denepanabHOE areHTCTBO MO 00PA30BAHUIO
'OV BIIO «Cubupckas rocyaapcTBeHHAss aBTOMOOMIIBHO-0POKHAS aKaeMUsI
(Cuo AIN)»

A.A. Pymmens, A.A. CaranasikoB, M.C. KopsiToB

MOAEJIMPOBAHUE I'MIPABJIMYECKHNX
CUCTEM B MATLAB

YyebHoe mocooue

OmMmck
CubAJ 11
2009



VIIK 681.3
BBK 32.973
P 86

PenenseHTsr:
Kana. texn. nayk, monent C.H. Unmxma (OmI YIIC);
n-p TexH. Hayk, npod. H.C. lNangun (CudbAAN)

PaboTa ono00peHa peakiMOHHO-U31aTEIbCKUM COBETOM aKaJEMHH B Ka4eCTBE y4eO-
HOT'0 ITOCOOMS O JUCHUIUIMHAM «MoienupoBaHue CUCTEM yIpaBiieHus», «IIpoextupoBanue
CUCTEM ylpaBiieHus» i crienraibHocTH 220301 «ABTOMaTH3auUsa TEXHOJIOTMYECKUX IIPO-
L[ECCOB U MPOU3BOJICTBY.

Pynneas A.A., CaranabikoB A.A., KopsiToB M.C.
MOJIEJIMPOBAHUE TUAPABJIIMUECKUX CUCTEM B MATLAB: y4yeOHoe 10-
coome. — Omck: CubAJIU, 2009. — 172c.

ISBN

W3nosxeHbl CBEIEHUS O BO3MOYKHOCTSX MOJCITUPOBAHUS THAPABINYCCKUX CHUCTEM B
cpene MATLAB. [logpo6no omnucansl 3memenTsl Oubnuoreku makera SimHydraulics. Ilpu-
BEJICHBI TIPUMEPHI MOJICIIMPOBAHUS THIPOMPHUBOIa aBTOMOOMIBHOTO KpaHa. Y4eOHOe T0co-
Ore MOKeT OBITh IMOJIE3HO CTYJACHTAaM M aclUPaHTaM MPH IMOATOTOBKE W BBHITTOJHEHHH KYpPCO-
BBIX M JUTUIOMHBIX MTPOEKTOB, & TaK)Ke MPH IMPOBEACHUU HAYYHBIX UCCIICAOBAHUIN THIIPABIIH-
YECKUX CHUCTEM.

Tabn. 1. n. 112. Ipun. 2. bubauorp.: 18 Hass.

ISBN © I'OY «CubA11», 2009
© A.A. Pynniens, 2009



OI'JIABJIEHUE

BBEJIEHUIE ........uuuoiiiiiiiiiinniiiiinntiiinnnneiecssnseessssssssesssssssessssssssessssssssssssssssssessssssssssssssnss 6
1. M'uapaBauveckue gatunku U ucroununk (Hydraulic Sensor and Sources) ................ 10
1.1. Uneansubiil runpaBaudeckuii uctounuk pacxona (Ideal Hydraulic Flow Rate Source)
........................................................................................................................................ 10
1.2. Uneansubiil ruapaBnndeckuil uctounuk aasienns (Ideal Hydraulic Pressure Source)
........................................................................................................................................ 11
1.3. Uneanbusiii pacxonomep (Ideal Hydraulic Flow Rate Source) .........coooviiiiiiniiiennnnn. 11
1.4. UneansHbiii ruapaBandeckuil natuuk nasiaenus (Ideal Hydraulic Pressure Sensor)...12
2. 'mapaBianyeckue 3j1eMeHThI (Hydraulic EIements).........eeeeieeeciiiicsrnneniencccssssssnnnneneseees 13
2.1. Opoccens nocrostHHOro cedeHus (Constant Area Orifice) ......cccvvvvvveeeeeeerriciiiieeeeennnn. 13
2.2. EmMxocts moctosinHoro oowema (Constant Volume Chamber)...........coeeveveeiiviineennnnn. 15
2.3. Unepuust sxuakocTh (Fluid Interia)........ccvvvvveeiieeiiiiiiiiieee e 19
2.4. Ces3b ¢ atmochepoit (Hydraulic Reference)..........cccuvvvvveeeeiiiniiiiiiiiieeeeeieeeeeen 20
2.5. Ilyresnie motepu (Linear Hydraulic Resistance)..............eeveeevviiiiiiiiieeeeeeeiiiiieeeeeenn 20
2.6. ITorepu B Tpy0oTIPOBOIE (RESIStIVE TUDE)....eiiiieeeeiiiiiiiiieeeeeeeeee e 21
2.7. 'mapoMexaHudecKuid mpeoOpa3oBaTesb mocTynareasnoro apmxeHus (Translational
Hydro-Mechanical CONVEILET) ...........eiiiieeiiiiiiiiiiiieeeeeeeiciiiieeeeeeeeeesiirrreeeeeeeeesenaraaeeeeeeens 23
2.8. 'mppoMexanuueckuil mpeoOpa3oBaTelib BpamareasHoro asuxeHus (Rotational
Hydro-Mechanical CONVEILET) ...........uiiiieeeiiiiiiiiiieeeeeeeeiiiiiieee e e e e e e eeeeeeeeeenanraeeeeeeens 24
2.9. Opoccenb nepemennoro cedeHus (Variable Area Orifice)........ccccvvvveeeeeeerniciiieeeeeennn. 26
2.10. Emkocth nepemernHoro oonsema (Variable Volume Chamber) ...........cooevvviiviinneennn. 27
3. 'mapaBanyeckue YTHIUTHI (Hydraulic UtIlities)....ccoovvvvueerircicsssisssnnenenecccssssssnnneenescees 29
3.1. CgoiictBa ruapasnuueckux xuakocren (Custom Hydraulic Fluid).............ccccoeee. 29
3.2. Tunosie ruapasiauaeckue )xuaKocTu (Hydraulic Fluid)..........cccovveeeiiiiiiiiin. 30
3.3. 3aKpBITBINA THAPOOAK (RESEIVOIT)...ciiiiiiiiiiiiiiee e ettt ee e 31
4. AKKYMYJSATOPBI (ACCUMUIALOTS).cuueeeeriieeersssssssnnernnesssssssssanssssssssssssssssssssssssssssssssssssssssssss 33
4.1. ITueBmoruapoakkymysatop (Gas-Charged Accumulator)........cccvvveveeeeeeniiiiiiieeeennnn. 33
4.2. llpyxxunHbii rupoakkymysstop (Spring-Loaded Accumulator)..........ceeeeeeniieeenes 35
5. Baoku-TpyoonpoBOAbI (PIPEliNes) ....ccccerrirrrrnnneriiiccisssssssnnnenniscssssssssnnsnsessssssssssssnsssssssses 36
5.1. 'mppaBnuueckuii TpyoonpoBo (Hydraulic Pipeline)..........cooocvvviiiiieeeeiiniiiiiiieeeen. 37
5.2. baok rogpupoannslil TpydonpoBo (Segmented Pipeline) ..........coooveeeiiniiiinnie 40
6. F'uapaBanyeckue conporusiieHusisi (Hydraulic Resistances)........ccceeevvneeeicisneecicnnnnes 42
6.1. OTBOI (EIDOW) ...uiiiiiiieieeeiieee ettt e e e e e e e e e e e e e e e e neabaaaaeeeeeeas 43
6.2. [InaBHoe pacmmpenne kanana (Gradual Area Change)..........cccccvvvveeeeeeenniiciiieeeeeennn. 44
6.3. MectHoe ruapaBnuueckoe conpoTtusienue (Local Resistance) ..........coeeeevvviveneennn. 47
6.4. V1310 TPYOBI (PIpe BeNd) .....ovviiiiiieeiiiieee e 50
6.5. Pe3koe n3menenune ceuenus (Sudden Area Change) .........ceeeveeveviiiieeeeeeeiniiiiiieeeeeennn. 51
6.6. TPOMHHUK (T-JUNCEION)....ceeiiiiiiiiieeeeeeeiiiiieieeee e e e e ettt eeeeeeeesseaaaaaeeeeeeeeesnsnnaraeeeeeeens 54
7. APOCCeIM (OFIfICES) eevvveerrrriieisssssrnnrrrrnessssssssssnnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 55
7.1. KonbrieBoit agpoccenb (Annular OTifiCe)........iieeeereiiiiiiiiieeeeeeeeiiiieeeee e 56
7.2. Heperymupyemsiii ipoccelib (Fixed Orifice) ......ooovvviiiiiiiiiiiiiiiiiiiieee e 57
7.3. Perynupyemblit agpoccens ¢ KpyriabiM mpoxoaabiM cedenueM (Orifice with Variable
A1ea ROUNA HOIES).....eeiiiiiiieeeeeeee ettt e e e e e e e e eaaraaeaeeeeeas 59
7.4. PerynupyeMblii apoccens ¢ mesneBsIM TpoxoaabiM ceuenneM (Orifice with Variable
AT SIOT) .evviiiiieeeeeee e e e e e e e e e e e e e et e e e e e e e e aaaaeaeeeeeanntarraaaaaeeens 62
7.5. Perynupyembiit apoccenb (Variable OTrifice) ......ooovvvviiiiieeeeiiiiiiiiiiieee e 64
8. Hanpasasionmme kjaanansl 4 ruapopacnpenenureau (Directional Valves)................. 68



8.1. JIByxnmHeHbIM ruapopactpeaenurens (2-Way Directional Valve).........cccceeeeeennees 69

8.2. Tpexnuneinslit ruapopacnpenenurens (3-Way Directional Valve) ... 72
8.3. UerbIpexnuHeNHbIN THApOpactpenenutens (4-Way Directional Valve)..................... 77
8.4. O6patupiit KiarmaH (Check Valve) ..........oiiiiiiiiiiiiiiieccceeeee e 81
8.5. Ymopasnsemsriit oopatabiil kinanaH (Pilot-Operated Check Valve)..........ccvvveeeeeeeennie, 84
8.6. I'mmpo3aMOK (Shuttle Valve) ....cooeeiiiiiiiiiieieeeeee e 87
9. Peryaupyomue KJIANaAHbI (Flow Control VaIVes) ....ccccvueeeriiccccisssssnnnneiscccsssssssnnnenneneses 90
9.1. lllapukoBsrit knanaH (Ball Valve)........cccuviiiiiiiieieee e 91
9.2. Uronpuateiit kiamaH (Needle Valve) ... 93
9.3. Konycusriit kinamaH (Poppet Valve) ......cc.uvviiiiiiiieieeeeeeeeee e 95
9.4. Knanan-peryastop oTokKa ¢ HE3aBUCUMBIM OT JlaBjieHUs perynupoBanuem (Pressure-
Compensated Flow Control Valve)........ooooiiiiiiiiiiiieeeeee et 97
10. Hanopuble kiaananbl (Pressure Control Valves) ........cccccceiiisrneeeniicccsssssssnneenieccssssens 100
10.1. Kommnercarop naieHus (Pressure Compensator)..........eeeeeecevvieeeeeeeeesniiniiieeeeeennn. 101
10.2. Penyxkumonnsiii knanas (Pressure Reducing Valve).........oooeiviiiiiiiieeniiiiiiieee, 104
10.3. [Ipenoxpanutenbubiii kianan (Pressure Relief Valve) ..., 106
11. lIpuBoabl KIAMAHOB (Valve ACtUALOIS)....ceeeeeeeeeeeeeeeeeeeeeesseeeeeeesessssssssssssssssssssssssssssses 109
11.1. JIByxno3unMOHHBIN MPUBOJI KianaHoB (2-Position Valve Actuator)...................... 110
11.2. Tpexno3unuoHHsI mpuBoa kinamaHoB (3-Position Valve Actuator) ...................... 112
11.3. I'uppaBaudeckuii MPUBOJI KiaraHoB ogHocToporHero aeicteus (Hydraulic Single-
ACtING VaIVE ACTUALTOT) ..vviiiiiiieiiiiiiiieeee et e e e et e e e e e e e et aeeeeeeeennessaaeees 114
11.4. I'napaBianueckuii MpuBoA KilanaHoB ABycTopoHHero aevictsus (Hydraulic Double-
ACtING VaIVE ACTUALTOT) ..vviiiiiieeiiiiiiiieee e e e et e e e e e e e et r e e e e e e e eennensaaeeas 116
11.5. [IponopuuoHalibHbIN OPUBOJ U IPUBOJI cepBokiianiaHoB (Proportional and Servo-
AV AN e L 1 ) o PRSP 118
12. CuiioBbie KIATMAHBI (VAIVE FOICES).cuuuueeeeeeeeeeeeeeeeeesesessssssssssssssssssssssssssssssssssssssssssssssee 120
12.1. Knanan tumna «cormio-3acionka» (Spool Orifice Hydraulic Force) ..........ccvveeee.... 120
12.2. CunoBoii ruapasnuaeckuit kinanan (Valve Hydraulic Force) .......oovvvvviiiiiiinnnn.nn. 122
13. I'uapasaunyeckue uMAUHAPLI (Hydraulic Cylinders) .....cccoccvvueeereecccesssssnnneneecccsssnnns 124
13.1. T'uppaBaudeckuii HMIMHIP OJHOCTOpOHHETO nercTBus (Single-Acting Hydraulic
0711316 1<) ) OSSP PPPPPPPR 125
13.2. T'unpaBnudeckuii TMIMHIP AByXcTopoHHero nericteus (Double-Acting Hydraulic
(0711316 1<) ) USSP PPPPPPR 127
13.3. Tpenwne B ruapaBnuueckux muauHapax (Cylinder Friction)........cevveeeveiiniiineennnnn. 129
13.4. IloBOpOTHBIN THIPOJIBUTATENIb OAHOCTOPOHHETO NeiicTBus (Single-Acting Rotary
ALCKUALOT) L.uiiiiiiieeeeeeeeette et e e e e e ettt e e e eeeese s eabaaeeeeeeeeeaansassaaaeeeeeeeannsnsssaaeaeeeeennnnsssneees 131
13.5. IloBOpOTHBIN THIpOIBUTATENb IBYXCTOpOHHETO AelicTBUs (Double-Acting Rotary
ALCKUALOT) L.utiiiiieeeeeeeeit ettt e e e e e ettt e e e e e e e e e eabaaeeeeeeeeeeansassaaaeeeeeeesnnssssbaaeaeeeeeannnnsssneees 132
14. Hacocbl 1 MOTOPBI (Pumps and MoOtors) .....ccccevvvrrsnnerirecssssssssnnsesssssssssssssssssssssssssssnns 133
14.1. Heperynupyemsiii potopuslit Hacoc (Fixed-Displacement Pump) ................ccc... 134
14.2. TunpaBaudyeckuid MOTOP (Hydraulic Motor) ......cevvviviieieeeiiiiiieeeeeeeeeee e 136
14.3. Perynupyemsblii potopHbliit Hacoc (Variable-Displacement Pump) ..........ccooceeeenn. 138
14.4. Perynupyemsblii Hacoc ¢ KoMIieHcaTopoM AasiieHus (Variable-Displacement Pressure-
Compensated PUMP) ....ooiiiiieiiiiiiiiieee e e e e e e e e e e e ebaaeaeeeeeeas 142
14.5. Variable-Displacement MOtOT .........cccuvviiiiireeeeeiiiiiiieeeee e e eeveveeee e 144
15. Ilpumep MoaeTUPOBAHUSA THAPONPHUBOAA ABTOKPAHA ceveeerrrreeseeeeescccsssssssssaneesssssssnes 148
15.1. I'maponpuBOA MOABEMA-OTTYCKAHUS CTPEITBI ABTOKPAHA ...vvvvvvvvvrrrrvvrerervnneneeeennnennns 149



15.2. 'maponpuBo I O IbEMa-OMyCKaHUsI TPY30BOM J1e0eKu aBTOKpaHa

IIpuinoxenne 1. XapakTepuCTHKH THAPABINYECKUX KUTAKOCTCH coverrrrrreeneeeeereccsssssnnanaee
IIpuinoxenne 2. XapaKTepUCTHKH HMIIOPTHBIX KUAKOCTECH eeveeeeerreesssssnnseeeeeseccssssssnnnaes

Bubimorpapuyeckuii cnucox



BBEJAEHHUE

MammHOCTpOuTEIbHAST THAPABIMKA SBISETCS COBPEMEHHOH OTpacibio
MaIMHOCTpoeHust. Ho 10 HacTosIero BpeMeH! MpoIece MpOSKTUPOBAHUS THI-
paBiauKu Ha 99 % onupancs Ha SKCIEPUMEHT, B OOJIbIIEH CTEIEHH 3TO TaK OCTa-
ercst U ceronHsa. OMHAKO JanpHEHIIee MOBBIICHHE Ka4eCTBA MPOCKTHPOBAHHUS
NIpU OJTHOBPEMEHHOM COKPAIICHUH CPOKOB M 3aTpaT BO3MOXKHO TOJIbKO TPHU HC-
MOJTb30BAaHUHM COBPEMEHHBIX TEXHOJIOTHH, KOMITBIOTEPHONW TEXHHUKH, MPOTPAMM-
Horo obecreueHus 1 T.1. [1].

SimHydraulics — 310 otnensHas Oubnmoreka mnakera Simulink cpesb
MATLAB, npeana3zHadeHHas i1 MOJACTUPOBAHUS THIPABINICCKIX CUCTEM.

SimHydraulics oObeauHsier BoeauHO (YHKIMOHAIBHBIE BO3MOXKHOCTH
npoayktoB SimPowerSystems, SimMechanics u SimDriveline, nmo3Bossisi pa3pa-
00TYMKAM CHUCTEM UMHUTHPOBATH B3aUMOCBSI3aHHYIO pabOTy KOHTPOJIIEPOB H OC-
TaJTBHOTO 00OPYTOBaHMUS.

C nomoursio npoaykra SimHydraulics nHxeHepsl MOTYT paccuuTaTh JaB-
JICHWE W HAIop XUAKOCTH B CHCTEMax, MOCTPOSHHBIX Ha 0a3e CTaHIapTHBIX U
HECTaHJIAPTHBIX KOMIOHEHTOB. [IpeanaraemMpie MHCTPYMEHTHI MO3BOJIAT CMOJIE-
JUPOBaTh MPEOOpa3OBaHUE THUAPABINYECCKOW IHEPTHH B KPYTAIIMA MOMEHT,
NPUBOSIINNA B JIEHCTBUE pPa3IMUYHBIC MEXaHU3MBI, a TAK)KE OLICHUTH dPQEKT,
BBI3BAHHBI OTKPBITUEM M 3aKPBITHEM KJIaraHoB. J1Jisg TOTydeHHS MaKCUMaIbHO
TOYHBIX pe3ysbTaToB B coctaB SimHydraulics no0aBiena OubiauoTexa pacmpo-
CTpaHEeHHbIX pabouux xuakocteil. Takum oOpazom, maker SimHydraulics mo-
3BOJISIET peliaTh 3a7a4d CTATHKH, KHHEMATHUKU U TUHAMUKU Pa3IMYHBIX THIPAB-
JIMYECKUX CUCTEM [2].

K nmocromHCTBaM peanu3alii MOJCIHPOBAHUS THUAPABINYECKHX CHCTEM
npu nomoiu SimHydraulics B Simulink MoryT ObITh OTHECEHBI TPOCTOTA CO3/1a-
HUSI MOJIeTICH, HATJSAHOCTh U BBICOKAss CKOPOCTH BBIYUCIICHHIA MPH MOJEITHPO-
BaHUU CHCTEM C OOJBIINM YHCIIOM JJIEMEHTOB.

B omiinuue ot 6onbmmHCTBA Apyrux 0g0koB Simulink, KOTOpbIE BBITOJIHS-
IOT MaTeMaTHYeCKWe JCWCTBUS WM 00pabaThIBalOT CHUTHANBI, OJIOKH
SimHydraulics mpeacTaBisitoT co60i HEMOCPEACTBEHHO JIEMEHTBI THIPOCUCTEM
WIH CBS3U MeXTy HUMHU. [Ipu 3TOM HabOp cTaHAAPTHBIX OJIOKOB JOCTATOYHO
[IMPOK ¥ MO3BOJIIET MOJICIHPOBATh MPAKTHUECKHU JIIOOBIE THIPABIMYECKUE CHC-
TEMBI.

B coBpeMEHHOM MAaIIMHOCTPOCHUU HCIIONB3YIOTCS THUAPOCUCTEMBI IBYX
THUTIOB:

— THJIPOCUCTEMBI JJIS TTO1aYH JKUKOCTH;

— THJIPaBINYCCKUE TIPUBOJIBI.



st euopocucmem, obecneuusarouux nooawy Hcuokocmu K NoTpeOUTesam,
XapaKTepHO OTCYTCTBHE B HUX YCTPOMCTB, MPeoOpa3yIOIINX SHEPTUIO ABHKCHHUS
KUJKOCTH B MeXaHHWYeCcKyro pabory. K 3TUM cucreMaMm OTHOCSTCS: CHCTEMBI
KUJKOCTHOTO OXJIAXKIEHUS, CUCTEMBI MOXKAPOTYIIECHUS, CUCTEMbI NIOJA4YH TOI-
JWBA, CMAa3Ku U Jpyrue. Takue TmIpOCUCTEMBI, KaK IMPaBUJIO, NMPUHAIIEKAT K
KJIACCYy PA30MKHYTBIX THJIPOCHCTEM, B KOTOPBIX ABUKEHHUE >KUJIKOCTU oOecre-
YUBAETCS 3a CYET pabOTHl Hacoca.

l'uopasnuueckum npuooom Ha3bIBAETCA COBOKYIHOCTb YCTPOMCTB, Mpe.-
Ha3HAuYEHHas IS Tepe/layd MEeXaHWYeCKOW SHepruu u (Win) npeodpa3oBaHUs
JIBUKEHUSI MOCPEICTBOM pabouel >KUAKOCTU. Takue TuIpOCHUCTEMBbI, OOBIYHO,
OTHOCSTCS K KJIacCy 3aMKHYTBIX THJIPOCUCTEM.

B nurepatype Takxke BCTpedaeTcs TEPMHH «2uoponepeoayay, moj KOTO-
PBIM NIOHMMAETCS CWJIOBAsl 4acTh TMAPONPHUBOJIA, BKIKOYAIONIAs HACOC, TUAPO-
JBUTATEIIb U COEIMHUTENbHBIE TPYOOTIPOBOABI ¢ paboYeil JKUIKOCTHIO.

Kak npaBuno, naxe camplil MPOCTEUIINI TUAPABINYECKAN TPUBOJ BKIIIO-
qaeT B ce04:

— rUAPOOAK ISl XpaHEHUS M OXJIAXKIEHUST pabodeil )KUIKOCTH;

— Hacoc, AJs nojaaun padbodeil )KUIKOCTH U3 0aka M CO3/1aHus JaBJICHUS B
CUCTEME;

— pa3iuyHble KianaHbl (IpeloXpaHUTENbHbIE, NMEPETUBHbBIC, PEIYKIIMOH-
HbIe, 00paTHbIE, THPO3aMKHU U JPYTHE);

— UCTIOJHUTENbHBIA MEeXaHU3M (THIPOJIBUraTelb, MOBOPOTHBIA TUIPOIBU-
raTeiib Wik TUIPOMOTOP);

— (bUbTp IS OUUCTKH pabouer KUAKOCTH OT TBEPAbIX YACTHII;

— TUJPOJUHUY, COCAUHSIONUIUE SJIEMEHThI THIPOCUCTEMBI MEXKIY CO00M U
T.J.

[IpocTeiimmMu npuMepamMu TUAPONPUBOJIOB PA3IMYHOIO HA3HAYECHUS SIB-
JSFOTCS TUAPOIIPUBOLBI, CXEMBbI KOTOPBIX IPUBECHBI HA pUC. 1.
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Puc. 1. [IpuHiunuanbHble CXeMbl THAPONPUBOJIOB: @) BO3BPATHO-IIOCTYNATEIILHOTO
JBWKEHUSI; ) TOBOPOTHOTO JIBIXKCHHUS; 8) BPAIIATEIILHOTO ABUKEHUS

Ha puc. 1 mpuBeneHsl TpU HPUHIUIHAIBHBIE CXEMBbI, COOTBETCTBYIOIIHE
TpeM KJlaccam THIPOIPHBOJOB, KOTOPBIE Pa3IMUYalOTCs XapaKTepOM JBIDKEHUS
BBIXOJTHOTO 3BeHa. Ha cxemax MCroib30BaHbI CeAyIone 0003HaueHus: / — pe-
TYJIHPYEeMbI Hacoc; 2 — THAPOJBUTATENh (HA CXEME @ UM SIBISETCS THUAPOIIH-
JUHIIP, HA CXeMe 6 — TOBOPOTHBIN THIPOJBUTATEIh U HA CXEME 8 — THUIPOMO-
TOp); 3 — TUApPOpACIpEIeTNTENh (BO BCEX TPEX CXeMaX — TPEXMO3HIIMOHHBIN C
DIIGKTPOMATHUTHBIM YIIPABICHUEM); 4 — MPEIOXPAHUTEIBHBIN KiIanaH; 5 — TUj-
pobax.

Hacoc BcachIBaeT )XHIKOCTh U3 0aKka M HarHETAeT €€ B TUAPOIBUTATEIb Ye-
pe3 ruapopachpenenuTensb. M3 ruapopacipeeuTeNs KUIKOCTh CITUBACTCS B
rupobak uepe3 Apyroil kaHan ruapopactupeaenutensd. [IpemoxpaHUTeTbHBIN
KJIallaH OTPETYJIHMPOBAaH Ha OMPEEICHHOE JOMyCTUMOE JABJICHHE B THUAPOCHC-
TeMe U MPEAOXPaHIET TUAPONPUBOJ C MIPUBOSIINM JIBUTATENIEM OT MEPETPY30K.

M3MeHeHue HampaBiICHUs IBIKEHHUS BBIXOJHOTO 3BEHA THAPOJBHTATEIIS
(peBepcupoBaHHEe) OCYIISCTBISCTCS M3MEHEHHEM MO3UIMH THIPOpaclpeein-
TENsI, a PETYJIUPOBaHHWE CKOPOCTH 3TOTO IBWKCHUS — M3MEHEHHEM pabouyero
obbema Hacoca [3].

OyHKIIMU THAPOIPUBOIOB HETPEPHIBHO PACIIMPSIOTCS, TOBBIIIAIOTCS Tpe-
OoBaHUS K MX pabOYUM XapaKTEPUCTHKAM, a CIEAOBATEIbHO, YCIOKHIIOTCS UX
KOHCTPYKIIMH, YTO BBI3HIBACT YBEIMUCHUE CPOKOB MPOEKTUPOBAHUS, IKCIICPH-
MEHTAJIbHBIX UCCIIEJIOBAHUN U JJOBOJOYHBIX HCIIBITAHUNA. B CBsI3u ¢ 3TUM 2 dek-
TUBHBIM METOJIOM HCCJICIOBAaHUS PabOUYMX MPOIECCOB, CTATUKH W TUHAMUKU
THJIPOCUCTEM SIBIISIETCS] MCIIOJIb30BAHUE CHCTEM aBTOMATH3UPOBAHHOTO MOIEIH-
pOBaHMS M, B YaCTHOCTH, MporpaMMHoro npoaykra SimHydraulics [4].

bubnuoreka makera SimHydraulics npencrasnsier coboii HaGop OJIOKOB B
BUJIe TpaQUUECKUX MUKTOTPAMM C OpPUTHHAJIHHBIMU Ha3BaHUSMHU Ha AQHTJIHIA-
CKOM si3bIKe. I MX MpocMOTpa, BBIOOpA M MEPETACKUBAHUS MBIIIBIO B OKHO
co3gaBaeMoil Simulink-monenu ciayXuT okHO Opayszepa Oubmmorek Simulink
(puc. 2) [5].

B MATLAB 7.4.0.287 R2007a B 6ubnuoreky Foundation Library — Hy-
draulic BXoIsIT Tpu pasjena:

1.1. Hydraulic Sensor and Sources.

1.2. Hydraulic Elements.

1.3. Hydraulic Utilities,

a Taxoke oudnuoteka SimHydraulics BKkoUaeT ele BOCeMb pa3iesioB:

2.1. Hydraulic Utilities.

2.2. Accumulators.

2.3. Pipelines.

2.4. Local Hydraulic Resistances.



2.5. Orifices.

2.6. Valves.

2.7. Hydraulic Cylinders.
2.8. Pumps and Motors.
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Puc. 2. Okna 6payzepa oubimotex Simulink (Hydraulic u SimHydraulics)

Kaxxp1it pa3aen comep XUt OJIOKH ONPEAeIICHHON rpynbl. PaccMoTpuM Bix
6oJiee moapoOHoO.



1. THAPABJIMYECKUE JATYUKU U UCTOYHUKU
(Hydraulic Sensor and Sources)

Paznmen comepxut HaOOp THUAPABIMYECKHUX JAaTYMKOB M HCTOYHUKOB H
BKJIIOYAET B ce0s yeThIpe OJIoKa:

1. Ideal Hydraulic Flow Rate Source.

2. Ideal Hydraulic Pressure Source.

3. Ideal Hydraulic Flow Rate Source.

4. Ideal Hydraulic Pressure Sensor.

1.1. MpeanbHbli rUAPABIMYECKHN HCTOYHUK pPacxoaa
(Ideal Hydraulic Flow Rate Source)

iy —
~ o

bnok Ideal Hydraulic Flow Rate Source npenctaBisieT co00M uacanbHBIMA
THIPABINYCCKUN HMCTOYHUK Pacxojia, KOTOPBIM IMOIJACPKUBACT HEOOXOIUMBIN

pacxo]l Ha BBIXOJIE, HE3aBUCHUMO OT JaBJICHHS Ha BXOJIE.
x|

—ldeal Hpdraulic Flow R ate Source

The block reprezents an ideal zource af hpdraulic energy that iz powerful enough ta
maintain zpecified flow rate at itz outlet regardless of the pressure differential acrozs
the source. Block connectionz T and P corespond to the hydraulic inlet and outlet
portz, rezpectively, and connection S represents a phypzical zignal port. The flow rate
through the source iz directly propartional to the control signal.

The block pozitive direction iz from port T to part P.

