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THEORETICAL ANALYSIS OF DIAGNOSTIC PARAMETERS
OF SYSTEMS AND COMPONENTS OF VEHICLES USING
SENSITIVITY THEORY
V. V. Aulin, A. V. Hrynkiv

Abstract. Analysis of the diagnostic parameters makes it possible
to efficiently control the technical condition of systems and components,
and vehicles in general, because for issues analysis of the diagnostic
information suggested to implement and generalize them in the form of
diagnostic lines. This view formed on the basis of periodic monitoring of
the systems and components of vehicles.

Analysis of the diagnostic lines is contained in realization of the
operation of extrapolation. Themselves diagnostic parameters requested
to provide in the form of additionally model, which combines regular and
stochastic component. On the basis of representations of this model and
formed the procedure of smoothing for five and seven points diagnostic
parameters it is possible to obtain the trend of their changes. The
analysis of the diagnostic parameters not for their numerical values, and
the difference changes in their functions is theoretically shown. On the
basis of these studies it is proposed to use sensitive as a local analysis
of the diagnostic parameters.

Key words: diagnostic parameter sensitiv, diagnostic line,
technical state, system, assembly, means of transport
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AHoTauifa. PosansHymo npobnemy nid8UWEHHsT 3Hococmilkocmi
poboyux  rnoeepxoHb  Oemarnel  CiflbCbKO20Cro0apchKUX  MalluH,
8u20moerieHux i3 YyasyHa. BusHaHO eghekmueHoK ix mepmiyHy obpobky
3a paxyHOK eriyiusy KOHUEeHMmpPOo8aHUX rOMmokie eHepeii, cmeoprosaHux
MPOMEHeM OrMmoB0/I0KOHHO20 lasepa. [NpoaHarnizoeaHO cmpyKmypu 30H
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nepekpumms rpu 6a2amornpoxidHit nasepHit obpobuyi, Wo € 8axusum
efieMeHmMoM id2omoeKu MmexHOI02i4Ho20 rpoyecy ma 6e3rnocepedHbo
srinusae Ha subip pexxumie 06pobKu.

HaeedeHo pesynbmamu eKcriepuMeHmasrbHo20 OOC/iOXEHHS
grniugy napamempie razepHoi 0bpobKuU OrMMOB0O/IOKOHHUM /1a3epoM Ha
cmaH 30H Mepekpumms Mo8epxHe8o20 wapy npu b6azamornpoxioHil
mepmidHiti 06pobui 4YagyHy 6 6e3rnepepsHOMYy PexXumi 3 HYacmKoeuMm
onnasneHHsm o0bpobrreaHoi nosepxHi. B xodi pobomu npogsedeHo
aHari3 cmpyKkmypu 30H riepekpummsi ma ix Mikpomeepoocmi.

Bu3sHa4eHo, wo esukopucmosysaHul 8im4yu3HIHUMU 8UpObHUKaMU
demarnel CinbCbKO20CNOOapCbKUX MaWwuH 4YagyH MOoXe  YCriWHO
nid0asamuck nasepHiu obpobui, wo 3abesneqdyumes 3Ha4YHe MNi08UUEHHS
Uo2o0 MexaHiYHUX eracmusocmel ma Hadacmb 3MO2y Yy MNe8HUX
gurnadkax 3py4yHoO 3aMiHUMU HUM 3Ha4HO QOpPOXXYi cmarli.

KnouoBi cnoBa: mMemod noeepxHeeoi JsiazepHOi 06pobKu,
JlazepHe eUNnpOMiHIO8aHHSI, 30Ha J1a3epPHO20 ernJiusy, 3MiyHEeHHS,
2apmyeaHHsi, Mikpomeepoicmb

NMocTaHoBKa npob6nemn. Ha gaHNMn MOMEHT NMUTAHHS MOKPALLEHHS
MEeXaHiYHMX BriacTMBOCTEN Ta 36inNblUEHHS pecypcy BUPOBITKY aeTtanen
He BTpayae CBOEI aKTyasibHOCTI nepen BUPOBHMKaMKn
CilTbCbKOrocrnogapCbKOl TEXHIKK.

