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BUBIP ITAPAMETPIB 3BOPOTHOTIO 3B’A3KY B I'TIPOIIPUBO/I,
YYTAUBOMY 10 HABAHTAKEHHS

BblBEOP MAPAMETPOB OEPATHOW CBA3U B rMAPOMNPUBOJE,
YYBCTBUTEJIbHOM K HAIPY3KE

SELECTION OF FEEDBACK PARAMETERS IN THE LOAD-SENSING
HYDRAULIC DRIVE

Po3po6s1eHo HOBY cxeMy 3arnobixkHO-nepesmBHOI cekuii riapopo3noaiibHuKa Anas riapornpusoay,
YYT/IMBOIro 40 HaBaHTaxeHHs. CTBOPEHO HENiHIiViHY MaTeMaTudHy MOAEsb Ta CTPYKTYPHY CXeMy rig-
pornipuBoay. lNoka3aHo, L0 Ha AMHAMIYHI Ta CTaTUYHI XapakTePUCTUKN riaponpusoay, 4yTanMBoro Ao
HaBaHTaXEHHS, BM/NBaOTb KOHCTPYKTUBHI napamMeTpy rnepesiBHOro kniarnada, sikuvi peasi3ye 3BO-
POTHUV 3B’I30K. BusiBIeHO 3Ha4Ye€eHHSI KOHCTPYKTUBHUX MNapaMeTpiB NepesiMBHOro Ksaarnada, siki 'y
rigponpuBoai 3abe3ne4vyrTb MiHIMI3aLilo BenYnH noxmbkmn ctabiniadii, nepeperynioBaHHsl Ta 4acy
pEerynoBaHHS.

PaspabomaHa Hogasi cxema npedoxpaHumernbHO-nepesiueHol cekyuu audpopacrpedenumens Ons 2ud-
porpusoda, YyscmeumesibHO20 K Hagpyske. Co30aHbl HenuHeliHasi MamemMamuydeckasi MoOesib U CmpyKkmyp-
Hasi cxema 2udponpusoda. MokazaHo, Ymo Ha OUHaMUYECKUe U cmamuyeckue xapakmepucmuku 2udponpu-
800a, 4YyecmeumeslbHO20 K Haegpy3Ke, 6/IUsitoOm KOHCMPYKMueHble napamempbl nepesiueHo20 KranaHa,
KomopbIl peanusyem obpamHyto cesi3b. BbisierieHO 3HaYeHUe KOHCMPYKMUBHbIX Napamempos rnepenusHoeo
KnarnaHa, komopble 8 eudpornpusode obecrieyusarom MUHUMU3AUUIO 8€IUYUH MoepelwHocmu cmabunu3ayuu,
rnepepezynuposaHusi U 8pEMeHU peayriuposaHUsl.

A new pressure relief section of the directional control hydraulic valve for the load-sensing (LS) hy-
draulic drive has been developed. A non-linear mathematical model of the hydraulic drive has been
elaborated and a structural diagram has been built. It was determined that the design parameters of
the pressure relief valve, realizing the feedback, influence dynamic and static characteristics of the LS
hydraulic drive. Such values of the pressure relief valve parameters have been found which provide
minimal values of stabilization error, regulation time and excessive control.

Beryn

B cyuacHux MOGiTbHUX MallMHAX 3HAXO/SATH BCe IMIMPIIE 3aCTOCYBAHHS TiJPOTPUBOIM, UYT-
JUBi 10 HaBaHTaXeHHs. Taki risponpuBoan 3a6€3MeUyIOTh Mi/BUNIEHHS eKOHOMIYHOCTI po60TH
MaIlliH Ta SKOCTi BUKOHYBaHUX poOiT [1, 2, 3].

B rigponpuBosax, 4yyTJAMBUX JO HABAaHTAa’KEHHS, BUKOPUCTOBYIOTDH TiJIPOPO3NOAiJIbHUKU CIIe-
1iaJbHOI KOHCTPYKIIT, XapaKTepUCTUKU SKUX B 3HAUYHil Mipi BHU3HAUaIOThb XapaKTePUCTUKU
rigponpuBoy B mijgomy. OJHi€I0 3 XapaKTePHUCTUK Ti[POPO3NO/iTbHUKA [IJIST Ti[pOTIPUBO/IIB
YYTJIUBUX /10 HABAHTKEHHSI € KepyBaJIbHUI Iepenaji THCKY Ha 30JI0THUKY IIepeJHMBHOrO KJia-
nana. BesmunmHa kepyBaJbHOTO Tepernaay B TigpoposnogispHuky Tty PVG dipmu Danfoss
(Hanist) cranoButh g0 2,0 MIla, 1o moripiiye eKOHOMiuHicTb poOOTH rigponpuBoiy [4].
3MeHIIIEeHHST BeJIMYMHNA KePYBAJIbHOTO Tepernay 6e3 3aCTOCYBaHHS CIelliaJbHIX KOMIIEHCYBAJb-
HUX 3aXO/JiB IPU3BOJUTH /0 IMOTIPIIEHHA AK CTAaTUYHUX, TaK i AMHAMIYHUX XapaKTEPUCTUK Tijl-
porpuBoay [5].

B naniit po60Ti aBTOpaMu CTaBJIATHCS 3aBJAaHHS PO3POOKM CXEMH Ta KOHCTPYKIII ripopos-
NOJAIJbHUKA JJIA TiAPONPUBO/IB, YYTJIMBUX [0 HABAHTAKEHH:, i3 3MEHIICHOIO B IIOPiBHAHHI 3
aHAJIOTAaMU BEJUYMHOIO KePYBAJbHOTO Tepenajy Ha 30J0THUKY TepeJMBHOTO KJjamaHa Ta BUOIp
3HaYeHb KOHCTPYKTMBHUX IapaMeTpPiB MepPeJMBHOTO KJallaHa, 0 peasi3yioTb 3BOPOTHMIl 3B's-
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30K 3a TUCKOM Y TiZIpONIpUBO/, [/ 3a0e3ledeHHsl 3HAUeHb CTAaTUYHUX Ta JAMHAMIYHUX Xapak-
TEPUCTUK B 3aJ€KHOCTI Bijl BUMOT, IKUX HEOOXi/THO JOTPUMATUCDH TIPU KOHCTPYIOBAHHI.

BcTtynneHue

B coBpemeHHbIX MOBUMbHBLIX MalLWHax HaxoadAT Bce Gonee LWMpokoe NpUMEHeHWe rugponpueoapbl,
YyBCTBUTENbHbIE K Harpyske. Takue rugponpusobl obecneymBaloT NOBbILWEHNE IKOHOMUYHOCTU pabo-
Thl MALLMH W Ka4yecTBa BbINOSHAEMbIX padorT [1, 2, 3].

B rugponpuBogax, YyBCTBUTENbHbIX K HAarpy3ke, UCNOMb3yT rugpopacpeaenuTeny cneumansHOM KOH-
CTPYKUMMN, XapaKTePUCTUKN KOTOPbIX B 3HAYMTENbHOW CTEMEHW OnpenensioT XapakTepucTUkU rmaponpu-
Boga B Uenom. OgHOM M3 XxapakTepucTuK rmapopacpeaennuTens Ans ruaponpyvBoaoB, YyBCTBUTENbHbIX K
Harpysku, SBnsieTCa ynpasBnsaloWmMi nepenas AaBneHnss Ha 30MoTHUKE MepernuBHOro knanaHa. BenunuvHa
ynpasnsioLLero nepenaga B ruapopacpegenurene tuna PVG cdumpmbel Danfoss (daHus) coctaBnsiet Benu-
yvHy go 2,0 Mla, 4to yxyAwaeT 3KOHOMWYHOCTb paboThbl rugponpueoaa [4]. YMeHbLUeHUe BenuuMHbI
ynpasnsioLLero nepenaga 6e3 npumMeHeHUs: cneumnanbHbIX KOMMEHCUPYIOLLNX CPeaCcTB MPUBOAMUT K yXya-
LLIEHMIO KaK CTaTUYECKMX TaK M QMHAMUYECKNX XapaKTepuCTUK rugponpusoaa [5].