Cancel | Help I Apply I

Puc. 3. Oxno mapamerpoB 0mnoxka Ideal Hydraulic Flow Rate Source

biok He MMeeT HMKaKuX MmapaMCTpOB U UMCCT JIBd THAPABINYICCKUX IIOPTA
TwuP , CBA3AaHHBIX BXOAHBIM M BBIXOAHBIM OTBCPCTHAMHU MCTOYHHKA, A TAKIKCE

¢bu3nyYecKkuil mOpT ympaBieHUs S, 3a CYET KOTOPOTO MPOUCXOIUT YIpaBieHHUE
pacxoJloM Ha BBIXOJI€ U3 OJI0Ka.
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1.2. NneanbHbIA rHAPABINYECKNH HCTOYHHUK JABJICHUS
(Ideal Hydraulic Pressure Source)

iy —
-~ o

bnok Ideal Hydraulic Pressure Source mpenctaBiisieT cOOOM HacanbHBIN
THIPABINYCCKUN MCTOYHHUK JABJICHHS, KOTOPBIM TMOIICPKHBACT HEOOXOIUMOE
JaBJICHUE Ha BBIXO/IC, HE3aBUCUMO OT BEJIMYMHBI pacxo/ia B CHCTEME.

E! Block Parameters: Ideal Hydraulic Pressure Sg X|

—ldeal Hydraulic Prezsure Source

The block reprezents an ideal zource of hydraulic energy that is powerful enouagh to
maintain specified preszure at itz outlet regardless of the flow rate consumed by the
zpztem, Block connections T and P correspond to the hpdraulic inlet and outlet ports,
rezpectively, and connection 5 represents a physical signal port, The pressure
differential acrozs the zource is directly proportional to the contral zignal.

The block positive direction iz from port P to port T.

Cancel | Help | Lpply |

Puc. 4. Oxno napamerpoB 65oka Ideal Hydraulic Pressure Sensor

biiok He MMeeT HUKAaKUX MapaMeTpOB U UMEET JBa THAPABIMYECKUX MTOPTA
T n P, CBA3aHHBIX BXOJHBIM U BBIXOJHBIM OTBEPCTUSMHM HCTOYHHKA, a TAKKE
¢bu3nyYecKkuil mOpT ympaBieHUs S, 32 CUET KOTOPOTO MPOUCXOIUT YIpaBiIeHHUE
JaBJIeHUEM Ha BbIXOJle U3 OJIOKa.

1.3. Uneanbubiii pacxogomep (Ideal Hydraulic Flow Rate Source)

o |

bnox Ideal Hydraulic Flow Rate Source nipeactaBiiser coO0i yCTpOUCTBO,
KOTOpOoe mpeoOpa3yeT OOBEMHBIM pPacXO[ JKUIKOCTH, MOJaBacMbId Ha BXOJ B
OJIOK B CHTHAJI YIpaBlIeHUs, IPONOPIIMOHATBHEIN 3TOMY pacxony. JlaTdauk nmea-
JIeH, TaK KaK He YYUTHIBACT WHEPIINIO, TPSHUE U T.1I.

11



E! Block Parameters: Ideal Hydraulic Flow Rate Se |

—ldeal Hydraulic Flows R ate Senzor

The block reprezents an ideal flow meter, that iz, a device that converts volumetnic
flow rate through a hydraulic ing into a control zsighal propartional to this flow rate.

Connections & and B are conserving hedraulic ports connecting the sensar to the
hpdraulic line. Connection [ iz a physical zignal part that outputs the flow rate value.

The zenzar positive direction iz from part & to part B.

Cancel | Help | Lpply |

Puc. 5. Oxkno mapamerpoB 0mnoxka Ideal Hydraulic Flow Rate Source

biiok HE uMeeT HUKaKUX ITapaMeTPOB U UMEET J1Ba TUAPABIMYECKUX I1IOPTa
A u B, CBA3aHHBIX BXOJAHBIM U BBIXOJHBIM OTBEPCTUAMH PACXOAOMEPA, & TAKKE
(bu3nYecKuil MOPT BBIXOJHOTO CUTHANA (), Yepe3 KOTOPBINA BbIAAETCS pe3ybTaT
U3MEpEHUN.

1.4. UneaabHbli rHAPABIMYECCKUN TaTYMK JABJICHUS

(Ideal Hydraulic Pressure Sensor)

E|o
F (>

bnox Ideal Hydraulic Pressure Sensor npeactaBiseT coOOW yCTpPOWCTBO,
KOTOpOe mpeolpa3yeT pa3HOCTh H3MEPEHHOTO JAaBIICHUS MEXKAY JBYMsI TOUKAMHU
B CUTHAJI YIPaBJICHHUsI, TPOTIOPIIMOHANBHBIN 3TOMY JaBieHuo. J[aTunk ujeaeH,
TaK KaK HE YUUTBHIBACT UHEPIIUIO, TPEHUE U T.].

[C]Block Parameters: Ideal Hydraulic Pressure Se x|

|deal Hedraulic Prezsure Sensor

The block represents an ideal hydraulic pressure sengor, that iz, a device that
corwerts hodraulic pressure differential measured between bwo paints inta a (hpzical
control zighal proportional to the pressure. Connections & and B are conzer
hpdraulic portz and connection P is a phwsical zignal port. The senzor iz oriented from
A to B and measured pressure is P =p_A - p_B.

Cancel Help | Apply |

Puc. 6. Oxkno mapamerpoB 0mnoka Ideal Hydraulic Pressure Sensor

biiok HE MMeeT HUKaKKUX ITapaMeTPOB U UMEET J1Ba TUAPABIMYECKUX I10PTa
A ¥ B, cBSI3aHHBIX BXOJIHBIM M BBIXOJIHBIM OTBEPCTUSIMU JATUHKA, a TaKke (u-
3UYECKUI NOPT BBIXOJHOI'O CUTHasa P, yepe3 KOTOPBIN BbIAACTCS pe3yJbTaT U3-
MEpPEHUMN.

12



2. TUAPABJIUYECKHUE 3JIEMEHTDI (Hydraulic Elements)

Paznien comepxut HaOOp THAPABIMYECKUX DJIEMEHTOB W BKIIFOYACT B CeOs
JeCATH OJIOKOB:
1. Constant Area Orifice.
2. Constant Volume Chamber.
3. Fluid Inertia.
4. Hydraulic Reference.
5. Linear Hydraulic Resistance.
6. Resistive Tube.
7. Translational Hydro-Mechanical Converter.
8. Rotational Hydro-Mechanical Converter.
9. Variable Area Orifice.
10. Variable Volume Chamber.

2.1. Ipoccean nocrosinHoro cedeHus (Constant Area Orifice)

R ﬁ-—EI—u

bnok Constant Area Orifice npencTaBiseT coO0N OTBEPCTHE MOCTOSHHOTO
CEUYEHHUs C OCTPOM KpOMKOW. B Hem pacxoj siBisieTCs MpOINOPIHOHAIBHBIM Tie-
pernanay naBjieHUs yepe3 oTBepcTre. Mojeab yUuThIBaeT JaMUHAPHbBIE U TYpOy-
JICHTHBIE PEXUMBI TOTOKA, BBIYHMCIISISA 4KciIo PeliHonbiaca Re U cpaBHUBAs €ro
3HA4YCHUE C KpUTHUYECKUM 4Ynciom PeliHoibaca Re,.,.

Pacxon HaxoauTcs U3 CIEAYIOMNX YpaBHEHUM:

Cp- -4 /i‘p‘-sign(p), npu Re > Re . ;
— P
q_

D
2C, -A—H-p, npu Re < Re, .
v.p
P=P,s Psp>
2
: 44
Re:q D, 5 Cp = Sy ; DH =al >
A-v Re,, T

I7I€ ¢ — Pacxon;

p — nepenaj AaBJcHUs;

D4, P — MAHOMETPUYECKOE JTABICHUE HA BXOJI€ U BBIXOJIE B IPOCCENB COOT-
BETCTBEHHO;
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Cp — koa(ppunueHT pacxona;

A — Tomaab MpoXOoaHOTO CCUCHUS;

Dy — TuApaBINYECKAN TUAMETP OTBEPCTHS;

p — TUIOTHOCTb JKUJKOCTH;

V — KHHEMaTH4eCcKas BA3KOCTh JKHIKOCTH.

B Mojenu npuHATHI CIICTYIOIIHE TOMYIICHUS:
— UHEPIMS )KUJIKOCTH HE YUUTHIBACTCS;

— TIepeX0]] MEXy JaMUHAPHBIM U TYpOYJEHTHBIM PEKUMaMH MTPOUCXOIUT
MIHOBEHHO, Korja Re= Re,.,.

E}Bluck Parameters: Constant Area Orifice - x|

—Constant Area Orifice

The block models a sharp-edged constant-area onifice, flow rate through which is
proportional to the pressure differential across the orifice.

Connections & and B are conzerving bpdraulic ports associated with the orifice inlet
and outlet, rezpectively. The block pozsitive direction iz from port A to part B, Thiz
means that the flow rate iz positive if fuid lows from A to B, and the pressure
differential iz determined as p=p A -p_B.

—Parameters

Orifice area: I'I e-04 I m"2 :!

Flaw dizcharge coefficient; ID.T-"

Critical Feynolds number: I'I 2

Ok l Cancel |

Puc. 7. Oxno mapamerpoB 01o0ka Constant Area Orifice

i Apply |

Orifice area — nomMaab OTBEPCTHSL.

Flow discharge coefficient — xoapdunuent pacxona. [lomysmmnupruueckuit
napameTp I XapaKTePUCTUKH Jpoccelis. Ero 3HaueHue 3aBUCUT OT T€OMETPH-
YECKUX CBOMCTB OTBEPCTHS W OOBIYHO YKA3bIBACTCS B CIPABOYHOM JIMTEpaType
WM B TAHHBIX U3TOTOBUTEIIS.

Critical Reynolds number — xputndeckoe 4ucio PeitHonbca, WM Makcu-
MaibHOE uncio PeltHombiaca, 1t mamMmuHapHOTO mMOTOKa. [lepexon oT mamuHap-
HOTO K TYpOYJICHTHOMY PEXKHUMY MPOUCXOIUT TPH JOCTH)KCHHHM uucia Peii-
HOJIBJICA DTOMY 3HAUCHUIO. 3HaUCHHE MapaMeTpa 3aBHCHT OT T€OMETPHYECKOTO
npouIiss OTBEPCTUST U OOBIYHO YKa3bIBAETCS B CIPABOYHOW JuTeparype. s
KPYTJI0T0 OTBEPCTHS B TOHKOM MaTepuajie C OCTPhIMH rpaHsaMu Re.,=12.

brox nMeer nBa THApPaBINYECKUX MOpTa A U B, CBSA3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSIMH JIPOCCEINISI COOTBETCTBEHHO.
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2.2. EMkocTh moctosiHHOro oorema (Constant Volume Chamber)

bnok Constant Volume Chamber tipefcTaBisier co00 eMKOCTH HEKOTOPO-
ro o0beMa ¢ TBEPABIMH WIIM THOKUMHU CTCHKaMHU. B MOACISAX 3TOT OJIOK CITYKHUT
JUTSI MOJICTTUPOBAHUS CIKMMACMOCTH JKHUIAKOCTH B THAPABIMYCCKUX KIIallaHax,
HAacocax, KOJUIEKTOpax, Tpybax u T.n. CKUMaeMOCTh XUAKOCTH OOyCIIOBIIEHA
HaJIMYHUEM B JKHUJKOCTH HEOOJIBIIIOr0 KOJUYSCTBA HEPACTBOPESHHOTO rasa.

CxuMaeMoCTh KHUIAKOCTU MOKHO OIUCATHh COIJIACHO CJIICAYIOIIUM YpaBHC-
HUAM:

V
V,=V.+—=%p,
f c Ep
:de

="

9

IJI€ ¢ — Pacxo/ Ha BXOJI€ B EMKOCTH;

V;— 00BbEM )KUAKOCTH B EMKOCTH;

V. — reometrpuyeckuit 00beM eMKOCTH;

E — 00BbeMHBIN MOYJb YIPYTOCTH JKUJKOCTH;

P — NaBJIEHUE KUIKOCTH B EMKOCTH.

Ecnu naBieHue B eMKOCTH PE3KO yMajaeT U MPUOIU3UTCS K KABUTALIMOHHO-
My TMpeJeny, BhIIIEYIOMSHYThIE YpaBHEHHS JODKHBI OBbITh paciiupeHsl. B nan-
HOM OJIOKE 3TO peaju30BaHO KaK CMECh KMIKOCTH U HEKOTOPOrO KOJUYECTBA

paCTBOpeHHBIX B Heﬁ I'a30B. O6’BCMHBH>1 MO):[y.HB CcCMECU OHpeIIeJIeH KaK
1/n

p,*TD
E:El 1/n ’
1+a Pa —E
n-(p,+p)”

rae E; — 00beMHBIN MOJTYJTb YIIPYTOCTH JKUIKOCTH;
Pa — atMocdepHOE TaBICHUE;
0. — OTHOCHUTEIBHOE ra30BOE COJICPKaHNE B aTMOC(EPHOM JaBICHUH,
a=Vs/Vi,
Ve — o6beM raza npu arMochepHOM JaBIICHUH;
V; — 00BeM KHUIKOCTH;
n — K03 HUITMEHT TEIIONepe1ayu.
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['maBHast 1enp MpPeACTaBICHUS CMECH KUJKOCTH M Ta3a COCTOUT B TOM,
YTOOBI BBECTH MPUOIUUTENBHYIO MOJIENb KaBUTAIIUH.

Kagumayua — 310 00pa3oBaHue B KUJIKOH cpeze My3bIpbKOB ra3a B pe-
3yJlbTaTe€ MECTHOTO MOHM)KEHMS JABJICHUS B MKUAKOCTH (IPU YBEIUYEHUH CKO-
pPOCTHU €€ IBUKEHUS MO0 MPHU aKyCTUYECKOM BO3JICHCTBUN).

ITpu BeICOKOM JaBiI€HUHU (p » p,) HEOONIBLIOE KOJINYECTBO HEPACTBOPEHHO-
ro rasa He OKa3blBaeT (PAKTUYECKM HUKAKOTO BIUSHUS Ha MOBEJECHUE CHUCTEMBbI

(puc. 8).

14

12

10

[y
o
i)
=
pu}
=
= — — —alpha = 0.002
T e Ol T PO SRt o LW ELE s Lot | [ |
v — —alpha = 0.004
& - alpha = 0.006
4 — ——alpha = 0.008
alpha = 0.01
e e R i R et ne -
D 1 | 1 1 1
-1 0 1 & 3 4 5
Fressure, Pa % 1|:|5

Puc. 8. 3aBucumocTs naBnenus B cucteme (Pressure) OT MOJyJsl YOPYTOCTH JKUJIKOCTH
(Bulk Modulus) mpu pa3inu4HbBIX 3HAYEHUSAX COJIEPKaHUS BO3AyXa B )KHJKOM cpese
(alpha)

Ecnn n3BECTHO, YTO KaBUTALM MAJIOBEPOATHA B CUCTEME COTJIACHO MPOEK-
Ty, BO3MOHO, YCTAHOBUTH HYJIICBOC OTHOCUTCIBHOC TId30BOC COICPKAHUC B
KUJIKOCTH U TEM CaAMbIM YBEIIMYUTH CKOPOCTH BBIYMCIICHUN.

Ecnu cTeHKn eMKOCTH MMEIOT 3HAUUTEIbHYIO0 THOKOCTb, BBIIICYIIOMSHYThIC
ypaBHEHUS JOJDKHBI OBITh PACIIUPEHBI, MPEICTaBIISAs FeOMETPUUYECKUM 00beM
€MKOCTH KaK (PyHKIIUIO JaBICHUS

v - wd? .
4
K
d(s)=—"=p(s),
1+ 7s
r7ie d — BHYTpEHHUHN JUaMeTp HUITUHIPUICCKON EMKOCTH;
L — nnvHa HTWIMHIPUYECKOU EMKOCTH;

L,
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K, — ko3¢ dunuenT nponopuroHanbHocty, M/I1a;

T — IOCTOSIHHOE BPEMEHH;

s — oneparop Jlamaca.

Kos¢pdunuent K, ycTaHaBIMBacT OTHOIICHUS MEXIY JABICHHEM U BHYT-
PEHHUM AUAMETPOM MPHU YCTAHOBUBIINXCS PEKUMAX.

Jlist MeTaIndeckux Tpyo K03 HUIUEHT MOXKET ObITh BBIYUCIICH KakK

2 2
K, = d D2+d2+v ’
E,\D" -d
rae D — BHEUTHUM AUaMeTp TpyObl;

Ey — Monynb ynpyroctu (Moayns FOHTa) ais Mmatepuana TpyOsr;

v — koa(purment Ilyaccona ans marepuana TpyOsbl.

st tuOkux TpyOOonpoBo10oB KOG GUITMEHT MOXKET ObITh 3a/1aH U3TOTOBU-
TEJIEM.

[Ipouecchl pacmupeHuss U COKpalleHus: B TpyOax (M 0COOEHHO B TMOKHX
TpyOOIPOBOIax) — CIOKHAS KOMOWHAINS HEIHMHEWHBIX YIPYTUX H BA3KOYIPY-
rux nedopmanmii. ITOT MPOIECC aNMPOKCUMHUPOBAH B OJIOKE C 3ama3blBaHuEM
MEPBOTO TMOPSIKAa (3TO TOCTOSIHHOE BpEMs, KOTOPOE OIPEAEISETCS OMBITHBIM
yTeM).

B pesynbraTe, BEIOMpast COOTBETCTBYIOLIEE 3HAUEHHE, BOZMOKHO OCYIIIECT-
BUTH YETHIPE PA3IUNIHBIC MOJIEIH CKUMACMOCTH JKUKOCTH B 3TOM OJIOKE:

— €MKOCTb C TBEPJBIMH CTEHKaMU 0e3 COJIep)KaHus Ta3a B )KUIKOCTH;

— €MKOCTh HWJIHHIPHUIECKON POPMBI C THOKMMH CTEHKaMU 0€3 COepKaHus
ras3a B )KUJKOCTH;

— €MKOCTb C TBEPJBIMH CTEHKAaMU C COJICPIKAaHUEM ra3a B KUIAKOCTH;

— €MKOCTh [IUJIUHAPUIECKON (POPMBI C THOKUMH CTEHKAMH, C COJIEpPKaHuEM
rasa B )KUJKOCTH;

B 6110ke npuMeHsieTcs Ba METojia ONpeeieHUs] pa3Mepa eMKOCTH:

— gepe3 00bEM €MKOCTH — UCTIONB3YeTCs IS IMIMHAPUICCKUX WIIA HEIlH-
JUHIPUYECKUX EMKOCTEH C TBEPIBIMH CTEHaMHU (JOCTATOYHO 3HATh TOJIBKO 00b-
€M €MKOCTH). DTOT THIT EMKOCTH HE YUUTHIBAET THOKOCTh CTEHOK;

— yepe3 IUIMHY U JUaMETpP €MKOCTH — MCTIONB3YeTCs IS MITHHAPUICCKIX
€MKOCTEH ¢ TBepABIMU WM THOKMMH CTEHKaMH THIIA KPYTJIBIX TPYO MU THOKHX
TpyOONPOBOJIOB.

B Mozenu mpuHSATHI CeyroImue OMyIEeHUS:

— MHepIHs, CBSI3aHHAs CO CTEHKaMU TPYObI, HE YUUTHIBACTCS;

— €MKOCTh C THOKMMH CTEHKAaMHU MMEET IWIMHIPHUYECKYIO QOopMy, a eM-
KOCTbh C KECTKUMH CTEHKaMH MOXKET UMETh J00YI0 hopmy.

Chamber specification — tun emxocTH. [lapameTp MOXeT ompenensTbes
yepe3 OJHO M3 JBYX 3HaueHui: uepe3 o0wbeM (By volume) wnu depes JJIMHY U
nuametp (By length and diameter).
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Chamber wall type — Thn cTeHOK eMkocTu. [lapameTp MOXeT UMETh OHO
W3 JBYX 3HaueHuid: TBepablid (Rigid) wnum rubkuii (Flexible). Ilapamerp Rigid
BbIOMpaeTCs B TOM Ciydae, €CiM TMOKOCTh CTEHOK HE OKa3bIBaeT BIMSHHS Ha

MOBEJCHUE CUCTEMbI, TEM CaMbIM, YBEJIMUMBAsi CKOPOCTh BHIYMCIICHUS.
Chamber volume — 00beM KUIKOCTA B EMKOCTH.
Chamber internal diameter — BHyTpEHHUI TUAMETP €MKOCTH.
Cylindrical chamber length — niuHa TWIMHAPUYECKON €MKOCTH.
Static pressure-diameter coefficient — craTndeckuil K03QQGULIHUEHT TUAMET-
pa nasneHus (KodpduuueHT nponopuroHanbHocTu) K,. IlapameTp MoXkKeT OBITH
OTIpEJIEJICH AHATIMTUYECKU U IKCIIEPUMEHTANIBHO.

[=)Block Parameters: Constant ¥olume Chamber | [Z1Block Parameters: Constant Yolume Chamber x|
_ Gl Wl Dhenises — Caonstant Yaolume Chamber
X L . . The block reprezents a fived-volume chamber with rigid or flexible walls uzed in
The black represents a fised-volume chamber with rigid or flexible walls used in hydhaulic valves, pumps, manifolds, pipes, hoses, and 3o on. Use this black in
hydraulic: valves, pumps, manifolds, pipes, hoses, and so an. Use this block in models where you have to account for some form of fluid compressibility. You can
kL P .
models where you have to account for some form of fluid compressibility, You can select the appropriate representation of fluid compressibility using the block
select the appropriate representation of fluid compressibility using the block parameters. The block has one hpdraulic conserving part associated with the
parameters. The block has one hydraulic conserving port assaciated with the chamber inlet. The bloc:k_ posm_\{e d!rgctlon is from itz port ta the reference paint. This
. P P e p . : means that the flow rate iz positive if it flowes into the chamber.
chamber inlet. The block positive direction is from its port to the reference point. This
means that the flow rate is pozsitive if it flows inta the chamber, )
[ — Chamber specification: I By length and diameter j
Chamber specification: I Ey length and diameter j Chamber wall type: | Compliant |
Chamber internal diameter:
Charnber wall type: I Rigd d Jom | m |
. . Cylindrical chamber length:
Chamber internal diameter: ID m I n j Y 9 |1 | m LI
. Static pressure-diameter
- _ Ll [1.2e12 m/Pa
Cylindrical chamber length: I1 I " d coefficient:
Vizcoelastic process time IU iy I p j
Specific heat ratio: |1 4 constant: :
. Specific heat ratio: |1 4
O I e I

x|

E! Block Parameters: Constant Yolume Chamber

—Congtant Yolume Chamber

The block represents a fised-volume chamber with rigid or flexible walls used in
hydraulic: valves, pumps, manifalds, pipes, hoses, and 50 on. Use this block in
models where you have to account for some form of Huid compressibility, *'ou can
select the appropriate reprezentation of fuid compressibility using the block
parameters. The block has one hudraulic congerving port azzociated with the
chamber inlet. The block positive diechion iz from its port to the reference point. This
means that the flow rate iz pozitive if it lows into the chamber.

—Parameters
Chamber specification; I By valume j
Chamber volume: |1 =04 I ™3 j
Specific heat ratio: I-l 3

[ o | e [TER

Puc. 9. Okna napamerpoB 010xa Constant Volume Chamber

| Apply |

Viscoelastic process time constant — IOCTOSTHHOE BPEMEHU YIPYTO-BS3KOTO
npouecca. Bpems, cBs3biBaioliee BHYTPEHHUN AMAMETpP TPyObl C Iepernagom
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naBieHus. braromaps 3ToMy mapaMeTpy MOJCIUPYEMBIA YIIPYTUH WM BA3KOYII-
PYTHIA TIporiecc MPUOIMKEH C 3aepKKOi TiepBoro mopsiaka. [lapamerp gomkex
OBITB OTIpe/ICICH SKCIIEPUMEHTAIBHO WIIH 3aaH U3TOTOBUTEIICM.

Specific heat ratio — ko3 PuUIMEHT TeIUIONEepeaadH JJIs rasa.

biox umeer OAHNH I‘I/IIIpaBJII/I‘IeCKI/Iﬁ IIopT, CBSI3aHHBIM C BXOJHBIM OTBCP-
CTHCM CMKOCTH.

2.3. Uuepums sxkuakoctu (Fluid Interia)
o= — -

bnok Fluid Interia monenupyet nepenaj AaBieHUs, KOTOPbIM U3MEHSIETCS B
3aBUCUMOCTH OT CKOPOCTH MOTOKA, B TONEPEYHOM CEYEHUH HEKOTOPOTO y4acTKa
ruaponuHun. llepenan naBiieHHs HAXOAUTCS COTJIACHO CIEAYIOUIEMY ypaBHE-
HUIO:

L d
pP=p 1 ar
rJc p — nepenaj JaBJICHUS,
p — INIOTHOCTD KUJKOCTH,
L — nnuHa yyacTka ruApOJIMHUY;
A — nomaabs NONEPEYHOro CEUEHUS TUAPOIUHNN;
q — pacxon;
! — BpeMsl.
B mopenu npuHATE cieayronye J0MyLeHUs:

— INIOTHOCTB KUAKOCTHU OCTACTCA MMOCTOSTHHOM Ha MMPOTAKCHHUU BCCI'O BPC-
MCHH MOICIIMPOBAHUA.

E! Block Parameters: Fluid Inertia x|
Fluid Inertia

The block models preszure differential caused by change in fluid velocity acrozs a
fluid pazzage of conztant crozs-sectional area.

Connections & and B are hydraulic conzerving portz. The block. pozitive direction iz
from port & to part B.

Parameters

Paszage area:

[Be-05 [ m"2 |

Pazzage length: I.|

Ok | Cancel |

Puc. 10. Oxno napamerpos 0noka Fluid Interia

Passage area — mjomaab CCYCHUA TUAPOJIMHHUN.

19



Passage length — nnmuHa y4acTka TUIpOTUHUM.
brox umeer aBa THIpaBIMYECKUX MOpTa A W B, CBI3aHHBIX C BXOJHBIM U
BBIXOJHBIM OTBEPCTHSIMH COOTBETCTBEHHO.

2.4. Cea3b ¢ atmocgepoii (Hydraulic Reference)

brnox Hydraulic Reference npencraBisieT CBA3b ¢ aTMOC(EPHBIM J1aBJICHU-
eM. ['mapaBnuueckue MOPTHI BCeX OJOKOB, KOTOPBIE CBSI3aHBI ¢ aTMochepoi
(HampuMep, MOPTHI BCACBIBAHMS THAPABINYCCKAX HACOCOB, MOPTHI ITWJIHH]IPOB,
TPYOOIPOBOJIOB U T.J.), JOJDKHBI UMETh CBSI3U C 3THM OJIOKOM.

[=]Block Parameters: Hydraulic Reference |

Hydraulic Reference

This block represents a connection to atmosphere. [t has one hydraulic conzerving
part. Connect ta it hydraulic parts of other blocks that are conzidered directly
connected to atmosphere.

Cancel | Help | Apply |

Puc. 11. Oxno nmapamerpoB 6sioka Hydraulic Reference

biok He UMeeT HUKaKuX mapaMCTpOB U UMECCT OANH FI/II[paBJII/ILIeCKI/Iﬁ ITOPT.

2.5. llyressie morepu (Linear Hydraulic Resistance)

| = o

bnok Linear Hydraulic Resistance mipeAcTaBisieT co00i THAPaBINYECKOE
COIIPOTHUBJICHHE, T/I€ MaeHUE JaBICHUS IPOMOPIIMOHATBHO Pacxoay. DTOT OJI0K
MOJKET OBITh MOJIE3CH ISl PEABAPUTENBHBIX pacdeTOB, OCOOEHHO €CIIH PacXo]
WU3MCHSCTCS HE3HAYUTEIBHO.

L=1Block Parameters: Linear Hydraulic Resistanc |

— Linear Hypdraulic Resistance

Thiz block reprezent: a hpdraulic resistance where pressure loss iz directly
propartional to flow rate.

Connections & and B are conzerving hydraulic ports aszociated with the block inlet
and outlet. respectively. The block positive direction iz from port A to port B. This
mears that the flaw rate iz positive if fluid flows from & ta B, and the pressure loss is
determined azsp=p & -p B.

—Parameter

Fesistance: |-| =+10 | Palm™3/) x|

ITI Cancel | |

Puc. 12. Oxno napamerpos 0noka Linear Hydraulic Resistance

Apply |
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Resistance — k03 (GUIMEHT MyTEBBIX MOTEPb.
bnok mmeeT aBa THApaBINYECKUX MOpTa A U B, CBA3aHHBIX C BXOJHBIM H
BBIXOJTHBIM OTBEPCTUSIMU COOTBETCTBEHHO.

2.6. Ilorepu B TpydonpoBoae (Resistive Tube)

S -
A =

brok Resistive Tube nipenctaBiseT co00il TUIpaBIUYECKUN TPyOONPOBOA
KpPYTJIOTO ¥ HEKPYTJIOrO CEYEHUS, B KOTOPOM YUYHUTBIBAETCS TOJIBKO COIPOTHUBJIE-
HUE B YCTOWYHUBBIX PEKHUMaxX JBMKCHUS >KUJKOCTH, 0€3 yuera CKUMAeMOCTH,
MHEPIIMOHHOCTH KUJIKOCTH U ruApoyaapos. s nmomxydeHus 6osee mojHOM Mo-
JIeJIM MOXKHO J100aBUTh C)KUMAaeMOCTh, HHEPLUUOHHOCTD JKUJIKOCTU U Apyrue 3¢-
(GEeKThl C MOMOIIBIO IPYTUX CIENUATBHBIX 0JIOKOB. UTOOBI y4eCcTh MECTHBIE CO-
MPOTUBIEHUS (M3rUObI, TPUCOECTUHEHUS U T.J.), OHH MPeoOpa30BaHbl B SKBUBA-
JICHTHBIC JJIMHBI, a 3aTeM IMOJIHAs JIMHA BCEX COIMPOTUBIECHUN A00aBiIeHA K
reOMETPUYECKOM TTuHE TPyOOIIpoBOIa.

IloTepu naBineHUs 3a CYET TPEHUS HAXOIATCS MO ypaBHEHUsAM [lapcu, B Ko-
TOPBIX MOTEPU MPOMOPLHHUOHATBEHBI KOAG(UIIMEHTY TPEHHUS MOTOKAa W KBaApaTy
MJIOLIAAH TIOTIEPEYHOr0 CeUEHUs: TPYOOonpoBoIa.

