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Software ASC process of induction heating and welding of composite coatings

With the rapid pace of development of microelectronics and, consequently, the advent of high-speed
automation made possible the creation of automated systems and automatic control of such processes, the
automation of previously considered uneconomical or technically impracticable, to the extent where it would
meet the requirements of a particular production. The difficulty of designing technological equipment with
automatic control system is often a too complicated way to measure process parameters and the complexity of
the control algorithm, the latter is decisive reason for rejecting high-speed automation processes when the time
interval between the control action must be a millisecond or less. These processes include some process of
induction heating and welding.

The aim of this work is to study the properties of the process of induction heating parts and applying
composite coatings and capacity development and implementation of ACS with the appropriate software.

Increasingly, automation is to improve the quality of products, whereas previously it was mostly better
performance. Task automation induction welding is relevant in various branches of engineering, such as the
manufacture of agricultural machinery, railways, etc. Accordingly, the question of drawing automatic control
system induction welding process that is focused on stabilizing the quality of the process and fully takes
advantage of modern electronics and microcontroller software.

Studies have shown processes INN factors influencing the flow of welding process, found their
interdependence. Definitely more control over the parameters that significantly affect the quality of the parts.
Software-driven ACS induction welding process based programmable microcontroller system enables
dynamically (without stopping the process) managed to change the settings and save information about the
process for monitoring and further processing.

Induction welding, composite coating, process control, program management, software
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Mojens cHCTEM eIeKTPOIPHUBOJIIB JI€PEBOOOPOOHOTO
BepcTaTa

VY crarTi 1aHa METOIMKa PO3pPaxXyHKYy MOMEHTY HaBaHTaKEHHS Ha MPHUBOJ (pe3u. 3ampornoHOBAHO
IMIiTaliiHy MOJEINb, sSKa JO3BOJSE MOCIIIUTU PEAKI[I0 CUCTEM EJCKTPOIPHBOIIB HA 30BHINIHE 30ypeHHS Y
BUTJISIII MOMCHTY HAaBaHTAXXCHHS. [IpOBENCHO aHalli3 OCHWIOTpaM CTPYMY CTaTropa aCHHXPOHHOTO IBHUTYHA
npuBoAy Qpes3u i pe3yabTaTiB HATYPHOTO BUIPOOYBAHHSI.

J1epeB000pPoOKa, e1eKTPONPUBO/I, CTATHYHUA MOMEHT, MOI€TI0BAHHS

T.I'. Pynenko
Kupoesoepaockuii nayuonanbHulll mexHuyeckull yHugepcumemn
MopaeJib CUCTEM HJIeKTPONPHUBOIOB AePeB00OPAGATHIBAIIIET0 CTAHKA

B cratbe maHa meToanka pacdeTa MOMEHTAa Harpy3kH Ha mpuBox ¢pessl. IIpemiokeHa MUTAITMOHHAS
MO/I€JIb, KOTOPas M03BOJISIET UCCIIEI0BATh PEAKIIMIO CUCTEMBI AIEKTPOIIPUBO/Ia HA BHEILIIHEE BO3MYIICHUE B BUIE
MOMEHTa Harpy3ku. [IpoBe/icH aHaIM3 OCHMUIOTPaMM TOKa CTaTOpa aCHHXPOHHOTO JIBUTATEIIs MPUBoJa (Hpe3sl
Y pe3yJbTaTOB HATYPHOTO UCIIBITAHUS.
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IloctanoBka mnpoGaemu. B poGoti [1] oOrpyHTOBaHO BHUKOPHCTaHHS CHCTEM
ABTOMATUYHOTO PETYIIOBAaHHS MPHUBOJAMH TIO3I0BXKHBO-(QPE3ECPHUX BEPCTaTiB. BakaumBuM
€TaroM € po3poOKa IMITAIIMHUX Ta MaTEeMaTHYHUX MOJENEeH O0’€KTIB KEpyBaHHS Ta
JOCITIJDKeHHST iX peakiii Ha 30BHIIIHI 30ypeHHs, II0 B yMOBaX OOpOOKM JEpPEeBHHU —
aHI30TPOMHOrO0 Marepiany, (i3WdHI BIACTHBOCTI SKOTO 3aJeXKaTh BiJ BEIHUKOI KUIBKOCTI
napaMmeTpiB, — € CKJIATHOI i aKTyaIbHOIO HAYKOBO-IOCITHOIO 3371a9€0.