3 YaByHY BUIOTOBIISIETLCA 3HA4yHa YacTUHa [eTanen TpakTopis,
KombanHIB Ta CiflbCbKOrocnogapCbkmnx MawunH. 30Kkpema, 3 AaHoro
cnnaBy MOXYTb BUFOTOBMATUCA Taki enemMeHTU AOBWUIyHIiB, sIK Onoku
LUMIiHOPIB Ta 1X rOMOBKM i Mifib3un, BTYSIKM Ta OHULLA KPULWIOK LMIIHAOPIB,
MOPLLHI Ta MOPLUHEBI Kifbug, WaTyHW, BUMYCKHI KONEKTOPY Ta iHWi. Takox
3 YaBYHY MOXYTb BWIOTOBMATUCbL KOMiHYaCTi W pPO3MnoAdifibHi  Banw,
Pi3HOMaHITHI MaxoBi Ta 3yb4acTi Koneca, LWKiBW, KOpMycu penykTopis,
HacociB Ta MNIgWWMHUKIB, OMOPHI POSINKK, TOPMO3HI AUCKN, KOPMNyCcu
€enNeKTPOABUNYyHIB, KPOHLUTENHW, LUECTEPHI Ta iHWI geTani.

Ana  edekTMBHOro  3MiUHEHHS  OaHuxX  getanew MOXe
3aCTOCOBYBATUCS METOA NOBEPXHEBOI Na3epHOl 00pobKu.

Tomy aHania BMAMBY NnasepHOro BUMPOMIHIOBAHHA Ha MNOBEPXHIO
YaByHa, L0 B CBOK Yepry BnavMBaTUMe Ha pecypc BUPODBITKY BiaNOBIAHNX
aetaneun CinbCbKOrocrnogapcbkol TEXHIKKA, HA AAaHUWA MOMEHT € akTyallbHUM
Ta BaXXITMBUM.

AHani3 octaHHix pocnimkeHb. [Jo dyHaaMmeHTanbHUX nyonikauin
OCTaHHiX POKiB Ha TeMy BMANBY MeTOAY NOBEPXHEBOI Sla3epHOT 06poOKM
Ha BIlacCTMBOCTI MaTepianis MoOXHa BiQHECTM rpaui Taknmx HayKoBLUIB Ta
BYeHUX, 9K B. I1. Bewnko, O. I'. Npurop’aHu, B. C. YepHeHko, |. M. LLUuraHos,
M. B. KiHgpauyk, O. |. [yaka Ta iHWuX, SKi geTanbHO 3anmanucs
NMMTaHHAMM  BMNSIMBY  Na3epHOro  BUMPOMIHIOBAHHA Ha  MOBEPXHHKO
Pi3HOMaHITHUX MaTepianis 3a pi3HuUXx ymoB [1-3]. OcTaHHi AOCNigKEHHS
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LLOAO Na3epHOro 3MiUHEHHS1 geTanen CiflbCbKOrocrnogapCcbKol TEXHIKU
HaBogMnuMCb B HaykoBux npausx B. . Biptokosa, M. O. OriHa Ta iHWnX
[4, 5].

MeTta pocnipxeHb — gocnigutn BNNUMB napameTpiB nasepHol
00pobkM Ha CcTaH 30H MNEepPeKkpUTTS MNOBEPXHEBOro LWapy npwu
BaraTonpoxigHin TepmMivHin 0bpobLui YaByHY 3 METOK MOKPALLEHHS MOro
MEeXaHiYHMX BnacTuBocTeM Ta 30iNbleHHS pecypcy  BUPODBITKY
BiANOBIOHNX AeTanen CiflbCbKOrocnogapChbkKol TEXHIKK.

