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JOCIIZKEHHA CTATUYHUX I IHTHAMIYHUX XAPAKTEPUCTHUK
CUCTEM KEPYBAHHS I'TTPOAITAPATAMM HA OCHOBI
MMPONOPHIMHUX EJEKTPOMATHITIB

YV cmammi  posensmymo npobremy «kepygamms ciopoanapamamu  3a  00ONOMO20K0 HPONOPYIUHUX
enexmpomazrimie. Haseoeno peszynomamu excnepumenmanbHo20 00CHIONCEHHA CIAMUYHUX | OUHAMIYHUX
Xapakmepucmux nponopyitinux erexmpomactimie. Pospobneno pexomenoayii, wo moocyms O6ymu
BUKOPUCMAHT NIO YaAc NPOEKMYBanHs 2iopoanapamie iz nNponoOPYILHUM e1eKmMpPOMACHIMHUM KePYBAHHIM.

Kniwouoei cnoea: nponopyiiinuii  enekmpomashim, — cucmemu — KepysaumHs — 2iopoanapamami,
eKCNnepUMeHmanbHull CmeHo.

IlocTanoBka npodiaemu. ['inpoanapaTypa 3 IpONOPLUIHHUM €JIEKTPOTIAPABIIYHUM KEPYBaHHSAM
oTpuMaja UIMPOKE 3aCTOCYBaHHS B 0OararbOxX Trajly3siX MPOMHUCIOBOCTI Ta CUILCHKOTO
rocrojapcTBa, 30kpema B rigpomnpuBogax BepcratiB 13 YIIK, mnpomucnoBux poborax,
PI3HOMAHITHOMY TEXHOJIOTTYHOMY OOJlafHaHHI Ta MOOUIbHMX poOounx MamuHax. Cucremu
KEpyBaHHS TaKOIO TiIpoanapaTypol0 3arajioM CKIAJaroThCsl 3 MyJIbTa KEpyBaHHS, CHCTEMHU
30upaHHs Ta aHalui3y [JaHUX, TIeHepaTopa KepyBaJIbHMX CHUTHAJIIB Ta MPONOPLIHHOTO
€JIEKTPOMEXaHIYHOTO NnepeTBoproBaya [1]. HaiiOipmoro nomupenHs HaOyiau CUCTEMH KEpYBaHHS,
y SKUX (YHKUII 30MpaHHs, aHali3y AaHUX Ta (OPMYBaHHS E€JIEKTPUYHUX CUTHAIIB KEPyBAHHS
BUKOHYIOTh IPOTPaMOBaH1 MIKPOIPOLECOPHI MPUCTPOi (BUIbHONPOTPAMOBaHI KOHTPOJIEPH), a B
SIKOCTI €JIEKTPOMEXaHIYHOI'O NIEPETBOPIOBAaYa BUKOPHUCTOBYIOTH IPOMNOPIIIITHI €JI€KTPOMAarHiTH.

Ockutbku poOOTa TIAPONPUBO/IIB MOOUIBHUX 1 TEXHOJIOTIYHUX MAIUH y JUHAMIYHUX peXUMax
XapaKTePU3y€eThCS YaCTUMH 3MIHAMH PEKHUMIB POOOTH Ta HABAHTAXKEHHS, TO BUHUKAE HEOOXITHICTh
pO3pOOKM anrOpUTMIB KEpPyBaHHS, IO KOPETYIOTh CHTHAJIW KEpyBaHHS BIANOBITHO IO
XapaKTEepPUCTHUK SIK TIAPONPHUBO/IA, TaK 1 CUCTEMU HOr0o KepyBaHHs. Y paxoBYyIOUH, 10 pO3paxyHKOBI
MOTYKHOCTI BUIBHOIIPOTPAMOBAaHUX KOHTPOJIEPIB 3a0€3Meuyi0Th BHUCOKY IIBHJAKICTH 0OpOOKH
JaHUX Ta JIHIMHICTD TEPETBOPEHHS CHUTHAJIB, TO JOCTIKEHHS CTaTUYHUX 1 JUHAMIYHHUX
XapakTEePUCTUK MPOMOPLIHHUX €JIEKTPOMAarHiTiB HaOyBa€ BH3HAYAJIBHOIO 3HAYEHHS I dYac
MIPOEKTYBAaHHS CUCTEMH KEpyBaHHS TAPONPUBOIOM MOOUIHLHUX 1 TEXHOJIOTTYHUX MaIlliuH [2 — 3].