Koaddumment tpenus B TypOyJIEHTHOM PEXHUME ONPEIEIICH C MpUOIIKe-
nuem Haaland. Koadduiment tpenust nmpu nepexojae oT JJaMUHAPHOTO K TypOy-
JICHTHOMY PEXHUMY OINPEAECIICH C JIMHEWHOW WUHTEPHOJSIUUEN MEXKAY KpauHUMU
TOYKaMU PeXUMOB. B pe3yrnbTare 3TUX MpeanonoxkeHui TpyoonpoBoa MOAEIIH-
pYETCs COTJIACHO CIEAYIOIIUM YPABHEHUSAM:

(L+Leq) p
D, 247 ‘
K /Re, npu Re <Re,;
f= fL+M(Re—ReL), npu Re, <Re <Re,;
Re,—Re,
1 ~ npu Re>Re;.
1,11
~181g 69 . r
Re |3,7-D,
o= q-Dy
Ah)-v’

rZie p — nepenaj 1aBjieHus B TpyOOnpoBOJE U3-3a TPEHUS;
p P pyoorp P
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g — pacxo;
Re — yucno Pelinonnjca;

Re; — makcumanbHOE uncio PeliHObICa B TaMUHAPHOM TIOTOKE;
Rer— MuHuMansHOe ynciio PeifHomnbaca B TypOyJI€HTHOM MTOTOKE;
Ks — k03 dunimeHT GopMbl, KOTOPBIN XapaKTepu3yeT MOMEePEeYHOe CEUeHUE

TpyOOIpOBOIA;

f1 — K03 HULUEHT TPEHUS B TAMUHAPHOM PEXHUME;

fr— k03(pdULHEHT TPEeHUs B TYpOYICHTHOM PEXUME;

A — mIomaaps NONepPevyHoro ceyeHus TpyoonpoBoa;

Dy — ruapaBnuyeckuid fuaMmerp TpyoonpoBoa;

L — reomeTpuyeckas aauHa TpyOONnpoBoAa;

L., — 001mas 5KBUBaJIEHTHAs JUIMHA BCEX MECTHBIX COIPOTUBIICHH;

7 — BeJIMYMHA (BBICOTA) IIEPOXOBATOCTEW Ha BHYTPEHHEW MOBEPXHOCTHU

TpyOOIpPOBOIA;

V — KHHEMAaTH4YCCKas BA3KOCTDb ) KUAKOCTH.

B MOACIHU IPUHATHI CJICAYIOINUC JOIMYIICHHNA:

— IMOTOK JKUAKOCTHU CHHUTATh PABHOMCPHBIM I10 BCEMY TpY6OHpOBOIIy;

— UHCPHUA U COKUMACMOCTD KUAKOCTH, d TAKIKC T'HOKOCTh CTEHOK B MOACIIN

HC YUHUTBIBAIOTCA.

[CBlock Parameters: Resistive Tube

—Resistive Tub

Thiz block modelz hydraulic pipelines with circular and non-circular cross sections
and accounts for resistive property only. Ta account for local resistances such as
bends, fittings, inlet and outlet lozzes, and g0 on, all the resistances are converted
inta their equivalent lengths, and then the total length of all the resiztances is added
ta the pipe geometrical length.

Connections 4 and B are hydraulic conserving ports. The block positive direction is

and the pressure loss is determined as p=p_A - p_B.

from part & to port B. Thiz means that the flow rate iz pozitive if fluid flows from A to B,

—Parameters
Tube cross section type: I Circular x|
Tube internal diameter; IU.U1 I m j
[eometrical shape factor: IB 4
Tube length: |5 I m j
Ag_glegate ulaquivalent length of local I.I I = j
IEsiztances:
Internal surface roughness height: I-I Eelf I m j
Laminar flows upper margirt |2e +03
Turbulent flow lower margin: I P

k. | Cancel Apply |

E! Block Parameters: Resistive Tube |

—Resistive Tub

Thig block models hydraulic pipelines with circular and non-circular cross sections
and accounts for resistive property only. To account for local resistances such as
bends, fitings, inlet and outlet losses, and o o, all the resistances are corverted
into their equivalent lengths, and then the total length of all the resistances iz added
to the pipe geometrical length.

Connections & and B are hpdraulic conzerving ports. The black pasitive direction iz
from port & to part B. This means that the flow rate iz positive if fuid flovws from & to B,
and the pressure lozs i determined asp=p A - p_B.

—Parameters

Tube cross section type: I M an-circular ﬂ

Nor-circular tube cross-sectional
) [Te-04 m"2 x|
area;

Mon-circular tube hydraulic diameter: IU.U112 I m ﬂ
Geometrical shape factor: |54

Tube length: |5 I = ﬂ
igs?;:agrji:squlvalent length of local I1 I n ﬂ
Internal surface roughness height; |1 FelF I = j
Laminar flow upper margin: |2e+D3

Turbulernt fow lawer margin: |4e+U3

ok I Cancel | i Hep Ll

Puc. 13. Oxna nmapamerpoB Osioka Resistive Tube

Tube cross section type — TUI MONEPEYHOTr0 cedeHUs1 Tpyoomnposoza. [la-
pameTp MOKET UMETh OJIHO U3 ABYX 3HaueHui: kpyrioe ceuenue (Circular) umm



Hekpyriioe ceuenue (Non-circular). JIns TpyOOIpPOBOIOB HEKPYIJIOTO CEUEHUS
HEOOXOUMO OMPENeNUTh TUuapaBiIudeckuit nuametp (hydraulic diameter) wn
TJIOIA b TIOTIEPEUHOTO ceueHus (cross-sectional area).

Tube internal diameter — BHyTpEHHUN AUAMETP TPYOBI.

Geometrical shape factor — xosduimeHT reomerpudeckoit dopmbl. s
TpyO C KPYIJIBIM TIOTIEPEYHBIM ceueHrneM Kod(hduimeHT paBeH 64, s KBaaparta
— 56, ays npsAMoyroyibHUKa 2:1— 62, 11 KOHHEHTPUUYECKOT0 Koiblia — 96 u T.1.

Tube length — reomeTpuyeckas IJIuHa TPYOBI.

Aggregate equivalent length of local resistances — 001masi JJIMHA MECTHBIX
COTIPOTUBJICHUNA. DTOT MapameTp OoTpakaeT MaJCHHE JAaBJICHUs, BHI3BAHHOE Me-
CTHBIMH COIIPOTUBJICHUSAMH (M3rnOamMu, IPUCOSTUHECHUSIMH, apMaTypPOH | T.1.).

Internal surface roughness height — BenuunHa (BbICOTA) IIEPOXOBATOCTEH
Ha BHYTPCHHEH IMOBEPXHOCTH TPYOBI. DTOT MapaMeTp MPUBOIUTCS B CIIPABOYHOMN
JUTEpaType WK TaHHBIX H3TOTOBHUTEIS.

Laminar flow upper margin — MakcuMmasibHOe 4Kcyio PeitHonblica B jJamMu-
HapHOM IIOTOKE, MPU KOTOPOM JIAMHHAPHBINA PEXXHUM MOTOKA HAYMHAET Mpeodpa-
30BBIBATHCS B TypOYJICHTHBIMA.

Turbulent flow lower margin — MuHuMaIbHOE ymcio PeliHonbaca B TypOy-
JICHTHOM TIOTOKE, MPU KOTOPOM MOTOK CTAHOBUTCS OKOHYATEIHHO TYpOYyJICHT-
HBIM.

brox mMeeT aBa rUApPaBINYECKUX TopTa A U B, CBI3aHHBIX C BXOJIHBIM U
BBIXOJITHBIM OTBEPCTUSMHU TPYyOOTIPOBOIA.

2.7. 'napoMexaHn4yecKuil npeodpa3oBarTesb MOCTYNATEIbHOI0 IBUKEHUS

(Translational Hydro-Mechanical Converter)

=

brnox Translational Hydro-Mechanical Converter mpenctaBisieT cOO0OM
UjcaNbHBI TPeoOpa3oBaTellb THIPABIMYCCKOW DHEPrUM B MEXaHUYCCKYIO B
(dbopMe MOCTYIATEILHOTO JTBHKEHUS BBIXOJAHOTO 3BeHA. VICIOIB3ys 3TOT OJIOK B
KayeCcTBE OCHOBHOT'O AJIEMEHTAa, MOYKHO CO3/1aBaTh OOJBIIOE pasHOOOpa3ue Mo-
JeNeH THUIPABIMYCCKUX MHUIUHAPOB, M00aBIISs crenuaibHbie 3(PQPEeKTh THIA
C)KMMAEMOCTH JKUJKOCTH, BHYTPECHHHUE TICPETCYKU, TPCHHSI U T.]I.

Monens npeoOpazoBaress 6a3upyeTcs Ha CICTYIONUX YPaBHEHUSIX:

q= Ay —v.)-or,

F=A4-p-or,

I7l€ ¢ — pacxoJ;
A — >ddexTuBHAs TUIONIATH TOPIIHS;
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DR — CKOPOCTb JBMKEHUS IITOKA MPeoOpa3oBaTels;
D¢ — CKOPOCTh JIBUXKEHUS KopIyca npeoOpa3oBaresis;
F — cuna, pazBuBaemas npeoOpa3zoBaTeseM;
P — MAaHOMETPHUYECKOE JIaBJIEHUE KUAKOCTH B MOJIOCTU MpeoOpazoBaTess;
or — NepeMeHHas1, IpUHUMaloIIas 3HaueHue «+1», ecinu B mopty 4 pa3BuBa-
€TCsl YCUJIUE B TIOJIOKUTEIILHOM HaMpaBIIEHUU U «-1» — B OTpUIIATEILHOM.
B Mozgenu npuHATH clieayromue TOmyIeHus:
— UHEpLMs, TPEHUE, BHYTPEHHUE NEPETEUKH U T.J. B MOJEIHN HE yYUThIBA-
IOTCH.

E: Block Parameters: Translational Hydro-Mecha x|

— Tranzlational Hypdro-Mechanical Conwverter

The block models an ideal transducer that converts hpdraulic energy into mechanical
energy in the form of translational motion of the converter output member. Port & iz a
hydraulic conzerving port aszociated with the converter inlet. Portz B and C are
mechanical tranzlational congerving portz azsociated with the rod and the body of
the corverter, respectively. Preszure at port A generates force in the direction
gpecified by the Converter orientation parameter.

—Parameters
Pizton area: IEE-EI4 I = ;I

Conwverter orientation:

| Atz in pozitive direction LI

QFk. I Cancel

Puc 14. Oxno mapamerpos 6soka Translational Hydro-Mechanical Converter

Piston area — >¢pexTuBHAs M0 TOPIITHS.

Converter orientation — opueHTaIus npeodpaszoBateis. MoxeT ObITh 3a/1a-
Ha JByMS Pa3iMYHBIMU CIIOCOOAaMH, B 3aBUCUMOCTH OT TOTO, B MOJIOKHUTEIHHOM
(Acts in positive direction) nwnu otpunateabHoM (Acts in negative direction) Ha-
MpaBJIEHUU MMPOUCXOUT JEUCTBHUE, KOT/Ia Ha €ro BXOJ MOJIaeTCs AaBJICHUE.

briok uMeeT o uH TUAPABINYECKUN TTOPT A, CBA3aHHBIN C BXOJHBIM OTBEp-
CTHEM, a TaKXe JIBa MEXaHU4eCKUX rnopta R u C, CBSI3aHHBIX CO IMITOKOM M KOp-
ycoM IpeoOpa3oBaTeisi COOTBETCTBEHHO.

2.8. 'mapomexaHn4yecKkuil mpeodpa3oBaTe/ib BPAIIATEJIbHOI0 IBUKEHHSI

(Rotational Hydro-Mechanical Converter)

bnok Rotational Hydro-Mechanical Converter npeactaBisier coOoi wuje-
aNbHBIN TIPeoOpa3oBaTellb THAPABINICCKON SHEPTHH B MEXaHHUYECKYIO B (hopme
BpaIaTeIbHOTO JBMKEHUS BBIXOAHOTO 3BeHA N HA000pOT. MICTonb3ys 3TOT 610K
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B KauyeCTBE OCHOBHOI'O 3JEMEHTAa, MOXXHO CO37aBaTh OOJBIIOE Pa3HOOOpasme
MoJieNIell BpamaTeabHbIX IMPHBOAOB, A00aBIAsA CIEHHAIbHBIC dPQPEKTH THIIA
CIKUMAEMOCTH YKHIKOCTH, BHYTPEHHHE [IEPETCUKH, TPECHHS U T.]I.
Mogens peobpa3oBaTeiiss 6a3upyeTcst Ha CIECAYIONINX YPABHCHHSX
q=D(ws —o.)-or,

T=D-p-or,
I7I€ g — PacXon;
D — 00beM XKHIKOCTH, HEOOXOAMMBIN ISl TIOBOPOTA Bajla peoOpa3zoBaTes
Ha €IMHUILY yTIJIa [IOBOPOTA;
R — CKOPOCTh BpalleHMsI Bajla IpeoOpa3oBaTes;
¢ — CKOPOCTh BpallleHUs KOpIlyca Ipeodpa3oBartes;
F — kpyTs1muii MOMEHT, pa3BUBaeMbIil MpeoOpa3oBaTeseM Ha Baiy;
P — MAaHOMETPHUYECKOE JIaBJIEHUE KUAKOCTH B MOJOCTU MpeoOpazoBaTes;
or — IIEpEMEHHAs, IPUHUMAIOIas 3HaueHue «+1», ecau B nopty 4 pa3BuBa-
€TCSl YCUJIME B MOJIOKUTEIIHOM HAIPABICHUH U «-1» — B OTpULIATENBHOM.
B mopenu npuHATH cieayronye J0MyLeHUs:
— WHEpLUs, TPEHUE, BHYTPEHHUE MIEPETECYKU U T.J. B MOJEIIA HE YUYUTHIBA-
I0TCH.

E}BIuck Parameters: Rotational ; {; x|

— R otational Hydro-t echanical Converter

The block model: an ideal transducer that converts hpdraulic energy into mechanical
energy in the form of rotational motion of the converter output zhaft and vice verza,
FPhyzically, the converter reprezents the main component of a zsingle-acting rotany
wane actuator. Port & 1z a hydiaulic conserving port aszociated with the converter
inlet. Portz 5 and C are mechanical ratational conserving parts aszociated with the
zhaft and the casze of the converter, respectively. Pressure at port & generates
torque in the direction specified by the Corverter arientation parameter.

—Parameters
Displacement: |1 De0d I m”™3/rad _v_I
Converter orientation: | Actz in positive direction ﬂ

Puc. 15. Oxno mapamerpoB 6si0ka Rotational Hydro-Mechanical Converter

Displacement — 06beM XUIKOCTH, HEOOXOAUMBIHN /IS IOBOPOTA BaJia Ipe-
oOpasoBaTesis Ha €IUHUILY yTiia TOBOPOTA.

Converter orientation — opueHTaIus npeodpaszoBateis. MoxkeT ObITh 3a/1a-
Ha JIByMS Pa3IUYHBIMU CIIOCOOaMH, B 3aBUCUMOCTH OT TOTO, B TIOJIO)KHTEIHLHOM
(Acts in positive direction) nwnu otpunateabHoM (Acts in negative direction) Ha-
MIPABJICHUH IMPOUCXOINT JISHCTBHE, KOT/Ia Ha €r0 BXOJI IMOJACTCs AaBICHHE.

25



biok umeer OAHNH FI/II[paBJII/ILICCKI/Iﬁ ImopT A, CBSI3aHHBIM C BXOJIHBIM OTBCP-
CTHCM, a TAKXKXC [IBa MCXAHUYCCKHUX BPAIIATCIIbHBIX IIOPTA Su C, CBsI3aHHBIX C
BaJIOM U KOpPIIyCOM HpCO6pa3OBaTCJI5{ COOTBCTCTBCHHO.

2.9. Ipoccess nepemenHoro ceuenus (Variable Area Orifice)

AR __4

_:;E:-E-n

o| & 7

bnox Variable Area Orifice npencraBinger co0oil OTBEpCcTHE C OCTPOM
KPOMKOM M PACIIOJIOKEHHOM B HEM BCTaBKOHU. [Ipu 3TOM pacxon mpomnopruoHa-
JIEH IUJIOIIAIN MPOXOJHOIO CEUYECHHMS U NEpENay IaBICHUS YEPE3 OTBEPCTHUE.
Pacxon HaxoauTCs U3 CIEAYIOIINX YPaBHEHUN:

[2
Cc, -4 —|p|-sign (p), mpu Re =Re,;
- P
q_

2C,, -4 D D, npu Re < Re , .
v-p
P=Py~ Psp>
2
q-D, C, 44
Re = ; C ; D, =.—,
A-v o Re " T

I7I€ ¢ — pacxoJ;

p — Tepenaj JaBJICHHS;

P4, Pp — MAHOMETPHUUYECKOE JIaBJICHUE HA BXOJIE U BBIXOJIC B JIPOCCENH COOT-
BETCTBEHHO;

Cp — koa(ppunueHT pacxona;

A — Tomaab MpoXOaHOTO CCUCHUS;

Dy — ruapaBIM4eCKUNd TUAMETP APOCCEIS;

p — TUIOTHOCTb JKUJKOCTH;

V — KHHEMaTH4eCKas BA3KOCTh JKHIKOCTH.

B Moaenu mpuHATHI CIICTYIOIIHE TOMYIICHUS:

— UHEPIMS )KUJIKOCTH HE YUUTHIBACTCS;

— TEPEex0JT MEX Y JIJAMHHAPHBIM M TypOYJCHTHBIM PE)KHUMaMH IPOUCXOIHUT
MIHOBEHHO, Korja Re= Re,.,.

Flow discharge coefficient — xoapdunuent pacxona. [lomysmnupruueckuit
napameTp I XapaKTePUCTUKH Jpoccelis. Ero 3HaueHue 3aBUCUT OT T€OMETPH-
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YECKUX CBOMCTB OTBCPCTUA H OOBIYHO YKa3bIBACTCA B cnpaBquoﬁ JIUTCPATYypC
WM B JaHHBIX U3IOTOBUTCIIA.

E}Bluck Parameters: ¥ariable Area Orifice x|

~Wariable Area Orifice

The block models a variable orifice created by a eylindrical sharp-edged spool and &
variable-area slot in a sleeve. The area of the orifice is expected to be computed
outside the block and imported via the AR physical signal connection. The flow rate
through the orifice is proportional to the orifice area and pressure differential across
the: orifice.

Connections A and B are conzerving hydraulic ports associated with the anifice inlet
ahd outlet, respectively. Connection AR iz a physical signal port through which an
instantaneous walue of the orfice area iz provided, The block positive direction iz
fram port & to part B,

—Parameters

Flow discharge coefficient: IEI.?

Critical Fieynolds number: I1 2,

] I Cancel |

Puc. 16. Oxno mapamerpoB Osioka Variable Area Orifice

Apply |

Critical Reynolds number — xputndeckoe 4ucio PeiHonbaca, Win Makcu-
MaibHOE uncio PeltHombiaca, 1t mamMmuHapHOTO MOTOKa. [lepexon oT mamuHap-
HOTO K TYpOYJICHTHOMY PEXKHUMY MPOUCXOIUT TPH JOCTH)KCHHHM uucia Peii-
HOJIBJICA DTOMY 3HAUCHUIO. 3HaUCHHE MapaMeTpa 3aBHCHT OT T€OMETPHYECKOTO
npouIiss OTBEPCTUSI W OOBIYHO YKa3bIBAETCSA B CIPABOYHOW JuTeparype. s
KPYTJI0T0 OTBEPCTHS B TOHKOM MaTepuajie C OCTPhIMH rpaHsaMu Re.,=12.

brox uMeer nBa THApPaBINYECKUX MOpTa A U B, CBSA3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSIMH JIPOCCEINISI COOTBETCTBEHHO.

2.10. EMmkocTh nepemenHoro oonema (Variable Volume Chamber)

W o

bnok Variable Volume Chamber. B monensix 3TOT 0JIOK CIY>KUT JJISI MOJIe-
JUPOBAHUS C)KMMACMOCTH JKHJIKOCTH B €MKOCTSAX NEPEMEHHOTO0 00beMa, TaKHX
KaK, HalpuMep, MOJOCTh TUAPOIMINHAPA. CKUMAaeMOCTh JKHJIKOCTH OOYCIIOB-
JieHA HAJIWYMEM B JKHJKOCTH HEOOJBIIIOT0 KOJIMYECTBA HEPACTBOPEHHOTO Tasa
(cm.am. 2.2).
biok onmceIBaeTCs CIEAYIOIMUME YPAaBHECHUSMU:
_Vo+A-x-or dp
B E dt
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1/n

1+« _Pa
pP,tp
E:El 1/n 4
1+« Pa — E
n-(p,+p)"

TZie ¢ — pacxo;

V) — Ha4YaabHBIA 00BEM JKHJIKOCTH B MTOJIOCTH;

A — > dexTuBHAS TUIOMIAIL TOPIIIHS;

X — CMEIIEHUE TIOPITHS OT HAYaIbHOTO ITOJIOKCHUS;

or — IEpeMeHHas, MPUHUMAIOIIAsl 3HaUYCHUE «+1» TIPU OTKPBIBAHMH KJlaIia-
Ha U «-1» IpH ero 3aKphIBaHUY;

E — 00BbeMHBIN MOTYJTb YIIPYTOCTH KUIKOCTH;

E; — MONHBINA MOAYNBH YIPYTOCTH KHUIKOCTH;

P — MAaHOMETPUYECKOE JIaBJICHHUE B IOJIOCTH;

Do — aTMOc(hepHOe TaBICHNUE;

0. — OTHOCHUTEIHHOE ra30BOE COJICPKaHNE B aTMOC(EPHOM JaBICHUH,

o= VG/ VL;

Ve — o6beM raza npu arMmochepHOM JaBICHUH;

V; — 00BbeM KUJIKOCTH;

n — K03 HUITMEHT TEIIoNepe1ayu.

B Mojenu npuHATHI CIICIYIOIIHE TOMYIICHUS:

— TIOTOK JKUJKOCTH CUMTATh PABHOMEPHBIM I10 BCCH MOJIOCTH;

— IJIOTHOCTH JKMJIKOCTH OCTAC€TCS TOCTOSTHHOM Ha MPOTSHKCHHHM BCETO BpE-
MEHHU MOJICITUPOBAHUSI.

[TBlock Parameters: ¥ariable Yolume Chamber x|

—Wanable Yolume Chamber

The block models Auid comprezsibility in vanable volume chambers, such az
hwdraulic cylinder cavities. Use this block together with the Translational
Hydro-Mechanical Canveerter block. Mate that this block takes into account only the
flows rate cauzed by fuid comprezzibility. Port & iz a hpdraulic conserving port
azzociated with the chamber inlet. Port P iz a physical signal port that coresponds to
pizton dizplacement. The block positive direction iz from port A Lo the reference point.
Thiz means that the flow rate iz pozitive if it fows into the chamber.

—Parameters
Piston arear |5e_04 I e ﬂ
Chamber orientation: I Increases at posiive j
Charnber dead wolurme: |1 4 I 3 j
Specific heat ratio: I-I 4
0K | Cancel | Apply |

Puc. 17. Oxno mapamerpoB 6soka Variable Volume Chamber
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Piston area — >¢pexTrBHAs M0 TOPIITHS.

Chamber orientation — opueHTalMs TOJOCTH. MOXeT ObITh 3a/laHa IByMs
pa3IMYHBIMUA CIIOCOOAMHM, B 3aBHCHMOCTH OT TOTO yBenmuuBaetcs (Increases at
positive) unu ymenbinaercs (Decreases at positive) 00beM TIOJIOCTH TP TEepe-
MEIICHUH TIOPITHS B MOJIOKUTEIILHOM HallPaBJICHHH.

Chamber dead volume — 06beM XHAKOCTH B TIOJIOCTU MPU HAYATHHOM I10-
JIO’)KCHUH TTOPIITHS.

Specific heat ratio — k03bPUITUEHT TETIONIEpeIaun JIJIs rasa.

brox mMeeTr oauH TUAPABIMYECKUNA TIOPT, CBSA3aHHBIA CO BXOJHBIM OTBEP-
CTHEM €MKOCTH, a TaKXe OJUH MEXaHWYSCKHHA TOPT P, ¢ IOMOIIBI0 KOTOPOTO
MIPOUCXOIUT U3MECHCHHE TTOJI0KEHUS ITOPIITHS.

3. TUAPABJINYECKHUE YTUJIUTHBI (Hydraulic Utilities)

JlaHHBINA pa3Aes MOKHO CUMTATh OCHOBOIIOJIATAOIINM, TaK KaK UIMEHHO OH
OTIpEICISICT THIT UCIIONB3yEMOW B THAPOCUCTEME KHUIKOCTH.

I'unpaBnuyeckas (pabouasi) >XKUAKOCTh HCIIOJIB3YETCS B THAPOIPUBOJIE,
MIPEXKJIC BCETO, IS Mepe/layd MEXaHUYECKOW YHEPTrUU OT Hacoca K THPO IBUTA-
Tearo. Ho mpu 3TOM BBEINIONMHSET M JIPYrue BaKHbIC (DYHKIMH: 0OeCIeYynBacT
CMa3Ky TPYIIHUXCS IOBEPXHOCTEH IeTaneil THAPOCUCTEMBI, OTBOAUT TEIUIO OT
HarpeThIX 3JICMEHTOB, YHOCHUT MPOJYKTHI U3HOCA U JPYTUX YACTHII 3arPSA3HCHHS
U T.JI.

Paznensl (Hydraulic u SimHydraulics) conepxat tpu 06J10Ka:

1. Custom Hydraulic Fluid.

2. Hydraulic Fluid.

3. Reservoirs.

3.1. CeoiicTBa ruapaBandeckux ;kuakocteit (Custom Hydraulic Fluid)

C oy
d

bnox Custom Hydraulic Fluid onpeaensieT TUT THAPABINYECKON KUIKOCTH
B CUCTEME C BO3MOXKHOCTBIO 3aJJaHHSI €€ XapaKTEPHUCTHUK.

K OCHOBHBIM XapaKTepHUCTUKAM THIPABIMYCCKUX MKUIKOCTCH OTHOCSTCS
IJIOTHOCTh, KHHEMATHYECKasi BSI3KOCTh, MOJYJb YIIPYTrOCTH. DTH CBOMCTBa OC-
TAIOTCS MMOCTOSTHHBIMK Ha MPOTSHKCHUH BCETO BPEMEHHU MOJICITUPOBAHHS.

[110THOCTH OmpeaenseTCs TUIIOM JKHJIKOCTH, B TO BPeMs KaK KMHEMaTHYC-
CKasl BS3KOCTH JIONOJIHHTEIHLHO TpeOyeT OIpeAcsieHus TeMmIepatypbl. Moayib
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YOPYIroCcTn TAKKC 3aBUCHUT OT TUIIA KUAKOCTHU W OTHOCHTCIIBHOTO KOJIMYCCTBA

HCPACTBOPCHHOTO I'a3a B ) KUJIKOCTHU.

[Z1Block Parameters: Custom Hydraulic Fluid x|
— Custarm Hydraulic Fluid
Set fluid properties for a particular loop. Every loop in the zpstem must be connected
ta either Hydraulic Fluid or Custom Hydraulic Fluid block. There must be as many
bupdraulic: fluid blocks az there are loops in the spztem.
—Parameters
Fluid density: ISSD I kga’m"E LI
Kinematic vizcosity: I-I e 05 I 2 LI
Bulk. rmodulus: |Be+EIE I Fa LI
Fielative amount of trapped
air: ID'DDE
QK I Cancel | Apply |

Puc. 18. Oxno mapamerpoB 6soka Hydraulic Fluid

Fluid density — NIOTHOCTb KUJKOCTH.

Kinematic viscosity — KuHeMaTH4eCcKas BA3KOCTb.

Bulk Modulus — moxysb yIpyrocTy »UJIKOCTH.

Relative amount of trapped air — OTHOCUTEIHLHOE KOJIUYECTBO PAaCTBOPEH-
HOTO B )XHMJIKOCTH BO37yxa (OTHOIIEHUE 00IIero oobemMa HepacTBOPEHHOTO Tra3a
K 00BbEMY JKUIKOCTH TIPH HOPMaJIBHBIX YCIOBHUAX). B mpui. 1 nmpuBeneHs xapak-
TEPUCTHKU U OIMCAHUE OCHOBHBIX THIPABIMYCCKHUX KHJIKOCTEH, IPUMCHIECMBIX

B OTCUCCTBCHHOM MAIIMHOCTPOCHHUMU.

[Ipu coepunenun Onoxka Hydraulic Fluid ¢ ruapaBIdYecKUMH JMHUSIMU
SimHydraulics aBTomMatuyecku uaeHTUDUIMPYET TUapaBIMYECKUe OJIOKU U yC-
TaHABIIMBAET €MHbIE CBOMCTBA TMIPABINYECKON KUIKOCTH MPUMEHUTEIBHO KO

BceM OJIOKaM MOACIIN.

biok nmeeT oauH BBIXOIHOM MOPT.

3.2. Tunosbie ruapaBanyeckue ;kuakoctu (Hydraulic Fluid)

C

b

brnox Hydraulic Fluid onpenenser TUN TUIpaBINYECKON KUIKOCTH B CHUC-
TeMe. B Onoke mpencTaBieH HA0Op THIPABIMYCCKUX JKHJIKOCTEH, IIPU 3TOM BBI-
O0p OCYIIECTBIISICTCS U3 MPEIJIOKEHHOTO CITUCKA.

Hydraulic fluid — nHaumMeHOBaHWE OCHOBHBIX THAPABIMYECKUX JKUIKOCTEH
(Skydrol LD-4, Skydrol 500B-4, Skydrol-5, HyJet-4A; »xunkoctu MIL-F-83282,
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MIL-F-5606, MIL-F-87257; macna Bsa3kocteio 10W, 30W, 50W, SAE-30, SAE-
50; macno tpancmuccuonHoe ATF Dextron III; [Tmacna o ISO VG 32 (ESSO
UNIVIS N 32); 6eH3uH; au3eiabHOE TOIUIMBO; PEAKTUBHOE TOILIUBO; PACTBOP
BOJIa/TIMKONIBL B cooTHoeHuu 60/40). XapakTepuCTUKU U ONHUCAaHUE TPEICTaB-
JICHHBIX TUPABINYCCKUX KUIKOCTEH MPUBEICHBI B MPUJI. 2.