PesynbTatn pocnigxeHb. YaByH XxapaktepusyeTbCs BcCiMa
TpaauuinHUIMN ONA HbOrO SAKOCTAMW Ta Mae BUCOKI MOKA3HUKM MiLHOCTI
Ha CTUCK, BTOMHOI MILHOCTI Ta 3HOCOCTIMKOCTI 3aBAsIKN BMICTY Y CBOEMY
CKrnapgi BeSIMKoI KinbKOCTi Byrneuto, He MeHwe 2,14%. TakoX YaByH Mae€
rapHi MBapHi BNacTUBOCTI Ta NiAAaeTbCs MeXaHivHin ob6pobui.

[ns 3Ha4yHOro NigBULLEHHA MILHOCTI Ta 3HOCOCTINKOCTI geTanen i3
YaByHY MOXE 3aCTOCOBYBaTUCHA METOA MOBEPXHEBOI fasepHol obpobkn,
AKMW O03BONMUTL 3abe3neyunTy 3aBOsIKM BENMKOMY BMICTY BYrneuw B
YaByHi BWCOKI 3HAYEHHA MOro MILHOCTI Ta npu npaBuSibHO NigibpaHin
TexHonorii nasepHol 00pobkM We W [OocTaTHbO BUCOKI  3HAYEHHS
3HOCOCTINKOCTI. HeobxigHO gocnianTu BNNUB Na3epHOro BUNPOMIHIOBAHHSA
Ha MOBEPXHIO YaByHy, MNpoaHarnisdyBaTM CTaH 30HM TEPMIYHOro BMSIMBY
(83TB) 3 meTo0 36inblUeHHA pecypcy BUPOBITKY BIigNOBIOHUX AeTanem
CiJTbCbKOroCcnogapCbKol TEXHIKW.

BinbLwictb BUKOHAHUX Pi3HMMMU aBTOpamMu JOCHiOKeHb
30INCHIOBANUCh i3 BUMKOPUCTAHHSM LUMPOKO BWBYEHUX TBEPAOTINIbHUX Ta
CO, nasepiB. [Jo uncna ABHUX HeOOSIKIB LMX fasepiB MOXHa BIiOHECTU
HM3bknn KK npomeHs B 30HI 0OpOOKW, 3aCTOCyBaHHS ANA AO0CTaBKU
NPOMEHSI B 30HY OBpO6KM CKNagHUX ONTUYHUX CUCTEM, HU3bKY LUIMBbHICTb
MOTY)XHOCTI OOpPOOKK, @ TaKOX BENWKY MIOLLY KOHTAKTy B 30Hi 06pOo6KM.
Cy4yacHi onTOBOMOKOHHI Nasepu Unx HegonikiB no3basrneHi.

MoxxnusicTb 3abe3neyeHHs 3MiLIHEHHSA NOKanbHOI  30HU
0b6pobnoBaHOro 3paska € HesanepevHo nepesaro nasepHoi obpobkn.
OpgHak  noKanbHICTb  BANMBY fa3epHOro  BUMPOMIHIOBAHHA €  SIK
nepesarow rnasepHoi obpobku, Tak i 11 Hegonikom. AkWwo noTpibHO
3abe3neunTn 3MiUHEHHA [ocuTb Benukol obnacTi, obpobky nasepom
30INCHIOITL 3 nepekputTaMm. [pu uboMy AyXe BaxnvMBo 3abe3neyunTy
HeoOXiaHi XapaKTEePUCTMKN 30H NEPEKPUTTS.

