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The dimensional processing of hard-alloy forming roll side surface by the electric arc

The article is dedicated to development of technology and equipment of rough machining method by
electric arc of hard-alloy forming roll side surface, as high performance alternative to traditional methods of rough
machining.

During operation, the damage to the surface of the hard alloys roll caliber occurs by abrasion and chipping
of carbide particles. The development of net shaped roll marks occurs by the occurrence of hotbeds of accelerated
cluster abrasion and chipping of smaller particles with subsequent growth of these areas and unification in a closed
net shaped roll marks. The turned out particles of hard alloy leave the machining marks on the wire, in such a
worn the hard alloy roll does not meet the specified dimensions and it is reground to a smaller diameter by
grinding of diamond tool on the rough machining stage.

It is proposed on the stage of rough machining to remove the worn-out profile of hard alloy roll side
surface with help of dimensional electric arc, which allows you to remove big allowances of material at the lowest
treatment costs. In this case, the processing cycle of hard alloy side surface decreased of 1,9 times.

The justification of technical scheme of forming the hard alloy roll side surface by electric arc sizing
method is done taking into account features of physical formatting mechanism and hydrodynamic phenomena in
the electrode gap. The analytical communication of technological characteristics of rough machining process by
electric arc alloy TS-15, with the modes of processing and geometric parameters are established.
the electric arc, hard alloy roller, technology, technological characteristics, equipment
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Peanuzanus BapuaTUBHOTO N3MEHEHUSI COCTOSTHUI
KOHEYHOI'0 aBTOMATAa B YIPABIAIONIUX MPOrpamMMax

[IpuBeneHo pemreHue 3a1a4n BapUaTHBHOTO U3MEHEHHS COCTOSIHUN KOHEYHOTO aBTOMATa MPH CO3IAHUH
YIPABISIFONIMX HPOTPAMMHBIX CHUCTEM. VI3MeHEHa CTPyKTypHas CXeMa YNpPaBJSIOLIET0 KOHEYHOTO aBTOMarta
myTeM J100aBJICHUSI B €T0 CTPYKTYpy OJOKa MPUHSTHS CTATUCTHUECKUX TMIOTe3. JlaHHOE pelieHne MO3BOJIMIO
YUUTBIBATh NPEJBICTOPHIO PA3BUTHS M3MEHEHMH 3HAYEHUs MapaMeTpa PeryJupoBaHHsS B OOBEKTE YNPaBICHUS
IIPU TIepexo/ie B CIEYIOIIEe COCTOSTHHE.

KOHEYHBbIii aBTOMAT, COCTOsIHHE, Mlepexo/l, BADMATHBHOCTb, 00beKT YNPaBJeHUSs
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Peanizanist BapiaTHBHOI 3MiHM CTaHIB KiHIIeBOT0 aBTOMATA B KEPYIOYHUX NPOrpamMax

HaBezneHo pinieHHs 3aia4i BapiaTMBHOI 3MiHM CTaHIB KiHIIEBOIO aBTOMaTa IPH CTBOPEHHI KEPYHOUUX
NPOrPaMHUX CUCTEM. 3MIHEHa CTPYKTypHa CXeMa KEpyuoro KiHI[EBOTO aBTOMaTa LUISIXOM JOAaBaHHs B HOTO
CTPYKTYpY OJIOKY NPHHHATTS CTATHCTUYHUX Trinote3. J/laHe pilllcHHS J03BOJIMJIO BPAaxOBYBATH IEPEAiCTOPIO
PO3BUTKY 3MiH 3HAUCHHS [TapaMETpa PEryJIFOBaHHS B 00'€KTI YIIPABIIHHS [IPU NIEPEXO/Ii B HACTYITHUH CTaH.
KiHIeBHii aBTOMAT, CTaH, NepeXi, BapiaTUBHICTh, 00'€KT ynpaB/IiHHA

B Hacrosimee BpeMs NporpaMMHOE OOECHEYEHUE CHCTEM YIPABICHUS, CHCTEM CO
CIJIO)KHBIM MOBEJICHHEM, PEAKTUBHBIX CHCTEM, PELIAIOIIee 3a/1a4i JIOTHIECKOro yrpasieHus [1]
AMEET B CBOCH OCHOBE AJITOPUTMBI, PCAINUIYIONIUE OCHOBHLIC IOJIOXKCHUSA TCOPHUU KOHCYHBIX
aBTOMATOB.

