O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHIH HOMeP: 0417U004075
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 02-11-2017

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KyBaeB Mukosa Bosogumuposuy

2. Kuvaiev Mykola Volodymyrovych
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniaabHOCTI: 05.09.03

Ha3Ba HayKOBOIi CIIeIiaIbHOCTI: EJeKTPOTEXHIYHI KOMIITIEKCH Ta CUCTEMU

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JaTa 3axHCTy: 06-10-2017
CreniaJbHICTh 3a OCBiTOIO: 8.05070204
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:
Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi Cleliagai30BaHOi BYE€HOI pazu): [l 08.080.07

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TeXHIYHMI yHiBepCUTeT "JIHIMPOBCHKA

[IoJliTexHika"
Kopg 3a €IPIIOY: 02070743

Micqesﬂaxon)KeHHﬂ: np. Imurpa SBopHULBKOrO, 19, M. [IHinpo, JJHinponeTpoBcbKui p-H., JHIIIPONETPOBCHKA
06171., 49600, Yxpaina

dopma ByracHOCTI:
Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IToBHEe HaﬁMeHyBaHHH lopn,rmquoi ocoou: Jlep>kaBHUI BUIIMI HaBYaJIbHUH 3aKiafj "HauioHanpHUN

ripHM4YMi yHiBEpCUTET"

Kopg 3a €IPIIOY: 02070743

Micuesnaxo,lpKeHHﬂ: np. Imurpa SBopHuULpKOro, 19, m. Jixinpo, 49600
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX PYOPHK: 45.41.31

Tema gucepranii:
1. EnexTpoMexaHiuHa cucTema cepBoIrpeca Ha 6a3i eJIeKTpUYHOI MAIIMHU 3 TIONIEPEYHUM TI0JIEM

2. Electromechanical system of servopress based on electric machine with transverse field

Pedepar:

1. Y puceprauiiiHiii po60Ti BUpilIEHO HAYKOBY 3a7jauyy OOI'PYHTYBAHHS HAayKOBO-TEXHIYHUX PillleHb i BU3HAYEHHS
3aKOHOMIpHOCTEN, 0 3a6€311eYyI0Th CTBOPEHHS], BACOKOMOMEHTHOTO €JIEKTPOIIPMBO/IA 3 BUCOKMMU
€HEPreTUYHUMHY, JUHAMIYHUMU, PETyI0BaJIbHUMY XapaKTEPUCTUKAMU Ta MiHiMi3allilo KOJIMBaHb NOTO MOMEHTY.
ByJio BU3Ha4Y€HO, 10 HANNEPCIEKTUBHIIINM [J151 3aCTOCYBAHHSI B CEPBOIIPEC] € eJIEKTPOIIPUBOJ, Ha 6a3i
€JIEKTPUYHOI MallIMHY 3 IONIEPEYHUM I0JIEM 3 UAIHAPUYHAM POTOPOM, OGHUM IOBITPSIHUM IIPOMIXKKOM Ta 3
NIOBEPXHEBUMMU NOCTIHHUMU MarHitamu. KOpucTyrounch 3anipOIOHOBAaHNM METOJIOM PO3PaxyHKy OyB OTpMMaHUI
€JIEKTPOMEXaHIUHMI [IepEeTBOPIOBAY 3 BTPAaTaMy, sIKi NPUOJIM3HO Yy 4 pa3u MeHII HiX y aHasora. B po6oTi aBTopom
3aIIPOINIOHOBAaHA CUCTEMA KEPYBaHHS €JIEKTPOIPUBOLOM CEPBOIPECA 3 KOHTYPOM IIBUAKOCTI, HAJIAIITOBAHUM Ha

MO,ILYJIbHI/Iﬁ OIITUMYM Ta 3 KOMIIEHCATOPOM CTATUYHOTO MOMEHTY HaBaHTAa’>K€EHHA 3 MOILI/ICI)iKOBaHI/IM 3aKOHOM



KOMITeHcallii 3y6LieBOro MOMEHTY, 1[0 JT03BOJIMJIO MiABUIIATY AHaMiKy po6oTu EMC cepBompeca, Habarato kpaiie
KOMIIEHCYBaT/ KOJIMBAHHSI MOMEHTY Y BCbOMY Tialla30Hi poO0YMX WBUAKOCTEN HDK KJlacUYHUN MeToy,. Bee 1ie
IIPU3BEJIO JO MifBUILEHHS! BUPOOHMYOI IIOTYKHOCTI, eHeproeeKTUBHOCTI IPOMHUCIJIOBOTO CEPBOIIPECA Ta SIKOCTI
06po6Kku MeTaiy. Byiu poBeieHi €KCIIEPMMEHTAJIbHI JOCIIIIPKEHHS], Ki NigTBEPAUIM BilTOBiIHICTb Pe3yJbTaTiB

PO3paxyHKy pe3yjbTaTaM BUMIDY.