B naHHoM paboTe aBTOpamu CTaBATCA 3ag4a4qv pas3paboTKyM CXeMbl M KOHCTPYKLMKU ruapopacpenenu-
Tens Ans rmaponpuBoAOB, YYBCTBUTENbHbBIX K Harpy3ke, C YMEHbLLUEHHON MO CPaBHEHUIO C aHanoramm
BEMMYMHOW YNpaBnsaoLLEero nepenaga Ha 30M0THMUKE NepennBHOro knanaHa v Belbopa 3Ha4YeHUN KOHCT-
PYKTUBHbIX NMapamMeTpoB MEpenuBHOro KnanaHa, peanusylolmnx obpaTHylo CBsi3b MO AaBNEHWIO, AnS
obecneyeHnss 3HaYeHUN CTaTUYECKMX U OAUHAMUYECKMX XapaKTEPUCTUK B 3aBMCMMOCTU OT TpeboBaHun,
KOTOpble HE06XOANMO YYECTb NP KOHCTPYMPOBAHMM.

Introduction

Load-sensing hydraulic drives are widely used in modern mobile machines. Such hydraulic
drives provide increased economic efficiency of the machine operation and higher quality of the
work being performed [1, 2, 3].

In LS hydraulic drives directional control valves of a special design are used and their charac-
teristics to a great extent determine the performance of the hydraulic drive as a whole. One of the
characteristics of the directional control valve for LS hydraulic drives is control pressure difference
on the spool of the pressure relief valve. The value of pressure difference in the directional control
valve of PVG type, manufactured by Danfoss, is 2,0 MPa which reduces the efficiency of hydrau-
lic drive operation [4]. Reduction of the control pressure difference without special compensating
measures results in worsening of both static and dynamic characteristics of hydraulic drive [5].

The authors of the given work set the task of designing the directional control valve for LS hy-
draulic drive with the reduced (compared to the analogs) value of the control pressure difference
on the spool of the pressure relief valve and of choosing such values of the design parameter's
which will provide values of static and dynamic characteristics depending on requirements to be
met on the stage of design.

[ocaixkeHHs Ti[poNpUBOAY, YyTAUBOTO O HaBaHTa’KE€HHS
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Fig. 1. Basic circuit of the hydraulic drive Ha TOKA3HMKH SIKOCTI p060TI/I I‘iIIpOH-

puBoAy. K TOKa3HUKHU SIKOCTi po60OTH
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Ti/IPONIPUBO/Y B CTATTi PO3IJISAAA0OThCS MOXuUOKa crabiiizalfii BeJMYMHN MOTOKY 4Yepe3 IiJipopos-
MO/IIJIbHUK 2, 4ac pPeryJaioBaHHs Ta BeJUYMHA TIepeperyioBaHHs 3a TUCKOM B TiPOTPUBO/II.

Cekitist 3a6e3meuye po6OTY TiIPOTIPUBOY B TPbOX PEXKUMAX: PEKUM TIEPEIYCKY, PEKUM pe-
TYJIIOBAaHHS Ta PEXUM TlepeBaHTaKeHHSA. B pexkuMi mepemnycky poO3NOIiJbHUK 2 3HAXOAWTHCS B
nosutiii b, minist ynpasiinns 12 3B’s13y€eTbest 3 GaKOM i HaMMIIKOBHUiT THCK P 1ipu 1ibomy Oy-
Jle piBHUI HYJIIO, a TIyH)Kep 7 TiJ /liefo MPY>KIMHA S5 TIePeMiCTUThCSA B KpalfHE TpaBe TOJIOKEH-
HA i Bizkpue pafgianbui otBopu 13, 3’ennanmm kamepy 14 3 6akom. B kamepi 14 HagwimkoBuit
tuck P; takox Gyze HopiBHIOBaTH arMOC(hepHOMY.

[Ipu 1mbOMY pPiBHSHHS CHJI, IO [IifOTh Ha 30JI0THUK 6, 6€3 ypaxXyBaHHS CHUJI TEPTS Ta TiJpo-
JquHaMivyHOi cusm, Gyjie MaTu BUTJIST

2
ndi _ cH, (D

Py

3BiJikM TUCK F; Ha Buxo/i Hacoca 1 Oyze BusHauatucs 3a opmyJoio

_4eH
de%( .

Py (2)
Custa mpyskuHu 8 BUOMPAETbCS TAaKOK0, 10 BUIMYMHA THCKY FA; cranoButsb (0,2...0,3) MIlla.
ITix Tuckom By Bech moTik Big Hacoca 1 Gyzne HaaxoAUTH B 6ak 4epe3 po6oue BiKHO TepesnB-

HOTO KJIallaHa J.
B pasi nepekJioueHHsT PO3IOAiJbHUKA B TO3MIlii ¢ a60o ¢ B rijipoJiiHiio 12 HaAXOAUTHME pi-

JMHA Mg THCKoM B, AKMil 3a/1€KuTh Bijl BeJMYMHM HaBaHTaxkeHHS T, TPHU I[bOMY ILTyHMKep
7 nepeMmicTUTbCS B KpaiiHe JIiBe IMOJIOKEHHs i mepekpue pagiaibhi oropu 13. Tuck Py B Ka-

Mepi 14 B moTouHOMy pekuMi Oy/ie OpiBHIOBATH THCKY Py, i PiBHAHHS CWJI, MO AiIOTb Ha 30-
gotauK 6 (6e3 ypaxyBaHHSI CUJI TEPTSI TA TiAPOANHAMIYHOT cujm), Gy/le MaTH BUTJISI

nds ndv  nds nd>
Py—K=p,| =K X, p—XicH, (3)
A A “ 4
3BiKHI APp = Py — P = ﬁ, (4)
TCdX
ne APp — Tepemnaj THCKY Ha po60OYOMY BiKHI PO3NOJiIbHMKA 2, KUl OJHOYACHO PO3TJIs/a-

€TbCST SIK KepPyBaJbHUIl Ileperna/i Ha 30J0THUKY IIePEeJUBHOIO KJalaHa (nepenapn paBnenus Ha pa-
Hbouem okHe pacnpegenuTens 2, KOTOpPbIi OQHOBPEMEHHO paccMaTpMBaETCs Kak ynpaBnsowWwMin nepenaj Ha
30M0THMKE NEPENMBHOIO Knanaxa; pressure difference on the work port of the directional control valve 2 which
is also considered to be the pressure difference on the spool of the pressure relief valve).

Takum unHOM 30/10THUK 6 Oyze MiATPUMYyBaTH IOCTilfHY BeJUUYUHY Ilepenajay THCKY APp Ha

po6oUoMy BiKHI PO3MOIIMBHUKA 2, IO JaCTh 3MOTY, 3MiHIOIOUHM BEJMYUHY POGOYOrO BiKHA [y, ,
3MIHIOBAaTH BEJWUYNHY TOTOKY (. A0 Tigpommainapa, a pisaunsg Qp — Q. Oyae Bix Hacoca
3auBaTucs B 6ak depe3 pob6ove BiKHO TEPEJUBHOIO KjalaHa J.

B peskumi mepeBaHTa)KeHHS ITOK TiAPONNIIH/APA 3yIUHSIETbCS, THCK Fr 3HauHO 36ijbIny-

€TbCA, BifIkKpuBaeThcs KiaanaH 10 i wactuHa po6ovoi piawHM Bij nuiiaapa 3 HAAXOAUTh B 6ak
Yyepe3 PO3MOJiJbHUK 2, TpPU I[bOMY Ha Horo po6oYOMy BiKHi BUHHMKA€E TIepenaj THCKY
APp = Py — Po, siKmii yTpUMy€ KJallaH S y BiIKPUTOMY IOJIOXKEHHI, i 1OTiK BiJi Hacoca I10BHi-
CTIO HAJXOJUTh y OakK.

