Depending on, their readings turn off or turn on the sections of the heater. The
air saturated with solvent vapors is removed from the furnace, and the turbine
sucks in clean air from the workshop. The amount of inlet and outlet air is
regulated by the position of dampers 10,11,12 in the air duct.

In accordance with the terms of reference, an automated electric drive for the
turbine of a kiln for drying wood and wood products was designed.

In the course of designing, the design of the furnace was studied, the drying
process was analyzed, and the kinematic diagram of the turbine electric drive
was analyzed.

A literature review on the topic of the project was carried out, requirements
for the designed electric drive were formulated and a functional diagram of the
electric drive was developed.

The selection of the motor with subsequent checks of its heating and overload
capacity confirmed the correctness of using an asynchronous motor with a
squirrel-cage rotor type AIR71A2 with a power of 0.75 kW in the electric drive.

In the designed electric drive of the turbine of the wood drying kiln, a
frequency converter of the VLT Micro Drive FC51 type, 1.5 kW with scalar
control is used.

The conducted simulation of the electric drive confirmed the correctness of
the calculation of the regulators of the automatic control system.

Automation of the wood drying oven was carried out using a programmable
controller of the PR102 type (the OWEN company) as a control element.
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CUCTEMA ABTOMATHUYECKOI'O YIIPABJIEHUSA
IJIEKTPOIIPUBOJA BUBPOIIPECCA JIAA U3I'OTOBJIEHUA
TPOTYAPHOMH ILUIUTKH

VY [3aabdoi
Hayunsiit pykoBoautens — [laBntokosen C.A., K.T.H., JOLIEHT

B nocnennee Bpemsi OETOHHBIE TPOTYyapHBIE IUIUTKK CTald MOKa3aTEIsIMU
COBPEMEHHOI'0 YPOBHS KauecTBa CTPOUTEIbHBIX U3JEIUN Mg 0JaroycTpoicTBa
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TOPOJICKOW Cpellbl W TMO3BOJSIOT CO3JaBaTh CTPOMUTENbHBIE OOBEKTHI,
COOTBETCTBYIOIIHUE COBPEMEHHBIM TEXHUKO-2KOHOMUYECKUM KpuTepusm. B
HACTOSIIIIEE BpeMs  TEXHOJOTMU  TO3BOJSIOT  IPOU3BOJUTH  AJIEMEHTHI
0J1aroycTpoMCTBa pa3idUYHbIX (OpPM, LBETOB U pa3MepoB, KOTOpble OyayT
yIOBJIETBOPSATH YCIOBUSIM KaueCTBa, HE TEPsisi CBOCH BHEITHEN SCTETUKHU.

CoBpeMeHHOE MPOU3BOACTBO TPOTYapHOW IUIUTKH TMO3BOJISET JOOMBATHCS
BBICOKHUX MOKa3aTesell MPOYHOCTH, JTOJITOBEYHOCTH, MOPO30CTOMKOCTH, a TAKKe
MIPOTUBOCKOJIB3SIMNUX 3PPEKTOB, KOTOPbIE HEOOXOIUMBI B CEBEPHBIX PETrHOHAX
ctpanbl. C TakMMM 3aJlayaMU XOPOUIO CHPABIIAETCS TEXHOJOTHUS TOIYCYXOTo
00BEMHOT0 BHOPONPECCOBAHUS, MOJYYMBINAS B MOCIEJHUE TOJbI OOJBIIOE
pacnpocTtpaHeHre.  TeXHOJOruss  W3rOTOBJIEHHUS  OETOHHBIX  AJIEMEHTOB
0J1aroyCTpOMCTBa, 3aKIIOYAIOUIAsiCd B YIUIOTHEHHM TONYCYXUX (PKECTKHX)
OETOHHBIX cMecel, Ojaromaps BO3JCHCTBUIO HAa HUX BHOpAlUU U BBICOKOTO
JaBJICHUS, TO3BOJISIET CO37aBaTh IIMPOKYI0 HOMEHKIATYpy MPOAYKIIUH,
OTBEYAIOIICH COBPEMEHHBIM JKOHOMHUYECKHUM M JKOJOTHUYECKHUM KPHUTEPHUSIM
BuOponpeccoBannble u3enus, Kak MpaBuiio, pabOTalOT B JKECTKUX YCIOBHUSIX
AKCILTyaTalluH, YUUTHIBAs OoJbI110€ KOJIUYECTBO arpecCUBHBIX
BO3/ICHCTBYIOIINX CPE.