2. The dissertation faced the scientific challenge of creating a compact high-torque electric drive of servopress
with high energetic, dynamic and control characteristics, and with minimal ripple torque in a wide speed control
range of adjustment of its speed. The work deals with the existing types of presses and their drives, which are
classified in three main modes: hammer mode, pressing mode with constant power and mode with fixed trace of
press slide. Unlike typical presses, in which the implementation of each operation mode is performed by
specialized press for its construction, electromechanical system (EMS) of servopress based on modern non-
reductor high- torque electric drive allows to implementate all major modes. Considering the analysis of modes
features of servopresses performance and the latest developments of electric machines, it is determined that the
most promising for use in servopress is electric drive, which is based on electric machine with transverse field
(TFM) with a cylindrical rotor, one air gap and surface permanent magnets, particularly, due to a better efficiency
than in other machines.It was compared the developed electric machine with a transverse field to the typical
synchronous machine with excitation from permanent magnets with the same mechanical parameters. This
comparative analysis showed that the developed TFM has approximately 4 times smaller losses than the analogue.
Having reliance on an analysis of existing control systems and by reference to the requirements of the
electromechanical system of press, a vector control in dq-coordinates of the rotor position sensor has been
selected for a basic system. Electric machine with a transverse field is a type of permanent-magnet synchronous
motors (PMSM) because its mathematical model is identical with the PMSM model. It was found that the system
with proportional speed controller, unlike the system with proportional plus reset speed controller, provides the
necessary speed and quality of the transition process working in the hammer mode, that has a higher operational
speed than the system with proportional plus reset speed controller by much smaller transient time and overshoot
values. The disadvantage of using the P-controller of speed is the static error during surge load. In the paper it was
proposed to solve this problem by adding the error value to the signal of setting the speed controller. For this it
was created a static error compensator that includes an observer of the load torque. It is possible to fully
compensate the error. The research has been carried out to find the presence of pulsations and their nature in the
developed electric machine with a transverse field using the special software package for determining
electromagnetic fields. Torque deviations have a negative effect on the accuracy of control, lead to the occurrence
of acoustic rumble and vibration, which in many cases is unacceptable when using gearless electric drive. It was
found that the developed TFM has large ripples, which are caused by the presence of cogging torque. Dependence
function of cogging torque on the rotor rotation angle is found, and the frequency analysis of this function was
held, what allowed adding this function in Fourier series. The amplitude of the torque deviation is 19 about 4% of
the nominal value, while limitations according to European standards are 2%. To prevent these torque deviations it
has been proposed scientific and technological solution, which is a further development of the known methods.
Compensation for the modified method, as in the case of classical compensation, occurs by a current signal, which
is attached to the main tasks for current, has the same harmonic structure and is in opposite phase to cogging
torque. The difference of the proposed modified method is the consideration of the frequency characteristics of
the circuit current, module and phase (argument). The equation of compensating current taking into account the
frequency characteristics of the circuit current was generated. Simulations of designed machine with both
methods of compensation at rated speed and at a speed that is close to zero (one rotation per minute) were
conducted to confirm the modified compensation benefits compared to classical one. Both methods are equally
effective at zero speed and allow the full compensation for the torque deviation. At rated speed the use of the
modified compensation of cogging torque also allows to almost completely offset the torque deviation unlike the
classical way of compensation, which reduces deviations almost twice. That is, the modified proposed method
allows compensating the torque deviation much better in the entire range of operating speeds than the classic



method of compensation. It was considered a collaboration of the proportional speed control system with static
error compensator with the modified compensation of cogging torque in servopress mode, which operates in the
hammer mode and in the mode with constant pressing force at the provided maximum load and operational speed
for each mode. Modeling of electromechanical systems of servopress with classic settings and the proposed
technical solutions in both modes confirmed that only the using the last ones will ensure the implementation of
the necessary technological requirements and high quality of manufacturing process, especially high speed and
lack of torque deviations. To confirm the fidelity of calculations and the adequacy of the mathematical model
experimental studies were conducted. A measuring stand measuring stand for this, it allows to measure
mechanical, electrical and temperature of electrical machines with excitation from permanent magnets in real
time. The results of experimental studies confirmed the appropriateness and high accuracy of calculation results
with measurement results. Keywords: servopress, electromechanical systems, gearless electric drive, electric
machine with a transverse field, TFM, speed control, static accuracy compensator, cogging torque, modified
compensation of cogging torque.
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