PE3IOMETA HA ITYBJIMKAIITUUTE

1. OBJIACT HA YCTOHUYHUBOCT HA EJKTPOXUJIPABJIUYHA
CJIIEAAIIA CUCTEMA C POTAIIMOHEH U3ITBJHUTEJEH
MEXAHU3BM

B crarusara ce pasrmexma paborara Ha €JIEKTPOXHIPABIUYHA CIEIIIA
CHUCTEMa C POTAIlMOHEH M3II'BIHUTEIEH MeXaHu3bM. Pa3paboTeH e MaremaTuyeH
MOJIeNI, OmucBall paboTaTa Ha cUcCTeMara B JUHamMudeH pexum. Cren
U3BBpIIBaaHe Ha JIMHEApHU3allys U OMMCAHME HA CUCTEMATa B ONEPTOPEH BUJ €
ChCTBEHA CTPYKTypHaTa cxema. M3BemeHa e mpenaBarenHata (QyHIus Ha
3aTBOpeHata cuctema. IlocTtpoeHa e oOnacTTa Ha YCTOWYMBOCT IO JBa
napaMeTbpa Ha HacTpOoilka — Koe(PUITMEHT Ha yCUJIBaHE U KOS(HUIIUCHT Ha oOpaTHa
Bpb3ka. CUMyNHpaHU ca MPEXOJAHUTE MPOILIECH MPHU PA3IMYHU CTOMHOCTU Ha
ImapaMeTpHUTE Ha HACTpoMKa. Pe3ynrarure ca npencraBeHu B rpadudeH BUL.

1. RESISTANCE AREA OF ELECTROHYDRAULIC TRACKING
SYSTEM WITH ROTARY ACTUATOR MECHANISM

The article discusses the operation of an electrohydraulic tracking system
with a rotary actuator. A mathematical model has been developed describing the
operation of the system in dynamic mode. After performing linearization and
describing the system in operator form, the structural diagram is derived. The
transfer function of the closed system has been derived. The stability region has
been constructed for two tuning parameters — gain and feedback coefficient. The
transient processes have been simulated at different values of the tuning
parameters. The results are presented in graphical form.

2. TAPAMETPUYHA UWAEHTUO®UKIIUA HA
EJEKTPOXUAPABJIMYHA CJEJAIIA CUCTEMA

B cratmsta ce pasriexxna pOboTTa Ha EICKTPOXUIAPABIMYHA CIEISIIA
CHUCTEMa C POTAIMOHEH W3IIBIHUTEIICH MEXaHU3bM B JIOOPTOPHU YCIIOBUSL.
Pa3pabotren e maremaTWdyeH MOJeN, OMUCBaIl pabdoTara Ha cHUCTEMaTa B
JTUHAMUYEH PEKUM U € ChCTaBEH aHAJOTOB MOJEI, Ype3 KOMTO ca CUMYJIMpPaHU
MPOTUYAITUTE TUHAMUHHU TIpotiecu. 3BbpIlieHN ca eKCIEPUMEHTITHU U3CIEABHUS
Ha JabopaTopHaTa cucTeMata B  peanHo Bpeme. PaspaboreHa e
UACHTU(UKAIIMOHHA TIPOLIEypa, B KOSITO CE€ CPABHSIBAT MPOLECUTE OT YMCICHUS
€KCIIEpUMEHT W OT JiaboparopHaTa ycTaHOBKa. M3mon3Ba ce KOMOWHHUPH
MHTErpajeH KpUTepHil 3a OJM30CT HA JIBaTa Mpolieca, B PEyiaTaT Ha KOETO Ce
YTOUHAT HAKOU OT TPYAHOONPEIECTUMUTE TapaMeTpy Ha cuctemata. Pezynrarure
OT UJeHTU(UKAIUATA ca TIPEICTaBeHH B TaOJIMYeH U rpaduyeH BUJI.



2. PARAMETRIC IDENTIFICATION OF ELECTROHYDRAULIC
TRACKING SYSTEM

The article discusses the operation of an electrohydraulic tracking system
with a rotary actuator in laboratory conditions. A mathematical model has been
developed describing the operation of the system in dynamic mode and an analog
model has been compiled, through which the ongoing dynamic processes have
been simulated. Experimental studies of the laboratory system in real time have
been carried out. An identification procedure has been developed, in which the
processes from the numerical experiment and from the laboratory setup are
compared. A combined integral criterion for the proximity of the two processes is
used, as a result of which some of the difficult-to-determine parameters of the
system are specified. The identification results are presented in tabular and
graphical form.