[TepeBaroto po3po6.ieHoOT 3am00i’KHO-TIEpeJIMBHOI CEKIlii B TIOPiBHAHHI 3 aHAJOTaMu € Te, 10
nojiaya po6ouoi pimHM BiJi Hacoca B 6aK B PEXUMI MePeIyCcKy Bifl0yBaeThCS HE TIi/I MeperaoM
APp (six y Bimomomy ananosi [4]), a mig tuckom Py = (0,2...0,3) Mlla, a Besmunna Kepyio-
4yoro nepernajay B peskuMi perysoBanHHsa ctaHoButh 0,7...0,8 Mlla, nio 3Hm>Xye HenpoyKTHBHi
BUTPATU IIOTYKHOCTI B TiAPOIPUBO/II.

3a 3Miny po6otn MOGibHOT po6ouoi Marmmuu (HAPUKJIAA €KCKaBaTOpa) BUKOHYIOThCS TH-
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csaui nepekyiodenb. OTOX, KJaalaH MOCTiMHO TPAIioe B [UHAMIYHUX PEXXUMax, 1o 1noTpedye Ha
cTajil MPOEKTYBaHHS BU3HAYEHHS HOTO JMHAMIYHMX XaPAKTEPUCTHK Ta MiJ00PY KOHCTPYKTHB-
HUX TapaMeTpiB, M0 3a6e3MevyioTh HeoOXiJHI AMHAMiuHI XapakTepucTuku KJjaanana. /lo rigpo-
OPUBO/IIB MOGITBHUX POOOYMX MAIIMH TaKOXK BHUCYBAIOTHCS BUMOTU CTaGiJbHOCTI pyXy BUKO-
HABYOIO MEXAHI3My [pU 3MiHI BeJUYUHM HABAHTAXKEHHA, IO TEX BPaXOBYETbCA Yy KOHCT-
PYIOBaHHI TipONpUBOLY /s 3a6€3MeUeHHsT IEBHUX CTATUUYHUX XapaKTepucTuk [J].

Jlns mocaifzkeHHsT poOOTH TiIPOTIPUBOY TAa BU3HAYEHHS WOTO CTATUYHUX i JMHAMIYHUX Xa-
PaKTEPUCTUK PO3PO6JIEHO HENTiHifiHY MaTeMaTHyHy Mojesb. MaTeMaTuuHa MOjesib po3pobseHa
3a TaKUX TPUIYIIEHb: MOETIOETbCsT poOOTa Ti[POTIPUBO/LY B PEKUMi PEryJIOBaHHS; MapaMeTpu
eJIEMEHTIB TiZIPONPUBOY 30Cepe/’KeHi; He BpaxXOByBasJach Maca IJIyH)XKepa 7; TepeTik piauHu
MIXK IIOPOKHUHAMU KJlallaHa, PO3IOJAIJAbHUKA, Hacoca Ta TiJPOLUJIIH/Apa He BPaXOBYBaBCH; Iijl-
POJMHAMIUHI CUJIM CYyXOrO TepTs Ha 30J0THUKY KJjamaHa 6 i IJIyH>Kepi 7 He BPaXOBYBAJIUCD;
KoediIlieEHTN TOTOKY Yepe3 JAPOcebHi Ta 30JI0THUKOBiI eJIeMEHTH TOCTiliHi; pexkuM poOOTH Tijl-
porpuBoly Oe3KaBiTalliiitHuii; 06’€M TipoJIiHill 3a yac TepexiJIHOTO TMPOoIecy He 3MiHIOETHCS;
BTpaTW TUCKY B TiZPOJIiHISIX HE BPaXOBYBAJMUCH; KoeillieHTH TMOAATJUBOCTI Ta30PiMHHOI Cy-
Milli Ta TyMOMETaJIEBUX PYKaBiB BPaXOBYBAJUCh AK CEPeIHI BEJUUYUHU I POITIAHYTUX Jia-
[1a30HIB 3MiHU TUCKY.

MaremMaTnuHa MOJieJIb TiAPONPUBOAY BKJIOYAE PiBHAHHS HEPO3PUBHOCTI MOTOKIB A/ Tipo-
JIiHIT Mi’k HacocoM 1, po3MOAITBHUKOM 2 Ta KJIATAHOM S; MiXK PO3IMOAiJTbHUKOM 2 Ta TiApoIiiu-
JiHApOM 3; MixK ApoceseM 15 Ta pajiialbHUMH OTBOPaMU B 30JIOTHUKY 6, a TaKoK PiBHSHHS
CHWJI, 10 JiI0Th Ha 30JIOTHUK 6, MOpIIeHDb Tigponuminapa 3 Ta miyHxep 7. PiBHsnHS MaTemarn-
yHOi Mojesi, 3anucani B (popmi Korri MaloTh Takuil BUTJISAL:

dPH: QH _HTC([KXSiHa 2PH },lfér Z(P]I PC PII Pd
dt BWy BWy P BWHV p BWHV
dFe _ ply, 2(Py - Pc) dZ nD; (ol

2 2
dp; n(d](_dX).d_x.
dt pW,  dt’
)
dVy nd ndy  cH Tf(dl(— dX) bVy
= Py - P - - Py - ; (5)
dt my4 mg -4 mg dmy my
dx
da N
vV _prbe T _be dz
dt dmeo me me dt
dz _ .
e’

dy fpp _aly g
@ _pter 9ttt 9
dt p T n

ne Qy — BeanuyMHa BUTpaTu Hacocy 1 (BennuuHa pacxoga Hacoca 1; the flow rate value of the pump 1),

)

Py — THCK B JIiHII HarHiTanug (paBneHne B NUHAM HAarHeTaHWS; pressure in the pumping Iine), PC —
tuck B muninapi 3 (nasnewve B umnuuape 3; pressure in the cylinder 3), P2, — Tuck B kamepi 14
(paBnenve B kamepe 14; pressure in the chamber 14), Wy — 00’em piuuu B JiHii HarHiTaHHsT (06bem
KUAKOCTU B NUHUM HarHeTaHus; fluid volume in the pumping line), W, — o6’eM piiuHu B MOPITHEBIi
KaMmepi nuiainapa 3 (o6bem xmakoctv B nopwHeBon kamepe umnuHgpa 3; fluid volume in the piston
chamber of the cylinder 3), W, — 006’em piaunu B kamepi 14 (o6wvem xmakocTn B kamepe 14; fluid
volume in the chamber 14), D — piamerp nopuiHa nuiingpa 3 (anameTp nopwHs uunuuapa 3;
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cylinder 3 piston diameter), dK, dX — Jiamerpu 30JI0THUKA 6 (D,VIaMeprI 30510THUKa 6; diameters of spool
6), my — Maca HOpIIHS nuJingpa 3 (macca nopiuHs uunuHapa 3; cylinder 3 piston mass), m x — Maca
sosotHnKa 6 (macca sonotHuka 6; spool 6 mass), V' — MIBUAKICTH HepeMilleHHsl MOPIIHS IUIiHIpa 3

(ckopocTb nepeMelLieHust nopLUHS LmnuHapa 3; speed of cylinder 3 piston motion), Vi — HBHIKICTb 1epe-
MimenHsa 3010THIKA 6 (ckopocTh nepemelleHns 3onoTHUKa 6; speed of spool 6 motion), ]6 — ILJI0IIa
apocesist 3o0THIKA 6 (nnowaab apoccens 3onoTHuKa 6; area of spool 6 orifice), ;. — moma po6o-

YOro BiKHA PO3NOJiJIbHUKA (nnou.l,ap,b paboyero okHa pacnpegenutensi; area of the directional valve
working port), fp; — 10w IIyH)Kepa 7 (nnowaak nnyHxepa 7; plunger 7 area), x — KoopAuHaTa