[Ipu npoekTupoBaHUM COCTABOB OETOHHBIX CMECel JOKHBI 00eCIIeYHBAThHCS
NOBBILIEHHbIE ~ TpeOOBaHUS MO  MPOYHOCTH,  MOPO3OCTOMKOCTH U
BOJIOHEIIPOHUIIAEMOCTH KOHCTPYKIIMH, MpeAHa3HAYEHHBIX IJIsl JKCIUTyaTaluu
Ipu pacueTHhIX Temmeparypax a0 MuHyc 40°C u HWXKE, HAXOUSIIIUXCA B
YCIOBUSAX TIOCTOSIHHOTO YBIQXKHEHHS, OCOOEHHO TSKENBIX TeMIlepaTypHO-
BJIQXKHOCTHBIX YCIOBHUSAX UX pabOTHI B MpeiesiaX Ce30HHOOTTAUBAIOIIETO CIIOS U
y MOBEPXHOCTH TPYHTA.

K OeronHbiM »51eMeHTaM OJIarOyCTpoOCTBA B CEBEPHBIX Topojax
NPEIBSBISIOTCS MOBBIIICHHBIE TPEOOBAHUS TIO MPOYHOCTH, MOPO30CTONKOCTH,
UCTUPAEMOCTH, BOJOMOIJOIIEHUI0, TO €CTh 1O CBOMCTBaM, KOTOpbIE
OTIPEJIENISIIOT JIOJATOBEYHOCTh M HAJEKHOCTh OeToHOB. [loaTomy paspaborka
COBPEMEHHOI'0 00OpPYAOBaHUA [0 U3TOTOBJIEHUIO TPOTYAPHOU IUIUTKH SBIISIETCS
Ha CErOJHSIIHUMN JE€Hb aKTyaJbHOM 3a7auei.

Henb Hay4YHO-HCCJIEJOBATEIbCKON paboThI - pa3paboTKa
aBTOMATU3WPOBAHHOTO JIEKTPOTNPUBO/Ia BUOpoOIIpecca.

OOBEKTOM MCCIIETOBAHUS SBJISETCS CUCTEMa YNPaBIEHUS BUOPOIIPECCOM LIS
MIPOU3BO/ICTBA BEICOKOKAUYE€CTBEHHOM TIIUTKH.

TexHnueckue xapakTepUCTHKU pa3padaThiBaeMOro BUOpompecca:

VY ckopeHne BUOPAIIMOHHBIX Harpy30K, a 3+150 m/c?;
Ammuiutyaa BuOparuu, A 0,1+2,2 mm;
Yacrora Bubparuu, 15+100 I'm;
Hanpsixenue nutanus, U 380/220, 50Im;
MakcumanpHasi Macca UCIBITYEMOIO U3AETHS, Mmax 20 kr;
[[upuna crona, b 400 mm;
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I'my6una cromna, 1 300 mm;
TonmmuHa croja, h 20 mm;
Macca creHaa 300 kr;

OO6muit Buj BUOpompecca mpeAcTaBieH Ha puc. 1.

Puc. 1. O6mumii Bua Bubpompecc.

Bubpomnpecc cocrout w3 Kopmyca, cTojla, BHOpOMExXaHW3Ma, TyJbTa
yIpaBJICHUS U DJICKTPOJBUTATEINS. YTIPaBIeHNE BUOPOCTOJIOM OCYIIIECTBIISIETCS
OT MyJbTa YIPaBICHHS, KOTOPBIM MEHSET YacTOTy OOOPOTOB JBUTATENS U
PYKOSITKH «aMIUTMTYJIa», KOTOpas PEryJIupyeT pa3Max IEepEeMEIICHU CTojia
CTEH/IA.