3. EKCOEPUMEHTAJIHO U3CJIEJIBAHE HA
EJEKTPOXUAPABJINYHA CJIEJAIIA CUCTEMA C POTAIIMOHEH
N3ITBJHUTEJIEH MEXAHU3BM

Craruara pasriexna paboTaTa Ha €JIEKTPOXHUApaBIMYHA CHCTEMA 3a
IpociesBaHe ¢ POTALMOHEH 3a/IBIIKBAILl MEXaHU3bM B JIADOPATOPHHU YCIIOBHS.
Pa3paborena e aBromaru3upaHa cucreMa 3a chOupane u 00paboTka Ha JaHHU B
peanHo Bpeme, nznonspaiitku MATLAB u kontponep NI 6215. IIpeacraBenu ca
IOPEeXOJHU MpPOLECH Ha OTBOpEHa W 3aTBOpEHa aBTOMATH3MpaHa CHCTEMa B
pa3NUYHU PEKUMH Ha paboTa.

3. EXPERIMENTAL STUDY OF AN ELECTROHYDRAULIC
TRACKING SYSTEM WITH A ROTARY ACTUATOR MECHANISM

The article examines the operation of an electro-hydraulic tracking system
with a rotary actuator in laboratory conditions. An automated system for real-time
data collection and processing has been developed using MATLAB and controller
NI 6215. Transient processes of an open and closed automated system in different
odes of operation are presented.

4. U3CJIEABAHE HA BJIMSAHUETO HA TEMIIEPATYPATA HA
PABOTHHUSA ®JIYUA BbPXY ITPOU3BOAUTEJIHOCTTA HA
EJEKTPOXUIPABJIMYHA CEPBO CUCTEMA B IUHAMUWYEH
PEXUM

CraTtusiTa pa3riexa BIMSHAETO Ha TemrepaTypaTta Ha paboTHHS (iayun
BBPXY 3aryOMTe Ha MOIIHOCT B €IEKTPOXUAPABIUYHA CEPBO CHCTEMA.
[ToBeneHnnero Ha cuUCTEeMaTa € U3CIAEABAaHO TMO-10iy [IpomoprnoHaiHo-
unrerpaiHo (PI) ynpaneHue npu pa3iuyHu TeMIepaTypu Ha paboTHUs Quryu u
pa3iMYHU 3aJaJiecHd TOYKW Ha ympasineHue. CuHTe3upaH e amantuBeH PID
KOHTpOJIEp, KOMTO W3MOJi3Ba OOpaTHa BpPB3Ka OT CEH30pH 3a W3MEpBaHE Ha
pa3IUYHU CUCTEMHHU TapameTpu (Kato TeMIiepaTypa, HajsraHe u 00OpOTH), U
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cien ToBa afganTupa napamerpute Ha P, I 1 D koMIoHeHTHUTE Ha KOHTpoJiepa Bb3
OCHOBA Ha T€3U JIaHHU 3a MOCTUTAHE Ha ONTUMAJHO PETyIUpaHeE.

4. STUDYING THE INFLUENCE OF WORKING FLUID
TEMPERATURE ON THE PERFORMANCE OF AN
ELECTROHYDRAULIC SERVO SYSTEM IN DYNAMIC MODE

The paper examines the influence of the working fluid temperature on
power losses in an electro-hydraulic servo system. The behavior of the system has
been investigated under Proportional-Integral (PI) control at different working
fluid temperatures and various control setpoints. An Adaptive PID controller has
been synthesized, utilizing feedback from sensors to measure various system
parameters (such as temperature, pressure, and RPM), and then adapting the
parameters of the P, I, and D components of the controller based on this data to
achieve optimal regulation.

5. POBACTHO YIIPABJIEHUE HA EJTEKTPOXUJIPABJINYHA
CJEJSIIA CUCTEMA

B crarusra ce pasriexa onuT 3a CHHTE3HpaHe Ha poOacTHO yNpaBJiIeHHE
Ha EJIEKTPOXUApPABIMYHA ciendnia cucreMa. HenuHeitHocTTa Ha oOekTa €
MIpEJICTaBeHa YpEe3 €KBUBAJIECHTEH JIMHEEH MO/ B TPOCTPAHCTBO HA ChCTOSIHUSATA
ChC CTPYKTYpUpaHa HeEOIpeaeaeHoCT. HsIkou oOT HETOYHO OomnpeAeieHUuTe
rapaMeTpu ca BbBEJCHU KAaTO MU3TOYHUIIM HA CTPYKTYpHUpaHa HEOMPEIEJICHOCT.
HarmpaBen e onut 3a Hoo cuHTE3 Ha peryjiaTop U ca NpOBEJECHU CUMYJIAMOHHU
€KCIIEpUMEHTH C HeJIMHEWHUS MojieNl. Pe3ynTaTuTte OT CUMyJialiusTa Ha CUcTeMaTa
C MpeIokKeHUss poOyCTeH KOHTPOJIEp ca CPABHEHU C JAHHHUTE, MOJYYEHH IMpHU
yOpaBJieHHEe Ha peanHa cuctema c BrpageH Pl kouTposiep. AHamu3bT Ha
PEXOAHUTE MPOIECH MOKa3Ba Mo J00peHa MPOU3BOJAUTEIHOCT U CTAOUITHOCT MPHU
paboTa Ha eNEeKTPOXUApPaBIMYHATA CUCTEMA B cpaBHeHHE ¢ Ta3u ¢ Pl ynpasienue
MIPU CHIIUTE PAOOTHU YCIIOBHUSL.