ITOJIOYKEHHST 30JI0THUKA 6 (Koopp,MHaTa nonoXeHusi 3onoTHUKa 6; coordinate of spool 6 position), YV — Ko-
Op/IMHATA TIOJIOKEHHS TTYHXKepa 7 (koopamHaTa nonoxenust nnyHxepa 7; coordinate of plunger 7 position),
Z — KOOpJMHATA IIOJIOKEHHS MOpHIHa Itingpa 3 (koopanHata nonoxeHWs NOpLIHS UMNMHApaA 3;
coordinate of cylinder 3 piston position), 5 — koedilieHT B’s13K0ro AemndyBanHs 30j0THIKA 6 (koadp-
T ; V dUUMeHT  BA3KOTO  AemMndumpoBaHust
— A; & T 30M0THUKa 6; viscous damping coeffi-
cient of spool 6), b — KoedirtieHT

K B’SI3KOro  JleMI(pyBaHHS — IIITOKA

MUIHAPA 3 (Koacbcbmu,weHT BSA3KOro
oeMndupoBaHusa WToKa uUMnuHgpa 3;
viscous damping coefficient of cylinder
3rod), B — koedilient, mo Bpa-

XOBye  cymapHy jaedopmariiio
rasopiiMHHOI CyMillli Ta rymome-
TaJIeBUX PYKaBiB (koacpbpuLmeHT,
YUYMTbIBAKOLWMIA CyMMapHyto aedopma-
LUMI0 ra3oXWAKOCTHOW CMecu u MeTar-
nope3vHoBbIX pykaBoB; coefficient taking
into account the total deformation of gas-
liquid mixture and rubber-metal hoses),
O — BeJMYMHA KyTa HAXUIy PoO-
6040i KPOMKHU 30J10THHKA 6 (Benu-
YMHa yrna HaknoHa pabo4ven KpPOMKM
30no0THuKa 6; the value of the working
edge slope angle of the spool 6),
p — TryctuHa po6oYoi piamHN

7
— ) T Ay &’TH 5

BN
20

(nnoTHocTb  pabouyeil  XUOKOCTH;
Puc. 2. CTpyKTypHa cXeMa TiipOmpuBoLy working fluid density), ¢ — KopcT-

Puc. 2. CTpykTypHas cxema rugponpusoga Kietb mpvekuim 8 (GkecTkocTs npy-
Fig. 2. Structural diagram of the hydraulic drive py . ( Py
XuHbl 8; spring 8 rate), ¢4 — JKopc-

TKicTb npyskutn 9 (xectkocTs NpyxuHbl 9; spring 9 rate), H — TolepeHe CTUCHEHHST MPYKUHU 8
(npepBapuTenbHoe cxaTue NpyxuHbl 8; preset compression of the spring 8), H, — mnonepenne CTuCHEH-
HS TIPYKUHA 9 (npenBapuTensHoe cxaTtne NpyxuHbl 9; preset compression of the spring 9).

MatemaTnuHa MOJIENTb Ti/[PONPUBO/LY JIJIs BUMIAJAKY POOOTH B PEKMMi PETyJIIOBAHHS JliHEApu-
30BaHa pO3KJafaHHsaM y psaa Teiinopa. 3a JiHeapu3oBaHOO MOETIO MOOyI0BaHA CTPYKTYypHA
cxeMa TiJ[pOTIPUBO/Y, Ky MOKa3aHO Ha pucC. 2.

[lns mineapusarii audepeHiiaTbHUX PiBHSAHb MOJeJi i MOOY/IOBU CTPYKTYPHOI CXeMH BUKO-
pucCTaHi Taki IIO3HAYEHHA

m

Iy = bc; Te=PpWei Tp= 7K Ty=pWy ITy=BWa
C C

1

s Fe T 2 -

=—2 - Ky,=—%, g.-L1. Ky= —(Py - P 2

Ex 2\/@ F b T= = War p( H, CO)

'c
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c="y p( H, co) K= 0=y
deg(.

Ky = %(d%(_dg(); Ky :T,

2P,
V2 Ky = undysin o, |—2

)
BxigHowo Jieto A5 TiApONpUBOJY € 30BHIllIHE HaBaHTa)KeHHS 7', BUXiJHOIO KOOP/IMHATOIO
— MBUJKICTb V TOpUIHSA NUIiHAPA, KA CTa6iTi3yeThCs.
Bxinnoto ni€ro /s TiipaBAivHO] YACTUHU CUCTEMU € MIBUAKICTb PyXy V TOPIIHS IUTiH-
Jpa, a BUXIiJIHOIO KoopjauHarolo — pyuiiina cuna PyfFr-. 3i 36i7blIeHHAM 30BHIIITHBOTO

K}; = undygsina

HaBaHTa)XeHHA 7  Ha riAponuIiHApi, MBUAKICTb HoT0 mopumHa V' 3MeHIlyeTbCcd, a TUCK
— 36inburyerbesi. Tuck £, 1o Jie€ yepes 30J0THUK IlepeJUBHOrO KJjamnaHa 6 i3 nmepegartou-
HOIO (PYHKITi€TO
Ky
TRS* + 28 T S+1’

(7)

(opmye BianosigHy Besmuuny TUCKy PFPp. Tuck Py 3aMuKae cucreMy i pasoM 3 TUCKOM [
BHU3HA4ya€ BEJIUYUHY IOTOKY (., IO HAAXOAUTH 10 rigponunaingpa. llorik @, Bu3Hauae Taky
BEJMYNHY TUCKY £, 3a KOO pylIiiiHa cusia Ha rifiponnainapi 6yae BiAmosifaTi 36iJbIIeHOMY
3HAYEHHIO 30BHIIIHbOIO HaBaHTa)keHHS 7. 3HaueHHS IIBUAKOCTI pyXy V' HOpHIHA IUJIiHAPA
ITIOHOBJIIOETHCA.

g po3paxyHKiB Ta MaTeMaTUYHOrO MOJIEJIOBAHHS MPOIECiB, JOCTIXKEHHS AMHAMIYHUX Ta
CTaTUYHUX XapaKTePUCTUK y CUCTeMi BUKOpHUcTaHO mporpamuuii naker MATLAB, a came, Mo-
ayuab Simulink [6].

PiBHanns MareMaTHyHOi MojfleJi pPO3B’A3yIOTbes AA modatkoBux ymos Pp(0) = 3-10° Ila,
Pc(0) =0 Ia, BA0) = 01la, 2(0) = 0m, 2(0) =0,1-103m, y(0) = 0m, V(0) = 0 M/,
Vi(0) = 0 m/c i 3Hauenni TMcKy HaBaHTaxkenHss P = 160 - 10° Ila, axi MojesoBan CTyHiHYaC-
Ty 3MiHy HaBaHTa)keHHA. [Ipu 1bOMy 3HAXOAMJINCH 3aJieXKHOCTiI 3MiHHuUX crany Py, -, z, x,
V, Vg Big dacy, 1o [03BOJISIE BUSHAYUTHU TaKi AMHAMiuyHI XapaKTEPUCTUKHU SIK 4ac peryJiioBaH-
HA Ta [epeperyJIioBaHHA.

Besnunna moxu6ku crabinizallii moToky y TiZiponpuBoai & 0O6YUCTIOETHCS 3a (PopMyJI0T0

S = ermax — ermin -100%, (8)
Qa’rmin
ne (y, — BeauuYnHa IOTOKY [0 TiAPONMIiHApA, BiANOBiAHO MakcuManbHe (... Ta MiHiMa-

abie Qy,min 3HAUYEHHS (BennumHa noToka K rMapOLMIMHADY, COOTBETCTBEHHO €0 MaKCUMAnbHOE Quy max
n MyUHUMansHoe Qg ., 3HaveHus; the values of flow to the hydraulic cylinder, Qg ,ax its maximum and
Qgrmin Minimum values correspondingly).