O6pobka 3paskiB 34iNcHIOBaNacb 3a 4OMNOMOrol ONTOBOSIOKOHHOIO
iTepbieBoro nasepa B pexumi ©Oe3nepepBHOI Al 3 4YaCTKOBUM
pO3MnnaBfieHHAM MOBEPXHI Npu  3afdaHin  LWifIbHOCTI  MOTY>KHOCTI
BUNpPOMiHIOBaHHA E | cpikcoBaHOMY  KOeiUieHTI  NepeKkpuTTS.
[ocnigxysascs BNAVB NasepHOro BUMPOMIHIOBAHHA Ha MIKPOCTPYKTYPY i
BNacTMBOCTI 30H nepekputta obnacti obpobkn [5]. Cxema nasepHoil
00pobKM 3 HEOOXIAHMM NEPEKPUTTAM 300pakeHa Ha puc. 1.
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Puc. 1. Cxema nasepHoOro 3miuHEeHHs1 3 nepekputTam: 1 — 30Ha
poanniaeneHHs; 2 — 3TB; 3 — 30Ha nepekpuTTH; 4 — OCHOBHUIA MaTepian.

Ha puc. 2 nokasaHo nonepeyHi nepepi3n 30HU nasepHoi 06pobKu
yaByHy CY21. lMonepeyHnn nepepia nepexigHMx 30H AaHOro cnrasy
306pakeHuni Ha puc. 3.

o

Puc. 2. NonepeyHunit nepepis 30HM nasepHoi 06podbkm yaByHy CH21
(E=4,5:10° Bt/cm?, nepekputtst 10%): 1 — 30Ha po3nnasneHHst; 2 — 3TB;
3 — OCHOBHa CTpPYKTypa; 4 — nepexigHa 30Ha.

a) 6)
Puc. 3. lNonepeyHunit nepepis nepexigHnx 30H 3paska YyaByHy CH21:
a) B 6esnocepenHin BNU3LKOCTI A0 30HM OnfiaBfeHHs; 6) micue CTUKy
ABox 06poboBaHNX OiNSHOK.

I3 HaBeeHUX BULLE PUCYHKIB BMAOHO, LLO YacTKa OnsiaBfieHoI 30HU
yaByHy CY21 € HeBenukow Ta cknagaeTbca 3 nenebyputy. 3oHa
TEpPMIYHOro BNnMBY sIBNS€ COBOK PENKOBUM MApPTEHCUT 3 HEBEUKOM
KiNbKICTIO 3anMLIKOBOro aycTeHiTy i Mae MikpoTeepaicTb 40 930 Hv. 3oHu
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NepekpuTTa MatTb TaKy X CTPYKTYPY, 9K y 30H TEPMIYHOro BrMfuBY Ta
OHAaKOBY 3 HUMU MIKPOTBEPAICTb.
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Puc. 4. MikpoTBepaicTb 3paska 3a rmmbuHoto: 1 — X12Mo; 2 — CY21.

600
550 —
= 5 &
’_A'. 500 = 5
5 : 1 X
= : R : %
o . - - -
m 450 4 5 = %
5 . 1 < g 2y
£ vooo
oy = =
= / - = . 1
4
oo g% £
3oHa @5 3oHa @ 5 3oHa
posnnaenekka| 3 £  posnnaenekHR 3 2 pO3NNfENEHHA
™ & o &
350 = =
0 0.5 1 s 2

[Tupuna, mm
Puc. 5. MikpoTBepaiCTb 3a WMPMHOKO OBpPOBneHol  AinsHKM:
1-X12Mo; 2 — CY21.

[MopiBHAEMO pe3ynbTaTth nasepHoi 06pobku yaByHy CH21 Ta cTani
X12M® 3a ogHakoBux ymoB. Ha puc. 4 306paxeHO oTpumaHi B xopgi
BUMIpIOBaHb 3HAYeHHA MIKpPOTBEPAOCTI [JaHWX ChnnaBiB Ha  PIi3HUX
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rmmbnHax 3paskiB, a Ha puc. 5 nokasaHo MIKPOTBEPAICTb YaByHy Ta cTani
y300BX NoBepxHi [9].

YaByH y NOPIBHAHHI 3i CTansno B pesdynbTaTi fla3epHoi 06pobkn mae
3HA4YHO BMULLi MOKa3HMKM MILHOCTI Ta 3a yMOBWM Nofanbluoi creuianbHol
0BpO6KN TaKoX MaTUMe rapHi NOKa3HUKM 3HOCOCTINKOCTI.