5. ROBUST CONTROL OF ELECTRO-HYDRAULIC SERVO SYSTEM

An attempt to synthesize a robust control of an electro-hydraulic tracking
system is discussed in the paper. Object nonlinearity is represented by an
equivalent linear model in a state space with structured uncertainty. Some of the
imprecisely known parameters are introduced as sources of structured uncertainty.
An Heo synthesis of a regulator has been attempted and simulation experiments
have been carried out with the nonlinear model. The results of the simulation of
the system with the proposed robust controller are compared with the data obtained
when controlling the real system with a built-in PI controller. Transient analysis
shows improved performance and stability in the operation of the electro-hydraulic
system compared to that with PI control under the same operating conditions.



6. IIEHTUDOUKAIIUA U CUHTE3 HA PI PEI'YJIATOP HA
EJEKTPOXUAPABJJIMYHA CJEJAIIA CUCTEMA

B Ta3m cratus e pasriemaHa apXMTEKTypara Ha €JIeKTPOXHUApaBIMYHA
cucreMa C ynpasieHue Ha japocena. [IpencraBeHa e cucrema 3a cbOupaHe U
yIpaBJeHUE Ha JaHHU, Oa3upaHa Ha YHUBEPCAIHUS U3MepBaTeleH MOyl Series
Data Acquisition NI USB-6215 u Data Acquisition Toolbox™ ot Matlab
Simulink. Bb3 ocHOBa Ha ekcCliepUMEHTATHUTE U3CJICABAHUS € CHUHTE3UpaH U
HACTPOEH MaTeMaTHYecKd Mojesl Ha wuHcranauusata. llpenctaBeHo e u
yIpaBJIeHUETO Ha cuctemara upe3 Pl kontpomep.

6. IDENTIFICATION AND SYNTHESIS OF PI CONTROLLER FOR
ELECTROHYDRAULIC SERVO SYSTEM

In this paper, the architecture of an electro-hydraulic system with throttle control,
is examined. A data collection and control system based on the universal
measuring module Series Data Acquisition NI USB-6215 and Data Acquisition
Toolbox ™ from Matlab Simulink, is presented. Based on the experimental
research, a mathematical model of the plant was synthesized and adjusted. The
control of the system through a PI controller, is presented as well.

7. HAPAMETPUYHA OIITUMM3ALIMA HA
EJEKTPOXUAPABJIMYHA CEPBO CUCTEMA

EnexTpoxuapaBiIMyHUTE CEPBO CUCTEMM, M3MOJ3BAHM B IPOMMIILIEHOTO
IIPOU3BOJICTBO, C€ XAPAKTEPU3UPAT ¢ OTHOCUTEIIHO MPOCTa KOHCTPYKIMS, JIECHA
paboTa M BHCOKa CKOPOCT, J0Opa HAaAEeKIHOCT, (YHKIMOHAJIHA I'bBKABOCT U
HUCKa IleHa. Bcuuko TOBa moOKa3Ba HEOOXOAMMOCTTa OT H3CIEABaHE Ha
IPOU3BOJMTEIHOCTTA HA EJIEKTPOXUAPABIMYHATA CEPBO CHUCTEMA IPEAMMHO B
JMHAMMYHU PEKUMU Ha pabota. Crarusra u3cienBa MAaTEMaTUYECKH MOJIEN Ha
CJIEKTPOXUAPABIMYHA  CEPBO  CUCTEMa C  THUINHWYHUTE  HEJIMHEWHOCTH.
[TapameTpuunara ontuMmu3anus Ha asromatnuHus PID perymarop e usBbpiieHa
Ha Oa3aTa Ha MHHMMH3MPAHE HAa WHTETPAIIHUS KPUTEPUM 3a KAa4YeCTBO IpHU
CpaBHsBaHE Ha pePEpeHTHM U EKCICPUMEHTATHU MPEXOJAHU MPOIECH.
[TosydyeHnuTe pe3yaTaTu ca MoKa3aHU B rpauueH BU/.

7. PARAMETRIC OPTIMIZATION OF ELECTROHYDRAULIC SERVO
SYSTEM

The electrohydraulic servo systems used in the industrial production are
characterized by relatively simple construction, easy operation and high speed,
good reliability, functional flexibility and low cost. All this demonstrates the need
to study the performance of electrohydraulic servo system primarily in dynamic
operating modes. The article studies a mathematical model of electrohydraulic
servo system with the typical nonlinearities. The parametric optimization of the
automatic PID controller was performed on the basis of minimizing the integral
quality criterion when comparing reference and experimental transient processes.
The obtained results are shown in a graphical form.
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