B xome mnpoekTrpoBaHUS H3ydeHAa KOHCTPYKIMS BHOPAIMOHHOIO CTOJA,
IPOBEACH aHAIM3 TEXHOJIOTHYECKOr0 IMpoIllecca BHOPAITMOHHBIX HCIIBITAHUM,
IpOAHAIM3UPOBAHA KHHEMATHYECKasl CXeMa MEXaHM3Ma BUOPAITMOHHOTO CTOJIA.

[IpoBeneH BbIOOp ABUTATENS C MOCIEAYIOIMIMMU IIPOBEPKAMHU €ro 10 HAarpeBy
U TEperpy304yHOdl CHOCOOHOCTH, KOTOPBIM MOATBEPAUI MHPABUIBHOCTD
MPUMEHEHUSI B MPOECKTUPYEMOM DHIIEKTPONPUBOAEC CHUHXPOHHOTO JBUTATENs C
noctosHHpIMHA MarauTaMu Siemens 1FT6062-8AK7 mominocteio 4,01 xBT.

B MPOEKTUPYEMOM ANEKTPOIPUBOJIE BUOpoOIpecca MPUMEHEH
npeobpa3oBaTenb 4YactoThl Siemens 6SE6420-2UD24-5CAl ¢ BEKTOpHBIM
yIpaBJ€HUEM U OOpaTHOM CBSI3bIO IO CKOPOCTH.

[IpoBeneHHOE MOAEIMPOBAHUE TMEPEXOAHBIX MPOLECCOB AIEKTPONPUBOAA
MOATBEPAWIO MPABUIBHOCTh pacd€Ta PEeryjsiTOpoOB CUCTEMbl aBTOMATHYECKOIO
YIIPaBICHHUS.

[IpoBenena aBTOMaTU3alMsl CUCTEMBI DJJIEKTPONPHUBOJIA BUOpoIpecca C
MIPUMEHEHUEM MTPOrpaMMHUpPyEeMOro KoHTpoJiepa Simatic S7-1200.
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Ha ocHOBaHMM BBIIIECKA3aHHOTO, pPa3pabdOTaHHBI aBTOMATU3MPOBAHHBIN
ANEKTPONPHUBOJI BUOPALIMOHHOTO CTOJIA MOJTHOCTHIO OTBEYAET MPEABIBISIEMbIM K
HEMY TpeOOBaHUSIM.
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DEVELOPMENT OF A PID CONTROL SYSTEM SCHEME BASED
ON A BP NEURAL NETWORK FOR A BRUSHLESS DC MOTOR

Tang Wenhao
Supervisor — Velchenko A.A., PhD, associate professor

At present, the drive motors suitable for electric vehicles mainly include: AC
induction motor, permanent magnet synchronous motor, and switched reluctance
motor. PID control is still used to control electric motors due to its simple
structure, high reliability and ease of engineering implementation. When the
parameters of the system model change little, the performance of the PID
controller is excellent. However, there are many complex control objects and
non-linear control objects that cannot be established by exact mathematical
models in the industry. If the traditional PID controller is used for control, it is
difficult to achieve the perfect control effect. For a brushless DC motor, this is a
multivariable and highly coupled non-linear system. A PID controller with fixed
parameters cannot provide an ideal indicator of control efficiency. Based on the
above reasons, the paper proposes the development of a neural network PID
controller applied to a brushless DC motor based on a BP neural network.
Neural network has the ability of arbitrary nonlinear expression, and the PID
control with the best combination can be realized by learning the system
performance. A PID controller with self-tuning parameters KP, Ki and KD can
be established by using BP neural network. The structural block diagram of PID
control system based on BP neural network is shown in the following fig. 1.
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