OcCKiJbKM TIepeJUBHUIN KJallaH 3aMUKA€E CXeMY Ti/[pOTpHUBO/Y, TO HOTO NapaMeTpu BXOJSTb
110 TiepenaToyHoi (OYHKIIT 3BOPOTHOTO 3B’SI3KY i MalOTh BU3HAYEHUI BIIMB HAa TIOKA3HUKH SIKOC-
Ti po6OTH TiPONPUBOAY. K MOKA3HUKH SIKOCTI POOOTHU TiPONPUBOY B CTATTi PO3TJISAIAIOTHCS
noxubKa crabisisalii BeJTMYNHN TIOTOKY 4Yepe3 TipOpO3MOIiIbHUK, Yac PETYJIIOBAHHS Ta BeJH-
YMHA [ePeperyJaoBaHHA 110 TUCKY B TiAPOIPUBO/II.

AnanizyeTbcss MOKJIUBICTD MiHiMi3allii moxubku crabisizallii, yacy peryJioBaHHS Ta BeJUYH-
HU TIepeperyJIIOBaHHS 32 PaXyYHOK palliOHAJIbHOTO BUOGOPY 3HAYEHb KOHCTPYKTUBHUX TTapaMeT-
PiB II€pEJIMBHOIO KJiallaHa.

PosriigHemMo BITMB OCHOBHUWX IMapaMeTpPiB MEepPEeJUBHOTO KJalaHa — KyTa HaxXuJay po6odoi
KPOMKHU 30JIOTHUKA O, BEJIMYUHU JIeMII(DYBaHHS 30JI0THUKA b, KOPCTKICTb MPYXKUHHU 30JIOTHUKA
IepeIMBHOTO KJIANIAHA ¢ Ta BEJIMYMHU JiaMeTpa 30JI0THHKA KiamaHa dy (puc. 3) Ha 3HAYEHHS
BEJIYHH [IEPEPETYIIOBAHHS G, Yacy peryJioBamis 1) ta NnoxuOKu cTabimizarii & y riZiponpuBo/Ii.
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Puc. 3. KoHCTPYKIIisl 30JI0THUKA MEPEJUBHOTO KJANaHa 3amo6i>)KHO-TIEPETMBHOT CEKINIT I'iIpOPO3MO/IiIbHIKA
Puc. 3. KoHCTpyKLMS 30N0THMKA NEPENUBHOIO KrnanaHa npeaoxpaHuTenbHO-NepenvMBHON Ccekunm rmapopacnpeaenurens
Fig. 3. The design of the relief valve spool in the pressure relief section of the directional control valve

Jliamazonn  3MiH  KOHCTPYKTMBHUX  mapamerpiB  6yam  takumu: o = 30...90°,
b=100...4000 H-¢/m, ¢=0,5...2,5 H/m, dg =(10...20)- 107 u.

Ha puc. 4 mokazaHo BIJIMB TapaMeTpPiB KJalaHa Ha BEJWYMHY TOXUOKM crtabisisartii y Tija-
porpuBo/ii, TO6TO Ha HOTO CTATUYHY XapaKTePUCTUKY.

3, %
dK
8
6 X \\<
[24
4 N "]
2 I——
C
0 0,2 0,4 0,6 08 II/II

nax

Puc. 4. BB napaMeTpiB MepesMBHOTO KJANAHA HA BeJUYUHY MOXUOKY cTabiaizalii y riaponpuBosi
Puc. 4. BnmsHue napaMmeTpoB NEPENIMBHOIO KnanaHa Ha BENUYMHy NorpeLlHocT crabunmsaumm B ruaponpusoae
Fig. 4. The influence of the valve parameters on the hydraulic drive stabilization error

Ha pucynkax 5 Ta 6 mokasaHo BIJIMB MapaMeTpiB KJjalmaHa Ha [WHAMiuyHi XapaKTePUCTUKH
TiAPONIPUBOAY.

Tp, c

d o, %
0,25 \
’ 15

N RZE UK
0,2 \
0,15

c
\<
0,1 6

\
0,05 3
S
|
& 4
0 0,2 0.4 0,6 0,8 I/, 0 0,2 0,4 0,6 08 I/I

max

Puc. 5. BruB napamerpiB nepesmBHOrO KjanaHa Ha — Puc. 6. Brms mapamerpiB mepeiMBHOTO KJalaHa Ha Ie-

4ac peryJIoBaHHA y TiIPOIPUBOAL peperyJIIoBaHHA y TiIpOIPUBOAL
Puc. 5. BnusHne napameTpoB nepenmeHOro knanaHa Ha Puc. 6. BnuaHne napameTpoB nepenmBHOro KnanaHa Ha ne-
BPEMS PerynvpoBaHus B rMaponpmeoge peperynvpoBsaHue B rnaponpusoge
Fig. 5. The influence of the valve parameters on the Fig. 6. The influence of the valve parameters on the ex-
regulation time in the hydraulic drive cessive correction in the hydraulic drive

UccnepoeaHue rmgponpmeoaa, YyBCTBUTEJIbHOIO K Harpy3ske

Ha puc. 1 npeacraeneHa cxema ruaponpueoia, B KOTOPOW MCMoONb3yeTcs pacrnpefenuTens ¢ npe-
[OXpaHUTEnNbLHO-NEPENMBHON cekuuen, paspabotaHHon B BHTY.

Cxema Bkno4vaeT Hacoc 1, pacnpegenuTtens 2, rmapounnuHap 3, npeaoxpaHuTernbHO-NepenmBHyo
cekumio 4, KoTopas CooePXUT NepesnIMBHON KranaH 5 ¢ 30M0THUKOM 6, NNYyHXepoMm 7, nNpy>xmHamu 8 n 9,
a Takke npegoxpaHutenbHbli knanaH 10 ¢ npyxuHon 11.

lMockornbKy nepenvBHOM knanaH 5 3aMblkaeT cxeMy rmgponpueoaa, To ero napameTpbl BXOAAT B ne-
pefaTouHyo OyHKUMIO 06paTHOM CBA3U NO AABMNEHUIO U MMEIOT onpeaeneHHoe BrusHMe Ha nokasarenmu
KayecTBa paboTbl rugponpusoga. Kak nokasatenum kadectsa paboTbl rugponpmeoaa B CTaTbe paccmar-
pvBaloOTCA MOrPELUHOCTb CTabunusauum BeNUYMHbI NOTOKa Yepes ruapopacnpeaenuTens 2, Bpemsi pe-
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rynMpoBaHusa 1 BeNMYMHa nepeperynupoBaHmns No AaBfeHuto B rmaponpueoae.

Cekuusa obecneunsaet paboTy rmaponpuBoda B TPEeX PeXuMmax: PeXUM MponycKaHUsl, PEXUM pery-
NMPOBaHUA U pexunMe neperpysku. B pexume nponyckaHust pacnpeaenutens 2 HaxoauTcs B Nosuuum b,
NVHUSA ynpaBrieHust 12 cBsisbiBaeTcst ¢ 6akoM U M3OLITOUHOE AaBreHne Py npu 3ToM OyAeT paBHO Hy-

no, a NNyHxep 7 nopd AeNCTBUEM MPYXUHbI 5 NnepemMecTUTCs B KparHee npaBoe NOSoXeHWe n oTKpoeT
paavanbHble oTeepcTus 13, coeamHus kamepy 14 ¢ 6akom. B kamepe 14 n3bbiTouHoe faeneHune Py

ByneT paBHO aTMoCEPHOMY.