AHami3 ocraHHiX [gocailKeHb i myOJikamii. AHaTITUYHI JOCHIIKEHHS Ta
MO/JICJIIOBAHHS MPOBEACHO Ha NPHUKIAIl IMO310BXKHbO-(PpE3epHOro BepcTaTa BHPOOHHIITBA
«ACTPA» (M. KipoBorpan), B sskomy o0poOKa JepeBUHHU 3IHCHIOETHCS TOPILIEBOIO (HPE3oro
[UISTXOM TO370BKHBO-TIONIEPEYHOT0 pi3aHHs [2].

TeopernuHi Ta eKCHEpPUMEHTAIBbHI JOCHIDKEHHS TIPOIECIB pi3aHHSA JIEPEBUHH,
npoBeneHi ®. M. Mamxkocom, A. JI. bepmaacekum, I T. 'neboBum, B. B. AManinpkum,
€. I. IBaHOBCHKMM Ta I1HIIMMH, JAIOTh MOJKJIWBICTh BHU3HAYHMTH CHIJIYy B3a€MOIl pi3Isl Ta
JIepEeBUHH.

Mera po0oTu: aHaJITHUHE BH3HAYEHHS 30ypIOIOYOrO BIUIMBY Ha NPUBOA (ppe3u 3
Ooky By3na pizanHd. CHIBCTaBJICHHS pEAKIiii MO CTPpyMy CTaropa MOJEN 1 pealbHOl
OCLMJIOTPaMH TIPH MPUKIIAJaHHI CTATHYHOTO MOMEHTY.

OcHoBHI MaTepiaau TOCTiTKEeHHS.

Metonu BupimenHs 3amadi. B [3, 4] moka3zaHo, o cepeHs JOTUYHA CUIIA Pi3aHHS Ha
Iy31 KOHTaKTy mipu (ppezepyBaHHI OAHUM JIE30M 11 MaKpOCioiB (a.>0,1 Mm)

F,;=aa,(a,p+ka)b, (1)

X 36

1€ ay - Koe(DImieHT, o BpaxoBye MOPOIY ACPEBUHH;
— Koe(iLlieHT, 1110 BPaXOBY€ BOJIOTICTh JCPEBUHH;

ap — KOe(ILIEHT 3aTyICHHS Jie3 (Ppe3epHOro IHCTPYMEHTA;

p — GikTuBHa cuna pizanHsa, H/mm;

k — MOTUYHMI THCK CTPYXKKH Ha MEPETHIO MOBEpXHIO je3a, Mlla;
— TOBIL[MHA IIAPY, IO 3PI3YETHCS, MM;

b — mmpuHa mapy, 1o 3pi3yeThCs, MM.

J1J1s TO3710BKHBO-TIONIEPEYHOTO Pi3aHHS:

p =0,98+0,59 cos’ 0.,

2
k =0,0298+C -V —0,59 +(0,1678 + (0,069 — C)V —4.81)cos’ o, ?

1€ @, — KyT CKOCYy Ha CEpeAMHi Jyrd KOHTAKTy, SIKHH BUMIPIOETBCS MK PiKYUYOIO
KPOMKOIO Ta BOJIOKHAMH JICPEBUHH;

0 — KyT pi3aHHS, Tpaj;

J —IIBMAKICTH pi3aHHS, M/C;

C — po3paxyHkoBHii koedimient, C=0,069.

Jlnisi TOYHUX PO3paxyHKIB IIBUAKICTD pi3aHHS BHU3HAYAETHCS SK CyMa IIBHIKOCTEH
nozaayi Vs Ta roJIOBHOTO pyXy:

V=R,o,+V, 3)

1€ Oy — KyTOBa MIBUIKICTb (pesu, paj/c;
R, — cepenHiii paaiyc ¢ppe3epyBaHHs, M.
Cepenns noTuvHa cuiia pizanas F, 3a o1uH 00epT Pppe3n BU3HAUAETHCS 32 BUPA3OM:
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Fx = Fvs‘yb’z b (4)

e Z — KUIBKICTB Jie3 (hpe3H.
OO6epTarounii MOMEHT, OTPIOHMI /1711 BUKOHAHHS Tpoliecy pizanHs, H-m:

M, =25 (5)

[Mincrasusim Bupasu (1 - 4) y (5), orpumaemo:

M, = za,a,b(a,[0.98+0,59cos’ ¢, ]+ a,[0,0298 + 0,069(R, o, +V,) -
1 (6)

op +V)—.
@,

—0,59+(0,1675 — 4,81)cos> @, ])(R

cp

Jlnis 3py4HOCTI MOJANBIINX PO3paxyHKiB BUpa3 (6) Oyio npenacrasieHo B cucteMi Cl,
PO3paxoBaHO CepeaHi 3HAYCHHS TEXHOJIOTIYHUX apaMeTpiB, IO BiAMOBIIAIOT TaHOMY THITY
BEPCTAaTiB, 32 BUHATKOM dy Ta b, SKi MalOTh HAWOLIbIIMI BIUIMB HAa BEIMYMHY MOMEHTY
HABaHTAXXCHHS 1 3aJal0ThCs IS KOXXKHOTO BHIIPOOYyBaHHS okpemo. LIBuakicte momaui Vi
BU3HAUCHO 4Yepe3 KyTOBY IIBUAKICTh JBUTYHA HpPUBOJA Mojadl ,. Ilicns mepeTBOpeHb
OTPUMAHO CTaTMYHHI MOMEHT HaBaHTa)KEHHsI pHBoJa (pes3u:

2 O)p2 , (,0p3
+29.56—25+1.08:107—25). (7)

1 @, ®, ’

@,

®
M, =a,b(9545.25+32.63w, +5186.68—"+0.38
()

B cuity sxopcTKOCTI MPUPOIHOT MEXaHIUYHOI XapaKTEpPUCTHKU JIBUTYHA TpHBOAa (hpe3n
KyTOBY WIBHUIKICTh Oy MPAKTHYHO MOKHA BBa)KaTH HE3MIHHOIO B INOPIBHSAHHI 3 YaCTOTONO
o0epTaHHs IBUTYHA IPUBOA M0/adi, a il BETMYMHY PiBHOIO HOMIHAJIbHOMY 3HaYCHHIO, TOOTO
®/~=307,72 pan/c. TakuM YMHOM OTPUMAHO 3aJIEKHICTb MOMEHTY HAaBaHTa)KCHHsS IPHBOJA
¢dpe3u BiA MIBUIAKOCTI 0OEpTaHHS IBUTYHA MPUBOJIA TOJAYi:

M, (©,)=a,b(9545.25+49.480, +1.55-10"w " +1.14-10% 0 *). (8)

O4eBHUIHO, IO JTOJaHKAMU 1.55-10°° mp2 ta 1.14-10°% (Dp3 yepe3 iX Maly 3HaYUMICTb
MO>KHA 3HEXTYBATH:

M, (0,)=a,b(9545.25+49.48 - ). (9)

CTaTUYHUNA MOMEHT HaBaHTaKCHHS IMpuBOaa HO,Z[a‘-Ii MO’KHa IPCACTABUTH HACTYITHUM
YHUHOM:

r@
M, =(0.55-F, +0.5-m-g)—"—,

: (10)
lP TIP
ne g=9,81 mpucKOpeHHs BUTLHOTO A IHHS;

7s — pajiiyc MPUBOIHOTO BaJla KOHBEEPA;

i, — KoeQillieHT nepeaaui;
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N, — cymapuuii KKJI npusony noaadi.
BukoHaBIIM MiZICTAHOBKH Ta PO3KPUBIIHU JTYKKH OTPUMY€EMO:

-6 2
M, =a,-b(46.58+0.24-®, +2.98-10° @ ") +0.01-m. (11)

KoedirienTom 2.98:10° oap2 MO’KHA 3HEXTYBAaTH, CIIPOCTUBILN TAKUM YHHOM BUPA3:

M, =a, b(46.58+0.24-®,)+0.01-m. (12)