BuxopucranHs npomnopuiiiHUX MarHiTiB Juis KepyBaHHS pO3MOAUIBHUMHU 30JOTHHUKAMHU HeE
noTpedye 3HaYHUX 3yCHJIb NEPECTAaHOBKH, 3a0e3ledye MPOCTOTY KEPyBaHHS Ta BUCOKY BUXIIHY
MOTY)XHICTh, MpPOTE€ BHCYBA€ MIJBUIIEHI BUMOTH O SKOCTI po0OOYOi PIAMHM Ta 3YMOBIIIOE
TEXHOJIOTIYHI TPYIHONIl T Yac BUTOTOBIEHHs [4, 5]. Po3monuibHUKM Ha OCHOBI KJIAllaHHHUX
€JIEMEHTIB HEBUOArIMBI O SKOCTI poO0YOi pIAMHHU, 3a0€3Meuyr0Th BUCOKY I€pMETHYHICTb, alie
MaroTh HiJIBUILEH] rabapuTHI pPO3MIpU Ta MEHIIY TOYHICTh KepyBaHHsS. Y poOoTi [6] moka3aHo, 1110
ripoamnaparypa Ha OCHOBI COILJIO-3aCJIOHKHU XapaKTepU3YeTbCS BIAHOCHOIO IPOCTOTOIO HOTO
KOHCTPYKIII, BIIHOCHO HEBUCOKMMH BHMOTaMHU JI0 KJaCy YHMCTOTH POOOYOI PIAMHU, BHCOKOIO
MOTY)KHICTIO BUXITHOTO CHUTHaNly, ajlé 3HA4YHOI0 iX BaJOI0 € BIIKPUTICTh KaHaly cOIUIa, 10 He
3a0e3neyye MOXJIMBOCTI 3allUpaHHs KaHAy PEryjibOBaHOTO THCKY Ta MOPOKHHUH, IIOB’S3aHUX 3
HUM, a TaKOK 3MIHHM TUCKY K€pyBaHHS B1l MAKCUMaJIbHUX 3HAUY€Hb JIO MIHIMAJIbHHUX

IlocTanoBka 3aBaaHHsl. MeToro 1i€l poOOTH € po3poOKa peKkoMeHAalli I[0/10 MPOEKTYBaHHS
rizpoanaparypu 3 NpONOPLIAHUM KepyBaHHSIM Ta (OpPMYBAaHHS CUTHAJIB KEpyBaHHS HAa OCHOBI
€KCIEPUMEHTAJILHOTO JIOCII/DKEHHS XapaKTePUCTUK YChOTO JIAHI[IOra KEpYBaHHS Ta MPONOPLIHHUX
€JIEKTPOMArHITIB 30KpeMa.

JIJ1st MOCATHEHHSI METH HEOOX1THO PO3B’sI3aTH TaKi 3aBJaHHS:

— PO3POOUTH €KCIEPUMEHTAIbHUN CTEH/, 10 MICTHTH JKEPEIO CUTHAIIB, MIKPOIPOLIECOPHUIA
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MIPUCTPI KepyBaHHS Ta MPOMOPLINHUI eeKTPOMarHir;

— BU3HAYUTH CTAaTUYHI XapaKTEPUCTUKU CUCTEMU KEpyBaHHS;

— BU3HAYUTH AUHAMIYHI XapaKTEPUCTUKH CUCTEMHU KEPYBAHHS.