] Block Parameters: Hydraulic Fluid |

’7H_I.J|:Iraulic Fluid

Set working fluid properties

—Parameters

Hydraulic: fuid: | Skydrol LD-4 =l

Fielative amount of trapped air: |D.I:II:IS

Syztem temperature [T |F"5

Fluid Properties

Drengity: |S.ED1 RBave+002 kgdm™3

Wiscozity |5. A01634e-006 oSt

Bulk. modulusz: I'l 1391 73e+009 Pa

k. | Cancel Apply |

Puc. 19. Oxno nmapamerpoB 6soka Hydraulic Fluid

Relative amount of trapped air — OTHOCUTETBLHOE KOJIUYECTBO PAaCTBOPEH-
HOTO B JKUJKOCTH BO3AyXa (OTHOIIEHHE 00IIero 00bemMa HepacTBOPEHHOTO rasza
K 00beMY KHUJAKOCTH NMPU HOPMATBHBIX YCIOBUSX).

System temperature — TeMIIepaTypa B CUCTEME.

[Ipu coepunenun Onoxka Hydraulic Fluid ¢ ruapaBIdYecKUMH JMHUSIMU
SimHydraulics aBToMatuyecku uIeHTUDUIMPYET TUapaBIMYECKUe OJIOKU U yC-
TaHABIIMBAET €MHbIE CBOMCTBA TMIPABINYECKON KUIKOCTH MPUMEHUTEIBHO KO
BCeM OJI0KaM MOJIENH.

biiok nmeeT oauH BBIXOIHOM MOPT.

3.3. 3akpsIThiil ruapodak (Reservoir)

& a a

bnok Reservoir npencrasisieT co00i repMeTHUHbIN THAPOOAK, B KOTOPOM
KUJKOCTb HAXOIMTCS IIOJ OIPEICIICHHBIM JAaBJICHUEM, OTIIMYHBIM OT aTMO-
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chepHoro. J[aBineHue ocTaeTcs MOCTOSHHBIM HE3aBUCUMO OT U3MEHEHUS 00heMa
JKUJIKOCTH B HEM.

3akphIThie TUIPOOAKU C M3OBITOYHBIM JABJICHUEM MPUMEHSIOT B HEKOTO-
PBIX THUIPONPHUBOAAX IS OOCCIIEUEHHUs JYUIIEro 3arojIHeHHUs] pabouux Kamep
Hacoca ¥ MCKJIIOUEHUS] BOSHUKHOBEHUS KaBUTAIMU. Takoro poja 6ak mpeacTas-
nsieT coOOM CBaApHOM IWJIMHIP, 3aMOJHEHHBIA BO3yXOM WM MHEPTHBIM T'a30M
noa nasinenrem no 0,2 MIla. M30biToyHOE naBlieHHE TPU STOM JIOCTUTAET
0,8...1,0 MIIa.

briok Taxke y4uThIBaeT MOTEPIO JABJICHUS B CIWBHOM MarucTpajid CUCTeE-
MBI, BEI3BAaHHYIO MECTHBIMU CONIPOTUBJICHUSMH, GUIBLTPOM H T.]I.

E! Block Parameters: Reservoir |

—Reservair

Thiz block represents a pressurized hydraulic reservair, in which fluid is stored under
a specified prezsure. The pressure remaing constant regardless of volume change.
The block accounts for prezsure lozs in the return line that can be caused by & filker,
fittings, or some other local resistance. The logs is specified with the pressure loss
coefficient, The block computes wolume of fluid in a tank and exports it oukzide
through the phyzical signal port W,

Connectionz P and B are hpdraulic congerving ports azzociated with the pump and
return linez, rezpectively. Connection ™ iz a physical zignal part.

—Parameters
Pressunization lewvel: ID I Fa ll
Initizl fluid walurne: IU.D2 I 3 lI
Return line diameter: ID.D2 I m ll

Pressure lozs coefficient in I.I
return line:

Ok I Cancel |

Puc. 20. Oxno mapamerpoB 0s10ka Reservoir

Pressurization level — ypoBeHnb repmetusanuu. OnpeaeisieT NaBieHUE B
3aKpBITOM TUJIpOOaKe.

Initial volume — Ha4aIbHBIN 00BEM KUIKOCTU B THIpOOAKE.

Return line diameter — nuaMeTp CIMBHON THJIPOJIMHUN CUCTEMBI.

Pressure loss coefficient in return line — ko3pGUIIMEHT MOTEPHU TaBICHUS
B CJIMBHOM TUJIPOJIMHUMU.

biiok mmMeer nBa ruapaBiIduecKux nopra P U R, CBA3aHHBIX COOTBETCT-
BEHHO C BCAaChIBAIOWIEH THJIPOJUHUEH HACOCA W CIMBHOU THAPOJIMHUEU CHUCTE-
MBI, a Takke (U3UYECKU MOpPT V, 3a cUeT KOTOPOro MOXKET ObITh HalACHO
MTHOBEHHOE 3HaUeHUEe 00beMa KHUJKOCTU B TUIpoOaKe.
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4. AKKYMVYJIATOPBI (Accumulators)

T'uopoakkymynamop — 310 YCTPOICTBO, MPEAHAZHAYCHHOE JJIST aKKyMYJIH-
POBaHUsI SHEPTUM KUIKOCTH, HAXOMSIICHCS TOJ JaBICHUEM, C LEIBIO MOCIIe-
AYIOIIETO BO3BpAaTa €€ B TUAPOCUCTEMY.

JI7isi HaKOTIJICHHSI M COXPAHEHUs DHEPTHU JNaBlieHUS pabodell KUIAKOCTH B
THJIPOAKKYMYIISITOPE OCYIIECTBISIETCSl ee TpeoOpa3oBaHHE B MEXaHHUYECKYIO
DHEPTHIO APYroro BUIA, TOITOMY THIPOAKKYMYIISTOPEI OTHOCATCS K YHEPToIpe-
oOpazoBaTeIsiM.

OCHOBHBIM Ha3HAY€HHEM THAPOAKKYMYISATOPOB SBISCTCS HAKOIUICHHE
DHEpPruM padoyeil JKUIKOCTH B MEPHOBI TIay3 WM MaJOTO €€ MOTPeOIeHus ar-
perataMu THAPOCHCTEMBI U BO3BPAT ATON HAKOIUICHHOHN YHEPTUH B TIEPUOJIBI UX
WHTCHCUBHOHN paboThl. B 3TOM ciydae rUApOaKKyMyJIATOp MOIKIIOYAEeTCS K Ha-
MIOPHOM THAPOIUHUH U paboTaeT mapauieIbHO HACOCY.

Kpome TOro, rHpOaKKyMyJIsITOp MOXET BBIMONHATH (PYHKIUIO TaCHUTEIs
KOJIeOaHU TaBIIEHUS B THAPOCUCTEMAX, & TAKXKE IS MOAICPIKaHHUS TOCTOSTHHO-
O JIaBJICHUS B CIIMBHOM M BCACHIBAIOICH THAPOIINHUSX.

[TpuMeHeHue THAPOAKKYMYIATOPOB MO3BOJIIET B THIPOCHUCTEMAX CYIIECT-
BEHHO YMEHBIIUTH pab04Yii 00beM HCIOIB3YeMOTr0 HACOCa.

B 3aBHCHMOCTH OT THIIa MEXaHMYECKOW SHEPTUH, KOTOPYIO HAKAIUTUBACT
THJIPOAKKYMYIISATOpP, Pa3iNyaloT: IMHEBMOTHIPOAKKYMYISTOPBI, TPYKUHHBIC
THIIPOAKKYMYJISITOPBI, THAPOAKKYMYJISTOPHI C YIIPYTUM KOPITYCOM H JIp.

Paznen cogepxut qBa 610Ka:

1. Gas-Charged Accumulator.

2. Spring-Loaded Accumulator.

4.1. ITnesmornapoakkymyasatop (Gas-Charged Accumulator)

bnokx Gas-Charged Accumulator npenctaBisieT coO0N MHEBMOTUIAPOAKKY-
MYJISITOP, B KOTOPOM aKKyMYJIMPOBaHHE W BO3BpPAT YHEPTHH MMPOUCXOINT 32 CUET
W3MEHEHHUSl SHEPTruU CXKAToro raza. biaromapss HamOoJbIIeH SHEPrOEMKOCTH
NP MaJTbIX rabapuTax Takue TUAPOAKKYMYISITOPHI TTOMYYMIN IIUPOKOE PacIpo-
CTpaHEHHUE.

C TouYKH 3pEeHHsS KOHCTPYKLIUH MHEBMOTHUAPOAKKYMYJISATOPHI OBIBAIOT 0e3
pazzmenenus u c pasaeneHueM cpea. [locnennue, B CBOIO odepenb, AENATCS Ha
TpH TUTIA:
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— MOpUIHEBBIE (C pa3eauTeNIeM B BUJIE MOPILIHS);

— MeMOpaHHbIe (C pa3AeIUTEIEM B BUJIE PE3NHOBOM nTruadparmsi);

— OaJutoHHBIE (C pa3aenuTeseM B BUE JIACTUYHOTO OaJIJIOHA).
[THEBMOTHIPOAKKYMYJIATOP MOXET OBITh OMHCAH B CIACAYIONINX YPaBHCHHU-

AaX.
q_dVF
dt’
0 ,ApU PSP,
W
V. =
d VA 1_ ppr 7npup>ppr’
p

r/ie V' — MTHOBEHHBIM 00BEM KUJKOCTH B THEBMOTHIPOAKKYMYJISITOPE;

V4 — none3uplii 00beM THEBMOTHIPOAKKYMYJISTOPA;

p — NaBJICHUE HA BXOJE B THEBMOTHIPOAKKYMYJISTOD;

Dpr — MUHAMAJIHOE JIABJICHHE, IIPH KOTOPOM XKMJKOCTh HAYMHAET HaKall-
JIUBATHCS B THEBMOTHIPOAKKYMYJISITOPE;

k — xoadpuimeHT Terionepeaadn A rasa;

g — pacxon;

! — BpeMsl.

B Monenu npuHATHI CAeAYIONINE AOMYIICHNUS:

— C)KaTue ra3a B MHEBMOTUIPOAKKYMYJISTOPE ONPEEICHO Ha OCHOBE TEp-
MOJIMHAMHKH UJI€AJIbHBIX Ta30B;

— B MOJIeJIM HE YYTCHBI CONMPOTUBIICHUS, CBSI3aHHBIC C Pa3IeIUTEIbHBIM
YCTPOMCTBOM, TaKue KaK TpEeHUE, MHEPIUS U T.].;

— XKHUJKOCTh CUNTACTCS HECKUMAEMOM.

=] Block Parameters: Gas-Charged Accumulakor |

—Gaz-Charged Accumulatar

This block represents a gas-charged accumulator az a data sheet-bazed model. The
accumulator conzists of a precharged gas chamber and a fluid chamber connected
to a hydraulic zystem. The chambers are separated by a bladder, piston, or any kind
of elaztic diaphragm. Az pressure at the accumulator inlet becomes higher than the
precharge pressure, fluid enters the accumulator and compreszes the gas, thuz
storing hydraulic energy. & decrease in the fluid pressure causes the gas to
decompress and discharge stored fluid into the system,

The block has one hydraulic conserving port. The block positive direction iz from its
port inta the accumulatar. This means that the flow rate iz positive if it floss inta the

aceurulatar.

—Parameters
Cepeels [0.008 [m™3 =]
Preload prezsure [gage): |1 e+l I Fa ;I
Specific heat ratio; |1 4
Imitial wolurme: ID I i ;I

ak. I Cancel
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Puc. 21. Oxno napamerpoB 6sioka Gas-Charged Accumulator

Capacity — 1oae3HbI 00HEM ITHEBMOTHIPOAKKYMYJISITOPA.

Preload pressure (gage) — MUHUMAJIbHOE JABJICHHE, TIPU KOTOPOM >KH/I-
KOCTh HAUMHAET HAKAIUIUBAThCS B THEBMOTHAPOAKKYMYJISATOPE.

Specific heat ratio — k03bPUITUEHT TeTIONIEpeIaun JIJIs rasa.

Initial volume — HayanbHBIN 00BEM KUJIKOCTH B ITHEBMOTHUAPOAKKYMYJISITO-
pe.

brox uMmeeT oIMH THAPABINYCCKUN TOPT, CBA3AHHBIM C BXOIHBIM OTBEP-
CTHUEM IMHEBMOTHAPOAKKYMYJIATOPA.

4.2. llpy;kuHHBbIA THAPOAKKYMYJIATOP (Spring-Loaded Accumulator)

=]

bnok Spring-Loaded Accumulator npencraBmisieT co00i NMpyXKUHHBIN TUI-
POAKKYMYJISITOP, B KOTOPOM aKKyMYJIMPOBaHUE M BO3BPAT DHEPTUU MPOUCXOIAT
3a CYeT U3MEHCHHUS SHEPTHH YIIPYrocTH aeopmMupyeMoit npyxuHbl. Takue ru-
POAKKYMYJISITOPBI MOTYT HaKaIIMBaTh HEOONBIINE O0BEMBI KHJIKOCTH MPU Ma-
JIOM JIaBJICHWUH, YTO OOYCIIOBJICHO OTPAaHMYCHHBIMU BO3MOYKHOCTSIMH MEXaHHYC-
CKUX TIPY>KHH.

[TpyXUHHBINA THIPOAKKYMYJISATOP MOXKET OBITh ONUCAH CICTYIOIIHUMH ypaB-
HEHUSIMH:

O ’npupgppr’

VF: k(p_ppr) 7npuppr<p<pmax’
Vmax ’npupzpmax;

q= dVF k= Vmax
dt pmax_ppr

rjie V' — MTHOBEHHBIM 00BEM KUJIKOCTU B THIPOAKKYMYJISITOPE;

Vinax — TIOJIE3HBIN 00bEM THIPOAKKYMYJISITOPA;

P — NaBJIEHUE HA BXOJAE B TUAPOAKKYMYJIATOP;

Ppr — MAHUMAJIGHOE JIaBJICHHE, ITPU KOTOPOM JKMAKOCTh HAYMHAET HaKall-
JIMBAThCA B TUAPOAKKYMYJIISITOPE;

Pmax — JaBJICHHE, HEOOXOIUMOE ISl TTOJIHOTO 3alOJHEHUS THAPOAKKYMYJIS-
TOpA;

q — pacxox;

! — BpeMsl.

B mMopaenu npuHATH clieayonye T0myueHUs:
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— XapaKTEPUCTUKA MPYKUHBI JINHEWHAS;

— B MOJIEJIM HE YYTEHBl CONPOTHUBIICHUS, CBSI3aHHBIE C Pa3AEIUTEIbHBIM
YCTPOMCTBOM, TaKU€ KaK TPEHUE, MHEPUUS U T.[1.;

— XKHUJKOCTh CUUTAETCS HEC)KUMAEMOM.

E Block Parameters: Spring-Loaded Accumulato |

—Spring-Loaded Accumulator

Thiz block reprezents a spring-lnaded accumulator as & data sheet-bazed model
The accumulator stores hpdraulic energy when inlet pressure builds up over the
preload threshold, and dizcharges fluid into the system as pressure drops below
preload pressure.

The block haz one hydraulic conzerving port. The block positive direction iz from itz

port into the accumulator. This means that the low rate iz positive if it lows into the
accurmulatar.

—Parameters
Eap=e [0.008 [m™3 =]
Preload pressure: I-I T I Fa LI
b arirum pressure; I3&+DE I Fa ;I
Iritial fluid walurne: ID I e LI

Puc. 22. Oxno napamerpoB 61no0ka Spring-Loaded Accumulator

Capacity — none3Hbiii 00beM THAPOAKKYMYIISTOPA.

Preload pressure — MUHUMaIbHOE JABJICHHE, MPU KOTOPOM YKUAKOCTh Ha-
YMHACT HAKAIUTMBATHCS B THIPOAKKYMYJISATOPE.

Maximum pressure — naBlieHHue, HEOOXOIUMOE IJI TIOJTHOTO 3aIlOJIHEHUS
THJIPOAKKYMYJISATOPA.

Initial volume — HaYaIbHBIA 00BEM KUJIKOCTH B THIPOAKKYMYJISITOPE.

brox nMeeT oauH THIPaBIMYECCKUI TOPT, CBSA3aHHBIA CO BXOJHBIM OTBEP-
CTHEM ITHEBMOTHIPOAKKYMYJISTOPA.

5. BJIOKU-TPYBOIIPOBO/BbI (Pipelines)

M'uaponuHUAME Ha3bBIBAIOTCS] YCTPONCTBA, MpeIHA3HAUYCHHbBIE JIJIs1 00Bheau-
HEHUsI OT/CJIBHBIX 3JIEMEHTOB OOBEMHOI'0 THAPOIPUBOJA B €IUHYIO THIPOCHUC-
temy. [lo HUM, B mporiecce pabOThI, TPOUCXOAUT JIBIKEHUE pabodel KUIKOCTH
OT OJIHOTO THApOAINIapara K Ipyromy.

B ruaponpuBoae paznuyaroTcs CICAYIONME TUIBI THAPOIUHUIM:

— gcacwlearouias — 3TO TUAPOIUHUS, IO KOTOPOH paboyast >KUJIKOCTh JIBH-
KETCS K HACOCY;

— HAnOpHasa — 3TO TUJIPOJIMHUSA, TI0O KOTOPOU paboyasi >KUJIKOCTh JIBHIKETCS
OT HAcOCa WM THAPOAKKYMYJISATOPA K TUAPOJIBUTATEIO;
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— CIU6HAA — HTO TUIPOJIUHMS, 10 KOTOPOH paboyast )KUJKOCTh CIMBAETCS B
rUApoOdaK;

— ynpagnenusa — 3T0 TUIPOJINHHUS, 110 KOTOPOH padoyas )KUAKOCTb JBUKET-
Csl K yCTPOMCTBAM YIPaBICHUS M PETYIUPOBAHNUS;

— OpeHadxcHasa — 3TO TUIPOJIUHMS, NIPEIHAa3HAUCHHAs JJIs OTBOJAA U30bITKA
paboueit )KUIKOCTH B TUAPOOAK.

['uaponvHUK BBITIOMHSIOTCS THOO B BUIE TPYOONPOBOAOB, THOO B BUIE Ka-
HaJIOB B KOpITyCe arperara.

Paznen copepxut nBa Oy0Ka:

1. Hydraulic Pipeline.

2. Segmented Pipeline.

5.1. I'mapaBanuecknii Tpyoonposoxa (Hydraulic Pipeline)

A e

bnox Hydraulic Pipeline npencrapiser co0oil ruaipaBlInyecKue TpyooIpo-
BOJIBI C KPYTJIBIM U HEKPYTIIBIM CEUCHHEM.

bnok yuuThIBaeT MOTEPIO NABJICHHS KHIKOCTH Ha TPEHHE TO BCEU JIIMHE
TpybompoBoaa. OgHako JaHHBINA OJIOK HE YUMUTHIBAET UHEPIHUIO KHUIKOCTH U HE
MOJKET UCTIOIB30BATHCS JIJISI MOJICIHPOBAHMS TUAPOYAapa U U3MEHEHUS J1aB-
JICHHsI B TPYOOINPOBOJIE, BHI3EIBAEMOTO YCKOPEHUEM JKUIKOCTH.

PaccmoTpuM Mojenb THAPABIMYECKOTO TPyOOMpOBOJa Ha OCHOBE CTaH-
napTHbIx 0s10koB SimHydraulics, npencraBienHyro Ha puc. 23.

Kak BHIHO W3 pUCYHKa, TUAPABINYECKHI TPyOONPOBOI MOXKHO TpECTa-
BUTh KaK COUETaHHUE TpexX OJIOKOB: NBYX OJIOKOB Resistive Tube, yauThIBAIOIINX
COTPOTHUBIICHHE 3a cueT TpeHus u 6noxka Constant Volume Chamber, npenna-
3HAYEHHOTO JJI CO3JaHMsI €MKOCTH HEKOTOPOTO 00bheMa C TBEPIBIMH WM THO-
KUMU CTCHKaMHU.

A

E

Resistive Tube Resistive Tube1

|

Constant Volume
Chamber

Puc. 23. Ilpunmun aeiictBus 0noxa Hydraulic Pipeline
B MOACIHU IPUHATHI CJICAYIOINUC JOIMYIICHHNA:

— UHEPIUSA KUJIKOCTU HE YUUTHIBAETCS;
— MOTOK KUJAKOCTH CYUTATh PABHOMEPHBIM I10 BCeMY TPYOOTIPOBOTY.
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E: Block Parameters: Hydraulic Pipeline

C1Block Parameters: Hydraulic Pipeline

—Hudraulic Fipelin

This block models hydraulic pipelines with circular and non-circular cross sections.
The block accounts for friction lass alang the pipe length and far fluid compressibility,
and by extent of idealization it takes an intermediate place between the Resistive
Tube and the Segmented Pipeline blocks. The block does not account for Auid
inertia. The model is built of Resistive Tube and Constant Yolume Chamber building
blocks.

Connectiong & and B are hpdraulic conserving porte. The block positive diection iz
from port & ta port B. Thiz means that the fow rate iz positive if fluid fows from 4 ta B,
ahd the pressure lozs is determined as p=p_& - p_B.

—Hydraulic Pipelin

blocks.

Thig block models hydraulic pipelines with circular and non-circular cross sections.
The block accounts for friction loss along the pipe length and for fluid compressibility,
and by extent of idealization it takes an intermediate place between the Resistive
Tube and the Segmented Fipeline blocks. The block does not account for fluid
inertia. The madel iz builk of Resistive Tube and Constant Volume Chamber building

Connections & and B are hpdraulic congerving ports. The block positive direction iz
from port & ta port B. This means that the flow rate iz positive if fluid lows from A to B,
and the pressure loss is determined as p=p_A - p_B.

—Pararneter

Fipe cross zection type: I Circular ;I
— Parameter Pipe internal diameter: ID_m | m LI
Pipe cross sectioh type: I Circular j Geometrical shape factor: |54
Pipe internal diameter: In_m I = j Pipe length: |5 | m LI
Geometrical shape factar: |E4 .?égSigsr;iact:;quivalent length of lacal i [m =
Pipe length: |5 I = j Intemnal surf.ac:e roughness height: I-I Belh I m ;I
.?;gs?;:ai?ee;quivalent length of local I.I I ™ d Lamitar flows upper margin: |2e+03
Internal surf.ace roughniess height: I-I Eolh I m v ertine e (e meTeie |4e+03

Fipe wall type:

| Flesible |

Laminar flow upper margir;

|2e+03 Static pressure-diameter coefficient: |29-1 2 n/Pa

Turbulent flow lower margin: |4e+03
Wizcoelastic process time constant: ID m I p LI

Pipe wall type: o )

I Pigid d Specific heat ratio: I.I 3
Specific heat ratio; I.I 1

Ok I Cancel | Apply |
Ok I Cancel | Lpply |

E Block Parameters: Hydraulic Pip
—Hydraulic Pipelin

This black model: hydraulic pipelines with circular and non-circular cross sections.
The black accounts for friction lozz along the pipe length and for fluid compressibility,
and by extent of idealization it takes an intermediate place between the Resistive
Tube and the Segmented Pipeline blocks. The block does not account for fuid
inertia. The model is built of Resistive Tube and Constant Yolume Chamber building
blocks.

Connectiohs & and B are hydraulic conzerving ports. The block positive direction is
from port & to port B. This means that the flow rate iz pogitive if fluid flows from & to B,
and the pressure lozz iz determined as p=p A - p_B.

—Parameters
Fipe crozs section type: I Nomcireular j
Man-circular pipe cross-sectional I1 ol I e ﬂ
area
Mon-circular pipe hydraulic diameter: ID iz I . ﬂ
Geometrical shape factor: |B4
Pipe length: |5 I = j
Aggregate equivalent length of local -
resistances: |1 I m —I
Internal suface raughness height: |1 e 5 I o j
Laminar flow upper margin: |23+03
Turbulent How lower margin: |4e+03
Specific heat ratio: |1 3

QK. I Cancel | : Apply |

Puc. 24. Oxna nmapamerpoB 6soka Hydraulic Pipeline

Pipe cross selection type — Tin nomnepeyHoro ceueHus tpyoornponoaa. [1a-
pameTp MOKET UMETh OJIHO U3 ABYX 3HaueHui: kpyrioe ceuenue (Circular) umm
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Hekpyriioe ceuenue (Non-circular). JIns TpyOOIpPOBOIOB HEKPYIJIOIO CEUEHUS
HEOOXOUMO OMPENeNUTh TUuapaBiIudeckuit nuametp (hydraulic diameter) wn
TUIOLIAAb MOMEPEYHOro ceueHus (cross-sectional area).

Pipe internal diameter — BHyTpeHHHI nHaMeTp TPpyOONpPOBO/a.

Geometrical shape factor — ko3¢ duieHT reomerpudeckon hopmsel. s
TpyO C KPYIJIBIM MOTIEPEYHBIM ceueHrneM KodhduimeHT paBeH 64, s KBaapara
— 56, ays npsAMoyroyibHUKa 2:1— 62, 11 KOHHEHTPUUYECKOT0 Koiblia — 96 u T.1.

Pipe length — reomeTpudeckas ajiiHa TpyOOIPOBOA;

Aggregate equivalent length of local resistances — obmiast JjMHa MECTHBIX
COTIPOTUBJICHUNA. DTOT MapameTp OoTpakaeT MaJCHHE JAaBJICHUs, BHI3BAHHOE Me-
CTHBIMU CONPOTUBICHUAMH (M3ruOaMu, IPUCOSTUHEHUSIMH, apMaTypOl U T.1I.).

Internal surface roughness height — BenuuuHa (BBICOTA) IIEPOXOBATOCTEH
Ha BHYTPEHHEW MOBEPXHOCTH TPYOBI. DTOT MapaMeTp MPUBOANUTCS B CIIPABOYHOMN
JUTEpaType WK TaHHBIX H3TOTOBHUTEIS.

Laminar flow upper margin — MmakcumaibHoe 4nciio PeifHonblica B JaMu-
HapHOM IIOTOKE, MPU KOTOPOM JIAMHHAPHBIA PEXXHM MOTOKA HAYMHAET Mpeodpa-
30BBIBATHCS B TYPOYJICHTHBIH.

Turbulent flow lower margin — MuHUManbHOE uyncio PeliHonbaca B TypOy-
JICHTHOM TIOTOKE, MPU KOTOPOM MOTOK CTAHOBUTCS OKOHYATEIHHO TYpOYyJICHT-
HBIM.

Pipe wall type — tun ctenok tpyoomnposojaa. [TapameTp mocTymneH TOIBKO
I TPyOOTIPOBOIOB KPYTJIOTO CEYSHHS] U MOXKET MPUHUMATh OJTHO U3 JIBYX 3Ha-
yeHuil: TBepablit (Rigid) unu rubkuit (Flexible). Ilapamerp Rigid BriOupaeTcs B
TOM CIy4ae, eClIM TMOKOCTh CTEHOK HE OKa3bIBaeT BIMSHHS Ha MOBEJICHUE CHC-
TEMBI, TEM CaMbIM yYBEITUYHNBAsi CKOPOCTh BBIYUCIICHUSI.

Static pressure-diameter coefficient — craTudeckuii K03QULINUEHT TUaAMET-
pa nasneHus (KodpuuueHT nponopuuoHaabHocTn) K,. IlapameTp MoXkeT OBITH
OTIpe/IeTICH aHATTUTHYECKU U IKCTICPUMEHTAIIBHO.

Viscoelastic process time constant — IOCTOSTHHOE BPEMEHU YIPYTO-BS3KOTO
nporecca. Bpemsi, cBsi3pIBaioliee BHYTPEHHHH auaMeTp TPyObl ¢ mepemnagaom
nasieHus. brarogapst aToMy mapameTpy MOJSITHPYEMbIA YIPYTHIA UITH BI3KOYTI-
PYTHiA TIporiecc MPUOIMKEH C 3aepKKOi TiepBoro mopsiaka. [lapamerp gomkeH
OBITh OMPEIeTICH SKCIIEPUMEHTAIFHO WIIH 33/1aH U3TOTOBUTEIIEM.

Specific heat ratio — k03bPUITUEHT TeIIONIEpeIaun JIJIs rasa.

bnok umeer nBa ruapaBIUYecKuX mopta A M B, CBSI3aHHBIX C BXOJIHBIM H
BBIXOJITHBIM OTBEPCTUSMHU TPYyOOTIPOBO/Ia COOTBETCTBEHHO.
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5.2 baok roppupoBannbiii Tpyoonposoj (Segmented Pipeline)

A T e

bnox Segmented Pipeline monenupyer ruapaBindeckue roQpupoBaHHBIC
TPYOONPOBOJBI C KPYIJIBIMHA CEKIMAMHU. Takue TpyOONpPOBOIABI MOTYT OBITh
MIPEICTAaBIICHBI HAOOPOM MIECHTHUYHBIX, ITOCJICI0BATEILHO COCIUHEHHBIX CErMEH-
TOB (puc. 25).

th_O fl_in_o

@,_‘ ‘ rﬂ — W1 H_2 “H'n 3 Y

Segment_1 Segment_2 Segment_n

o

Puc. 25. Monens rodppupoBaHHOTO TPYOOTIPOBOIA

Mogenb CONEepKUT YUCIO TIOCTOSTHHBIX OJIOKOB, COOTBETCTBYIOIIEE UUCITY
UMEIOIINXCSl CeTMEHTOB. OOBEM JKUIKOCTH OJHOTO CETMEHTA IIPU STOM PaBEH:

md® L
y=2_=

4 N

rae V' — o0beM KUIKOCTH OJTHOTO CETMEHTa,;

d — nuameTp TpyOOIpoBOIa;

L — nnvna TpybonpoBoaa;

N — 9mcno cerMeHToB TpyOonpoBoIa.