3anexxnocTi (9) Ta (12) Oyno BUKOpUCTAHO TIPH MOOYA0B1 IMITAIIHHOT MOJIEII CUCTEMH
KepyBaHHsI epeBooOpoOHuM BepctaTtoM (puc. 1). Curnan naBantaxeHHs Mcf mogaetbes Ha
BXiT Tm OJOKy acCHHXpOHHOI MAaIIMHU 3 KOPOTKO 3aMKHyTHUM potopom AUP160S2,
napaMeTpH SKOTO BiJIOBIIal0Th HOMiHAJaM aCHHXPOHHOTO JABUTYHa MpuBoda ¢pesu [5, 6].
brnox acuaxponHoi wmammHu AUPS0A2 wMopemtoe ABUTYH mpuBoja mojadi. Kyrtoma
MIBUJKICTH poTopa aBuryHa moaadi AUPS0A2, Buminena 3a gomomororo 610ky Machines
Measurement Demux1, HagxoauTs Ha BXix 0oky Kp 1 3MiHIOETBCS MPOTOPIIAHO 3aMaHIi
mBUAKoCTI moaayi. Curaan Mcp, skuii MOJIENTI0€ HaBaHTAXXCHHS HA MPHUBOJI MOJaYl Mij Jac
dbpesepyBanHs, nmogaeThcs Ha BXix Tm 610xky AUPS80OA2. 3naueHHs cTpymy cTatopa JBUTYHA
NPUBOIY TOJAa4i Ha JAHOMY €Tall HE € BAXKJIMBUM, OJHAK 3MIHM HABAHTAXKEHHS MOXYTh
BHUKJIMKATH 3MIHY IIBHJKOCTI IMOJavi, TOMy Mcp BpaxoBaHO B MOJIEIII.

a fachines
Meaasurement RMS1

AUPAE05Z Demux
signal ms
is_abc

B
> B“: wm MY
C

4b—®—|—’—:Tm Te
Koed. nopoaw aepeea

035 |
= 55

TOEWMHE CTPYHEN, M

Y
[|2

¥

Al

B‘1‘ :(::\
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Pucynok 1 — Imitariiiina MoJielib CHCTEM KEpyBaHHS JAEPEBOOOPOOHNM BEpCTATOM

OcuunorpamMu CTpyMy CTaTopa acCMHXpPOHHOTO JIBUTYHa NpuBoJa (hpesu, oTpuUMaHi
HIIIXOM MOJIEIIOBaHHS Ta €KCIIEPUMEHTAIBHUM LIUIIXOM, I0Ka3aHO Ha pucC. 2.
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a) 00poOka cMepeku, b = 1 MM, IIBHAKICTh MOAa4i 27 M/XB., TOBKHHA 3ar0TOBKH 2,1 M; 0) 00poOka
ny6a, b =3 MM, mBUAKICTH Mojaui 19 M/XB., TOBKHHA 3aroTOBKH 1,2 M

Pucynok 2 — OcuuiorpaMu cTpyMy cTatopa aCHHXPOHHOTO JIBUTYHA NPUBOia Gpe3u, OTpUMaHi
LUIIXOM MOJEJIIOBAHHS Ta €KCIIEPUMEHTAIbHUM LUISIXOM

BucHoBkn. Mojens, OTpUMaHa 3a 3alpONOHOBAHOI0 METOJIUKOI0, JO03BOJISIE
BU3HAYUTH 30ypIOIOYMH BIUIMB 10 HAaBAaHTAXEHHIO Ha NpHBOA (pe3n. Bmenmenns manoro
30ypeHHs B po3po0IIeHy iMITalliiiHy MOJIe/Ib CUCTEMH BHKJIMKA€E PEAKLII0 MO CTPyMY, MOAI0HY
JI0 peaKIlii pealbHOTO MPUBOJIA.
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Model systems of electric drives woodworking machine

The purpose of work is analytical determination disturbing influences on the milling drive from cutting
unit and comparison reactions the stator current of the model and the real oscillograms during giving static
moment.

The creating mathematical and simulation models of control objects and studying their response to
perturbations is an important step in the design of control systems. This paper presents computation of the
mathematical model of the woodworking machines electric drives load. The simulation model was constructed
on the basis of the equations using computer software, allowing explore the reaction of electric drives on
changes wooden workpieces parameters. The oscillograms of stator current an asynchronous motor of milling
cutter, obtained by simulation and by result of natural tests are shown.
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Thus the model obtained by the proposed method allows determine the load on the cutters drive. Using
this load in simulation model of the system causes a change in the stator current engine, similar to the reaction in
real drive.
wood processing, electric drive, static moment, modelling
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[IoOymoBa cCHpOIIEHOI MaTeMaTHU4YHOI MOJEN IS
aBTOMATU30BaHOI CHCTEMH YIPaBIIHHSI OalITOBOIO
CYIIapKOIO