OcHoBHi pe3yabraTn: Ha puc. 1 moka3aHo KOHCTPYKIIIO 3aroODBKHO-IEPETMBHOI CEKIii
riIpOpO3MNOAUIPHUKA, 110 Ma€ KialaH 3 MPOMOPIIMHUM €JIeKTPOMAarHiTHUM KepyBaHHSM. Cekiis
CKIIQZAEThCsl 3 KOpMHycy 1, po3MOAUIBHOTO 30JIOTHHKA 2, 3alipHOTO €JIeMEeHTa KjiamaHa 3, cimia
KjanaHa 4 3 JpOCeIbHUM KaHaJOM 5, MPOMOPILIMHOro eleKkTpomarHita 6, a Takox npyxuH 11 ta
12. OckuIbKM THUCK Y POOOUYHMX JIHISIX TIIPOPO3NOAUIbHUKA 3aJ€KUTh Bl KOMOIHALIl 3ycHIUIA
CTUCHEHHsI NPYXUHU Ta CUJIM Ha SIKOpPI €JIEKTPOMArHita, a TakoX Bijl HaJAIITyBaHHS poOOYOTo
X0y 3alipHOro eJeMeHTa KjamaHa 3, TO SKICTb PpErylloBaHHS poOOYMX MapamMeTpiB y
riipocucTeMi, MO0 MICTUTh LEH TiAPO PO3MOAUIBHHK, 3aJ€KHUTh Bl CTaTUYHUX 1 JUHAMIYHUX
XapakTEepUCTUK  EJEKTPOMATHITIB, a TakKoX Bl HACTPOIOBAHHSA NEPEMIUICHHS  SIKOPS
€JIeKTPOMarHira.
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Puc. 1. Konctpykuist ki1anana 3 IpONOPIIHAM €IeKTPOMAarHiTHUM KepyBaHHIM

Jlia pociipkeHsb 0yino BUKOPUCTAHO AB1 MOJeNl NponopuidHux enekrpomartitie: MFZ1-5.5YC
¢bipmu SAL  (Kurait) ta ZO(R)-A ¢ipmu ATOS (Itamist). dast IOCHIKEHHS CTaTUYHUX
XapaKTEePUCTUK €JIEKTPOMArHiTiB OyJl0 pO3po0JIEHO EKCIEPUMEHTAIbHY YCTaHOBKY (pHUC. 2), siKa
CKJIaa€eTbCcsl 3 OJIOKY JKUBJIEHHS |, 10 MICTUTh BOJIBTMETpP 2 Ta pPEryisiTop Hampyra 3;
JOCIIKYBAHOTO €JIeKTpoMarHira 4, >KOpCTKO 3aKpillJIEHOTO0 Ha HANpSAMHUX 6 CTIHKU 5 3 pyXOMUM
CTOJIOM 7; €JIeKTPOHHUX Bar 8 Ta IHAUKATOpa FOAUHHUKOBOTO TUIY (IUB. pHC. 2).