[TocTostuubiit 6510k Constant Chamber moMenieH MeXIy IBYMsI COCTaB-
JSIOIMMU, Kaxkaas U3 KOTOPBIX BKJIIOYAeT B ce0s Osoku Resistive Tube n Fluid
Inertia (puc 26).

fl_in_i th_i
N_(1) N_(i+1)

@ e — —a(O)

o

ch_i

Puc. 26. Monens ogHOTO cermenTa rohprupoBaHHOTO TPYOOTIPOBOIA

[Ipu MonenupoBaHUU TAaKOro TPyOONpoBOAa HEOOXOJUMO HMETh B BUY,
YTO C POCTOM UHUCIJIa CEIMEHTOB YCIOXKHIETCS U MPOLECC MOAennpoBanus. Jius
ATOr0 HEOOXOJUMO HAWTH KOMIIPOMHCCHOE pEUICHHUE MEXAY TOYHOCTBIO U
CJIOKHOCTBIO BBIYMCIIUTENBHBIX ONEPALUNA, UCTIOIb3Ysl CAEAYIOUIYIO (POPMYITY:
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4L
T-C
Irac w — TaOINYHAas BCIIMYNHA, YIHUTBIBAIOIIAA IMOTPCIIHOCTD,
C — CKOPOCTB 3BYKa B JKUJAKOCTH.

N > o,

Tabmuma 1
3HayeHHe @ B 3aBUCHMOCTH OT YMCJIA CETMEHTOB (IIPM NMOTPelIHOCTH He GoJiee 5%)
Yucao cerMeHTOB o=289,1 'y o =267T1 o =446 I'u o=624T1
1 112,3 — — —
2 107,2 271,8 — —
4 97,7 284,4 4329 689
8 93,2 271,9 435,5 628

B Moaenu npuHATHI CIICTYIOIIHE TOMYIICHUS:

— TIOTOK JKUJKOCTH CUUTATh PABHOMEPHBIM I10 BCEMY TPYOOIIPOBOY.

Pipe internal diameter — BHyTpeHHHI nHamMeTp TPyOONpOBOA.

Pipe length — reomeTpudeckas ajivHa TpyOOIpoBoa.

Number of segments — 4iCIIO CETMEHTOB TPYOOIIPOBOIA.

Aggregate equivalent length of local resistances — obm1as JMHa MECTHBIX
COMPOTHRIICHHIA. DTOT MapaMeTp OTpakaeT IMaJICHUE NaBJCHUS, BHI3BAHHOE Me-
CTHBIMH COIIPOTUBJICHUSAMH (M3rnOaMu, IPUCOSTUHECHUSIMH, apMaTyPOH | T.1.).

Internal surface roughness height — BenuuuHa (BBICOTA) IIEPOXOBATOCTEH
Ha BHYTPCHHEH IMOBEPXHOCTH TPYOBI. DTOT MapaMeTp MPUBOIUTCS B CITPABOYHOMN
JUTEPATypPE WU TaHHBIX H3TOTOBUTEIIS.

Laminar flow upper margin — MmakcumaiabHoe 4nciio PeifHonblica B JaMu-
HapHOM TIOTOKE, TIPH KOTOPOM JIaMHUHAPHBIA PEKUM TIOTOKA HaAUYMHAET Mpeodpa-
30BBIBATHCS B TypOYJICHTHBIMA.

Turbulent flow lower margin — MuHMEMaIbHOE uuciao PeitHombaca B TypOy-
JICHTHOM IIOTOKE, TIPH KOTOPOM IOTOK CTAaHOBHTCS OKOHYATECIIBHO TYpPOYIICHT-
HBIM.

Pipe wall type — tun ctenok tpyodomnposozaa. [TapameTp mocTymneH TOIBKO
JUTSI TPYOOIIPOBOJIOB KPYTJIOTO CEUYCHUS U MOYKET MPUHUMATBH OHO M3 JIBYX 3Ha-
yeHui: TBepabIi (Rigid) unu rubkuii (Flexible). Ilapametp Rigid BeiOUpaercs B
TOM CJIy4ae, eCJu THOKOCTh CTCHOK HE OKa3bIBACT BIIMSHHUS Ha TOBEICHHE CHC-
TEMBI, TEM CaMbIM YBEIMYHUBAsI CKOPOCTh BBIUMCIICHUS.

Specific heat ratio — x03bPUITUEHT TETIONIEpeIaun JIJIs rasa.
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Z)Block Parameters: Segmented Pipeline x|

—Segmented Fipelin

Thig block represents hydraulic pipelines with circular cross sections as a set of
identical, connected in series, lumped parameter segments. This makes it possible to
approximate behavior of a distributed parameter element, such as hpdraulic pipelines,
within lurnped parameter simulator. The larger the number of segments, the closer the
Iumped parameter model becomes to itz disctributed parameter counterpart. Each
zegment congists of Resistive Tube, Fluid Inertia, and Constant Yolume Chamber
building blozks. &3 a result, the block accounts For friction loss, fluid inertia, and fluid
compreszibility,

Connectiohs & and B are hydraulic conserving parts. The block positive direction is
from port & bo port B. This meansz that the flow rate iz positive if fuid fows from & to B,
and the pressure lozs is determined as p=p_ & -p B,

—Farameters
Pipe internal diameter: In_m I = LI
Pipe lenagth: |5 I o LI
Mumber of segments: I-I
Aggregate equivalent length of local I.I I " LI
resistances:
Internal surface roughness height: I-I Bel5 I = LI
Laritar flows upper margin: |23+03
Turbulent How lower margin: |4e+03
Pipe wall type: I Figid ;I
Specific heat ratio: I-I a1

ok I Cancel | | Apply |

Puc. 27. Oxna mapamerpoB Ooka Segmented Pipeline

biiok umeer rugpaBiandeckue NopTel A U B, CBSI3aHHBIE C BXOAHBIM U BbI-
XOJHBIM OTBEPCTUSMU TPYOOIPOBOJIa COOTBETCTBEHHO.

6. THIPABJINYECKHUE COITPOTUBJIEHUA

(Hydraulic Resistances)

[Ipu nBUXeHUU peanbHON padoyuel KUAKOCTH MO TPyOONmpoBOAaM HIIM Ka-
HaJlaM MPOUCXOIUT MOTePsi HAMopa, KOTOpasi CKIAIbIBACTCS U3 CONMPOTHBICHUS
TPEHUS O CTCHKH M MECTHBIX COINPOTUBIICHHI, BOSHHUKAIOIIMX MPH U3MECHEHHUU
HaTPaBIEHUS WM CKOPOCTH MOTOKA.

B TpyOGompoBOIHBIX CHCTEMax TEXHOJOTUYECKUX W SHEPTEeTHUYECKHUX YyCTa-
HOBOK Ha JIOJII0 MECTHBIX THAPABIMUECKUAX COMPOTHBICHUN MOXKET MPUXOIUTHCS
10 50 % ot 0011eTo THAPABINIECKOTO COMPOTUBIICHHUS CHCTEMBI.

Paznen compepxuT mectb 6J10KOB:

1. Elbow.

2. Gradual Area Change.

3. Local Resistance.

4. Pipe Bend.

5. Sudden Area Change.

6. T-junction.
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6.1. OTrBoa (Elbow)

oa| Ao

bnox Elbow npencrapinsier coO0i 0TBOJA Kak MECTHOE THAPABINYECKOE CO-
npotuBieHue ¢ yrioMm u3ruba 0...90° u quamerpom 5...100 mMm. CymiectByer
JIBa TUIIA OTBOJIOB: TJIABHBIN U C OCTPOU KPOMKOM (KOJICHO).

[lepenan naBneHust MOXKET OBITh HaliJIeH 1O popMmyie

p:Kz'qu\q

;
I7I€ ¢ — pacxoJ;

p — Tiepenaj JaBJleHHs Ha OTBOJE;

K — xoappunuenT nepenana qaBieHus;

A — nom@aapr NoNnepeyHoro ceueHus: 0TBOIA;

p — TUIOTHOCTh KHUJKOCTH.

Jlnist Berumciienust koduimenTa nepenaga napieHuss K HeoOX0UMO y4u-
THIBaTh TPUBEJCHHBIC MO TAOIHMIIaM OTHOIICHUS MEXIY KOI(PPUIIMEHTOM Tpe-
HUS fr 1 BHYTPEHHUM JUaMeTpoM TpyOonpoBoja d.

JIst miiaBHBIX OTBOAOB ¢ yriioM u3ruba 90° kosddunueHT norepu aasie-
HUS HAXOAUTCS 110 hopmylie

K =30 f,.
JJ1st OTBO/IOB € pa3NUYHBIMU yriaMu u3rnda kodgduunent K paBeH:
K =a(0,0142 —3,703 -10 ),
rje a — yroj usruba B rpagycax, 0 < a < 90°.

Puc. 28. PacueTHast cxema oTBOJa

Taxkum o6pazom, B oOmieM Buae KodhUIMEHT mepenaza MaBieHUsS s
TJIaBHBIX OTBOJOB Kscp HAXOaUTCS Mo popmyrie:

Kp =30 f, -a(0,0142 - 3,703 -10 " ).
Jls1 OTBOJIOB € OCTpOM KpOoMKOH Ko3(uIlMeHT mnepemnana naBieHus Kyg
asngercs pyukiueit nuamerpa (5 < d < 100) u yraa uzruba (0 < a < 90°):
Ky =f(d,a).
[IpuBeneHHBIE B 3TOM MYHKTE (POPMYIBI HOCAT MPHOIM3UTECIBHBIA XapaK-
Tep, 0COOEHHO B JJAMUHAPHOM U MEPEXOAHOM peKUMax NmoToka. /s 6onee Tou-
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HBIX pE3yJIbTaTOB MOKET OBITh MCNONIB30BaH 050K Local Resistance ¢ y4yeToM
3aBucumoctu K = f(Re).

B Mozenu npuHATH clieayromue TOmyIeHus:

— UHEPIHMS )KUJIKOCTU HE YUYUTHIBACTCS;

— B OTBO/JIE MIPUHSAT TYpOYJIEHTHBIN PEKUM IO BCEH JJIUHE;

— OTBO/I BBITIOJTHEH U3 LIETBHOU TPYOBI.

E! Block Parameters: Elbow x|

—Elbow

The block represents an elbow az a local hydraulic resistance. The pressure loss in
the elbow iz characterized by the table-zpecified prezsure lozs coefficient pravided in
the Crane Technical Paper. Two types of elbows are congidered: smoothly curved
standard elbows and sharp-edged, miter elbows. The block covers elbows in the
5100 mrn and 0-90 deg range.

The block positive direction iz from port & to port B, This means that the fow rate iz
pozitive if it flows from A& to B, and the pressure differential is determined as p=p_a -

p_E.

—Parameters
Elbow internal diameter: ID_m I m ;I
Elbovy angle: IgD I deg LI
Elbow type: I Smoothly curved elbow ;I

ak. I Cancel |

Puc. 29. Oxno nmapamerpos 6sioka Elbow

Elbow internal diameter — BHyTpeHHUN nUaMeTp OTBOJAA. 3HAUYCHHUE IMapa-
MeTpa MOXKET ObITh IPUHATO B UHTEpBaie oT 5 10 100 Mm.

Elbow angle — yron u3ru6a. 3HaueHue rnapamerpa MOXeT ObITh MPUHSTO B
unrepsaie ot 0 go 90°.

Elbow type — Tun otBoAa: mnaBHbli (Smoothly curved elbow) unu ¢ ocTpoit
KpOMKOH (sharp-edged elbow).

bnok umeeT aBa ruapaBIMuecKuX mopra 4 U B, CBA3aHHBIE C BXOJHBIM H
BBIXOJITHBIM OTBEPCTUSIMU OTBOJA COOTBETCTBEHHO.

6.2. IlnaBHoe pacumpenne kanajaa (Gradual Area Change)

4 |&o
brnox Gradual Area Change mpencrapisier co0Oil IIaBHOE pacIIUpEHUE
KaHaja KaKk MeCTHOE THIPaBINYECKOE COMPOTURIICHUE, Oa3upyrolieecs Ha OJI0Ke
Local Resistance. ok MOXeT BbICTyNIaTh B Ka4eCTBE Kak ouggysopa (1naBHOe
pacuiMpeHue KaHaja), Tak U xkoHgy3opa (IIJIaBHOE CY)KEHHE KaHaJla) B 3aBUCHU-

MOCTH OT HAITPABJICHUA TCUCHUA KUAKOCTH.
B 6110ke pe€aJIn30BaHbI ABA MCTOA IMapaMCTPU3allUN:
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— HCIIONB3YyS TOJyIMIHpUYecKre (HOpMyIsl (C y4ETOM T€OMETPHUYCCKUX
apamMeTpPOB COTPOTHUBIICHHS ),

— no Tabmune s koddduireHTa nepenaga IaBjieHUs (C ydeToM 4ucia
Petinonbpica). B aToM citydae ko3¢ GuIIMeHT nepenaaa JaBICHHsI ONPECIICH O/1-
HOMEPHBIM MacCCHBOM C BO3MOXKHOCTBIO BbIOOpa OJHOTO M3 TPEX METOJOB WH-
TEPHOJIAINN U ABYX METOJIOB IKCTPATIOJISAIINH.

2,6-KSE-sin% ,npu 0 < a <45°;
K. ,npu 45° <o <180°.

K =

GE

1,6 - K ¢ -sin% ,pu 0 < a <45°;

Koo = a
KSC-JsinE ,npu 45° < a <180°.

A
KSE = cor - A_S b
L
A 0,75
KSC:O’S-KCOV I_A_S o
L

rne Kgp — ko dunueHT nepemnana naBaeHUs Il TUIABHOTO PACIIMPEHUS KaHa-
na;

KGc — koo dunmenT nepemnaaa JaBIeHUs A IIABHOTO CY)KEHUS KaHaa;

Ksp — xodddunment mepenaga AaBICHUs AN PE3KOro (CTYIMEHYATOro)
pacIIupeHus;

Ksc — ko puimeHT nepenana naBieHus JIJs pe3Koro (CTYNEeH4YaToro) cy-
KCHHUS,

Ko — IONIPABOYHBIN KOI(PPUIIUEHT;

K — HanMeHbIas TUI0IaIb POXOIHOTO CCUCHUS;

K; — nanbonpias riomnanb MpoXoaHOTO CEUCHHUS;

0L — YTOJI CYXKCHUSI.

B Mozenu mpuHSATHI CeIyroImune A0MyIEeHUS:

— MHEPIUS )KUIKOCTH HE YUUTHIBACTCS;

— Tpu BBIOOpE croco0a mapaMeTpU3alid, HCTIONB3Ys MOTYIMIUPUICCKUE
(bOopMyITBI, PeXUM IBHKCHUS >KUIKOCTH TMPUHUMAETCS TypOYJIEHTHBIN MO BCEi
JUTAHE.

Small diameter — HauMEHbIIUN AUAMET.

Large diameter — HanOoOAbIINNA TUAMETD.

Cone angle — yroJ KoHyca.
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Model parameterization — napametpuzanus Moaenu. CylecTByeT BO3MOXK-
HOCTh BHIOOpa MapaMeTpHU3aIiu:

— 110 ToJtyamIupudeckum dhopmynam (By semi-empirical formulas);

— TI0 CBEJIEHHBIM B Tabumily koddduimentam nepemnajaa JAaBleHUs B 3aBU-
cuMocTu oT unciia Peitnonbica (By lost coefficient vs. Re table).

Correction coefficient — nonpaBOYHBIA KO3(PPUITUEHT.

E! Block Parameters: Gradual Area Change ﬂ E! Block Parameters: Gradual Area Change 1'

—Gradual &rea Chang

The block represents a local hydraulic resistance, such as a gradual cross-zectional
area change. The resistance iz charactenzed az a diffuser if fluid flows from inlet to

—[Gradual Area Chang

The block represents a local hpdraulic resistance, such as a gradual crozs-sectional

area change. The resistance is characterized as a diffuser if fuid flows from inlet to outlet, or 3z a gradual contraction if fluid flows from outlet ta inlst. The block offers
outlet, or a3 & gradual contraction if fluid flows from outlet ta inlet. The block offers twa methads of the loss cosfficient specification: by applying semi-empiizal formulas
two methods of the loss coefficient specification: by applying semi-empirical formulas ar by table-lookup For the pressure loss coefficient based on the Reynalds nurmber.

ar by tableaokup far the pressure loss coefficient based an the Reynalds number. The block iz bidirectional and computes pressure loss for both the direct flow [gradual
The black iz bidrectional and computes pressure loss for both the direct flow (aradual enlargement] and return flow (gradual contraction]. If the secand parameterization
erlargement] and retum flow [gradual contraction). If the second parameterization option iz selected [By loss coefficient vs. Re table), the table must cover both the

option i selected (By loss coefficient vs. Re table), the table must cover both the pasitive and the negative regions.

positive and the negaive regions. The block positive direction iz from port & to port B. This means that the flow rate is

e . . itive if it flowes from A ta B, and th differential iz determined =pA-
The block positive direction is from port & to port B. This means that the flow rate iz O S o5 B L D D R IS EEEE S

R ; S X pB.
positive if it flows from & to B, and the pressure differential is determined asp=p_4 -
pB. —Parameter
 Parameters Small diameter: In_m I - j
Small diameter: In_m I no = Model parameterization: | By loss cosfficient vs. R table =l
Large diameter: ID_D2 I - j Cormection coefficient: I-I
Repnalds number vectar:
Cone angle: B [ o [4050 100 200 500 1000 Ze+03 4e+03 Gev03 Tev04]
L Loss coefisient vector: 56 340,75 0,52 0,48 0.42 0.36 0.24 0.4 042 0.35
Model parameterization: | By semi-empirical formulas =l ;
|nterpolation method; I Cubic j
Caonection coefficient:
I‘I Extrapolation method: I From last point j

ok, | Canicel | Apply | oK, | Cancel |

Puc. 30. Oxna mapamerpoB 6moka Gradual Area Change

Reynolds number vector — Bextop umucna PeiHonbaca, T.e. CBEICHHOE B
TabNuIty / Xm MHOXXECTBO 3HaueHHH uncia PeliHonmbca, mpUuYeM 3TO MHOMXKECT-
BO JIOJDKHO MOHOTOHHO YBEJTHUHBATHCS.

Loss coefficient vector — BexTop k03¢ duIlneHTa norepp, T.€. CBEICHHOE B
TabNMuIYy [ Xm MHOXKECTBO 3HAYCHHU KOd(HIMEHTa MOTEeph, IPU ITOM 3HAYE-
HUS TIapaMeTpa JOJKHBI COOTBETCTBOBATh IO PAa3MEPHOCTH 3HAYCHUSAM YHCIIA
PeriHosnbaca.

Interpolation method — meton uHTepnoisuuu. BeiOupaercs onuH U3 clie-
JYIOIIUX METOJOB MHTEPHOJSAINN IS allPOKCHMHPOBAHUS BBIXOJHBIX 3Haue-
HUI B MHTEpBAJIaX MEXKIY ABYMs MOCIEI0BATEIHLHBIMU TOYKAMHU MACCHBA:

— nuHenHbll (Linear). J1Jis OTHOMEPHOTO MacCHBa UCIOJIb3YETCS JIMHEHHAs
GYHKIHST MHTEPIIONIALNY, a U JBYMEPHOTO MacCHBa — alTOPUTM OMITMHEHHON
WHTEPIOJIAIUN, KOTOPBIA SBISETCSA MPOJOHKCHUEM JTUHECHHOW WHTEPIIOISAIIUN
TSl QYHKITUI TBYX MIEPEMCHHBIX;

46



— kyouueckuit (Cubic). JIns ogHOMEPHOTO MaccuBa HCHOJb3YyETCS KyOu-
yeck (yHkuusa unrepnoisiuun PCHIP, a nis iByMepHOro maccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIUY;

— cmaiin (Spline). Jlis OIHOMEPHOrO MaccHuBa HMCIOJIB3YETCS aJITrOPUTM
KyOMYEeCKOW CIUTafH-UHTEPIIONSINN, a JUIsl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIalfH-HHTEPIIOSIIHH.

Extrapolation method — meton skcTpanosuuu. BeiOupaercst ouH U3 clie-
AYIOUINX METOJOB YKCTPATOJSIINN, KOTJa BEIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma30Ha, ONMPEEICHHOr0 B CIIUCKE MapaMeTPOB:

— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnoJsius ¢ uc-
MOJIb30BaHUEM JIMHEHHOTO MeTo/1a (HE3aBHCUMO OT BHIOOpA METO/1a MHTEPIIOJS-
uH);

— 1o nocneaHe Touke (From last point). Vcnonb3yer nocienHee yka3aH-
HOE YHCIIO BBIXOAHOTO 3HAYCHHSI B KOHIIE COOTBETCTBYIOIIETO IHAINa30Ha.

brnok umeeT aBa ruapaBiIMuecKuX mopra 4 U B, CBA3aHHBIE C BXOJHBIM H
BBIXOJITHBIM OTBEPCTUSIMHU KaHala COOTBETCTBEHHO.

6.3. MecTHOe ruapaBandeckoe conporunienue (Local Resistance)

S a .

bnok Local Resistance nipenctaBiseT co00il YHUBEpCAIbHOE MECTHOE TH/I-
PaBIMYECKOE COMPOTUBIICHUE JIFOOOTO THIIA (M3ru0, OTBOA, (PYIIBTP | T.1I.).

B 6710Ke peanu3oBaHbI IBa METO/Ia TapaMeTpHU3aIUH:

— UCIOJIB3YS MOJIYIMIUPUIECKUue HOpMYIIbI (C yaeToM K03 (dHUIIMEeHTa TT0-
TEPH JaBJICHUS, KOTOPBIH OOBIYHO YKa3bIBACTCS B KaTaJIOraX M CIIPABOYHOM JIH-
TepaType);

— no Tabmune s koddduireHTa nepenaga IaBjieHUs (C y4eToM 4ucia
Petinonbpnca). B aToM citydae ko3¢ GuIIMeHT nepenaaa JaBICHHs ONPECIICH O/1-
HOMEPHBIM MacCHBOM C BO3MOXKHOCTBIO BbIOOpa OJHOTO M3 TPEX METOIOB WH-
TEPHOJIAINN U ABYX METOJIOB IKCTPATIOJISAIINH.

[lepenan naBieHUs MOXKET OBITh HalICH 1O (hOpMyIIe

p=K222q\q; P=DP4= Py
K - const ;
K (Re).
Re :q-d’
A-v

IJi€ ¢ — pacxoJ;
p — nepenaj AaBJeHUS Ha MECTHOM CONPOTHUBIICHUY;
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P4, Pp — MAHOMETPHUYECKUE JABJICHUS HAa BXOJE W BBIXOJE B Y3€l COOTBET-
CTBEHHO;

K — xoappunuenT nepenana qaBieHus;

Re — yucno Pelinonnjca;

A — momaas MOMepevyHOro CEYSHHsI MECTHOTO COMTPOTUBIICHHUS;

p — THIOTHOCTD KHUJKOCTH;

V — KHHEMaTH4eCKast BI3KOCTh KUIKOCTH.

B 6110ke peanu3oBaHbl JBa METOA MTapaMETPU3AIINN:

— UCHOJIB3Ys nosyamnupuueckue gopmyisl (K = const);

— 1o Tabnuue, rae kodhGUIMeHT nepenaaa JaBieHus spisercs QyHKuuen
gyucnia Peinonbaca (K = f(Re)).

MecTHBIE THAPABINYECKHE COMPOTUBICHUS MOTYT OBITh CHMMETPHUYHBIMH
WIH aCUMMETPUYHBIMU. B CHMMETPUYHBIX COMPOTHUBICHUSAX MOTEPs JaBICHUS
HE 3aBHCHUT OT HampaBJIeHUs NMOTOKA. JJiT aCHMMETPUYHBIX COMPOTUBIICHHUM, KO-
s GUIMEHTHl Tepenana AaBIeHUs JOJKHBI OMUCHIBATH KaK MPSIMOE HarpaBiie-
HUE MOTOKa, TaK U 00paTHOE.

B Mozenu mpuHSATHI CleIyroImune A0MyIECHUS:

— UHEPIMS )KUJIKOCTH HE YUUTHIBACTCS;

— JUIA BapHaHTa MapaMeTPU3aIiH 110 MOTYIMIUPUIECKUM (HOpMyTIaM TTOTOK
NPUHUMAETCS TypOyJIECHTHBIM IO BCEH JJIMHE KaHaa.

Resistance area — HanMeHBIIIAs TJIOMIAAb CEUCHHUSI.

Model parameterization — napametpu3aius Moaenau. CymecTByeT BO3MOX-
HOCTb BHIOOpa MapaMeTpHU3alIiu:

— mo mosxy»Mmnupuyeckum popmynam (By semi-empirical formulas). ns
ACMMETPUYHBIX COMPOTUBICHUHA TOJDKHBI OBITH M3BECTHBI KOA((DHUIIMEHTHI Tie-
pemana JaBJICHUs IS IPSMOTO U 00paTHOTO TOTOKOB;

— TI0 CBEJIEHHBIM B Tabumily koddduimentam nepemnaja JAaBleHUs B 3aBU-
cuMocTHu oT uucia Peltnonsiaca (By lost coefficient vs. Re table). Jlna acummer-
PUYHBIX COMPOTHUBIICHUN TaOIMIA MOJKHA OXBAaTUTh KaK MPSIMOM, Tak U o0pat-
HBI TTIOTOKH.

Pressure loss coefficient for direct flow — koapbunmreHT nepenaga aapie-
HUS IS IPSIMOTO TIOTOKA (HarpasiieHne ot nmopTta 4 k mopty B). Jlns mpocThix
UcabHBIX KOHPUTypauii 3HaueHne KodPPUIIMeHTa MOXKET OBITh OIMPEIEeICHO
aHAJIMTUYECKH, HO B OOJBIIMHCTBE CIIy4aeB €ro 3HaAUCHUE HAXOJHUTCS OINBITHBIM
MyTeM U TIPUBOJINUTCS B yUEOHOH M CTIPAaBOYHOM JTUTEPATypE.

Pressure loss coefficient for reverse flow — xoadduiueHT nepenaaa aapie-
HUS JJI1 00paTHOTO MOTOKa (HampaBlIeHHE OT mopTa B k mopty A). DToT mapa-
METp aHaJoruueH napamerpy Pressure loss coefficient for direct flow. Ecnu xe
COIIPOTUBJICHHE SIBISETCSI CHMMETPUYHBIM, TO JJISl PSIMOTO U OOPAaTHOTO MOTO-
KOB YCTaHABIIMBACTCSl OJHO M TO e 3HaueHHe KOdPPUIIMEHTa Tiepenaa JaBie-
HUSL.
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Reynolds number vector — Bextop umucia PeiHonbaca, T.€. CBEICHHOE B
TabnuIy / Xm MHOXECTBO 3HAUYCHUU Ynciia PeitHombca, MPUYeM 3TO MHOXKECT-
BO JIOJDKHO MOHOTOHHO YBEJTMUMBATHCS.

[ Block Parameters: Local Resistance x|
[Z]Block Parameters: Local Resistance X

—Local Resistanc

—Local Resistance

The block reprezents a local hydraulic resistance such as a bend, elbaw, fitting, filter,
The block represents a local hydraulic resistance such as a bend, elbow, fiting, fiter, lacal change in Hlow crass-section, ete. The pressure loss caused by resistance is
local change in flow cross-section, ete. The pressure loss caused by resistance is computed wilh the zemi-empirical formula based on prEssUre Ioss coefficignl, which i
computed with the semi-empirical formula based on pressure loss coefficient, which is usuially provided in catalogs. data sheets, or hydiaulic texthooks. The resistance can
uzually provided in catalogs, data sheets, or hudraulic textbooks. The resistance can also be spemhec! by a table, in which thPT loss coefhmentl s tabulated vs. Bey nolds
alzo be specified by a table, in which the Ioss coefficient is tabulated vz, Renolds number. s Pr]emstance cian i syfrfqrqetncal or dgfsfy mme:nca}l]. Ir;llasy mmedtncal

number. The resistance can be symmetrical or aspmmetrical. I asymmetrical ;Esxstanctﬁzltmz Er;:fsﬁtgizn?siss Sco:Ci;ic;nzn;s aa[?ablleeiir;ttglglfe ;uls[te CC;\?; 'Jroet\;]e:ﬁ:
resistances, the pressure loss cosfficients are different for the direct and reverse g s v o ;gions_ ! ’

flows. | the loss cosfficient is specified by a table, the table must cover both the

positive and the negative flow regions. The block positive drection is from port & to port B. This means that the fow rate is
pozitive if it fows from & to B, and the pressure differential is determined asp=p A -
The block positive direction is from port & to port B. This means that the flow rate is p_E.
positive if it flows from & to B, and the pressure differential is determined as p=p_4 -
k. —Parameters
Resistance area; A~
Te-04 . §
—Parameters I F I " J
. todel parameterization: - -
FesenEn e |1B-U4 I = j I By lozs coefficient vs. Re table J

Fieynolds number vector [ 51 100 200 500 1000 26+03 4e+03 Be+03 Te+D4 |

Miodel parameterization: I By semi-empiical formulas j

Loss coefficiert vector.  [557181461309065042030204042025]

Frezsure loss coefficient for |2

direct flow: Interpolation method: I Cuhic j
Fressure lnss coefficient for ekl !

polation methad: ]
reverse flow: |2 I From last point z

K. I Cancel | | Apply | Ok | Cancel |

Puc. 31. Oxna napamerpoB 610ka Local Resistance

Interpolation method — meton uHTepnoisuuu. BeiOupaercs onuH U3 clie-
AYIOUINX METOAOB MHTEPHOJSIUHN ISl alllIPOKCUMUPOBAHUS BBIXOJAHBIX 3HAYE-
HUI B HHTEpBAJIaX MEXKIY ABYMs MOCIEI0BATEIHLHBIMU TOYKAMHU MAaCcCHBA:

— nuHenHbll (Linear). JIJis OTHOMEPHOTO MacCHBA UCIOJIb3YETCs JIMHEHHas
GYHKIHST MHTEPIIONIALNY, a U JBYMEPHOTO MacCHBa — alTOPUTM OMITMHEHHON
WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JMHEHHON WHTEPIOSAINU
TSl QYHKITUI IBYX IIEPEMCHHBIX;

— xyouueckuit (Cubic). JIJiss 0THOMEPHOTO MacCHBa MCIOJIb3YeTCsl KyOuue-
ckasg @yukuus untepnonsiiuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIUY;

— cruan (Spline). Jlns oMHOMEPHOrO MacCHBa HUCIIOIB3YETCS aJIrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIIONSINN, a JUIsl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIalfH-HHTEPIIOSIIHH.