OnHO M3 TNpeuMyIeCTB NPUMEHEHUS KOHEYHBIX aBTOMATOB B 00JacTH CO3JaHMA
YHOPaBIAOOIUX IIpOorpaMm aBTOMATU3UPOBAHHBIX CHCTEM 3aKIHO4YacTCd B TOM, YTO JIOTHMKa
YIPABISIOIIETO aBTOMAaTa OTAEJCHA OT ero ceMaHTUKH (PpyHKImI BbIxoaa). @yHKIMK BBIXOJA
MOTYT peajn30BaTh KakK JIOTMYECKUH ypoBeHb curHanoB ympasienus (0/1), Tak u 3Ha4YeHUS
3aJal0IIMX BO3/ICHCTBUI peryisiTopam napaMeTpoB 0ObEKTa YIPABICHHUS.

AHaau3 ucciaenoBannii u myoaukanuii. HaunGonbiiee pacnpoctpaHeHue B 00JacTH
CO3JIaHMsl YNPABIAIOIUX HPOTPAMMHBIX CHUCTEM MOJYYHIM CHUCTEMbl Ha 0a3e KOHEYHOIo
aBTomara Mypa [2], paboTa KOTOPOTO OMKICHIBACTCS BBIPAKCHUEM:

a(t+1) = f[a(t), x(t)],

)= 1 (@), W
rae a(t+1) — cocrostHre aBTOMaTa B MOMEHT BpeMeHH t+1;
a(t) — cocTostHEe aBTOMAaTa B MOMEHT BPEMEHHU {;
x(t) — coObITHE YIIpaBJIeHUS B MOMEHT BPEMEHH {;
u(t) — ympasistoriee Bo3ueHcTBHE (aHATOrOBOE WM TUCKPETHOE), COOTBETCTBYIOIIEE
BBIXO/IHOW QyHKImHK f(2) aBTOMaTa B COCTOSIHUM & B MOMEHT BpeMeHH .

B pabore [2] mpencraBiena koHuenuusi mnporpammupoBanus Ha 06aze SWITCH-
TEXHOJIOTHH, KOTOpas (OPMYIHPYETCs CIEIyIOIUM 00pa3oM: MporpaMma MpeACTaBisieT
cOo00Oil  COBOKYNHOCTh  KOHEYHBIX  aBTOMATOB,  BBINOJHSIOMIMXCA  MapajulelbHO |
00OMEHHUBAIOIIUXCSI MEKIY CO00I COOOLIEHUSIMMU.

B o0miem ciryuae mporpaMMHOE 00€CTICYeHHE CHCTEM YIPABJICHHS HA OCHOBE KOHEYHBIX
AaBTOMATOB PEAITHM3YET KECTKYIO MPUBS3KY COCTOSHUI aBTOMaTa K BXOJHBIM cooOmeHus M. To
€CTh, TNPAKTHYECKH NpOrpaMma SIBJISIETCS aHAJIOTOM KOMOHMHAIIMOHHOW cXeMbl Ha 0asze
JOTHYECKUX DJIEMEHTOB, MPEICTABISIONINX KOHEYHBI aBTOMAT.

IocranoBka 3agayn. CrcTeMbl yIpaBlIeHHS HA OCHOBE KOHEYHBIX aBTOMATOB 00JIa/1af0T
JIeTEPMUHUPOBAHHBIM TIOBEJICHUEM, OJHAKO, KOHEYHBII aBTOMAT, B CHITy CBOMX OCOOEHHOCTEH,
HE T03BOJISIET MOAMDUIIMPOBATH AITOPUTM PAOOTHI YNPABISIONIEH MPOrpaMMbI BO BpeMs ee
BBINOJIHEHMSI. B ciy4yae MCHOib30BaHMS aBTOMATOB CO CIIOHTAaHHBIMU TEpEXO/JaMH, KOT/ia
nepexo]] B CJIEOYIOIIee COCTOSHHE OCYIIECTBISCTCS IO HMHUIMATHBE CaMOr0 aBTOMAaTa B
pe3yJbTaTe MPOBEPKHU KAKOTO-JIMOO JIOTHYECKOTO YCIOBUS, JIOTHKA YIIPABICHHUS B HEKOTOPBIX
CITy4asiX MOKET OBITh HETIPEICKa3yeMOH.