[lin 4Yac [OCHIIPKEHHS CTaTUYHUX XapaKTEPUCTUK EJEKTPOMArHitie Oyno mnoOyqoBaHO
3aJIe)KHICTh CTBOPIOBAHOI'O 3YCHUJUISL Bl mepeMilieHHs skops. Takok peecTpyBaiu MepeMIlICHHS
OTIOPHOT IMOBEPXHI1 €IEKTPOHHUX Bar 3 METOIO0 BBEJCHHS KOPEKIIii 3MILLIEHHS SKOpS eJIeKTpOoMarHira
BIJTHOCHO TPaHUYHOrO TOJIOKEHHs. JloCHyKEeHHS NpOBOJWIM 3a PI3HMX 3HAUEHb HANpyru B
KOTylIi enekTpomarHira. Ha puc. 3 HaBeneHO pe3ylbTaTh JOCHIDKEHHS CTaTHYHUX
XapaKTEePUCTUK MPONOPUINHUX €IEKTPOMArHiTIB 3a PI3HUX 3HAYEHb HAIPyrd B 0OMOTKaX.
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Puc. 2. EkcriepuMeHTa IbHA YCTAHOBKA JIJIS TOCHIKCHHS CTATHYHHUX XapPaKTEPHUCTHK
MIPOTIOPIIHHUX €JICKTPOMATHITIB
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Puc. 3. CratuuHi XapaKkTepHCTHKH MPONOPIIHHUX enekTpoMarHiTie: a) MFZ1-5.5YC 1 6) ZO(R)-A
3a pi3HUX 3Ha4YE€Hb HAIIPYTH B OOMOTIII KepyBaHHS
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3a pe3yapTaTaMu JOCHTIHKEHb BCTAHOBJICHO, IO pOOOYHM XOJ0M s enekrtpomardira MFZ1-
5.5YC € nianazon 6 — 8 MM nepemilieHHs skops, a Juig enekrtpomardira ZO(R)-A — 2,5 — 4 mm.
Kpim Toro s Manux Hampyr XapakTepHU OUTbLI 3HaYHUH Apei( XapaKTepUCTUK 13 BIAXWICHHAM
3ycuiuig B Mexax 5 — 12% s enekrpomarnita MFZ1-5.5YC ta 3 — 7% nns enekrpomMarsirta
ZO(R)-A. 3aramom JociuiKeHHs moka3anu, 1o B enekrpomarHita ZO(R)-A craTtuuHa
XapaKTePUCTUKA Ma€ MHPITY AUITHKY poOOYOro X0y, a KOJIMBAHHS 3YCHJUIA Ha IIH AUISHIN HE
MEepeBUINYIOTh 7% 1 3 MIABULICHHSIM Halpyru 3MeHIyloTbes. s enekrpomarnira MFZ1-5.5YC
XapaKTepHa JOCUTH MHPOKa 30HA (Bix 0 10 4 MM MeEpeMillleHHs), Y MeXaX SKO1 3yCHIJISl 3pOCTae
MIHIMaJIbHO, L0 MO€ OyTH HOB’SI3aHO 3 KOHCTPYKTUBHUMU OCOOJMBOCTAMU BUKOHAHHS OOMOTKH
KOTYLIKU €JIeKTpOMarHira.

Jlis mpoBeAeHHS JOCIIDKEHHSI IMHAMIYHUX XapaKTEepPUCTUK BaKJIMBO BU3HAYMTH BIUIUB YCIX
CKJIQ/IHUKIB CHUCTEMM KEpYyBaHHS, cepej] SKUX HOPMaji3aTOpu Ta IEpeTBOPIOBayl CUTHAJIB Ha
dbopMy Ta BeIMYMHY BUXIJHOTO e€JIEKTpUYHOro curHainy. Ilin wac JoCHiKeHHs XapakTepy
MEPEXITHOTO MPOLECY PEECTpyBaAIM €JIEKTPUYHI IapaMeTpH BXIIHOIO CUTHAJY, L0 CTBOPIOBABCS
TreHEePaTOpOM HHU3BKOYACTOTHUX cHUTHaAIB [3-112/1, BHXIZHOTO CHTHATY MIKPOTPOIIECOPHOTO
IIPUCTPOIO Ta HANPYrd B OOMOTII1 KOTYIIKH MPONOPLIAHOTO elIeKTpOMarHira.

Ha puc. 4 nHaBeneHo OJIOK-CXeMy CTEHJA Uil BHU3HAYEHHsS JWHAMIYHMX XapaKTEPUCTHUK
MPOTOPIIMHUX MarHiTiB.

[ exepamap cuzHamb - [llepembopwbay -
HUZbK GHACTOMAHLUL aHanozobux cuzHamb

%
K ALl

[lepembappbay [lponapuy/iHu [dcumpbay
UM cuzramy E/IEKITPOMAZHIT 3 LM buxodorm

Puc. 4. briok-cxema cTeHza st BU3HAUSHHS TUHAMIYHUX XapaKTePUCTHK MPOIOPLIHHNX eIEKTPOMAarHiTiB

OTpumaHuii i Yac JOCTIKEHb BUTJISAI MEPEXiTHOTO MPOIECY B CHCTEMI KepyBaHHS M 4dac
oJ1a4i CTYMHYACTOTO Ta TAPMOHIYHOT'O CUTHAIIB Ha BXiJ] CACTEMHU KepyBaHHS HABEICHO Ha pPUC. 5.