Extrapolation method — meton skcTpanosuun. BeiOupaercst ouH U3 cle-
AYIOUINX METOJOB SKCTPATOJISINN, KOTJa BEIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma30Ha, ONMPEEICHHOr0 B CIIUCKE MapaMeTPOB:
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— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnoJsius ¢ 1c-
MI0JIb30BAHKEM JIMHEHHOTO MeToAa (HE3aBHCHMO OT BBIOOpA METOa WHTEPIIOJIS-
un);

— 1o mocienHeit Touke (From last point). iconp3yeT mocieaHee yKa3aH-
HOE YHCIIO BBIXOAHOTO 3HAYCHHSI B KOHIIE COOTBETCTBYIOIIETO THANa30Ha.

brox mMmeeT aBa ruapaBIUYeCKUX MopTa 4 U B, CBI3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHUSMH MECTHOTO THIIPABIMYCCKOTO COMPOTUBIICHUS COOTBET-
CTBEHHO.

6.4. N3rud Tpyos1 (Pipe Bend)

u_ﬂ_f-g-u

bnok Pipe Bend nipencrapiset u3rud TpyObl Kak MECTHOE THIPABIMYECKOE
conportuBieHue. [lepenasn napneHust B u3runde COCTOUT:

— W3 MOTEPb B MPSIMOM TpyoOe (MoaenupyroTcs 010koM Resistive Tube);

— W3 MOTepb U3-3a u3ruda (Monenupyrotcs 61okom Local Resistance).

[lepenan naBieHHs Ha W30THYTOM YYacTKE OMpPEEICH COTJIACHO CIEIyIO-
e popmyie:

p:Kz'qu\q

2
IZle ¢ — pacxon;
p — Tiepenaj AaBJlIeHHs] HA MECTHOM CONPOTUBIICHUU;
K — xoappunuenT nepenana qaBieHus;
A — nomaapr NoNnepeyHoro CeUYeHrss MECTHOT'O CONIPOTUBIICHUS;

P — INIOTHOCTD ) XKUJIKOCTH,

K= f(r,d,a),
rjae d — BHYTPEHHHUU TuaMeTp TpyObl;
r — panuyc u3ruoa (d < r < 20d);
o — yron uszruda (0 <a < 180°).

Puc. 32. PacuerHas cxema usruba Tpyobl

Koaddunment nepenana napneHus st u3ruda Tpyobl HaxXoauTcs 1o Gop-
MyJie
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K. =a(0,0142 —3,703 -10 *a).

corr

[IpuBeneHHbIE B 3TOM MYHKTE (HOPMYIbl HOCAT MPUOIU3UTEIBHBIA Xapak-
TEP, 0COOEHHO B JJAMMHAPHOM M IEPEXOAHOM peXHUMax nortoka. s 6onee Tou-
HBIX pE3yJIbTaTOB MOKET OBITh MCNONb30BaH 050K Local Resistance ¢ y4yeToM
3aBucumoctu K = f(Re).

B Mozenu npuHATH clieayromue TOmyIeHus:

— UHEPLHMS )KUJIKOCTU HE YUYUTHIBACTCS;

— KHUJIKOCTb SBJISIETCS] aOCOIIOTHO HEC)KUMAEMOM;

— B TpyO€ NPUHAT TypOYyJIEHTHBIN PEXKUM 10 BCEH ITUHE;

— U3rU0 BBHIMOIHEH U3 UEIBHOU TPYOHI.

E! Block Parameters: Pipe Bend X|
—Fipe Bend
The block represents a local hydraulic resistance, such as a pipe bend. The pressure
logz in the bend is assumed to congist of [1] the loss in the straight pipe and [2] the
logs due to curvature. The loss in a straight pipe is simulated with the Resistive Tube
block. The lozs due to cureature iz sumulated with the Local Resiztance block, and
the pressure loss coefficient iz determined in accordance with the Crane Co.
recommendations.
The block positive direction iz from port & to port B. This means that the flow rate is
pozitive if it flows from & to B, and the pressure differential iz determined az p=p_4. -
p B
—Farameters
Fipe diameter: ID' il I - ﬂ
Bend radius: ID 04 I o ﬂ
Bend angle: ISU I deg ﬂ
Internal surface roughness
height: I-I'EE-U5 I m ﬂ
T e

Puc. 33. OxHo mapamerpoB Osio0ka Pipe Bend

Pipe diameter — BHyTpeHHUI TuaMeTp TPYyOBI.

Bend radius — panuyc uzruba.

Bend angle — yron uzruba. 3HaueHue nmapameTpa MOXKET ObITh MPUHATO B
unrepsaie ot 0 mo 180°.

Internal surface roughness height — mepoxoBaTOCTh BHYTPEHHEH MOBEPX-
HocTH. [lapameTp mpUBOAUTCS B KaTajmorax U CIpaBOYHON JIUTEpaType.

bnok umeeT aBa TuapaBINYECKUX MOpTa A U B, CBA3aHHBIX C BXOJHBIM H
BBIXOJTHBIM OTBEPCTUSMHU U3rH0Oa TpyObl COOTBETCTBEHHO.

6.5. Pe3koe usmenenue ceuenusi (Sudden Area Change)

u—A—l:::-E:—u

brok Sudden Area Change npencrapiseT coObol pe3koe U3MEHEHHE ceve-
HUS KaK MECTHOE THIpaBIMYECKOe conpoTuBicHUE. CONMPOTUBICHHUE MPEICTaB-
JSET Pe3KOe pacHIUpeHHE, eCIU KUIKOCTh TeUeT OT mopTa 4 K mopty B, uim
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pe3Koe Cy)KEHHE, €CIM JKHUIKOCTh TeUeT B OOpaTHOM HampaBiieHWW. J|aHHBIN
010k 6asupyercs Ha O0s10ke Local Resistance.

B 6110Ke peanu3oBaHbI IBa METO/Ia TTapaMeTpHU3aIUH:

— HCIIONB3YyS TOJyIMIHpUYeCKue (OpMyJsl (C y4ETOM T€OMETPHUYCCKUX
apamMeTpPOB COTPOTHUBIICHHS ),

— no Tabmune s koddduireHTa nepenaga IaBjieHUs (C ydeToM 4ucia
Petinonbpica). B aToM citydae ko3¢ GuIIMeHT mepenaaa JaBICHHsI ONPECIICH O/1-
HOMEPHBIM MacCHBOM C BO3MOXKHOCTBIO BbIOOpa OJHOTO M3 TPEX METOJOB WH-
TEPHOJIAINN U ABYX METOJIOB IKCTPATIOJISAIINH.

[Ipr WCIIONB30BAaHUM TTOTYIMIUPUICCKUX (HOpMyNT KO3(h(OHIIMEHT TOTepH

JaBJICHUA MOXKCT OBITH HaﬁHCH COMIaCHO CICAYIOIINM YPaBHCHUAM:
2 0,75

A
KSE:KCOV 1__S ’ KSC:O’S-KCOV 1_% o

L L

rne Kgg — xodpunment nepenaaa JaBieHUs I PE3KOTO (CTYNEHYATOT0) pac-
[INPEHUS;

Ksc — ko uimeHT nepenana naBieHus s pe3Koro (CTYNEeHYaToro) cy-
KCHHUS,

Ko — TONIPABOYHBIN KOI(PPUITUEHT;

K — HanMeHbI1as TUIOIaIb POXOJIHOTO CCUCHUS;

K; — nabopinas miomnanb MpoXoaHOTO CEUCHHUS.

bnok Sudden Area Change nByHanpaBiieH U BBIYUCIISICT Mepenaj JaBICHUS
KaK JUIs MPSIMOTO TIOTOKa (paclIMpeHre KaHalla), Tak M I 00paTHOTO MOTOKa
(cyxxenue kanana). Ecnu koaddunmenT norepu omnpeaeneH tabiauiei, To Tad-
JMIIa OJKHA OXBATHIBATh MPSIMOW W OOPATHBIN HAIMIPaBJICHUS MTOTOKA.

B Mozenu mpuHSATHI CleIyroImune A0MyIECHUS:

— MHEPIUS )KUJIKOCTH HE YUUTHIBACTCS;

— JUIA BapHaHTa MapaMeTpU3aIiH 10 MOTYyIMIUPUIECKUM (HOpMyiaM TTOTOK
NPUHUMAETCS TypOyJIECHTHBIM IO BCEH JJIMHE KaHaa.

Small diameter — HauMeHbIIUN AUAMETP CONPOTUBIICHUS.

Lange diameter — HanOOIBIIHIA TUAMETP COMPOTUBIICHHUS.

Model parameterization— napametpusanus mMozenu. CyliecTByeT BO3MOX-
HOCTh BHIOOpa MapaMeTpHU3aliu:

— 10 ToJtyAMIupudeckum dhopmynamu(By semi-empirical formulas);

— TI0 CBEJIEHHBIM B Tabumily kod(dduimentam nepemnaja JAaBIeHUS B 3aBU-
cuMocTu oT unciia Peitnonbnca (By lost coefficient vs. Re table).

Correction coefficient — nonpaBOYHBIA KOI(PPUIUEHT, UCTIOIB3YEMBbII I
BbIYMCIIEHUS KO PUIIMEHTa TOTEPh.

Reynolds number vector — Bextop umucia PeiiHonbaca, T.e. CBEICHHOE B
TabnmuIty / Xm MHOXXECTBO 3HaueHHI uncia PeliHonmbca, mpUuyeM 3TO MHOMXKECT-
BO JIOJDKHO MOHOTOHHO YBEJTHUHBATHCS.
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Loss coefficient vector — BexTop k03¢ duIlneHTa norepp, T.€. CBEICHHOE B
Tabnuiy / Xm MHOXECTBO 3HaYeHUH KOd(PQHUIMEHTa MOTEPh, TPHU 3TOM 3HAYC-
HUS TapamMeTpa JIOJDKHBI COOTBETCTBOBATH IO Pa3MEPHOCTH 3HAUCHHUSM YHUCIA
PeriHosnbaca.

[ZBlock Parameters: Sudden Area Change x|
m Block Parameters: Sudden Area Change x|
— Sudden irea Chang
—Sudden Area Change The block represents a local hydraulic resistance, such as a sudden cross-sectional

area change. The resistance is characterized az a sudden enlargement if fluid Hows
from inlet bo outlet, or as a sudden contraction if fluid flows from autlet ta inlet. The
block offers two methads of the loss coefficient specification: by applying

The block represents a local hydraulic resistance, such as a sudden cross-sectional
area change. The resistance iz charactenzed as a sudden enlargement if fuid flaws

fram inlet ko outlet, or a3 a sudden contraction if fluid flows from outlet ta inlet, The semi-empirical Farmulas or by table-ookup for the pressure loss coefficient based an
block ffers two methods of the lozs coefficient specification: by applying the Reynolds number. The block iz bidirectional and computes pressure logs for both
semi-empirical formulas or by tabledackup for the pressure lass caefficient based an the direct flow {sudden enlargement] and retumn flow (sudden contraction]. If the

the Reynolds number. The black iz bidirectional and computes pressure loss for bath second parameterization option is selected (By loss coefficient vs. Re table], the

the direct flow [sudden enlargement] and return flow [sudden contraction]. |f the table must caver bath the pasitive and negative Reynolds number regions.

second parameterization aption is selected (By loss coefficient vs. Re table], the The block positive direction is from port & to port B, This means that the fow rate is

table must cover both the positive and negative Repnolds number regions. pozitive if it flows from & bo B, and the pressure differential iz determined a5 p=p_& -
p_B.
The block positive direction is from port & to port B. This means that the fow rate is
positive if it flows from & to B, and the presaure differential is determined as p=p_ 4 - - Parameter
pB. Small diameter: In_m I P ﬂ
—Parameters Model parameterization: | By loss cosfficisrt vs. Re table |

Cinel e IIJ m I " j Comection coefficient: |1

) Revnolds number vector:
——— m o [4050 100 200 500 1000 25403 45+03 5e+03 18+04]
PR Loss coefficient vector: 5571 51.461.30.90650.42030.20.40420.25 ]

odel parameterization: F——

p I By semi-empincal fomulas j Interpolation method: I G ]

Corection coefficient: I-I e

I From last point j

0K | Canicel

Puc. 34. Oxna nmapamerpoB 6ioka Sudden Area Change

Apply |

Interpolation method — meton uHTepnoisuuu. BeiOupaercs oauH U3 clie-
AYIOUINX METOAOB MHTEPHOJSIUHN ISl alllIPOKCUMHUPOBAHUS BBIXOJAHBIX 3HAYE-
HUI B MHTEpBAJIaX MEXKIY ABYMs MOCIEA0BATEIHLHBIMU TOYKAMHU MacCHBA:

— nuHenHbll (Linear). J1Jis OTHOMEPHOTO MacCUBa UCIOJIb3YETCS IMHEHHAs
GYHKIHST MHTEPIIONIALNY, a U JBYMEPHOTO MacCUBa — alTOPUTM OMITMHEHHON
WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JHMHEHHON WHTEPIOSAINU
Ul QYHKITUI IBYX IIEPEMCHHBIX;

— xyouueckuit (Cubic). JIJiss 0THOMEPHOTO MacCHBa MCIOJIb3YeTCsl KyOuue-
ckag @yukuus untepnonsiiuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIUY;

— cruan (Spline). Jlns oMHOMEPHOTO MacCHBa HUCIIOIB3YETCS aJIrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIIONSINN, a ISl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIaifH-HHTEPIIOISIIHH.

Extrapolation method — meton skcTpanoisuun. BeiOupaercst oJuH U3 clie-
AYIOUINX METOJOB SKCTPATOJSINN, KOTJa BRIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma30Ha, ONMPEEICHHOr0 B CIIUCKE MapaMeTPOB:
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— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnoJsius ¢ 1c-
MI0JIb30BAHKEM JIMHEHHOTO MeToAa (HE3aBHCHMO OT BBIOOpA METOa WHTEPIIOJIS-
un);

— 1o mocienHeit Touke (From last point). iconp3yeT mocieaHee yKa3aH-
HOE YHCIIO BBIXOAHOTO 3HAYCHHSI B KOHIIE COOTBETCTBYIOIIETO THANa30Ha.

brox mMeeT aBa rUApaBINYECKUX TopTa A U B, CBI3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSIMH C PE3KUMHU U3MEHEHUSMHU CEYCHHUSI COOTBETCTBEHHO.

6.6. Tpoitnuk (T-junction)

u%

o

o

bnox T-junction npencraBisieT co00il TPOWHUK KaK MECTHOE THJIpaBiINye-

ckoe comporuieHue. [laHHbll 00Kk Oa3upyercs Ha COUYETAaHUU TpeX OJIOKOB
Local Resistance, COeTMHEHHBIX COTJIACHO puC. 35.

o
o ><te »(23
& Local Resistance A-B g

o
a1}

T
I:EI EosalBesistanotoyi E:I Local Resistance A1-B
b

A

Puc. 35. IlpunuunuansHas cxema 6inoka 7-junction

UToObI onpeaenuTh NOTEPI0 TaBICHUS ISl BCEX BO3MOXKHBIX HaNpaBJICHUI
MOTOKA, JOJDKHBI OBITh ONPEEICHBI MEeCTh KO PUITUEHTOB MOTEPH JTaBICHUS.

B Monenu npuHATHI CAEAYIONINE AOMYIICHUS:

— WHEPUHUS )KUJIKOCTH HE YUUTHIBACTCS;

— MOTOK MIPUHUMAETCS TYpOYJEHTHBIM I10 BCEH JIMHE KaHaja.

Main pipe diameter — BHyTpEHHUI TUaMETP OCHOBHOM TPYOHI.

Branch pipe diameter — BHyTpeHHUH quaMeTp narpyoka.

A-B pressure loss coefficient — koappuUIIUEHT Mepenaaa AaBiIeHUs Ha y4a-
CTKE A-B mipu HampaBJIEeHUU MMOTOKA KUJIKOCTH OT MopTa 4 K mopty B.

B-A pressure loss coefficient — xko3duiueHT nepemnaaa qaBleHUs Ha yda-
CTKE A-B mipu HampaBJIEeHUU MMOTOKA KUJIKOCTH OT MOpTa B K mopTy A.

A-A1 pressure loss coefficient — xoahpuimeHT nepenaaa JaBjIeHUs Ha y4a-
cTke A-A1, npu HaNpaBIEHUHU MOTOKA KUIKOCTH OT mopTa 4 K nopty A41.

Al1-A pressure loss coefficient — koadPuimeHT nepenaaa JaBjIeHUs Ha y4a-
cTke A-A1 npu HaNpaBIEHUHU MOTOKA KUIKOCTH OT mopTa A1 k mopty 4.
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A1-B pressure loss coefficient — xoadpuimeHT nepenaaa JaBjleHUs Ha y4a-
cTKe 41-B npu HanpaBlIeHUU TOTOKA KUAKOCTU OT opta 41 x mopty B.

[=1Block Parameters: T-junction |

— T -junction

The black reprezents a T-unction [Wye connection] consisting of a main run and a
branch merging to the main run at a specified angle. The junction as a hydraulic
resistance iz specified by six pressure lozs coefficients that characterize pressure-flow
rate relationship for every pozsible connection for both the direct and the reverse
flows.

The block positive direction iz from port & o port B, from port & to port A7, and from

port &1 to port B.

—Farameters
b ain pipe diameter: ID.D'I I - j
Branch pipe diameter: ID.D'I I - j

A-B pressure loss
coefficient:

B-A pressure lozs
coefficient:

L8 preszure loss

112

11z

coefficient: |1'38
A1 -A_p_ressure lozs I1 6
coefficient: -

A‘I-B_p_ressure loss I1 B

coefficient: y

B4 Pressure losz |1 a

coefficient: .

QK I Cancel | Apply

Puc. 36. Oxno mapamerpoB 6soka T-junction

B-A1 pressure loss coefficient — k03 HUIIMEHT Tepernaaa AaBjIeHUs Ha y4a-
CTKe A 1-B npu HanpaBJIeHUHU MOTOKA KUJAKOCTH OT mopTa B k nopty A41.

7. APOCCEJIA (Orifices)

Tuopoopoccenv — 310 peryaupyIOMUNA THIPOAIIIAPAT, MPeTHASHAUYCHHBIH
JUTSI TIOJYYCHUS 3aJIaHHON BEIMYMHBI pacxoja MpU JaHHOW BEJIWYHMHE Iepernaja
JaBJICHUS B TIOJIBOJIMMOM M OTBOJUMOM TIOTOKaxX pabodei KUIKOCTH.

['uppoapoccens mpencTaBiseT CO00M MECTHOE THAPABIMYECKOE COMTPOTHB-
JICHUE, KOTOPOE TaK)KE MOYKET WCITOJIB30BAThCS ISl CHUKCHUS JABJICHUS B OT-
BOJMMOM ITOTOKE paboyve )KUIKOCTH IIPH JAHHOM PacXo/ie.

Paznien comepuT msaTh OJIOKOB:

1. Annular Orifice.

2. Fixed Orifice.

3. Orifice with Variable Area Round Holes.

4. Orifice with Variable Area Slot.

5. Variable Orifice.
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7.1. Koabuesoii gpoccens (Annular Orifice)

[

brok Annular Orifice npencrabiseT co00i KOIBIEBON Apocceb, 00pa3o-
BaHHBIN KPYTJIBIMH TPYOKOH M BCTaBKOMW, KOTOPas MOXKET OBITh 3KCIEHTPHYHO
pacmoiokeHa OTHOCHUTENBHO TpyOku. IIOCKONBKY pamuanbHBIN 3a30p MEXTY

TpyOKOM M BCTaBKOW (R — ») MHOTO MEHBIIIE JUaMETpa BCTaBKH 27, TO PEKUM
JIBIKEHUSI )KMIKOCTHU OYyJIeT JTaMUHAPHBIM.

Puc. 37. PacueTHas cxema KOJIBIIEBOTO JIPOCCEIIS

Pacxon yepe3 KoJIbIEBOM JpocCeh MOXKET ObITh HAlJIeH U3 ypaBHEHUs Xa-
reHa—Ilyazenns:

3
QZM(I_’_EEJ‘sz) E = €
6vpL 2 R—r
I ¢ — pacxoJ MOTOKa;
p — Tiepena JaBlIeHUs;
R — paanyc oTBepCTHS;
7 — paauyc BCTaBKU;
L — nnviHa IepeKphITHUS;
& — K03 (DUIMEHT SKCIICHTPUCUTETA;
e — DKCIICHTPUCHUTET;
p — TUIOTHOCTh KUJKOCTH;
V — KHHEMaTH4eCKast BSI3KOCTh JKUIKOCTH.
OTOT GJIOK MCTONB3YeTCsS TaKKe MPH MOACIMPOBAHUU yTEUYEK B KIIaraHax,
WIMHIPAX U T.J.
B Mozenu mpuHSTHI Clenyrolee JOMyeHue:
— MHEPIUS )KUJIKOCTH HE YUUTHIBACTCSI.

5
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[TJBlock Parameters: Annular Orifice |

—Annular Orific

The block simulates a variable onifice created by a cincular tube and a round ingert.

The radial gap between the tube and the insert and its axial length are assumed to

be essentially smaller than the insert diameter, causing the flow regime to be laminar
all the time. The flow rate iz computed uzing the Hagen-Foizeuille equation.

Connections A and B are hydraulic conserving parts azzociated with the orifice inlet
and outlet, respectively. Connection S iz a phyzical signal part that contrals the inzert
dizplacement. The block positive direction iz from port & to port B. Positive signal at
port 5 increases or decreases the overlap, depending on the value of the Orifice
orientation parameter.

—Parameters

Orifice radius: Ig_m I m LI
Insert radius: |[XET fm |
Eccentricity: Ig I m LI
Initial lenath: [0.003 fm |
Orifice orientation: I Pozitive signal increazes overlap LI

’TI Cancel | , ............ ii elp ............ I Sl |

Puc. 38. Oxno mapamerpoB 6soka Annular Orifice

Orifice radius — paaunyc TpyOKwu.

Insert radius — painyc BCTaBKH.

Eccentricity — paccTosiHue MEXAy LIEHTPAIbHBIMU OCSIMU BCTaBKU U TPYO-
ku. [lapamMeTp MOXET OBITh MOJIOKUTEIBHBIM 3HAUEHUEM WJIM PaBHATHCS HYIIIO
(n7st KoaKCHaNIbHOM KOH(PUTYpAIUH).

Initial length — HavanpHOE MEPEKPBITHE MEXAYy TpyOkod u BcraBkoi. Ila-
pameTp OJKEH ObITh MOJOXKUTEIbHBIM. [lapaMeTp He 3aBUCHUT OT OpUEHTAIUU
OTBEPCTHSI.

Orifice orientation — opueHTanusi OTBEPCTUSA. MoKeT ObITh 3aJjaHa JABYMS
Pa3IMYHBIMU CIIOCOOaMU, B 3aBUCUMOCTH OT TOTO yBeluuuBaetcs (Positive sig-
nal increases overlap) win ymenbiiaercs (Negative signal increases overlap)
NepeKphITHE.

bnok umeeT nBa ruapaBIUYecKuX mopta A M B, CBSI3aHHBIX C BXOJIHBIM H
BBIXOJHBIM OTBEPCTUSIMHU KOJIBLIEBOI'O OTBEPCTHSI COOTBETCTBEHHO, a Takke (u-
3UYECKHUM MOPT S, KOTOPBIA YBEIMYMBAET WJIM YMEHbIIAET NEPEKPHITUE, B 3aBU-
CUMOCTH OT 3HaueHus napamerpa Orifice orientation.

7.2. Heperyaupyembiii apoccesb (Fixed Orifice)

| I= e

bnok Fixed Orifice npeactaBnser co00il OTBEpPCTHE MOCTOSHHOM IUIOIIA-
JBI0 TIOTIEPEYHOT0 CEUYEHUsI ¢ OCTPOM KpoMKOH. B Hem pacxon sBisieTcs mpo-
MOPIMOHAJIBHBIM MEPENnay AaBICHUs Yyepe3 oTBEpcTHE. MoJenb YUUTHIBAET Jia-
MUHApHBIE U TYpOYJEHTHBIE PEKUMBI IMOTOKA, BEIYUCIIASA YUCiIo PeitHombaca Re
Y CpaBHUBAs €0 3HAYEHUE C KpUTHUECKUM yuciaoM PeiiHonbaca Re,,.
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Pacxon HaxoauTes U3 CIEAYIONMX YPaBHEHUI:

2
Cc, -4 —|p|-sign (p), mpu Re =Re,;
o,

q = D
2C,, -A—p, npu Re < Re , .
v.p
P=DP4s— P>
2
q-D, C, 44
Re = N C > D, = >
A-v ot Re i V4

rZie ¢ — pacxof;

p — Tiepena 1aBIeHUs;

P4, Pp — MAHOMETPHUUYECKHE JABJICHHS HA BXOJIC M BBIXOJIC B IPOCCENH COOT-
BETCTBEHHO;

Cp — koa(ppunueHT pacxona;

A — Tomaab MpoXOoaHOTO CEUCHUS;

Dy — rupaBiIndecKuil JUaMeTp IPOCCeIs;

p — TUIOTHOCTb JKUJKOCTH;

V — KHHEMaTH4eCKasi BA3KOCTh JKHIKOCTH.

B Mojenu npuHATHI CIICTYIOIIHE TOMYIICHUS:

— MHEPIHS )KUJIKOCTH HE YYUTHIBACTCS;

— TePeX0]I MKy JaMUHAPHBIM U TYpOYJICHTHBIM PEKUMAMH MPOUCXOIHUT
MIHOBEHHO, Korja Re= Re,.,.

Orifice area — nomMaaAb OTBEPCTHSL.

Flow discharge coefficient — xordunuent pacxoxna. [lomysmnupruueckuit
napameTp I XapaKTePUCTUKH Jpoccelis. Ero 3HaueHue 3aBUCUT OT T€OMETPH-
YECKUX CBOMCTB OTBEPCTHS W OOBIYHO YKA3bIBACTCS B CIPABOYHOM JIMTEpaAType
WM B TAaHHBIX U3TOTOBUTEIIA.

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MaibHOE uncio PeltHombiaca, 1t mamuHapHOTO mMoToKa. [lepexon oT mamuHap-
HOTO K TYpOYJICHTHOMY PEXKHUMY MPOUCXOIUT TPH JOCTH)KCHHHM uucia Peii-
HOJIBJICA DTOMY 3HAUCHUIO. 3HaUCHHE MapaMeTpa 3aBHCHT OT T€OMETPHUECKOTO
npouiss OTBEPCTUSI U OOBIYHO YKa3bIBAETCSA B CIPABOYHOW JuTeparype. s
KPYTJI0r0 OTBEPCTHS B TOHKOM MaTepuajie C OCTPhIMH rpaHsaMu Re.,=12.
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]Block Parameters: Fiked Orifice |

— Fixed Oiific:

The block models a square-edged constant-area orifice, flow rate through which is
proportional b the pressure differential across the anfice. The model accounts for the
laminar and turbulent flow regimes by monitaring the B eynolds number and comparing
its walue with the critical Repnolds Number,

Connections & and B are congerving hpdraulic ports associated with the onfice inlet
and outlet, respectively. The block positive direction is from port A to part B. This
meang that the flow rate is pozitive if fluid flows from & to B, and the pressure
differential iz determined asp=p_A - p_B.

Parameters

Orifice area: ID.DIJD1 pe j

Flows dizcharge coefficient; ID_?

Critical Repnolds number; |12

Ok | Cancel | Apply |

Puc. 39. Oxno mapamerpoB Oisioka Fixed Orifice

biok umeer ABa TUAPABIIMYCCKHUX IMOPTa An B, CBs3aHHBIX C BXOAHBIM H
BBIXOJHBIM OTBCPCTHAMHU APOCCEIIA COOTBCTCTBCHHO.

7.3. Peryampyemsblii Apocceib ¢ KPYIJIbIM MPOXOJAHbIM CeYeHUEM

(Orifice with Variable Area Round Holes)

[

bnox Orifice with Variable Area Round Holes nipenctaBiser co0oil pery-
JUPYEMBIH JpOCCeNb, COCTOAIIMN W3 IIJIWHAPUYECKONW BCTaBKW (KJIamaHa) U
THJIB3BI C PSIIOM KPYTIIBIX OTBEpCTHH. Bece oTBepCTHs MMEIOT OIMHAKOBBIN JIHa-
METp, PAaBHOMEPHO PacIpOCTPaHECHBI MO MEPUMETPY T'HIIB3BI, @ X OCH JIe)KaT B
OJTHOHM IJIOCKOCTH, MEepeceKasch B OJHOU Touke. Pacxox depes apoccernb Mpo-
MOPIIMOHAJTICH OTKPBHITHIO KJIalaHa W Tepernary

d, TaBIICHHUS.

Hygn

<24
:) > ¢ — pacxom;
1%q

L[ ||

| h — Texyuas KoopAuHaTa MOJIO0KEHUs KIlallaHa;
dy — nuameTp OTBEPCTHUI B TUJIb3E.

—
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Puc. 40. PacueTrnas cxema npoccens

Mopenb yYUTBHIBAET JIAMUHAPHBIM U TypOYJICHTHBIM PEKUMBI MMOTOKA, BbI-
yuchss yuciao PeliHosbaca Re W cpaBHUBAs €ro 3HAYEHUE C KPUTUYECKUM YHUC-
oM Pelinonpaca Re,,.

Pacxon Haxogutcs U3 ClIeAyOMUX YPAaBHEHUN:
2
Cc, -4 —|p| -sign (p), npu Re =Re _;
q = P
2C, - 4

D, npu Re < Re . .

A npu h <0,

A(h) = lz-do2 2 arccos 1—%
8 d

0

N—

. 2
—sin 2arccos[1—d—hJ + A, npu 0<h<d,,

0

Amax + Aleak’ npu h 2 do;
2 2
_q-Dy . C. = Cp ) _|4A(h) A _ ﬂdO
C=——"", pL — | T /— | » DH Al > max -~ ’
A(h)-v Re,, 7 4

T€ g — pacxo;
p — niepenaj JaBJICHUS;

P4, Pp — MAaHOMETPUYECKUE JABJICHUS HA BXOJIE U BBIXOJI€ B IPOCCENH COOT-
BETCTBEHHO;

Cp — koa(ppunueHT pacxona;

A(h) — MrHOBEHHAsI TJIOIIA/Ib POXOIHOTO CEYEHUS APOCCEs;

dyp— nuaMeTp OTBEpCTUI B TUIIb3E;

Z — YUCJIO OTBEPCTHIA;

X¢ — Ha4aJIbHOE MOJIOKEHUE KIIalaHa;

X — KOHEYHOE TMOJIOKEHUE KIIanaHa;

h — OTKpBITHE KJIAllaHa;

or — TIepeMeHHas1, MPUHUMAlOIas 3HayeHue «+1», Ipu OTKphIBaHUU KJiama-
Ha U «-1», Ipu ero 3aKpbIBaHUH;

p — TUIOTHOCTb KUJKOCTH;

V — KHHEMaTH4ecKasi BA3KOCTh KHJIKOCTH;

Dy — MTHOBEHHBIN T'UIPABIMYECKUN JUAMETP OTBEPCTUN IPOCCEIIS;

Ajear — TUIOAB, YEPE3 KOTOPYIO MPOUCXOJUT MEPETEUKA KUAKOCTH, MPHU
MIOJTHOM MEPEKPHITUN OTBEPCTHUH;
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Amax — TUTOIIATb TTOTHOCTHIO OTKPBITBHIX OTBEPCTHIA.