Jlornueckoe yCJIOBHE MOXKET He OBITh HMCTUHHBIM, €CJIM OCYIIECTBIIIETCS OIICHKa
3HAYEHHsI HEKOTOPOTo Mapamerpa o0beKTa ynpasieHHs. JJaHHOe 00CTOSTENbCTBO 3aTPyJHSET
YBSI3KY «HUHTEJUIEKTYaJIbHBIX» CBOMCTB CHCTEM YIPABJICHUS C IKECTKOM JIOTMUKOH pPabOTHI
KOHEYHOro aBToMaTa. COOBITHS yNpaBJiICHUs KOHEYHBIM aBTOMATOM SIBJISIFOTCS BHEIIHUMU TI0
OTHOILICHUIO K JIOTHKE aBToMara (puc. 1).
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PI/ICYHOK 1 — CoObITHst yHpaBJICHUA JIOTUKOM KOHEYHOT'O aBTOMAaTa

W3 sT1Oro cieayer, 4TO yMPaBISIOIIME MPOTPAaMMBbI, HEMOCPEICTBEHHO PEaTU3yHOIIUe
KOHEYHBI aBTOMAT, HE SIBJISIFOTCS BAPHMATHBHBIMH, TO €CTh HE U3MEHSIOT CBOE TOBEJICHHE KaK
10 OTHOIICHHIO K MHOXKECTBY BXOJHBIX COOBITHH, TaK W IO OTHOIICHHIO K OOBEKTY
yhnpaBicHus. JlaHHOe OOCTOSTENILCTBO OrPAaHMYMBAET BO3MOKHOCTH M CIIOCOOHOCTH
caMo00yUeHHS YIPABIISIFOLICH MPOTrPaMMbI CHCTEMbI YIIPABJICHHSL.

[TosToMy pelicHHEe 3aJadd MPHIAHUS CBOWCTB BapHMaTHBHOCTH M CIIOCOOHOCTH K
CaMOOOYUYCHHIO YIPABIISAIONIMX POrPaMM, PEATH3YIOIINX KOHCUHBIC aBTOMATHI, IMO3BOJIAT
IPUMEHATh TEXHOJOTHIO aBTOMATHOTO MPOTPaMMHPOBAHHMS B CHCTEMax YIpaBICHHUS
00BbEKTaMH C HEJIMHEWHBIMHU U HEYCTOWYHUBBIMU PEKUMAMU PaOOTHI.

OcHoBHasi 4acTh. Haumbosice mpocToe pelieHWe 3aJadyd BapUaTHBHOCTH II€PEXoja
KOHEYHOTo aBToMmara u3 coctostHus ai(t) B onxHo u3 coctostamit aj(t+1)... am(t+1) 3axmouaercs
BO BBEJICHHE B CTPYKTYPY aBTOMaTa KOMITapaTopa.

KommapaTop MpOM3BOAWT OLEHKY 3HAYEHHs MapamMeTpa peryjaupoBaHus Y 0oObeKTa
yIpaBJCHUS HA OCHOBAHHUHU 33JaHHOTO mopora A. [To pe3ynbTaTy OIEHKH W 3HAUYEHHIO BEKTOpa
cobbITHii X aBTOMAT OCYIIECTBIISIET MEPeXo B CleAyIolee cocTosHue (prc.2).

B cocrostHmsx aj(t+1)... am(t+1) BbI3BIBaETCS COOTBETCTBYIONIAs COCTOSIHUIO BBIXOJHAS
dyuxuus f(q;)...f(am), xoTOpas M ocymiecTBIsSeT yCTAHOBKY HOBOTO 3HAUCHUS 3a/IalOLIETO
BO3JICHCTBUS 0OBEKTY YIPABICHUS MM CUTHAJIA JIOTHYECKOTO YIIPABICHHUS.

B stom ciiyuae, yacte Beipaxkenus (1) mpuMeT cieayromuii BUI:

a(t+1) = fla(t), x(t), A(t)], (2)

OCHOBHBIM HCAOCTATKOM TAKOI'0 PCUICHUSA ABJIACTCA TO, YTO ynpaBHHIOH_[I/Iﬁ aBTOMAT HE
COXpaHSET Pe3yJIbTaThl MPEABIAYIIEro BEIOopa nepexona B cocrosuus aj(t+1)... am(t+1) u ne
YUUTBIBAET CTATUCTUKY U3MEHEHHUH PEryJIupyeMoro napamMerpa y ooObekra yrnpaBieHHUs.
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Pucynok 2 — Komnaparop B CTpyKType KOHEUHOI'O aBTomMara
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[TosToMy [aHHAs peajgu3alds YIPaBISIONICH MPOrpaMMbl IMOJBEPKEHA  BIUSHHIO
JeCTAOUITM3UPYIONIMX BO3JACHCTBHI Ha OOBEKT YNPaBICHHUS M HE HMEET CIOCOOHOCTH K
caMOOOYYCHHIO.

BBenenneM B CTpYKTypy aBTOMara (puc. 2) JOMOJTHUTEIBHOTO KOMIIOHEHTA, PEIIAIOIIET0
3amady BbIOOpa mepexona B cocrosiue aj(t+1)... am(t+1) u3 cocrosuus ai(t) Ha ocHOBaHMM
CTaTHCTHYECKUX JTAHHBIX O MPEABICTOPHH M3MEHCHHUS PETYJIMPYEMOro mapamerpa y oObekTa
yIPaBICHHUS MTO3BOJISIET YIIYUIIUTh XapaKTEPUCTHKH YIIPABIISIONICH MPOTrPaMMBbI.