Mpn aToM ypaBHeHWe cun, KOTopble OEWACTBYIOT Ha 30M0THUK 6, 6e3 yyeTa cun TpeHus U rmapoau-
Hamuyeckon cunbl Byaet umeTb Bug (1), oTkyda AasneHve P, Ha Bbixode Hacoca 1 6yaget onpepfe-
natbcsa no gopmyne (2)

Cuna npyxuHbl 8 BbibupaeTcs Takon, 4To BenuuuHa gasnenna Py coctasnset (0,2...0,3) MMa. MNog
AasnexHnem P, Becb NoTok OT Hacoca 1 6ygeT noctynaTtb B 6ak yepes paboyvee OKHO MepenvBHOrO

KnanaHa 5.
Mpn nepekntoyeHnn pacnpegenuTens B No3NUMM a uUnu ¢ B rugponuHunio 12 6yaeTt noctynatb Xua-
KOCTb noa pnasneHnem FP,, KOTOpOe 3aBWUCUT OT BEMNUYMHbI Harpysku T, npu 3TOM MNMyHXKep

7 NepeMecTUTCs B KpaliHee neBoe MOMNoXeHWe 1 nepekpoeT paguanbHele oteepcTus 13. [laBneHve Py
B kamepe 14 B TekylleM pexumMe GyaeT paBHbIM AaBMeHU0 Py, U YpPaBHEHWS CUM, KOTOpblE AeNCTBYHOT

Ha 30S10THUK 6 (6e3 y4eTa Ccun TPEeHUst U TMAPOANHAMUYECKONW Ccunbl) ByaeT umeTts Bug (3), oTkyaa (4).
Takum ob6pa3om, 30MoTHWMK 6 OyaeT nogdepXvBaTb MOCTOSHHYKO BENWYMHY Mnepenaja AaBreHust
AP Ha paboyem OkHe pacnpedenutens 2, Y4To AacT BO3MOXHOCTb, U3MEHSAs BEMUYMHY paboyero okHa

fyr » N3MEHSATb BENWMUMHY NoToka Qy K rMApOLMNMHAPY, @ pasHuua mexay Qy —Q GydeT oT Hacoca

cnueaTbcs B 6ak Yepes paboyee OKHO NepenvBHOro knanaHa 5.
B pexxmme neperpysku LITOK MMAPOLMAMHAPA OCTaHaBNMBAETCS, AaBneHe P, 3HaunTenbHO yBenu-

ymBaeTcs, OTKpbiBaeTcs knanaH 10 1 YacTb paboyeit XUAKOCTU OT uunuHapa 3 noctynaert B 6ak Yepes
pacnpefenuTens 2, Npu 3ToM Ha ero paboyem okHe BO3HUKaeT nepenaj AaBneHus APp =Py — P, Ko-

TOPbIN yOEPXKMBAET KranaH 5 B OTKPLITOM NOSIOXKEHNW, U MOTOK OT HAcoca MOSIHOCTbIO NOCTynaeT B Oak.
MpenmyLiecTBOM pa3paboTaHHON NpefoXpaHUTENbHO-NEPENNBHOM CEKLUN MO CPABHEHUIO C aHano-

ramMy sIBfisieTCst TO, YTO nogadva paboyei XMOKOCTM OT Hacoca B 6ak B pexxmme nponyckaHusi NPOUCXo-

OWT He nop nepenagom APp (kak B u3BecTHom aHanore [4]), a noa aasneHvem Py = (0,2...0,3) MMa, a

BeNnuyuHa ynpasnsoLero nepenaga B pexume perynmposaHus coctaenset 0,7...0,8 Mla, yto cHuxaeT
HenponsBoAMTENbHbIE MOTEPU MOLLHOCTM B rMaponpueoae.

3a cmeHy paboTbl MOBUNbHOM paboyen MalUuHbI (HanpumMmep, aKCKaBaTopa) BbINOMHATCA ThICAYM
nepekntoyeHuii. Takum o6pasom, knanaH NOCTOAHHO paboTaeT B AUHAMUYECKMX pexXnMax, 4To Tpebyet
Ha cTaguy NPOEKTUPOBaHMA onpefeneHns ero AUHaMMYeCKUX XapakTepucTuk U nogdbopa KOHCTPYKTUB-
HbIX MapaMeTpoB, KOTopble obecneunBaloT HeobXxoauMble OUHAMUYECKME XapaKTepucTuky knanaHa. K
rmagponpmeogamM MoOWMbHbBIX pabounx MalMH Takke CTaBATca TpeboBaHUS CTabuUNbHOCTU ABUXEHUS
WCNONHUTENBHOrO MexaHn3ma fnpu M3MeHeHUU BENUYMHbLI Harpy3sku, YTo TOXe YYMTbIBAETCH NPU KOHCT-
pynpoBaHuu rugponpusoia anst obecneveHns onpegeneHHbIX CTaTUY4eCKUX XapakTepUCTHK [5].

Ons nccnepoBaHusa paboTbl rmgponpueBoaa M onpedeneHus ero CTatudeckux U AMHaMUYEeCKUX Xxa-
pakTepUCTUK pa3paboTaHa HennHenHas MaTemMaTtudeckas mogenb. MatemaTtuyeckas mogens paspabo-
TaHa nNpy TakuMx OOMyLeHMsAX: MoAenupyeTcst paboTa rugponpmesoaa B pexume perynnpoBaHus; napa-
MEeTpbl 3NEeMEeHTOB rMApoNpmMBOAa — COCPEAOTOYEHHble; He YyuuTbiBanacb macca nnyHxepa 7;
nepeTekaHvue XuagKkocTn Mexay nosiocTAMM KnanaHa, pacnpegenuTens, Hacoca u rugpouunuugpa He
y4nTbIBaNoCh; rmapoavHaMmyeckasl cuna Cyxoro TpeHWs Ha 30J5I0THWKE KranaHa 6 u nnyHxepa 7 He
yuuTbIBanacb; KoaduuMeHTbl NoToka Yepes ApocceribHble U 30SI0THUKOBbIE 3f1eMEeHTbl MNOCTOSAHHbI;
pexvuMm paboTbl ruaponpusofa 6eckaBUTAUMOHHBIN; 06beM MAPONMHUIA 3a BPeMsi NepexogHoro npo-
Lecca He U3MEeHSAeTCH; NoTepun OaBneHus B MMOPONUHUAX HE YYUTbIBANUCh; KO3MULUEHTLI nogatnm-
BOCTU rasoXMOKOCTHOW CMECU U MeTansfope3nHOBLIX PYKaBOB YYUTbIBANUCb Kak cpegHue BenuYUHbI
Ona pacCMOTPEHHbIX AMana3oHOB N3MEHEHUSA AaBEHUS.

MaTtemaTtuyeckas mogenb rmaponpuBoaa BKIOYAET ypaBHEHUE HepaspbiBHOCTM MOTOKOB ANdA rma-
ponuHUA Mexay HacocoMm 1, pacnpegenurenem 2 n knanaHoM 5; mexgy pacnpegenurenem 2 n rugpo-
umnmHgpom 3; mexay apoccenem 15 1M pagnanbHbiM OTBEPCTMEM B 30M10THUKE 6, a TakKke ypaBHEHME
Cun, KoTopble OEeNCTBYIOT Ha 30M10THUK 6, NOpLUEeHb ruapoumnuHapa 3 v nayHxep 7. YpaBHeHUs maTe-
MaTMYEeCKON Modenu, 3anucaHHble B goopme Kolum, nmetrot Bug (5).

MaTemaTtuyeckast Mogenbs rMaponpueoaa Ans criydast paboTbl B pexunMe perynmpoBaHust NuHeapu-
30BaHa pasnoxeHnem B pag Tewnnopa. [No nuHeapusoBaHHOW MOAENW co3faHa CTPYKTypHasd cxema
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rMaponpuBoAa, KoTopasl NpeacTaBiieHa Ha puc. 2.

Ons nuHeapusauun amddepeHumanbHbiX YpaBHEHUIA MOLENM U MOCTPOEHUS CTPYKTYPHOW CXEMbI
ncnonb3oBaHbl 0603HavYeHus (6).

BxoaHbIM gencTBueM Anst rmgponpueoa sIBNSIETCA BHELWHSA Harpy3ka T, BbIXOAHOW KOOpAMHATON
— cTabunuampyemas ckopocTb V' MOpLUHS uMnuHapa.