B Mozenu mpuHSATHI ClIeyroIue A0MyIECHUS:

— MHEPIUS )KUIKOCTH HE YUUTHIBACTCS;

— TIepexo] MEXIY JJAMHUHAPHBIM U TYpOYJICHTHBIM PEKUMaMU TPOUCXOIUT
MIHOBEHHO, Korja Re= Re,.,.

Diameter of round holes — nuameTp OTBEpCTHI ApOCCETIs.

Number of round holes — 4uci0 OTBEPCTHIA.

Flow discharge coefficient — xordunuent pacxona. [lomysmnupruueckuit
napamMmeTp, SIBJSIFOIIUIACS TTOTHON XapaKTepucTUKoi apoccens. Ero 3HaueHue 3a-
BHUCUT OT T€OMETPUYECKHX IMapaMeTpOB OTBEPCTHHA M OOBIYHO YKAa3hIBACTCS B
CIPaBOYHOM TUTEpAType WM JAHHBIX U3TOTOBUTEIIS.

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp MoxeT ObITh
MOJIOKUTENIBHBIM  (TIOJIOKHUTEIIHPHOE TEPEKPHITHE), OTPUIATEIBHBIM (OTpHIIA-
TEJBHOE TIEPEKPBITUE) UM PABHBIM HYITIO (HYJI€BOE NIEPEKPHITHE).

E! Block Parameters: Orifice with ¥ariable Area R =l

— Orifice with ¥ ariable Area Round Hol

The block models a variable orifice created by a cylindrical spool and a et of round
holes driled in the sleeve. All the holes are of the same diameter, evenly spread
along the sleeve perimeter, and their center lines are located in the same plane. The
flows rate through the orifice is proportional to the orifice opening and to the pressure
differential across the orifice.

Connections & and B are conzerving hydraulic ports associated with the orifice inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction is from port & to port B. Pozitive signal at port S opens or cloges the orifice,
depending on the value of the Orifice orientation parameter.

=

Driameter of round holes: ID 005 p LI
Mumnber of round holes: IB

Flow discharge coefficient: ID'B

Initial opening: ID p LI
Orifice orientation: I Opens in pozsitive direction LI
Critical Reynolds number: |1 ]

Leakage area: I.I =15 I e LI

ak | Cancel | Apply I

Puc. 41. OxHo mapameTpoB 0Ji0Ka
Orifice with Variable Area Round Holes

Orifice orientation — opueHTanusi OTBEPCTUS. MoeT ObITh 3aJjaHa JABYMS
Pa3IMYHBIMU CIIOCOO0aMU, B 3aBUCUMOCTH OT TOTO yBeluuuBaetcs (Positive sig-
nal increases overlap) win ymenbiiaercs (Negative signal increases overlap)
MepEKPHITHE.

Critical Reynolds number — xkputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MajbHOe uucio PeiiHomnbaca, 71 JTaMUHApPHOTO MOTOKA.

Leakage area — mionmaap BHYTPEHHUX TEpPETEUYEK >KUIKOCTU MPHU TMOTHOM
MepeKphITUU OTBepCTU. OCHOBHOE 3HAUEHHUE ATOTO MapameTpa COCTOUT B TOM,
YTOOBI y4€CTh HEPa3PBHIBHOCTh MOTOKA KUIKOCTH.
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biiok umeer ABa rUApaBIMYECKUX MOpPTa A U B, CBS3aHHBIX C BXOJHBIM U
BBIXOJHBIM OTBEPCTUSIMH JPOCCEIISI COOTBETCTBEHHO, a TAaKKE€ MEXAHUYECKUU
NopT S, KOTOPBIN YBEJIIMUYMBAET UM YMEHBIIAET MEPEKPHITUE, B 3ABUCUMOCTHU OT
3HaueHus napamerpa Orifice orientation.

7.4. Peryampyemblii Jpocceib ¢ HieJieBbIM MPOXOAHBbIM CeYeHHEM

(Orifice with Variable Area Slot)

=

bnox Orifice with Variable Area Slot npencraBnsier coO0N peryaupyeMblit
Apoccellb, COCTOSIIMNA W3 IUIUHAPUYIECKONW BCTaBKU (KjamaHa) M THIB3BI, C
NPSIMOYTOJILHOM TIENBI0. Pacxon uepe3 apoccenb MpONOPIHOHANIEH OTKPBITUIO
KJIaTiaHa ¥ Mepernany JaBICHHUS.

Mogenb yuyuThIBae€T JaMUHAPHBIM U TypOYJICHTHBINH PEKUMBI TIOTOKA, BHI-
yrcnsis yncio PeliHonbaca Re u CpaBHUBAs €ro 3HAYCHUE C KPUTHYECKUM YHC-
oM Pelinonbaca Re.,.

Pacxom HaxoauTCs U3 CIEAYIONIUX YPaBHEHHIA:

[2
Cc, -4 —|p|-sign (p), mpu Re =Re,;
— P
q

- D
2C,, .Av-f;)
h=x,+x-or;

D, npu Re < Re . .

P=P,s~ Pp>
b-h+ 4, , h>0;
A(h): A leak npu
war »1pu h < 0.
2
4D, (oY o, [44m
- b DL — ’ H — )
A(h)-v Re,, T

I7I€ ¢ — pacxo/;
p — Tiepenaj 1aBJIeHHUs;
P4, P — MAHOMETPUYECKHE JABJICHHS HA BXOJI€ U BBIXOJIE B IPOCCENH COOT-
BETCTBEHHO;
Cp — koa(ppunueHT pacxona;
A(h) — MrHOBEHHasI TJIOIIA/Ib POXOIHOTO CEYEHUS APOCCEs;
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b — mpuHa menu;

Xo — HaYaJbHOE NOJIOKEHUE KIIalaHa;

X — KOHEYHOE TOJI0KEHHUE KJIAIaHa;

h — OTKpBITHE KJIAllaHa;

or — MIEpEMEHHAsA, TPUHUMAIOIIAs 3HAYEHUE «+1», IpH OTKpBIBAHUU KJIama-
Ha U «-1», IpH €ro 3aKpbpIBaHUY;

p — IJIOTHOCTb JKUJIKOCTH;

V — KUHEMaTU4€eCKasl BA3KOCTh KUIKOCTH;

Dy — MTHOBEHHBIN T'UIPABIMYECKUN JUAMETP OTBEPCTUN IPOCCEIIS;

Ajeqk — TUIOIAAbB, YEPE3 KOTOPYIO MPOUCXOAUT MEPETEUKA >KUAKOCTH, HPH
ITOJITHOM MEPEKPBITUH OTBEPCTHM.

B Mozenu npuHATHI CAEAYIOMINE AOMYIIEHUSA:

— MHEpUHUS )KUJIKOCTH HE YUNUTHIBACTCS;

— IEepexo/i MKy JaMUHAPHBIM U TYpOYJICHTHBIM PEKUMAMH MPOUCXOAUT
MIHOBEHHO, Korja Re= Re,.,.

[]Block Parameters: Drifice with Yariable Area s x|

—rifice with % ariable Area Slot

The block modelz a variable orifice created by a cylindrical sharp-edged spoal and a
rectangular slot in a sleeve. The flow rate through the orifice iz propartional ta the
orfice opening and ta the pressure differential across the orifice.

Connections & and B are conserving hydraulic ports associated with the orifice inlet
and outlet, respectively. Connection S iz a phyzical signal port. The block positive
direction is fram port A to port B. Positive signal at part S opens or closes the orifice,
depending on the value of the Orifice orientation parameter.

—Parameters

Qrifice width:

{00t  m =l

Flow discharge coefficient: ID'?

Initial opening: ID I o ﬂ

Qifice orientation: I Opens in pozitive direction j

Critical Repnalds number; |-|2

Leakage area: I'Ie-12 I 2 j

ak | Cancel |

Puc. 42. Oxno nmapamerpoB 6sioka Orifice with Variable Area Slot

Orifice width — mMpuHa NPSIMOYTOJILHON IIETIH.

Flow discharge coefficient — xoadunuent pacxona. [lomysmmnupruueckuit
napaMmeTp, SIBJSIFOIIHUIACS TTOTHON XapaKTepucTUKoi apoccens. Ero 3HaueHue 3a-
BUCUT OT T€OMETPUYECCKUX IMapaMeTPOB OTBEPCTHSI U OOBIYHO YKa3bIBaeTCS B
CIPaBOYHOM TUTEpaType WU JAHHBIX U3TOTOBUTEIIS.

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxeT ObITh
MOJIOKUTENIBHBIM  (TIOJIOKUTEIBHOE TEPEKPHITHE), OTPUIATEIBHBIM (OTpHIIA-
TEJBHOE TIEPEKPBITUE) UM PABHBIM HYIIO (HYJI€BOE NIEPEKPHITHE).
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Orifice orientation — opueHTalys meau. MoxeT ObITh 3a/laHa JBYMs pa3-
JUYHBIMHU CTIOCO0aMHM, B 3aBUCUMOCTH OT TOro yBenuuuBaetcsi (Positive signal
increases overlap) unu ymenslunaetcsi (Negative signal increases overlap) niepe-
KPBITHE.

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MaJbHOE uncio PefiHonmbaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — mnomaab BHYTPEHHUX TEPETCUCK KHIKOCTH MPHU TTOTHOM
nepekpbITuy e, OCHOBHOE 3HAYCHHE ATOTO MapamMeTpa COCTOUT B TOM, YTO-
OBI y4ecTh HEPA3PBIBHOCTh MTOTOKA KUIKOCTH.

brox mMeeT aBa rUApaBINYECKUX TopTa A U B, CBI3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSMH JIPOCCENISI COOTBETCTBCHHO, a TaK)KE€ MEXaHUYCCKUI
mopT S, KOTOPBIH YBEITUYMBACT WM YMEHBIIIACT TIEPEKPHITUE, B 3aBUCUMOCTH OT
3HaueHus napamerpa Orifice orientation.

7.5. Peryampyemnlii gpoccean (Variable Orifice)

¥

[»| 5
A

L

bnok Variable Orifice npencraBisieT coO0 peryIupyeMbIi TpoCCeb JIto-
Ooro tuma. B 3aBHCHMOCTH OT MCXOJHBIX JaHHBIX, YKa3aHHBIX B CIPABOYHOM
JUTEPaType, MOKHO BHIOPATh OJIMH M3 TPEX BapHAHTOB MTapaMeTPHU3aIUH:

— 0 MaKCHMaJIbHOM TUTOIIJH MPOXOIHOTO CCUCHUS U MOJIOKEHHUIO 3aIop-
HO-PETYJIMPYIOIIETO JJICMCHTA;

— 110 3aBHCHMOCTH ILJIOIMIAIN MTPOXOIHOTO CEUCHUS OT MOJI0KEHHUS 3alI0OPHO-
perynupyoniero nementa 4 = A(h);

— TI0 XapaKTEPUCTUKE JIaBIICHUE-pacxoa g = ¢ (p, h).

B nepBoM citydae, miioniaab IpoXogHOTO CEYCHHS JTUHEHHO 3aBUCHUT OT TI0-
JIO’)KEHUS 3alIOPHO-PETYIHPYIOIIETO 3JIEMEHTa (T.€. OTBEPCTUE 3aKPHITO NPH HY-
JICBOM TIOJIOXKEHUU 3aIIOPHO-PETYITUPYIONIETO 3JIEMEHTa M MAaKCHMAJIBHO OTKPBI-
TO — IPH €ro MaKCUMaJbHOM IepeMelleHuH). Bo BTOpOM ciydae, IIOMIaIh
MIPOXOJTHOTO CEYCHMS OIpejeicHa OJHOMEpHOH 3aBucHMMOCThIO A = A(h). B
o0oux ciydasx Aake MPU 3aKPBITOM OTBEPCTHUH CYIIECTBYET HE3HAYUTEIIbHAS
wIomaasb (3a30psl), 4epe3 KOTOPYH MPOUCXOISAT BHYTPEHHUE IMEPETCUKH, TEM
caMbIM 00ECIIeYMBACTCS HEPA3PBIBHOCTh TTOTOKA KUIKOCTH.

B mepBoM m BTOpOM ciIy4asx MoJielib 0OOCHOBBIBACT JaMUHAPHBIA H TYP-
OYJICHTHBIN PEKUMBI TIOTOKA, BBIYUCIISSA YUCIIO PeitHombaca Re M cpaBHUBAS €T0
3Ha4YCHUE C KpUTUUeckuM uuciioM Pelinonwpaca Re.. Ilocnme Toro, kak Oyaer
HaljIeHa TUTOIIa/ b, PACX0]] MOJKHO HAHTH COTJIACHO CJICAYIONIUM YPaBHCHHSIM:
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cr

2
Cc, 4 —|p|-sign (p), mnpu Re > Re
Jo,

q = D
2C,, -A—p, npu Re < Re , .
vep
h=x,+x-or;
A
h-——+ 4, . ,npu h >0,
A(h): hmax
A, ,npu h < 0;
P=P4s— Py
2
4Dy (G ). o _ [
A(h)-v’ o Re_ | " T

cr

IZle ¢ — pacxon;

p — Tiepenaj 1aBJIeHHUS;

P4, P — MAHOMETPUUYECKHE JABJICHHS HA BXOJI€ U BBIXOJIE B IPOCCENH COOT-
BETCTBEHHO;

Cp — koa(ppunueHT pacxona;

A(h) — MrHOBEHHasI TJIOIIA/Ib POXOIHOTO CEYEHUS APOCCEs;

A pax — TIIOIAH TTOTHOCTHIO OTKPBITOTO OTBEPCTHS;

Nnax — MAKCUMATIBHOBO3MOKHOE CMEIICHHE KIIalaHa;

X¢ — Ha4aJIbHOE TOJIOKEHUE KIIalaHa;

X — KOHEYHOE TMOJIOKEHUE KIIanaHa;

h — OTKpBITHE KJIAllaHa;

or — TiepeMeHHas1, MPUHUMAIOIAs 3HayeHue «+1», Ipu OTKphIBAaHUM KJiama-
Ha U «-1», Ipu ero 3aKpbrIBaHUH;

p — TUIOTHOCTb KUJKOCTH;

V — KHHEMaTH4ecKasi BA3KOCTh >KUJIKOCTH;

Dy — MTHOBEHHBIN T'MIPABIMYECKUN JUAMETP OTBEPCTUN IPOCCEIIS;

Ajeqr — TUIOWIAb, Y€pPe3 KOTOPYIO MPOUCXOAUT MEPETeUKa XKUIAKOCTH, MPHU
MOJIHOM NIEPEKPBITUU OTBEPCTUH.

B Tpetbem cnyuae, korja Apoccelb MOACIUPYETCS B COOTBETCTBUU C Xa-
PaKTEpUCTUKON AaBl€HHE — PacXoj, pacxo] omnpeaeieH AByMEpHON (yHKIuen
q = q (p, h). B 5TOM cinyyae HU PEXUM MOTOKA, HU BHYTPEHHHE MEPETEYKU BO
BHUMAaHHE HE MPUHUMAIOTCS, TaK KaK OHHM YX€ yYTEHBI B JaHHBIX. XapaKTepu-
CTHKa JaBJIEHHE-pACX0]] ONpeJeieHa TPeMsi MaCCMBaMM JJAHHBIX: MACCUBOM OT-
KPBITHSI OTBEPCTHS, MACCUBOM MEPENa 0B JAaBJICHUS U MaTpULICH 3HaYEHUS pac-
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Xoz4a. KEDKI[OC 3HAYCHUC pPacCxoda COOTBCTCTBYCT

nepenana JaBJICHUS U OTKPBITUSL OTBEPCTHSI.
B mMopaenu npuHSTH clieAyonye T0MmyIeHUS:
— UHEPIUSA KUJIKOCTU HE YUUTHIBAETCS;
— Tepexo]l MKy JIJAMUHAPHBIM U TYPOYJECHTHBIM PEXKHUMaMU MPOUCXOIUT

MIHOBEHHO, Korja Re= Re,.,.

— 4 ariable Orific

X

The block simulates a wariable orifice of any type az a data sheet based model. To
parameterize the block, 3 options are available: [1] by maxrimum area and contral
member stroke, [2] by the table of orifice area vs. control member displacement, and
[3] by the pressure-flow rate characteristics. The lookup table block iz uged in the
second and third cases for interpolation and extrapalation. 3 methods of interpalation
and 2 methods of extrapolation are provided to choose from.

Connections & and B are hydraulic congerving ports associated with the orifice inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction is from port A to port B. Positive signal at port 5 opens or clozes the orifice,
depending on the value of the Drifice orientation parameter.

E! Block Parameters: Yariable Orifice

—Wariable Diific:

OTIPE/ICICHHOW KOMOUWHAIIUU

x|

The block simulates a variable orifice of any twpe as a data sheet bazed model. To
parameterize the block, 3 options are available: (1] by maximum area and cantral
member stroke, [2] by the table of orifice area vs. control member displacement, and
[3] by the pressure-flow rate characteristics. The lookup table block iz used in the
second and third cazes for interpolation and extrapolation. 3 methods of interpolation
and 2 methads of extrapolation are provided ta choosge fram.

Connections A and B are hydraulic conserving ports associated with the arifice inlet
and outlet, respectively. Connection 5 iz a phyzical signal port. The block positive
direction iz from port A ta port B. Pasitive signal at port S opens or clozes the orifice,

depending on the walue of the Orifice orientation parameter.

—Parameter = '

Model parameterization: B = L

| By area wa. opening table _I Model parametenzation: I By pressure-flow characteristic j
T abulated arifice openings: -

|[ -0.00200.005 0.015] I m _I Tabulated arifice openings: I[ 0002 000060015 I = ﬂ
Tabulated arifice 12— 174517 4212 Te-05 1.02-05 | [mz =] Tabuleted

; abulated pressure i - -

|nterpolation method: I v LI diferentials: I[ Be-+06 -2e+06 2e+06 Se+0E | I Pa J
Extrapolaion method: [ From ast 2 points | Tabulated flow rates: [r.00258 0.0m03z0.00106 0.00247 ;] [m°3s =]
Orifice arientation: [Opens in postive diection =] Interpolation method: I Linear =l
Flovs discharge coefficient: ID 7 Extrapalation method: I From last 2 points j
Initial opening: ID | m | Drifice orientation: | Opens in positive direction ﬂ

Critical Reynolds number: |1 2 Initial opening: ID

Leakage area: |1 12

o |

Apply |

E] Block Parameters: Yariable Orifice

—Wariable Orific

Cancel |

The black simulates a wariable orfice of any type as a data sheet bazed model Ta
parameterize the block. 3 options are available: (1] by maximum area and contral
member stroke, [2] by the table of orfice area vs. control member displacement, and
[3] by the pressureflow rate characteristics. The lookup table block is used in the
second and third cases for interpolation and extrapolation. 3 methods of interpolation
and 2 methods of extrapolation are provided to chooge from.

Connections & and B are hydraulic conserving ports associated with the orifice inlet
and autlet, rezpectively. Connection 5 iz a physical signal port. The black positive
direction is from part A to port B. Positive signal at port 5 opens or closes the orifice,
depending on the value of the Oiifice orientation parameter.

P, .

Madel parameterization: I By marimum area and opening

Orifice masimum area:

505 Jm2 =]
Orifice maximum opening: IU.UU5 I = ;I
Orifice orientatior: I Opens in positive direction j
Flow discharge coefficient: ID 7
Initial opening: ID I = ;I
Critical Reynalds number: |12
Leakage aea: I'IE-W 3 I ] ;I

ak I Cancel | Apply |

Puc. 43. Oxna mapamerpoB 6ioka Variable Orifice

Model parameterization — mnapametpuzaius Mojaelu. Mojenb JIpoccens
MOXET OBITh ONKUCAaHA OJTHUM U3 CIIEIYIONTUX METOJIOB:
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— 10 MaKCUMAJIBHOW TUIOMIAIA TPOXOJIHOTO CEYCHHS U MOJIOKEHHUIO 3a1op-
HO-PETYJIUPYIOIIETro 3eMeHTa (By maximum area and opening);

— TI0 3aBUCUMOCTH ITUIOIIAIU IPOXOJHOTO CEYCHHUS OT MOJIOKECHHS 3aTI0PHO-
perynupymoliero snementa (By area vs. Opening table);

— TI0 XapaKTepUCTHKE JaBlieHue-pacxoa (By pressure-flow characteristic).

Orifice maximum area — MaKCUMaJbHas TUIOIMIAIb MPOXOJHOTO CEUCHUS
MOJTHOCTBHIO OTKPBITOTO APOCCETISI.

Orifice maximum opening — MaKCUMaJIbHOE OTKPBITUE IpOcces. 3a1aercs
MaKCHMaJbHOE CMEIICHNE 3alIOPHO-PETYINPYIOIIETO SJIEMEHTA.

Tabulated orifice openings — Tabnuiia KOOPAWHAT OTKPBITHS OTBEPCTHUS.
3amaeTcsi BEKTOp BXOJHBIX 3HAYCHUH OTKPHITUN OTBEPCTHSI KaK MaccuB 1 xm.
BekTop BXOIHBIX 3HAYEHHWH JOJDKEH CTPOTO MOHOTOHHO YBEIMUMBATHCS. Jlist
GYHKIIMOHUPOBAHUS OJI0Ka TOJDKHO OBITH 33JJaHO HE MEHBIIIE TPEX 3HAUCHHUH.

Tabulated orifice area — Tabnuna 1iomaael MPOXOIHBIX CEUCHUMN. 3amaeT-
Csl BEKTOP BBIXOJHBIX 3HAUCHUH IUJIOMIAJM TPOXOJHBIX CEUEHUH Mpoccens Kak
MaccuB 1 Xm B TOH k€ pa3MEepHOCTH, YTO M BEKTOP KOOPJAMHAT OTKPBITHS OTBEP-
CTHHI.

Tabulated pressure differential — Tabnuna nepenanoB JaBleHUs. 3a1aeTCs
BEKTOp BXOJHBIX 3HAUCHWH TEpernajoB JaBleHUs Kak MaccuB 1 xn. Bekrop
BXOJHBIX 3HAYCHHUH JOJHKEH CTPOTO MOHOTOHHO yBeNW4HMBaThes. J[is yHKImO-
HUPOBaHUS OJIOKA TOJDKHO OBITH 33JJaHO HE MEHBIIIE TPEX 3HAUCHUH.

Tabulated flow rated — Tabnuia pacxoaoB. 3aJal0TCsI BBIXOAHBIC 3HAUCHUS
pacxolloB Kak Matpuia m *xn. Kaxxaoe 3HaueHne B MaTpHIIEe OMPeaeseT pacxol
IIPH OTPENIeTICHHON KOMOMHAIIMYA KOOPIAUHATHI OTKPHITHS OTBEPCTHUS U MIEpernaa
TaBIICHUSI.

Interpolation method — meton uHTepnonasuuu. BeiOupaercs onuH U3 clie-
AYIOUINX METOAOB MHTEPHOJSAIUN ISl alllIPOKCUMUPOBAHUS BBIXOAHBIX 3HAYE-
HUI B MHTEpBAJIaX MEXKIY ABYMs MOCIEA0BATEIHLHBIMU TOYKAMHU MacCHBA:

— nuHenHbll (Linear). J1Jis OTHOMEPHOTO MacCUBa UCIOJIb3YETCS TMHEHHAs
GYHKIHST MHTEPIIONIALNY, a U JBYMEPHOTO MacCHBa — alTOPUTM OMITMHEHHON
WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JMHEHHON WHTEPIOSAINU
Ul QYHKITUI IBYX IIEPEMCHHBIX;

— xyouueckuit (Cubic). JIJiss 0THOMEPHOTO MacCHBa MCIOJIb3yeTCsl KyOuue-
ckag @yukuus untepnonsiiuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIIUY;

— cmiaiin (Spline). Jlyis OIHOMEPHOrO MaccHuBa HMCIOJIB3YETCS aJIrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIIONSINN, a JUIsl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIaifH-HHTEPIIOISIIHH.

Extrapolation method — meton skcTpanoisuun. BeiOupaercst ouH U3 clie-
AYIOUINX METOJOB SKCTPATOJISAINY, KOTJa BRIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma3oHa, ONPE/IEICHHOTO B CIIHCKE MTapaMeTPOB:
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— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
MOJIb30BAHUEM JIMHEHHOro MeTojAa (He3aBUCHUMO OT BbIOOpA METOa MHTEPHOJIs-
un);

— no nocneaHe Touke (From last point). Ucnionb3yer nocnenHee yka3aH-
HO€ YHKCJIO BBIXOJJHOTO 3HAYEHUS B KOHLIE COOTBETCTBYIOLIETO JUANa30Ha.

Orifice orientation — opueHTanusi OTBEPCTUS. MokeT ObITh 3aJjaHa JABYMS
Pa3IMYHBIMU CIIOCOO0aMU, B 3aBUCUMOCTH OT TOTO yBeluuuBaetcs (Positive sig-
nal increases overlap) wiu ymenbiaercs (Negative signal increases overlap)
MepEKPHITHE.

Flow discharge coefficient — xordunuent pacxona. [lomysmmnupruueckuit
napameTp, SIBJISIOUIUICS MOTHON XapakTepUCTUKON apoccens. Ero 3Hauenue 3a-
BUCHUT OT IN€OMETPUYECKHX MapaMeTPOB OTBEPCTHUS M OOBIYHO YKa3bIBAE€TCS B
CIIPaBOYHOM JIUTEPATypEe WIN JAHHBIX U3TOTOBUTEIIS.

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxeT ObITh
MOJIOKUTETBLHBIM  (TTOJIOKUTEIIBHOE TIEPEKPBITHE), OTPULIATEIIbHBIM (OTpHILa-
TeJbHOE TIEPEKPHITUE) WIIK PaBHBIM HYJIIO (HYJIEBOE MIEPEKPBITHE).

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MajbHOe uucio PeiiHomnbaca, 715 JTaMUHApHOTO MOTOKA.

Leakage area — nnomaab BHYTPEHHUX MEPETEUEK >KUIKOCTU MPU MOTHOM
nepekpbrITin oTBepcTrsa. OCHOBHOE 3HAYEHHUE ITOTO MapaMeTpa COCTOUT B TOM,
YTOOBI y4€CTh HEPa3PBHIBHOCTh MOTOKA KUIKOCTH.
brox mMeeT aBa ruapaBIMYECKHX MOPTa A U B, CBA3aHHBIX C BXOJIHBIM U BBI-
XOJTHBIM OTBEPCTHUSIMH JIPOCCENSI COOTBETCTBEHHO, a TAK)KE MEXaHUYECKUH MOPT
S, KOTOpBIN yBEJIMUUBAECT WJIM YMEHbIIIAET MEPEKPHITUE, B 3aBUCUMOCTH OT 3Ha-
yeHus napametpa Orifice orientation.

8. HAITPABJIAIOLINE KJIAITAHBI
N T'NAPOPACIHIPEAEJIUTEJIN (DIRECTIONAL VALVES)

T'uopoknanan — 310 amnmapaT, B KOTOPOM BEJIMYMHA OTKPBHITUS paboYero mpo-
XOJHOTO ceyeHus: (TI0JI0KEHUE 3alOPHO-PETYIUPYIOLIETO 3JIEMEHTA) U3MEHSIET-
Csl OT BO3JCUCTBUS MOTOKA paboyell MKUAKOCTH, MPOXOASIIETO Yepe3 TuApoar-
napar.
Krnananel genarcs Ha HaNpaBJSIOUIME U PETYIUPYIOIINE.
K nanpasnawowum cuopoxnananam otHocarcs oOpaTHbIe THIPOKIANaHbl, TU/I-
pPO3aMKH, TUAPOKIIANIAHbI BBIAECPKKH BPEMEHH U JIp.
T'uopopacnpedenumenem Ha3bIBaeTCAd THUIpOANNAPAT, NMpEAHA3HAYCHHBIN
JUIsl U3MEHEHUs] HalpaBJeHUs MOTOKa pabdouel >KUIKOCTU B JABYX WiH Oonee
TUIPOJIMHUSX B 3aBUCUMOCTH OT BHEIIHETO YIPABJISIOIEr0 BO31€HCTBHUS.
['unpopacnpeaenureny ObIBAIOT HAMPABISIOIIMMU U JPOCCETUPYIOLUTUMHU.
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Hanpasnatowum 2uopopacnpedenumesiem Ha3bIBACTCS HAIMPABISIOMINN
THIIpoannapar, npeIHa3HauYeHHBIN s MyCKa, OCTAHOBKHU WM M3MEHEHHS Ha-
MpaBJIeHUS MOTOKA pabodel KUIKOCTH B IBYX WM 0OJiee THAPOIUHHIX B 3aBH-
CHUMOCTH OT HAJIMYHSI BHEIIHETO YIPABJISIONIETO BO3ICHCTBHS.

Paznen cogep Ut mecTh 0JI0KOB:

1. 2-Way Directional Valves.

2. 3-Way Directional Valves.

3. 4-Way Directional Valves.

4. Check Valve.

5. Pilot-Operated Check Valve.

6. Shuttle Valve.

8.1. /IByxiInHeHHbIN THApPOpacnpeae/IuTe b

(2-Way Directional Valve)

[

[0

brnok 2-Way Directional Valve tipenctaBiser coOOi IBYXJIWHEWHBIA Ha-
MPABIISIONIUHN THAPOPACTIPEACTUTEN.