OTtpuMaHuii  mepexifHUM  Opolec Mae  anepioJUYHUi  3aTyXalouud  Xxapakrep 13
MepEPETyIIOBAaHHAM 332 BEIUYMHOIO HAMPYTd B KOTYIII eleKTpoMarHita o = 15% Ta TpuBamicTio
perymoBanss £, = 0,08 c. Ilig yac mogaul Ha BX1J CHCTEMHU KEPYBaHHs CUTHaJly, IO ILIaBHO
3MIHIOETbCS ~ (HampuKkiaA, 3a CHHYCOIZAJbHUM 3aKOHOM), BEJIMYMHA IepeperyaroBaHHS
3MeHUIyeTbes 10 3%, a TPUBANICTh peryatoBaHHs ckiagae ¢, = 0,05 c.

Jlis BU3HAUYEHHSI CMYrd IpPOIyCKaHHS B CHUCTEMI KepyBaHHsA Oyino MmoOymoBaHO i aMILIITYJO-
YacTOTHY XapaKTepUCTHKY. [[Isi poro Ha BXiJ CHUCTEMM KEpyBaHHS IOJAaBaId CHUHYCOINAIbHHM
curHan y piama3oHi vactot Bim 0,5 mo 45 I'm. Ha puc. 6 HaBeneHO 3aieXHICTh BIAHOIICHHS
aMILTITY/l BXIIHOTO 10 BUXITHOTO CHUTHATIB Bix yacToTu. CTaye 3HaYeHHS BIAHOIICHHS aMILTITY
30epiraerbest 10 yactotu B 10 I'mi, a 3a wacrotu 25 'y BuxigHa amiuiityaa 3menmyerbes Ha 30%, a
TOMY BUKOPUCTAHHS TaKO1 CUCTEMU KepyBaHHS Ha 4yacToTax moHax 25 'l He mpUuIycTumo.
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Puc. 5. XapakTep nepexiHOro Iporecy Iij] yac MOJaHHsd Ha BXiJl CHCTEMH KEPYBaHHS:
a) CTYMiHYACTOr0 CUTHAITY; 0) CHHYCOIIaIbHOTO CHTHAITY.
1) BXiHHIH cUTHAaJ; 2) CUTHAT Ha BUXOZ1 MiKPOIPOIIECOPHOTO MPUCTPOI0; 3) KOJIMBAHHS PiBHS HANPYTH B KOTYIIIII
MIPOIIOPLIHHOTO eJIeKTPOMAarHita
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Puc. 6. AMIITiTy10-4acTOTHA XapaKTEPUCTUKA CUCTEMH KEpyBaHHS Ha OCHOBI €IEKTPOMATHITIB 3 IPOMOPIIIHHIM
pEryJIIOBaHHSIM POOOUHX MapaMeTpiB

BucnoBku
1. ITix yac mpoeKTyBaHHS TifpoanapaTypH CiIil OPIEHTYBATUCSA Ha €KCIIEPUMEHTAIBHO BU3HAYCH]
IUITHKA ~ po0OOYoro  XOay  MNPOTOPLIMHMX  €JIEKTPOMArHITIB:  JUIsi  €JIEKTpOMarHita

MFZ1-5.5YC — 6 — 8 mMm, a i enekrpomarsita ZO(R)-A — 2,5 — 4 mm;

2. Cucremy KepyBaHHS Ha OCHOBI BUIbHOIPOIPaMOBAHHUX KOHTPOJIEPIB 1 MPOHOPLIAHUX
enekrpomaritris. MFZ1-5.5YC a6o ZO(R)-A MoxHa 3acTOCOBYBaTM 3a 4YacTOT, IIO0 HE
nepeBuIyroTh 25 I';

