ylbTaTHl YKa3bIBAIOT HA HEOJHO3HAYHOE BIISHAE Pa3MEpOB MUCKa TPEHHUS Ha TIPOLECCHI
YOPOUYHEHHS MTOBEPXHOCTH PE3aHMs. Y TOUHUTH BOIPOC ITO3BOJIIOT PE3YIIbTATHI, OMYUYCHHBIE IPH N3MEHEHUH 30HBI
nedopManri u CKOPOCTH CKOJBKEHHS 33 CUET PEKUMOB PE3aHHS.

Pexumel pezanust u reometrpust nHCTpyMeHTa npu TPO BecbMa 3aMETHO BIMAIOT Ha MIPOYHOCTHBIE CBOMCTBA
Je(OPMHUPOBAHHOTO CJIOS ¥ 00PAaOOTAHHOM MOBEPXHOCTH JCTAIU. JTH CBOWCTBA, HAPSAY C FEOMETPHUEH 00paboTaH-
HOM IMMOBEPXHOCTHU, ONPECACIIAIOT, B KOHCUHOM CYETC, @yHKHMOHaﬂbeIe CBOﬁCTBa JACTaJIM IPpU KOHTAKTUPOBAHUU I10
9TO MOBEPXHOCTH C APYTMMH JETAISIMH KOHKPETHOTO y3ia Mexanu3Ma. CieoBaTenbHO, YIpaBIeHHe 3TUMU CBOFC-
TBaMU TTO3BOJIUT YIIYYIINTH KAYECTBECHHEIC ITOKA3aTEIN MAIIUHBI B I[CJIOM.

ITo pe3ympTaTaM 3KCIEPHUMEHTOB MOXXKHO KOHCTATUPOBaTh, 4T npu TDO ymaércs m30aBUTHCS OT MOSBICHUS
MEPEHAKICTIAHHOTO WIIK OKHCIICHHOTO CJIOS MPUJISKAINET0 K 00padOTaHHOM MMOBEPXHOCTH, KPOME 3TOTO HEMAIOBaX-
HBIM SBJISIETCS TOT (PaKT, 9TO TPaiUEHT TBEPJOCTH MOKET PETyIUPOBATHCA 3a CUET M3MEHEHHS PEKUMOB.

YBenndueHrne moJadn JOJDKHO MPUBECTH K POCTY TEIDIOBBIIEICHUS M YBEIHUCHUIO 30HBI qedopmanui hH. Ana-
JU3 pe3yIbTaTOB, MONyUYESHHBIX MMPH M3MEHEHUH TOJadH, TOKa3hIBaeT Ha yBeNW4YeHue TBepAocTH Ha 300 Mu/mm2
pu u3MeHeHuu «S» ¢ 0,3 10 0,4 MM/MUH.

BrisBiI€HO, UTO HECMOTpPSA Ha BBICOKHN YPOBEHBb TEMIIEPATypbl, COOTBETCTBYIONIINH WHTEHCHUBHBIM pPEXHMaM
00paboTKH, MOKHO TOOUTHCS A3PPEKTUBHOTO YIIPOUHEHHSI.

Peam/l3aum{ HpeﬂﬂO)KeHHOﬁ TCXHOJIOI'UU TMO3BOJIACT: MCKIIIOUUTH HEXKCIATCIIbHBIC SABJICHUA PasylnpOYHCHUA
BCJICACTBUC IIECPCHAKIICTIAa U YMCHBIINTD OKHCJICHHBIN CHOﬁ; YBCJINYUTH MMPOU3BOAUTCIIBHOCTh OTHOCHUTCIIBHO MEXa-
HUYECKUX CIIOCO0OB pe3aHus B 2+3 pa3 W CTOWKOCTh MHCTpyMeHTa B Oojiee 10 pa3; mpuUMEHEHHE JOCTYITHOIO
JIEIIeBOro Matepuana — ctainb 45, 50, 60" mis U3roTOBJICHUS WHCTPYMEHTA U BBINOJHHUTH 00pabOTKy Ha Ooiiee
MHTEHCUBHBIX pexxnmax S =0,2-1mMm/06 ; n=2000-3000 06/muH.

T®O, mpeyiaraemasi B Ka4eCcTBE MEXaHHUYECKOW 00pabOTKH TOCIIE HATUTABKH, 00ECIICYNBACT M3HOCOCTOMKOCTD
00paboTaHHBIX MOBEPXHOCTEH eTaiei B 2...8 pa3 Oojblile, YeM MU TEXHOJIOTUH 3aBOACKOH 00pabOTKH, IPH 3TOM
rIyOWHA YIPOYHEHHOTO CJI0SI MOXKET COCTAaBIATH 1,5...2 MM.

Pe3ynbTaThl BEHIIONHEHHBIX SKCIIEPUMEHTAIBHBIX HCCIIEAOBaHUH mokaszand, yTo TdO mo3BoiseT o0ecrneunTs
HEOOXOIUMYIO IIEPOXOBATOCTh U TBEPIOCTh MOBEPXHOCTH, KOTOPBIE SBISIIOTCS OCHOBHBIMH YCIOBHSIMH OOectie-
YEeHHUS JONTOBEYHOCTH JETalel MAaIllH B MEKPEMOHTHBIA IEPHO/T.

KioueBble ci1oBa: U3HOC, BOCCTAHOBJICHHE MMOBEPXHOCTH, TBEPIOCTb, HIEPOXOBATOCTh, TEPMO(DPHUKIIUOHHAS
00paboTka, TeMiepaTypa, HU3HOCOCTOUKOCTD.
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