B Garatbox nonepegHix OOCNIDKEHHAX nepexigHux  30H
BKa3yBasiloCb Ha HasIBHICTb B HWX TPOOCTUTY, XapaKTepHOro Asis 30Hu
BiAMNYCKY, i3 3HWKEHOI MIKPOTBEPAICTIO B MOPIBHAHHI i3 30HaMu
nasepHoro rapTyBaHHs. Lle noB'a3aHo 3 marnow LWiNbHICTIO eHepril B 30Hi
nasepHoro BnnuBy TBepAoTiNbHMX Ta CO, nasepiB. Npn NOBTOpHOMY
nasepHoMy BMNMBI B NepexigHin 30HI Yepe3 BenuKky MPOTSXHICTb 3a
LUMPUHOK TemnepaTtypa He BCTUrae MnOBTOPHO [OCAMTM BESIUYMH,
XapakTepHUX ONS YyTBOPEHHS rapTyBasibHUX CTPYKTYpP, i TOMY BUHMKaE
30Ha BignycCKy.

HocnigxyBaHi nepexigHi 30HM MatoTb ChifibHY CTPYKTYPY i3 30HOK
TepMmiyHoro  BrnMBy.  MikpoTBepaicTb  nepexigHMX  30H  piBHa
mikpoTBepaocTti 3TB. Lle obymoBnoeTbCa Binbll BUCOKOK LWiNbHICTHO
NOTYXXHOCTiI Na3epHOro BUMNPOMIHIOBAHHS, BBEAEHOK B 30HY 0O6poOKM
ONTOBOSIOKOHHUM iTepbieBMM nasepom. [Ina ctani xapakrepHa HeBenuka
PISHULSA MIKPOTBEPAOCTI 30HU PO3MfaBSieHHS, 30HU TEPMIYHOIO BMNIIMBY |
nepexigHoi 30HM MiX ABoma oOpobneHumu AdinsgHkamu. Ona 4yaByHy
XapakTepHa HadABHICTb SCKPaBO BUpPaXXeHOI MeXi MK MIKpOTBEepAiCTHO
OAaHUX 30H 0B6POOKMN.

BucHoBKkuM

1. OTXe, 4aByH, $HKMN BUKOPUCTOBYETLCA  BITYUSHAHUMMU
BUPOBHMKaMN geTanen CinbCbKOrocnogapCbkUX MaluuvH, MOXe YCHiLIHO
nigoaBaTMcb NasepHin obpobui, wo 3abe3neynTtb 3HadyHe NigBULLEHHS
NOro MexaHi4YHMX BNacTMBOCTEW Ta HagacTb 3MOry Yy MeBHUX BUMagKax
3PYYHO 3aMIHUTM HUM 3HAYHO AOPOXKYi cTani.

2. [ocnigpxeHHss 30H nNepekpuTTa 3paskiB i3 4YaByHy nicns
nasepHoro rapTyBaHHA O03BOSIUAN 3pOBUTM BUCHOBOK NMPO MOXIMBICTb
3aCTOCYBaHHS OMNTOBOSIOKOHHMX NasepiB AN NiABULLEHHS eKkcrinyaTauinHnx
XapaKTepuUCTUK AeTanen CifibCbKOrocnogapCbkux MaLluvH.