3. Actatu3Mm cucTeMHU BUMIpIOBaHHS 3arajom ckianae 8% mnsa enexkrpomarHita ZO(R)-A Ta
12% nnst enextpomarHira MFZ1-5.5YC.
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MACHINE-BUILDING AND TRANSPORT

L. G. Kozlov, Cand. Sc. (Eng), Assist. Prof.; V. A. Kovalchuk; O. V. Piontkevich;
M. P. Korinenko

INVESTIGATION OF STATIC AND DYNAMIC CHARACTERISTICS OF
HYDRAULIC UNITS CONTROL SYSTEMS BASED ON PROPORTIONAL
SOLENOIDS

The paper considers the problem of controlling hydraulic units by means of proportional solenoids. The
results of experimental research on static and dynamic characteristics of proportional solenoids are
presented. Recommendations, which could be used for designing hydraulic units controlled by proportional
solenoids, are elaborated.

Keywords: proportional solenoids, hydraulic unit control system, test unit.

Problem statement. Hydraulic units with proportional electrohydraulic control have found wide
application in many branches of industry and agriculture, particularly, in hydraulic drives of CNC
machine tools, industrial robots, various technological equipment and mobile working machines. In
the general case, control systems of such hydraulic units include: a control board, a system of data
collection and analysis, control signal generator and a proportional electromechanical converter [1].
The most common control systems are those, where the functions of data collection and analysis as
well as electric control signal formation are performed by programmable microprocessor devices
(freely programmable controllers) and proportional solenoids are used as electromechanical
converters.

As operation of hydraulic drives of mobile and technological machines in dynamic modes is
characterized by frequent changes of operating and loading conditions, there is a necessity to develop
control algorithms which adjust control signals in accordance with characteristics of both the
hydraulic drive and its control system. Taking into account that design power of freely
programmable controllers provides high data processing speed and linearity of signal conversion,
investigation of static and dynamic characteristics of proportional solenoids is of critical importance
in the development of control systems for hydraulic drives of mobile and technological machines [2,
3].

The use of proportional solenoids does not require high adjustment forces, provides simplicity of
control and high output power but sets increased requirements to the quality of working fluid and
involves technological difficulties of manufacture [4, 5]. Directional control valves are not sensitive
to the working fluid quality, provide high leak tightness but have increased dimensions and lower
accuracy. In [6] it is shown that flapper nozzle-based hydraulic equipment is characterized by
relatively simple design, high power of the output signal and is less sensitive to the working fluid
purity. However, its essential disadvantages include openness of the nozzle channel, which prevents
from locking the controlled pressure channel and cavities connected with it, as well as changes of
control pressure from maximal to minimal values.

Statement of the task. This work aims at the elaboration of recommendations on designing
proportionally controlled hydraulic units and formation of control signals on the basis of
experimental investigation of the entire control circuit and proportional solenoids in particular.

To achieve the goal, it is necessary to solve the following tasks:

- to design a test unit than includes the source of signals, microprocessor control device and
proportional solenoid;

- to determine static characteristics of the control system;

- to determine dynamic characteristics of the control system.

Main results. Fig. 1 shows the design of pressure relief section of the directional control valve
that includes a valve with proportional electromagnetic control. The section comprises body 1,
directional spool 2, cutoff element 3 of the valve, valve seat 4 with a throttling channel 5,
Hayxkosi npaui BHTY, 2014, Ne 3 1
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proportional solenoid 6 and springs 11, 12. As pressure in working lines of the directional control
valve depends on the combination of the spring compression force and the force at the solenoid
armature as well as on the adjustment of the stroke of cutoff element 3, quality of parameter
regulation in hydraulic system, that includes this directional control valve, depends on static and
dynamic characteristics of solenoid and also on the solenoid armature displacement setting.
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Fig. 1. Design of the valve with proportional solenoid control