JIOTIOTHUTEIbHBIA KOMITOHEHT KOHEYHOTO aBTOMATa BBIMONHACT (DYHKIIUIO MPHHSATHS
craructuueckux runore3 HO u H1 mpu mM3MeHEeHHH 3HAYCHHUS PETyJIHPYEMOro mapamerpa y
oObekTa yrpaBicHHs. B OCHOBY TECOPHUH MPOBEPKH CTATHCTHUYCCKMX THUIIOTE3  IMOJOKEH
KPUTEPHIA OTHOIICHHS TpaBomnogoous [3]:

LO=TIS

1 {_(yk ™) }
(V) =——expl * i=01).
roe P (yk) G\/ﬂ P ( )

JlorapugmupoBaHue BeipaxeHus (3) 1aeT CTaTUCTUKY Kputepus [75]:

— n + _ n
L) =tite Y Pt by Bt Sy, TRy - s T, @
k=r k=r

rzer — MOMEHT U3MEHEHUS peryJIimpyeMoro napamerpa Y,

o — MaTeMaTHYECKOE O’KUIaHIE 3HAYCHUS PETyIHPYEeMOro rnapamerpa y,

{1 — MaTeMaTUYeCKOe OKUAAHUE 3HAYCHUs PETyJIMPyeMOro rnapaMerpa Yy npHu BIAUSHUN
JeCTaOUIN3UPYIOLIUX BO3IEHCTBUI;

B sTOM cnyuae, KputepHii 171 IPUHATHUSA TUIIOTE3 UMEET BUJI!

H1> A1

maxSn( ) (5)
= 1V )
G =M oV g 4

rJ7ie A — IOpOroBoe 3HaUeHue Kpurepust uist mpuHATHs runote3sl HO wmn H1;

S — HakomHTeNbHAS CyMMa.

CTpyKTypa KOHEYHOTO aBTOMAaTa, COJEp)Kamero OJOK MPUHATHS CTaTUCTHYECKUX
THIIOTE3 JUIS CO3JIaHMs YIIPABJISIONICH POrpaMMbl IPUMET CIIeTyroLuid BU (puc.3).
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Pucynok 3 — CTpyKTypa KOHEYHOTO aBTOMATa CO CTATUCTUYECKUM OJIOKOM
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ITpu sToMm BeIpaxenue (1) mpumet crieayroryto hopmy:

a(t+1) = fla(t), x(t), H; ()], ©)
u(t) = f(a(t)).

Bripaxenue (6) jgerko peanusyercs IporpaMMHOM CTPYKTYPOi B BHIe 0a30BOT0 Kiiacca
YIPaBISIOINICH nporpamMmel [4].

BoiBoabl. BHeceHne B CTPyKTypy VHpaBISIOLIEro aBToMaTa OJOKa MNPUHATUA
CTaTMCTUYECKUX TMIIOTE3 C LIEJIBIO IPUIaHUS EMY CBOWCTB BapUaTUBHOCTH, 1a€T MPEIIOCHUIKI
CO3MaHUS «UHTEIJICKTYaJbHOT0» aBTOMaTa C JUHAMHYECKH H3MEHSIeMOW CTPYKTypoH U
CHOCOOHOCTBIO K CAMOOOYUYEHHIO.

[ToaTomy mpezcraBisercs LeaecooOpa3HbIM MPOBEACHUE HCCIEIOBAaHUN HAa IpEeaMET
pa3paboTKU OMepaIrioOHHOTO 0JI0Ka, KaK 3JeMEeHTa KOHEYHOrO aBTOMAaTa, PeIlalolero 3aaady
CO3/1aHUS KMHTEJUIEKTYaJIbHOI0» YIIPaBJISIOIIEr0 KOHEYHOIO aBTOMATA.
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The variable changes FSM in the control program implementation

The variable changes FSM when creating the control software systems problem solution. The control
finite state machine changed block diagram by adding its structure statistical hypotheses block adoption. This
decision allowed to take into account the background value the parameter changes adjustment facility management
during the transition to the next state.

Therefore, the giving properties variability problem solution and the ability to self-learning control
programs that implement state machines, will allow to apply technology based programming in object
management systems with nonlinear and unstable modes.

Adding the control automaton block statistical hypotheses adoption to the structure in order to give him
the variability properties, gives background to create "intelligent” machine with dynamic structure.
state machine, the state transition, variation, object management
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