3. BiacyTHICTb 30H BignycKy B nepexiaHux OinsiHkax roBopuTb Mpo
MOXIUBICTb rapTyBaHHA AiNAHKM 06poObntoBaHOI MOBEPXHI 3a BCIEtO
LLUMPUHOI 0BPOBKN.
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OCOBEHHOCTU NNIA3EPHOIO YNPOYHEHUA OETANEN
CEJIbCKOXO3ANCTBEHHON TEXHUKU C YYTYHA
1O. A. Kosanbuyk, U. A. Jlucosslil, B. B. Llleeuyk

AHHOTaUMUA. PaccmompeHa npobrnema rosbIWeHuUs
u3Hococmouxkocmu paboyux rnosepxHocmeu oemarnel
CeJIbCKOXO35UCMBEHHbIX MalWUH, U320MmMo8rieHHbIX U3 YyayHa. lNpusHaHa
aghghekmusHoOU ux mepmudeckasi obpabomka 3a cyem eo30elicmeusi
KOHUEHMpPUPOBaHHbIX  MMOMOKO8  3Hepauu, co30asaeMbiX  J1yHOM
OrmoeB0oJIOKOHHO20 nasepa. [lpoaHanusuposaHbl CMPYKMypbl 30H
nepekpbimusi rpu MHO20MPOXOOHOU na3epHou obpabomke, 4mo
seremcsi  8aXKHbIM  37IEMEHMOM  10020MOBKU  MEXHO102UHEeCKO20
rnpouecca U HerlocpedCmMeeHHO eriusem Ha 8blIbop pexumos
obpabomku.

[lpusedeHbl pe3yribmamsbl 3KCrepuMeHmasibHo20 uccrie0o8aHusl
8MUSHUS  nMapamMempo8 ras3epHol o0bpabomku  0rnNMmMoB0SIOKOHHbIM
Jla3epoM Ha COCMOSIHUE 30H MepeKpbImMuUsi noeepxHOCMHO20 Crios rpu
MHO20rpoxo0HOU mepmudyeckol obpabomke 4dyeyHa & HerpepbieHOM
pexume ¢ YacmuYHbIM ornnasrneHuem obpabambieaemol nogepxHocmu.
B xo0e pabombi npoeedeH aHanu3 cmpykmypbl 30H MepeKkpbImus u ux
MUKpomeépoocmu.

OnipederneHo, 4mo ucrosnb3yembit omeyecmeeHHbIMU
rpoussooumesisMu  0emarsieli CeslbCKOX035UCMBEHHbIX MawuH 4yayH
MoXem  ycriewHo rnodgepaambecs  slazepHou obpabomke, 4mo
obecrieyum 3Ha4yumersibHoOe Mo8bIULEHUE €20 MexaHU4YeCKUX ceolcms u
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rnossosium 8 ornpeoesrieHHbIX criydasix y0obHO 3ameHumb uMm boree
oopoeue cmaru.

KnioueBble cnoBa: mMemoO M0BePXHOCMHOU J1a3epHOU
obpabomku, nnazepHoe u3ssly4eHue, 30Ha Jla3epHoO20 8o30elicmeusi,
ynpo4yeHue, 3aKaJjika, MUKpomeépdocmab

FEATURES OF LASER HARDENING OF AGRICULTURAL
MACHINERY PARTS FROM CAST IRON
Yu. O. Kovalchuk, I. O. Lisoviy, V. V. Shevchuk

Abstract. The problem of increasing wear resistance of working
surfaces of agricultural machines parts made of cast iron is considered.
Their thermal treatment is recognized to be effective due to the action of
concentrated energy fluxes created by the beam of an optical fiber laser.
The structures of the overlap zones are analyzed for multipass laser
processing, which is an important element in the preparation of the
technological process and directly affects choice of processing regimes.

The results of an experimental study of the effect of laser
processing parameters of a fiber-optic laser on the state of overlapping
zones of a surface layer in the case of a multi-pass thermal treatment of
cast iron in a continuous mode with partial reflow of the treated surface
are presented. In the course of the work, an analysis was made of the
structure of the overlap zones and their microhardness.

It is determined that cast iron used by domestic manufacturers of
agricultural machinery parts can be successfully subjected to laser
treatment, which will provide significant increase in its mechanical
properties and will allow, in certain cases, to replace more expensive
steels.

Key words: surface laser treatment method, laser radiation,
laser action zone, hardening, tempering, microhardness
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