For the research two proportional solenoid models were used: MFZ1-5.5YC, produced by SAL
Company (China) and ZO(R)-A produced by ATOS Company (Italy). For studying static
characteristics of solenoids test unit was developed. It includes power unit 1 that comprises
voltmeter 2 and voltage regulator 3; solenoid 4 (to be investigated) that is rigidly fixed on a support
column with movable table 7 and guide 6; electronic scales 8 and dial indicator (see Fig. 2).
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Fig. 2. Test unit for studying static characteristics of proportional solenoids

Wile studying static characteristics of solenoids, dependence of the created force on the armature
displacement was built. Displacement of the support surface of the electronic scales was also
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registered in order to introduce correction of the solenoid armature shift relative to the extreme
position. Investigations were performed for different voltage levels in the solenoid wire. Fig. 3
presents the results of studying static characteristics of proportional solenoids for different values of
voltage in the wires.
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Fig. 3. Static characteristics of proportional solenoids:
a) MFZ1-5.5YC and b)ZO(R)-A for different values of voltage in the control wire.

By the research results it was determined that for solenoid MFZ1-5.5YC power stroke is the
range of 6-8 mm of the armature displacement and for solenoid ZO(R)-A — 2.5 — 4 mm. Besides, for
small voltages a more considerable drift of characteristics with deviation of the force in the range of
5 — 12% for solenoid MFZ1-5.5YC and 3-7% — for solenoid ZO(R)-A is characteristic. On the
whole, the research has shown that static characteristic of solenoid ZO(R)-A has a more distinct
power stroke portion and force variations at this portion do not exceed 7% and are reduced with
voltage growth. Solenoid MFZ1-5.5YC has quite a large zone (from 0 to 4 mm of the displacement)
where there is a minimal growth of the force, which could be due to special design features of the
solenoid coil.

In order to study dynamic characteristics, it is important to determine the influence of all the
control system components, including signal normalizers and converters, on the shape and value of
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the output electric signal. While studying the character of transient process, the following parameters
were registered: electric parameters of the input signal created by low-frequency signal generator I'3-
112/1, of the output signal of the microprocessor device and of the voltage in the coil wire of the
proportional solenoid.

Fig. 4. presents block-diagram of the test unit for determining dynamic characteristics of the
proportional solenoids.
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Fig. 4. Block-diagram of the test unit for determining dynamic characteristics of proportional solenoids.

Fig. 5. presents the view of transient process in the control system, obtained during investigations,
when step and harmonic signals were supplied to the control system input.
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0 Fig. 5. The character of transient process when different signals were supplied to the control system input:
a) step signal; b) harmonic sinusoidal signal.
1) input signal; 2) signal at the output of the microprocessor device; 3) voltage level variations in the coil of the
proportional solenoid.

The obtained transient process has aperiodic, damped character with overshooting in accordance
with the value of voltage in the solenoid spool o = 15% and regulation time t, = 0,08 s. When a
smoothly variable signal (e.g. according to a sinusoidal law) is supplied to the control system input,
overshoot value reduces to 3% and regulation time t, = 0,05 s.
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Fig. 6. Amplitude-frequency characteristic of the control system,
based on solenoids with proportionally-controlled working parameters.

In order to determine passband in the control system, its amplitude-frequency characteristic was
built. For this, a sinusoidal signal in the frequency range from 0.5 to 45 Hz was supplied to the
control system input. Fig. 6 presents the dependence of the ratio of the input and output signal
amplitudes on the frequency. Steady value of the ratio of amplitudes is maintained up to the
frequency of 10 Hz and at the frequency of 25 Hz output reduces by 30%. Therefore, application of
such control system at the frequency above 25 Hz is not permissible.

Conlusions

1. In designing hydraulic units it is necessary to be guided by the regions of working strokes of
proportional solenoids, determined experimentally: for solenoid MFZ1-5.5YC — 6 — 8 mm and for
solenoid ZO(R)-A 2.5-4 mmy;

2. Control system, based on free-programmable controllers and proportional solenoids MFZ1-
5.5YC or ZO(R)-A, can be used at frequencies not exceeding 25 Hz;

3. Astatism of the measuring system is, on the whole, 8% for solenoid ZO(R)-A and 12% for
solenoid MFZ1-5.5YC.
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