Cuctema nmeeT oTpuuaTtenbHyto obpaTHyto CBsi3b C nepegaToqHon dyHkumen W, (S), koTopas onpe-

JensieTca CBOMCTBaMM ee rmapaBrMyeckon YacTu U peanuayeTcsl 305I0THUKOM MepenyBHOro KranaHa 6.
BxogHbIM gencTBueM Ans ruapaBnndeckon YacTu CUCTEMBI ABMSIETCA CKOPOCTb ABMXeHUA V nopuu-
HS LMNWHAOPA, a UCXOOHOW KoopauHaTton — Aswkywlasa cuna PyFe . Npy yBenMyeHun BHeLLHen Harpys-

Kn T Ha rmapounnuHape, CKopocTb ero MopLuHa V ymeHbluaeTcs, a AaBrneHne Po — yBenuymsaeTcs.
[aBeneHve F., KoTopoe AencTBYeT Yepes 30/I0THUK NepennBHoro knanaHa 6 ¢ nepegatovHon dyHKLm-
el (7), hopMmpyeT COOTBETCTBYIOLLYIO BENUUMHY AaBneHus Py . [laBneHne P, 3aMbikaeT cUCTEMY, U
BMECTE C AaBfieHNeM Pp OHW onpedensioT BeNnYMHy notoka Qg , KOTOPbIN NOCTynaeT K ruapoLunivH-
apy. Motok Q,, onpedenseT Takylo BENMYUHY JaBneHns Fp, Npu KOTOPOW ABWXKYLLAs cuna Ha rugpo-

unnuHape Gygoet oTBeYaTb YBENMYEHHOMY 3HAYEHUI0 BHELUHeW Harpy3ku T. 3HayeHue CKOpoCTu OBW-
XeHust V nopLuHsa umnuHapa Bo3obHOBNSeTCA.

Ona pac4yeTtoB M MaTemMaTU4eCcKoro MoAenupoBaHUSA MPOLEeCcCOoB, UCCNeoBaHUA OUHAMUYECKUX U
CTaTU4eCKMUX XapakTepUCTUK B CUCTEME UCMNONb30oBaH nNporpaMmmHbli naket MATLAB, a umMeHHO, Moaynb
Simulink [6].

YpaBHeHus1 MatemMaTM4eckol MOAENnu pellarTca npu HavanbHbIX ycnosusx Py (0) = 3-10°Ma;
P; (0) = 0Ma; P;(0)=0TMa; z(0) = 0wm; x(0) =0,1 - 10°m; y(0) = 0 m; V(0) = 0 m/c; Vi (0) = 0mlcwm
3HaueHnn Harpyskm P = 160 - 10°Ma, koTopble MOAEnMpoBany CTyneHYaToe M3MeHeHne Harpysku. Mpu
3TOM HaxoA4MNNCb 3aBUCUMOCTW 3Ha4YeHWUn nepemenHblx Py, P, z, X, V, Vi OT BpemeHu, 410 no3Bo-

nsieT ONpeaenuTb Takne OUHaMUYECKUEe XapakTEPUCTUKM, Kak NepeperynmpoBaHne U BpeEMsI perynmpo-
BaHWUs.

BenuumHa norpelwHocTn ctabunusauum NOToka B ruaponpueoae Bbluncnsietcs no gopmyne (8).

MockonbKy NepenuBHOKM knanaH 3aMblkaeT CXemy rmaponpyBoAa, TO ero napameTpbl BXOAAT B ne-
pefaToyHyl PyHKLMIO 06paTHOM CBA3N M MMEIDT OonpeaernieHHOe BIINSIHUE Ha NokasaTenun KadecTea pa-
60Tkl rmaponpueoaa. Kak nokasatenu kayecTtBa paboTbl rmaponpreoga B cTaTbe paccMaTpuBatoTCs Nno-
rPELHOCTb CTabunmaaumm BeNMYUHBLI MOTOKa Yepes rmapopacrnpenenutens, BpeMs perynmpoBaHust u
BEMMYMHA NepeperynnpoBaHus No AaBeHno B TMAPONPUBOAE.

AHanuanpyeTcsi BO3MOXHOCTb MUHMMMU3aUMK MOrPeLHOCTM cTabunmsaumm, BpeMeHu perynmposa-
HWUSI U BENWYMHBI NEPEPErYNINPOBaHNS 3a CYET pPaLMOHaNbHOrO BblIOOpa 3HAYEHUI KOHCTPYKTUBHBIX MNa-
paMeTpoOB NePENMBHOIO Kranaxa.

PaccmMoTpum BnusiHne OCHOBHBLIX MapamMeTpoB MEPENMBHOMO KranaHa — Yyrra HaknoHa paboden
KPOMKM 30M10THUKA o , BENTMYMHBI AeMNUPOBAHUSA 30/10THMKA b, KECTKOCTM MPYXMHbI 3010THMKa nepe-
MMBHOTO KNanaHa ¢ 1 BenuM4uHbl AnaMeTpa 30M0THMKA KnanaHa dy (puc. 3) Ha 3HayYeHne BennYMH ne-

peperynmpoBaHnsl ¢ , BpEMEHW pPerynupoBaHnsa T, 1 NorpeLHocTy ctabunusauum § B ruaponpusoje.
OnanasoHbl  U3MEHEHWN  KOHCTPYKTUBHbIX  MapameTpoB  Oblnu  Takmmu: a=30...90°,

b=100...4000 H-c/m, ¢=0,5..2,5 H/m, dj :(’IO...20)~10’3 M.

Ha puc. 4 nokasaHo BnusiHUE napamMmeTpoB KnanaHa Ha BeJIMYMHY MorpelHoCTr cTtabunusauum B
rmgponpueoge, To eCTb Ha ero CtTaTtu4ecKyto XapakTepucTtuky.

Ha pUCcyHKax 5n6 npeacTtaBieHO BIMUAHME NapaMeTpoB KnanaHa Ha AMHaMU4YeCKne XapaktepucTtu-
KW rmgponpueoaa.

LS Hydraulic Drive Investigation

Fig. 1 shows the hydraulic drive circuit where directional control valve with the pressure relief
section, designed in VNTU, is used.

The circuit comprises pump 1, directional control valve 2, hydraulic cylinder 3, pressure relief
section 4 with pressure relief valve 5 having spool plunger 7, springs 8 and 9 as well as safety
valve 10 with spring 11.

As the relief valve closes the hydraulic drive circuit, its parameters are included into the feed-
back transfer function and they have definite influence on the quality of the hydraulic drive opera-
tion. The stabilization error of flow through the directional control valve, the pressure regulation
time and excessive correction value in the hydraulic drive are considered to be quality indicators
of the hydraulic drive operation.
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The section provides hydraulic drive operation in three modes: bypass mode, regulation mode
and overload mode. In the bypass mode directional control valve 6 is in the position b; control line
12 is connected with the tank and excessive pressure P, is equal to zero; plunger 7 under the

action of the spring 6 will move to the right end position and open radial openings 13 connecting
chamber 14 with the tank. In chamber 14 excessive pressure P, will be equal to the atmospheric

pressure.

In this case the equation of forces acting on spool 6 (friction and hydrodynamic forces are ne-
glected) will have the following form (1), whereupon pump output pressure Py will be defined by
the formula (2).

The force of spring 8 is chosen so that the value of pressure Py will be (0.2...0.3) MPa. Under
the pressure Py the total flow of pump 1 will pass to the tank through the work port of the pressure
relief valve 5.

After switching of the directional control valve into the positions a or ¢ fluid will be supplied to the
hydraulic line 12 under the pressure P, that depends on the load T value, and plunger 7 will move

to the left end position, ovelapping radial openings 13. Pressure P, in chamber 14 will be equal to

pressure Py in the current mode and the equation of forces acting on spool 6 (without taking into ac-
count friction forces and hydrodynamic force) will have the form of (3), whereupon (4).
In this way spool 6 will maintain constant pressure difference value AP, on the work port of

the directional control valve 2 which makes it possible to change the value of flow Q,, to the hy-
draulic cylinder changing the size of work port f;, . The difference of Qy —Q,, will be delivered

from the pump to the tank through the work port of the pressure relief valve 5.
In the overload mode the rod of the hydraulic cylinder stops, pressure P, increases consid-

erably, valve 10 opens and part of the working fluid from cylinder 3 flows to the tank through the
directional control valve 2. On its work port pressure difference APp = P, — P emerges, which

keeps valve 5 in the open position and the whole pumping flow is delivered to the tank.
The advantage of the designed pressure relief section over the analogs is that working
fluid from the pump is delivered to the tank not under pressure difference AP, (as in the ana-

log [4]) but under pressure P, = (0.2...0.3) MPa and the value of the control pressure differ-

ence in the regulations mode is 0.7...0.8 MPa, which reduces non-productive power losses in
the hydraulic drive.