VY cTaTTi 3anpoONOHOBAHO CIIPOILIEHY MaTeMaTU4Hy MOJIENb CYIIIHHS 3epHa, sIKa BU3HAYAE IBUJIKICTD
nepecyBaHHs BEPTUKAILHOTO 3€PHOBOTO IIapy y OAIITOBIN Cylnapiii.
IIBHAKICTH NepecyBaHHs 3¢PHOBOI0 LIapy, ABTOMATH30BAHA CHCTeMAa YNPaBJIiHHA, 0alITOBAa cylIapka,
MaTeMaTH4HA MoJeJlb

A.Co0uHOB

Kuposoepadckuii nayuonanvhvlil mexnuueckuil yHugepcumem

ITocTpoenne ynpoleHHOH MaTeMaTH4YecKOil MOJeJM sl ABTOMaTe3NPOBAHHON CHCTeMBbI YNpaBJeHUS
O0alIeHHOM CYyIIMIKOI

B cratpe npegjiaracTcsa ynpomceHHas MaTeMaTudeCcKass MOJCIIb CYHIKHW 3€pHA, KOTOpAas OIPCACIIACT
CKOPOCTD IICPCABHMIKCHU A BEPTUKAJIBHOI'O 3€PHOBOT'O CJIOS B OalleHHOM CYLIMJIKE.
CKOPOCTb MNEPEABUKCHHUS 3€PHOBOIo CJ10sl, aBTOMATHU3MPOBaHHasi CHCTEMa YIpaBJCHUI, OameHHast
CYHIUJIKA, MATEMAaTHYICCKasA MOAE/Ib

[Ipouiec cyuriHHS € OAHMM 3 HaWBaXJIMBIIIKUX 1 HAWMOTPIOHIIIMX EIEMEHTIB Yy
BUPOOHUIITBI 3€PHOBUX, OJIMHUX Ta O0OOBUX KYJIBTYp, O€3 SIKOTO HEMOXJIMBO 3a0€3MeYUTH
KOH/IMIIIHY BOJIOTICTH 3€pHOBOTO MaTtepiaiy i, BIAMOBIAHO HOro JOBroTpuBaiie 30epiranus,
30epeKeHHS XapYOBHX Ta IMOCIBHUX BIACTUBOCTEH.

CucteMn ynpaBiiHHA OUIBLIOCTI CyIIApOK 3a0€3MeuyroTh HaliB PYyYHHUH pPEXUM
KEepyBaHHS — BUBEACHHS Ha PEXKHUM OIEPATOPOM BPYUYHY 1 MOJAIBIIE MiATPUMAHHS I[HOTO
peXHMy aBTOMaTHKOW. [Ipy IbOMY 3pOCTaroTh BHUMOTH 10 KBaumi(ikarii omeparopa Ta
BUHHUKAIOTh BTPATH SKOCTI 3epHa. Tomy MOTpiOHI Cymiapku y SIKAX CHCTEMa YIpPaBIiHHSA
3a0e3neuyBaia 0 aBTOMAaTUYHMIA BUXiJ Ha TOTPIOHHMA pPEXKUM CYIIHHS TpU OyIb SKHX
MOYaTKOBUX JAHHX.

CraH 3epHOBOI Macu XapaKTepU3YEThCs BOJIOTICTIO, 3aCMIUEHICTIO 1 TEMIIEPATypOIo.
VY mpoueci CymniHHS CIiJ KOHTPOJIOBATH BOJIOTICTh, TEMIIEPATypy 3€pHa, CXOXKICTh (IS
MOCIBHOTO 3€pHA), KUIBKICTh 1 AKICTh KJICHKOBUHM (JAJIsl MIICHMIN) 1 1HIN MOKA3HUKHU, K1
3aJIe’KaTh BiJl TEMIIEpaTypy HArpiBaHHS 3€pHA, IIBUAKOCTI Ta TPUBAIOCTI CYIITIHHS.

Ifto moTpeOy 3amoBONbHsAE OamiToBa CylIapka BHpoOHMLTBA (ipmu “Actpa”
Mm.KipoBorpana [6]. OCHOBHOIO BIIACTHBICTIO 1€ KOHCTPYKIIi CyIIapKH € CyIIiHHS 3€pHa B
HOTOLI. 3€pHO HArPIBAETHCS y MONEPEUHOMY MOTOLI Tapsiuoro MoBiTpsi(areHTa) npu Horo pyci
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