During one shift of a mobile working machine operation (e. g. of an excavator) thousands of
switchings are performed. So the valve is constantly working in dynamic modes which requires
defining its dynamic characteristics and selecting the design parameters, which provide the nec-
essary dynamic characteristics of the valve. One of the requirements to the hydraulic drives of the
mobile machines is also the stability of the actuator motion under changing load. This requirement
is also taken into account at the design stage of the hydraulic drive in order to provide necessary
static characteristics (5).

In order to investigate the hydraulic drive operation and to determine its static and dynamic
characteristics a non-linear mathematical model has been developed. The mathematical model
has been developed under such assumptions: the hydraulic drive operation in the regulation
mode is simulated; parameters of hydraulic drive elements are concentrated; mass of plunger 7 is
neglected; the fluid flow between the chambers of the valve, directional control valve, pump and
hydraulic cylinder is neglected; coefficients of flow through the throttling and spool elements are
constant; hydraulic drive operates in a non-cavitational mode; the hydraulic line 1 volume at the
time of transient process remains unchanged; pressure losses in the hydraulic lines are ne-
glected; the compliance coefficients of t gas-liquid mixture and of rubber-metal hoses were taken
into account as the average values for the considered ranges of pressure change.

The mathematical model of the hydraulic drive includes flow continuity equations for the hy-
draulic lines between pump 1, directional control valve 2 and valve 5; between directional control
valve 2 and hydraulic cylinder 3; between orifice 15 and radial openings in spool 6 and the equa-
tion of forces acting on spool 6, the piston of hydraulic cylinder and plunger 7. The mathematical
model equations were written in Koshy form (5).

The mathematical model of the hydraulic drive for the case of its operation in the regulation
mode is linearized by decomposition into Taylor series. According to the linearized model struc-
tural diagram of the hydraulic drive (Fig. 2) has been constructed.

For linearization of the model differential equations and structural diagram construction desig-
nations (6) are applied.
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External load T is the input action for the hydraulic drive, the stabilized speed V of the cylinder
piston is the output coordinate. The system has a negative feedback with transfer function
W, (S), determined by the properties of its hydraulic part and realized by the spool of pressure re-
lief valve 6.

Speed V of the cylinder piston is the input action for the hydraulic part of the system and mo-
tive force PyF; is the output coordinate. When the hydraulic cylinder external load T increases,
speed V of its piston decreases and pressure P, increases. Pressure F; acting through the

spool of valve 6 with transfer function (7) forms the corresponding value of pressure Py. Pressure
Py closes the system and together with pressure P, determines the value of flow Qg supplied to
the hydraulic cylinder. Flow Q, determines such value of pressure F- that the motive force on
the hydraulic cylinder corresponds to the increased value of the external load T. Value of speed V
of the cylinder piston motion is renewed.

For computations and mathematical modeling of the processes and investigation of the sys-
tem static and dynamic characteristics Simulink module of the MATLAB programming package
has been used [6].

Mathematical model equations are solved under initial conditions Py (0) = 3:10° Pa,
P (0) = 0 Pa, P;(0) =0 Pa, z(0) = 0 m, x(0) = 0.1:10% m, y(0) = 0 m, V(0) = 0 mi/sec,

Vi (0) = 0 m/sec with the value of load P = 160-10° Pa which simulated step change of the load.
The dependences of state variables Py, P, z, X, V, V| versus time were found, which makes it

possible to determine such dynamic characteristics as regulation time and excessive correction
value.

The error of flow stabilization & in the hydraulic drive is calculated by the formula (8).

The possibility to minimize the stabilization error, regulation time and excessive correction
value by means of choosing optimal values of the pressure relief valve design parameters is ana-

lyzed.
Now we shall consider the influence of the relief valve main parameters —slope angle o of

the spool edge, value b of the spool damping, spring rate ¢ of the relief valve spool and the value
dg of the valve spool diameter (Fig. 3) — on the values of excessive correction o, regulation
time T, and stabilization error & of the hydraulic drive.

The ranges of the design parameters changes were the following: o =30...90°,
b=100...4000 H-sec/m, ¢=0.5..2.5 H/m, dy =(10...20)-10> m.

Figure 4 shows the influence of the valve parameters on the hydraulic drive stabilization error,
i. e. on its static performance.

Figures 5 and 6 show the influence of the valve parameters on the hydraulic drive dynamic
characteristics.

Bucuosku

1. Pospo6iiena cxema 3amo6Gi>KHO-TIEPEJMBHOI CeKIlii Ti[popO3Mo/iJbHUKA, 10 3a6e3neuye
po6OTYy TiZPOTPUBOLY 3 BEJMUMHOIO KepyBaJbHOTO mepenany APp = 0,7...0,8 MIla, kpama

Hisk B anasnos3i PVG ¢ipmu Danfoss ([lanis).

2. Miunimizanis Beqnmdnn noxu6ku crabimisanii §, wacy perymosahna T, Ta nepepery.io-
BaHHA G 3a0e3IeuyeThbCs, SIKIO 3HAYEHHS] KOHCTPYKTHBHHUX ITapaMeTPiB MEPeUBHOTO KJalaHa
3am061KHO-TIEPEJTUBHOI  CEKIIi1 TiZ[POPO3IMOiIbHUKA, 10 Peasi3yloTh 3BOPOTHUI 3B'S30K, 32
TUCKOM Y TiZIPONPUBO/I, 3HAXOJAATbCd B Takmx Mexkax: a = 60...80° ¢ = (1,5...2)-104 H/m;
b = 2000...3500 H - ¢/m; dg = (14...18) 1073 m.

BbiBOAbI

1. PaspaboTaHa cxema npefoxpaHuTenbsHO-NepenmMBHON cekumm rugpopacnpegenurens, obecneym-
Balllas paboTy ruaponpueoda npu BenuuuHe ynpasnswowero nepenaga AP, = 0,7...0,8 MMa, nyu-
we, Yyem B aHanore PVG cpumpmbl Danfoss (JaHus).

2. MUHMMM3aLMA BENUYMH NOTPELIHOCTM cTabunusaumn &, BpemeHun perynuposaHus T, n nepepe-
rynupoBaHusa o obecnevmBaloTCcs Npu CoMeTaHUM TaKMX 3HAYEeHWUIA KOHCTPYKTUBHBIX MapaMeTpoB nepe-
NMBHOrO KnanaHa npeaoxpaHuTenbHO-NepenmBHON Cekuun rugpopacnpeaenutens, Kotopble peanusy-
loT obpaTHyl0 CBsisb MO [JaBneHuio B ruaponpueoge: a = 60...80% ¢ = (1,5...2)-10* H/wm;
b =2000...3500 H-c/m; dy=(14...18) - 107> m.
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Conclusions

1. The developed circuit of the pressure relief section of the directional control valve provides
the hydraulic drive operation with the value of control pressure difference AP, = 0.7...0.8 MPa

which is better than in the analog PVG of Danfoss (Denmark).
2. The minimal values of stabilization error § , regulation time T, and excessive correction ¢ are

provided under the following combination of design parameters of the pressure relief valve of the di-
rectional control hydraulic valve: a = 60...80° ¢ = (1.5...2) - 10*H/m, b = 2000...3500 H -sec/m,
dx =(14...18) - 107 m.
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