MrHoBeHHOE TIOJIOKEHHUE 3allOPHO-PETYIUPYIOIIETO AJIEMEHTa HAXOJHUTCS
COTJIACHO CIIEAYIONIEMY YpaBHEHUIO:

h = xy + x,

r7ie 1 — MTHOBEHHOE TOJIOKEHHUE 3aMTOPHO-PETYIUPYIOIIETO dJIEMEHTA;

Xo — Ha4aJIbHOE TIOJIOKECHHE 3aII0PHO-PETYIHUPYIOIETO dJIEMEHTA;

X — TEKyIIlee MOJIOKEHNE 3aMTOPHO-PETYIUPYIOMIETO AIEMEHTa OTHOCUTEh-
HO HAaYaJbHOM ITO3HIIHH.

brok 6asupyercs Ha 6510ke Variable Orifice.

B 3aBHCHMOCTH OT MCXOJHBIX JaHHBIX, YKa3aHHBIX B CIIPABOYHON JTUTEpa-
Type, MO’KHO BBIOpATh OJIMH U3 TPEX BAPUAHTOB MapaMeTPHU3AIUH:

— 10 MaKCUMAaJIBHOW TUIOMIAIA TPOXOJIHOTO CEYCHHS U MOJIOKEHHUIO 3aIop-
HO-PETYJIUPYIOIIETO dJIEMEHTA;

— 10 3aBUCUMOCTH TUIOIIAIX IPOXOJTHOTO CEUYCHHUS OT MOJIOKECHHS 3aTI0PHO-
perynupyoniero nementa 4 = A(h);

— TI0 XapaKTEPUCTUKE JIaBIICHUE-pacxoa g = ¢ (p, h).

B Moaenu npuHATHI CIICIYIOIIHE TOMYIICHUS:

— UHEPIMS )KUJIKOCTH HE YUUTHIBACTCS;
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— HE NMPUHUMAIOTCS BO BHUMaHUE COMPOTHBIICHHS, JCHCTBYIOIINE Ha 3a-
MOPHO-PETYIUPYIOMIHNA 3JIEMEHT THAPOPACIPECIUTENsI, TaKue KaK CHja Tpe-
HUS, UHEPIUS U T.JI.;

Model parameterization — napamerpu3anusi Moaenan. Mojenb Tuapopac-
MIPEICIIUTENS MOXKET OBITh OITMCaHa OJTHAM U3 CJICTYIOIINX METOJIOB:

— 0 MaKCHMaJIbHOM TUTOIIJH MPOXOIHOTO CCUCHHS U IMOJOKEHHUIO 3aIop-
HO-PETYJIUPYIOIIETro deMeHTa (By maximum area and opening);

— T10 3aBHCHMOCTH ILJIOIIAIN MTPOXOIHOTO CEUCHUS OT MOJI0KEHHUS 3aIIOPHO-
perynupymoliero nementa (By area vs. Opening table);

— TI0 XapaKTepUCTHKE JaBlieHue-pacxoa (By pressure-flow characteristic).

Valve passage maximum area — MakcUMajbHasl TUIOMIAIb TPOXOIHOTO Ce-
YCHUS TIOJTHOCTHIO OTKPBITOI'O OTBEPCTHS THAPOPACIIPEICITUTEIS.

Valve maximum opening — MakCUMaJbHOE OTKPBITHE THIPOpACIpEaCInTE-
751, 3a7aeTcss MaKCUMAalTbHOE CMEIICHHE 3alIOPHO-PETYTHPYIOIIETO JIEMEHTA.

E! Block Parameters: 2-Way Directional ¥alve |

— 24 ay Directional ¥ alve

The block simulates a 2-way directional valve az a data sheet-bazed model. Ta
parameterize the block, 3 options are available: [1) by maximum area athd control
member stroke, [2] by the table of valve area vz control member dizplacement, and
[3) by the pressure-flow rate charactenistics. The lookup table black iz used in the
second and third cases for interpolation and extrapolation. 3 methods of interpalation
and 2 methods of extrapolation are provided to choose from,

Connections & and B are hydraulic conserving parts associated with the valve inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction is from part & to port B. Positive signal at port 5 opens the valve.

—Farameters
Model parameterization: I By maimum area and opening ﬂ
::;: pazzage marimum |58_05 I e ﬂ
Walve maximum opening: ID.DDE I - ﬂ
Flow dizcharge coefficient: ID'?
Initial opening: ID I = j
Critical Reynolds number: I-I 2
Leakage area: |1 12 I "2 ﬂ

’TI Cancel | , ............ H e|p ............ | Appl}l |
1Block Parameters: 2-Way Directional ¥alve x|

—2Way Directional ¥al

The block simulates a 2-way directional valve az a data sheet-bazed model. To
parameterize the block, 3 options are available: [1] by maximum area and control
member strake, (2] by the table of valve area vs. control member displacement, and
[3] by the pressure-flow rate characteristics. The lookup table block iz used in the
second and third cases for interpalation and extrapalation. 3 methods of interpolation
and 2 methods of extrapolation are provided to choose from.

Connections & and B are hydraulic conserving ports associated with the valve inlet
and outlet, respactively. Connection 5 iz a physical signal part, The block, positive
direction is from port A to port B. Pozitive signal at port S opens the walve,

—Parameters

Model parameterization: I By pressure-flow characteristic j

Tabulated walve openings: I[ 00020 0005 0.015] I " j

Tabulated pressure

dffereriials [ Be+6 -2e+06 22406 Sl ] [Fa =]

Tabulated flowrates: | pooeg 0001032 0.00106 0.00247 ] [m'3ss =]

Interpolation method: I I ﬂ

Extrapolation method: I From last 2 points j
7(: Initial opening: ID I = j

’TI Cacel , ............ H e|p ............ | App|_|r| |




E! Block Parameters: 2-Way Directional ¥alve x|

— 2-4wiay Directional Walve

The block simulates a 2-way directional valve az a data sheet-based model. Ta
parameterize the block, 3 optionhs are available: [1] by masimum area and contral
member stroke, (2] by the table of valve area vs. control member dizplacement, and
[3) by the pressure-flaw rate charactenistics. The lookup table block is used in the
zecond and third cazes for interpolation and extrapolation. 3 methods of interpolation
and 2 methods of extrapolation are provided to chooze from.

Connections & and B are hydraulic conserving ports associated with the valve inlet
and outlet, respectively. Connection S iz a physical signal port. The block pozitive
direction is from part A to port B. Positive signal at port 5 opens the valve.

— Parameter

odel parametenization: I By area v, opering table j
Tabulated valve openings: I[ 000200005 0.075] I " j
Tabulated valve passage [ 15 4212105 1.026-05] [m2 =]
area:

Interpalation method: I lives j
Extrapolation method: I From last 2 points j

Flow discharge coefficient: ID.;f

Initial opening: ID I m ﬂ
Critical Repnolds number: |1 2
Leakage area: [1e12 jm™2 x|

’TI Cancel | ............ H e|p ............ | . |

Puc. 44. Oxno nmapamerpos 6sioka 2-Way Directional Valve

Tabulated valve openings — Tabnuiia KOOPJAUHAT OTKPBITHS OTBEPCTHs. 3a-
JACTCSl BEKTOP BXOJIHBIX 3HAYCHUIH OTKPBITUH OTBEpCTHS Kak MaccuB 1 Xm. Bek-
TOp BXOJHBIX 3HAYCHUH JTOJDKEH CTPOrO MOHOTOHHO yBenu4yuBaThes. [ QyHk-
[IMOHMPOBaHUs OJIOKA JOJDKHO OBITh 3a/1aHO HE MEHBIIIE TPEX 3HAYCHHIA.

Tabulated valve presage area — Tabnuua miomaaeii MPOXOIHBIX CCUCHUH.
3amaercss BEKTOp BBIXOAHBIX 3HAYCHHMM IUIOIIAINA MPOXOTHBIX CEYCHHH THIPO-
pacmpeaenuTeNs Kak MacCuB 1 Xm B TOW ke pa3MEpPHOCTH, YTO U BEKTOP KOOP-
JTUHAT OTKPBITHSI OTBEPCTHSI.

Tabulated pressure differential — Tabnuna nepenanoB JaBleHUs. 3a1aeTCs
BEKTOp BXOJHBIX 3HAUCHWI TepernajoB JaBleHUs Kak MaccuB 1 xn. Bekrop
BXOJTHBIX 3HAYCHUH JTOJDKEH CTPOTO0 MOHOTOHHO yBeauumBaThcs. st GpyHKIMO-
HUPOBaHUS OJIOKA TOJDKHO OBITH 33JJaHO HE MEHBIIIE TPEX 3HAYCHHUH.

Tabulated flow rated — Tabnuia pacxoaoB. 3aJal0TCsI BBIXOJIHBIC 3HAUCHUS
pacxolloB Kak Matpuia m *xn. Kaxxnoe 3HaueHne B MaTpHIIEe OMPEneseT Pacxol
IIPY OTIPECIICHHOW KOMOMHAIIMKM KOOPUHATHI OTKPBITHUS OTBEPCTHS U Tepenaaa
TaBIICHUSI.

Interpolation method — meton uHTepnoiasuuu. BeiOupaercs onuH U3 clie-
JYIOIIUX METOJOB MHTEPHOJSAINN IS allPOKCHMHUPOBAHUS BBIXOJHBIX 3Haue-
HUI B MHTEPBAIAX MEXITY ABYMsI MIOCICAOBATEIbHBIMU TOYKAMH MAaCCHBA!

— nuHenHbll (Linear). J1Jis OMHOMEPHOTO MacCUBa UCIOJIb3YETCS TMHEHHas
(GYHKIUS UHTEPIIONAIUH, a JUIsl IBYMEPHOTO MacCHBa — aJlTOPUTM OMITMHEHHOM
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WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JMHEHHON WHTEPIOSAINU
s GyHKIUH IBYX IEPEMEHHBIX;

— kyouueckuii (Cubic). JlJis 0AHOMEPHOTO MacCUBa MCHOJIb3yeTCsl KyOuye-
ckag @ynkuus untepnonsiuuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIITUY;

— cmaiin (Spline). Jlis OIHOMEPHOrO MaccHuBa HMCIOJIb3YETCS aJITrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIONSINN, a ISl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIalifH-HHTEPIIOSIIHH.

Extrapolation method — meton skcTpanosuun. BeiOupaercst ouH U3 clie-
AYIOUINX METOJOB SKCTPATOJSIINN, KOTJa BRIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma3oHa, ONPE/IEICHHOTO B CIIHCKE MTapaMeTPOB:

— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
MOJIb30BaHUEM JIMHEHHOTO MeTo/1a (HE3aBHCUMO OT BHIOOpA METOJIa MHTEPIIOJS-
uH);

— no nocneaHet Touke (From last point). Vcnonb3yer nocienHee yka3aH-
HOE YHCIIO BBIXOJAHOTO 3HAYCHHSI B KOHIIE COOTBETCTBYIOIIETO THANa30Ha.

Flow discharge coefficient — xordunuent pacxona. [lomysmnupruueckuit
napaMmeTp, SBISIONIUICS XapaKTepUCTHKOW THapopactnpenenutens. Ero 3nave-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM JTUTEpAType WU TaHHBIX H3TOTOBHUTEIS.

Initial opening — HavallbHOE TOJIOXKEHHE 3aMOPHO-PErYIUPYIOLIETO 3Jie-
MeHTa. [lapameTrp MOXKET OBITh MOJIOKHUTEIHHBIM (TIOJOKHUTEIHLHOE TEePEKPHI-
THE), OTPUIATETHHBIM (OTPHUIIATEIHPHOE MEPEKPHITUE) WIH PABHBIM HYIIO (HyIe-
BOE NIEPEKPHITHUE).

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKcH-
MasbHOE uncio PeliHonmbaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — miomanas BHyTPEHHUX MEPETEUYEK KHUIKOCTH TPU MOJHOM
nepekpbiTu oTBepcTHsi. OCHOBHOE 3HAYCHHE ATOTO MapaMeTrpa COCTOUT B TOM,
9TOOBI Y4eCTh HEPA3PBIBHOCTH TIOTOKA JKUIKOCTH.

bnok umeeT aBa THApaBINYECKUX MOpTa A U B, CBA3aHHBIX C BXOJHBIM H
BBIXOJITHBIM OTBEPCTHUSMH THUAPOPACIIPEICTUTENSI COOTBETCTBEHHO, a TaKkxke (u-
3UYECKUH TIOPT S, KOTOPBIA yIpaBIIseT 3alIOPHO-PETYIUPYIOIIAM DJIEMEHTOM.

8.2. TpexnuHeHBIH rUAPOPACIIPeIeTUTEIb

(3-Way Directional Valve)
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brnox 3-Way Directional Valve npencraBisieT coO0OH TpeXJIWHEWHBIN Ha-
MPABISIONIUN THIPOPACTIPEACIIUTENb, OTBEPCTUSI KOTOPOTO MMEIOT OJMHAKOBOE
CCUCHHE.

brok 6asupyetcs Ha aByXx Onokax Variable Orifice, COeIUHEHHBIX MEXKIY
co0o0Iii, KaK IMOKa3aHo Ha puc. 45.

Onun 650k Variable Orifice, nazBaunbii Variable Orifice PA, ycTaHOBIICH
B ruapoiuauio P—-A. Bropoit 6nok Variable Orifice — Variable Orifice AT, yc-
TAaHOBJICH B THIpOJUHHUIO A—7. YmpaBieHue OJOKOB OCYIIECTBISCTCS IMMapa-
JeNbHO uepe3 GU3MYECKU TOPT ympaBieHUs S TakKuM 00pazoM, 4TO mapameTp
Orifice orientation Tipy To1aue MOJIOKUTEIBHOTO CUTHAA HA TIOPT S OTKPHIBAET
otBepcTue Onoka Variable Orifice PA u 3akpbiBaeT oTBepctue 0yioka Variable
Orifice AT.

[Tpu MoAenMpoOBaHUU TPEXJIUHEHHOTO THAPOPACTIPEICIUTENS C Pa3TUIHbI-
MU CEYCHHUSMU OTBEPCTH MOTYT OBITh HCIOJB30BaHBI JIOOBIE OJIOKH ¢ Tiepe-
MEHHBIM CEYCHHEM OTBEPCTHH, COeTMHEHHBIX COTJIACHO pHC. 42.

Takum 00pazomM, MIHOBEHHBIE TIOJIOKEHHS 3allOPHO-PETYIHUPYIONUX dJie-
MEHTOB MOTYT OBITh BBIUYMCIICHBI CIEAYIOUIIM 00pa3oM:

heg =hpgo+ x5 hyr = hyro— X,

rne hpy — MTHOBEHHOE TOJIOKEHHE 3alOPHO-PETYIUPYIOMIETO 3JIEMEHTa st
onoka Variable Orifice PA,;

h4r — MTHOBEHHOE TIOJIOKEHHE 3allOpPHO-PETYIHUPYIOMIETO AJIEMEHTa MJIs
onoka Variable Orifice AT,

hpso — HadaJdbHOE TIOJOXKCHHUE 3aOPHO-PETYIHUPYIOUIETO 3JIEMEHTa IS
onoka Variable Orifice PA,;

h4ro — HaydaJdbHOE TIOJOXKECHHE 3alOPHO-PETYIHPYIOUIETO d3JEMEHTa IS
onoka Variable Orifice AT,

X — TEKyIIlee MOJIOKEHNE 3aMTOPHO-PETYIUPYIONIETO IEMEHTa OTHOCUTEh-
HO HAa4YaJIbHOW MO3UITUH.

D

g

(e ﬁi‘%e" 1

P Wariable Orifice P_A

5 |a—
{2 . d Al

T

Wariable Orifice AT

Puc. 45. Monens TpeXIMHEHHOTO THIPOPACTIPEACITUTEIS,
MOCTPOEHHOTO0 U3 01okoB SimHydraulics
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B 3aBHCHMOCTH OT MCXOJHBIX JaHHBIX, YKa3aHHBIX B CIIPABOYHON JTUTEpa-
Type, MO’KHO BBIOpATh OJIMH U3 TPEX BAPUAHTOB MapaMeTpHU3aIUH:

— 10 MaKCHMaJIbHOM TUTOIIH MPOXOIHOTO CCUCHUS U MOJIOKEHHUIO 3arop-
HO-PETYJIUPYIOIIETO dJIEMEHTA;

— 110 3aBHCHMOCTH ILJIOIIAIN MTPOXOIHOTO CEUCHUS OT TMOJI0KEHHUS 3aII0OPHO-
perynupyotiero nementa 4 = A(h);

— TI0 XapaKTEPUCTUKE JIaBIICHUE-pacxoa g = ¢ (p, h).

B Mojenu npuHATHI CIICTYIOIIHE TOMYIICHUS:

— MHEPIMS )KUJIKOCTH HE YUUTHIBACTCS;

— HE NMPUHUMAIOTCS BO BHUMAaHUE COMPOTHBIICHHS, JCHCTBYIOIINE Ha 3a-
MOPHO-PETYIUPYIOMINNA 3JIEMEHT THAPOPACTIPECIUTENsI, TaKue KaK CcHuja Tpe-
HUS, UHEPITUS U T.]I.

Model parameterization — napamerpu3anusi Moaenan. Mojenb Tuapopac-
MIPEICIUTENS MOKET OBITh OITMCaHa OJTHAM U3 CIICTYIOIINX METOJIOB:

— 0 MaKCHMaJIbHOM TUTOIIJH MPOXOHOTO CCUCHUS U IMOJOKEHHUIO 3aIop-
HO-PETYJIUPYIOIIETro deMeHTa (By maximum area and opening);

— T10 3aBHCHMOCTH ILJIOIIAIN MTPOXOIHOTO CEUCHUS OT MOJI0KEHHUS 3aIIOPHO-
perynupymoliero nementa (By area vs. Opening table);

— TI0 XapaKTepUCTHKE JaBlieHue-pacxoa (By pressure-flow characteristic).

Valve passage maximum area — MakcUMajbHasl TUIOMIAIb TPOXOIHOTO Ce-
YCHUS TIOJTHOCTHIO OTKPBITOI'O OTBEPCTHS THAPOPACIIPEICITUTEIS.

Valve maximum opening — MakCUMaJbHOE OTKPBITHE THIPOpACIpEaCInTE-
751, 3a7aeTcss MAKCUMAalIbHOE CMEIICHHE 3alI0PHO-PETYTHPYIOIIETO JIEMEHTA.

C1Block Parameters: 3-Way Directional Yalve x|
— 3 ay Directional ' al

The block simulates a 3-way directional continuous valve as a data sheet-bazed
model. To parameterize the block, 3 options are available: [1] by maximurn area and
control member stroke, (2] by the table of valve area vs. control member
displacement, and [3] by the pressure-flow rate characteristics. The lookup table
block iz uged in the second and third cazes for interpolation and extrapolation. 3
methods of interpolation and 2 methods of extrapolation are provided to chooge from,

Connections P, T, and & are hydraulic conserving ports associated with the valve
inlet, autlet, and actuatar terminal respectively. Connection 5 is a physical signal port
through which control signal is applied. Positive signal at port S opens orifice P-4 and
closes orifice A-T.

=

Model parameterization: I By maimum area and opening LI
Walve paszage maximum s

. |5e-05 Jm2 =]
Walve maximum opening: ID.DDS I " LI

Flow dizcharge coefficient: ID.?

Orifice P-4 initial opening: ID I " LI

Orifice A-T initial opening: ID I " LI

Critical Feynolds number: I-I )

Leakage area: I‘Ie-‘l 2 I e LI
oK I Cancel |
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Block Parameters: 3-Way Directional ¥alve

— 3 ay Directional Val

The block zsimulates a 3-way directional continuous valve as a data sheet-bazed
maodel. To parameterize the block, 3 options are available: (1] by maximum area and
control member stroke, [2] by the table of walve area ws. contral member
displacement, and [3] by the pressure-flow rate characternistics. The lookup table
block iz uzed in the second and third cases for interpolation and extrapolation. 3
methods of interpolation and 2 methods of extrapolation are provided to chooze from.

[1Block Parameters: 3-Way Directional Yalve

— 3 ay Directional Valve

The block simulates a 3-way directional continuous valve as a data sheet-based
model. Ta parameterize the block, 3 options are available: (1] by maximum area and
control member stroke, [2] by the table of valve area we. control member
displacement, and [3) by the pressure-flow rate charactenistics. The lookup table
block is used in the second and third cazes for interpolation and extrapolation. 3

methods of interpolation and 2 methods of extrapolation are provided to chooge from,
Connections P, T, and & are hydraulic conserving ports associated with the valve
inlet, outlet, and actuator terminal respectively. Connection 5 is a physical signal port
through which control signal iz applied. Positive signal at port 5 openg onifice P-4 and
closes oifice A-T.

Connections P, T, and & are hydraulic conzerving ports aszociated with the walve
inlet, outlet, and actuator terminal respectively. Connection S iz a physical signal port
through which control signal is applied. Positive signal at port 5 opens orfice P-4 and
clozes orifice 4-T.

Model parameterization:

| By area vs. opening table j —Parameter.
Tabulated valve apenings: I -0.002 0 0.005 0.015] fm =] Model parameterizatior: | Ev pressure-flow characteristic |
Tabulated val - ings:
a;;a ed valve passage [ 1512 4512 1505 102505 ] [m2 = Tabulated valve openings: I[ 0.00200.0050015] I - j
Interpolation method: P -
I Linear | Tabulated PTESSUTE I[ B+ 05 -2e+05 2e+06 Ge+0E | I Pa j
Extrapolation method: I From last 2 paints LI difisrarigs
o o s | Tabulated fowrates: [ 063 0001032 0.00108 0.00247 ;] [m'3/5 7]
o [ .
Interpolation method: I T j
Orifice P-4, initial opening: 0 -
s T i . I I m J Extrapalation methad: I From last 2 points j
rifice A-T initial opening: ID I m LI
Critical Reynolds number: |1 ) Drfice P4 inial apening ID I i j
Leakags area: |1 — | o Orifice &-T initial opening: ID I m j
,TI Cancel | ............. H elp ............. | el | ’TI Cancel | App[l,l |

Puc. 46. Oxno mapamerpos 6sioka 3-Way Directional Valve

Tabulated valve openings — Tabiuiia KOOPJAUHAT OTKPBHITHS OTBEPCTH. 3a-
JACTCSl BEKTOP BXOJIHBIX 3HAYCHUH OTKPBITUH OTBEpCTHS Kak MaccuB 1 Xm. Bek-
TOp BXOJHBIX 3HAYCHUH JTOJDKEH CTPOrO MOHOTOHHO yBenu4yuBaThes. [ pyHk-
[IMOHUPOBAHUs OJIOKA JOJDKHO OBITh 33/1aHO HE MEHBIIIE TPEX 3HAYCHHIA.

Tabulated valve presage area — Tabnuua miomaaeii TPOXOIHBIX CCUCHUH.
3amaercss BEKTOP BBIXOJHBIX 3HAYCHHMM IUIOIIAINA MPOXOTHBIX CEYCHHH THIPO-
pacmpeaenuTeNs Kak MacCuB 1 Xm B TOW ke pa3MEepHOCTH, UYTO U BEKTOP KOOP-
JUHAT OTKPBITHSI OTBEPCTHSI.

Tabulated pressure differential — Tabnuna nepenanoB JaBleHUs. 3a1aeTCs
BEKTOp BXOJHBIX 3HAUCHWH TEpernajoB JaBleHUs Kak MaccuB 1 xn. Bekrop
BXOJTHBIX 3HAYCHUH JTOJDKEH CTPOTO0 MOHOTOHHO yBeauumBaThcs. st pyHKIMO-
HUPOBaHUS OJIOKA TOJDKHO OBITH 33JJaHO HE MEHBIIIE TPEX 3HAUCHUH.

Tabulated flow rated — Tabnuia pacxoaoB. 3aJal0TCsI BBIXOIHBIC 3HAUCHUS
pacxolloB Kak mMatpuia m *xn. Kaxxnoe 3HaueHne B MaTpHIIEe OMPEaeseT Pacxol
IIPY OTIPEICIICHHOW KOMOMHAIIMKM KOOPUHATHI OTKPBITHS OTBEPCTHS U Tepenaaa
TaBIICHUSI.

Interpolation method — meton uHTepnoisuuu. BeiOupaercs oauH U3 clie-
JYIOIIUX METOJOB MHTEPHOJSAINN IS allPOKCHMHUPOBAHUS BBIXOJHBIX 3Haue-
HUI B MHTEPBAIAX MEXIY ABYMsI MIOCICAOBATEILHBIMU TOYKAMH MAaCCHBA!

— nuHenHbll (Linear). J1Jis OTHOMEPHOTO MacCUBa UCIOJIb3YETCS TMHEHHas
(GYHKIUS UHTEPIIONAIUH, a JUIsl IBYMEPHOTO MacCHBa — aJlTOPUTM OMITMHEHHOM
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WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JMHEHHON WHTEPIOSAINU
s GyHKIUH IBYX IEPEMEHHBIX;

— kyouueckuii (Cubic). JlJis 0AHOMEPHOTO MacCUBa MCHOJIb3yeTCsl KyOuye-
ckag @yukuus untepnonsiiuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIITUY;

— cmaiin (Spline). Jlis OIHOMEPHOrO MaccHuBa HMCIOJIb3YETCS aJITrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIIONSINN, a JUIsl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIalifH-HHTEPIIOSIIHH.

Extrapolation method — meton skcTpanosuun. BeiOupaercst ouH U3 clie-
AYIOUINX METOJOB SKCTPATOJSIINN, KOTJa BRIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma3oHa, ONPE/IEICHHOTO B CIIHCKE MTapaMeTPOB:

— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
MOJIb30BaHUEM JIMHEHHOTO MeTo/1a (HE3aBHCUMO OT BBIOOpA METOJIa MHTEPIIOJIS-
uH);

— 1o mociieaHeit Touke (From last point). iconb3yeT mocieaHee yKa3aH-
HOE YHCIIO BBIXOJAHOTO 3HAYCHHSI B KOHIIE COOTBETCTBYIOIIETO THANa30Ha.

Flow discharge coefficient — xordunuent pacxoxna. [lomysmmnupruueckuit
napaMeTp, SBISIONIUICS XapaKTepUCTHKOW THapopactupenenutens. Ero 3nave-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM JTUTEpAType WU TaHHBIX H3TOTOBHUTEIS.

Orifice P-A initial opening — HayaJlbHOE TIOJOXKEHHUE 3aIMOPHO-
PETYIUPYIOIIETO JJIEMEHTa, YCTAaHOBICHHOTO B ruapoiuHuu P-A. Ilapametp
MOJKET OBITh TIOJOKHUTEIHHBIM (IIOJIOKUTEIIBHOE MEPEKPHITUE), OTPUIIATECIHHBIM
(oTpHUIIaTEIbHOE TEPEKPHITUE) WM PABHBIM HYJIIO (HYJIEBOE TIEPEKPHITHE).

Orifice A-T initial opening — HavallbHOE TIOJIOKEHHUE 3aIMOPHO-
PETYIUPYIOIIETO 3JIEMEHTa, yCcTaHOBIeHHOro B Tuaponuauu A—71. Ilapametp
MOJKET OBITh TOJOKHUTEIHHBIM (ITOJIOKUTEIIBHOE MEPEKPHITHE), OTPUIIATECIHHBIM
(oTpHUIIaTEIbHOE TIEPEKPHITUE) WM PABHBIM HYJIIO (HYJIEBOE TIEPEKPHITHE).

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, Win Makcu-
MaJbHOE Yncio PefiHombaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — miomanas BHYTPSHHUX TEPETEUYEK KUIKOCTH TPU MOJHOM
nepekpbiTu oTBepcTHsi. OCHOBHOE 3HAYEHHE ATOrO MapaMeTpa COCTOUT B TOM,
9TOOBI Y4eCTh HEPA3PBIBHOCTh TTOTOKA JKUIKOCTH.

brnok mmeer cremyromire TUAPABINYECKUE TOPTHI: JABa BXOAHBIX P (Tps-
Moil) u T (0OpaTHbIi); OJIUH BBIXOJHOU A, a Takke (PU3NYECKUl MOpT S, KOTO-
PBIi YIIPABIISET 3aIOPHO-PETYIUPYIOITUM dJIEMEHTOM.
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8.3. Yerbipex/iMHeiHbII rHApOpacnpeaeauTe/ b

(4-Way Directional Valve)
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brnok 4-Way Directional Valve npenctaBisieT co00M 4YeThIPEXJIUHEHHBIN
HANPAaBISIONUINI THIPOPACTIPECIIUTENb, OTBEPCTUS B MOJOCTIAX KOTOPOT'O MMeE-
10T OJIMHAKOBOE CEYEHUE.

bnok 6a3upyercs Ha detbipex Onokax Variable Orifice, COeIUHEHHBIX Me-
&1y coOOH, KaK 1Mmoka3aHo Ha puc. 47.

Kaxnpiil u3 yetbipex 610koB Variable Orifice, yCTaHOBIEHHBIN B THAPOIIN-
uuu P-A, P-B, A-T n B-T, umeer cooTBeTcTByomuil unnaekc Variable Ori-
fice PA, Variable Orifice PB, Variable Orifice AT w Variable Orifice BT.
VYnpasnenue OJI0KOB OCYIIECTBISETCS NapajljIeibHO depe3 (U3UUYECKUH MOpT
ynpasieHus: S TakuMm obpaszoM, uto napamerp Orifice orientation npu mojaye
MOJIOKUTEIILHOTO CUTHAJIA Ha MOPT S OTKphIBaeT oTBepcTUst OyokoB Variable
Orifice_PA, Variable Orifice BT n 3akpbiBaeT otBepcTusi 06J10K0B Variable Ori-
fice PB, Variable Orifice AT.

[Ipy MoOnenMpOBaHUU YETHIPEXJIMHEHMHOIO THIPOPACIIPEACIUTENS C pa3-
JUYHBIMH CEYCHHUSMH OTBEPCTHI MOTYT OBITH MCIOJB30BaHBI JIFOObIE OJOKH C
MEPEeMEHHBIM CEUYCHHEM OTBEPCTHH, COEAMHEHHBIX COTJIACHO puC. 47,

{(w A
s I—B g
—+ S_% =
EHo al A
(e o4
“Wariable Orifice &_T
F Wariable Orifice P_A
T
Lo
L | 5% =1
EHo af A
A
“fariable Qrifice B_T
“Wariable Orifice P_B

B

Puc. 47. Monens 4eThIpeXIIMHEWHOTO THAPOPACTIPEICTUTEIS,
MOCTPOEHHOTO0 U3 01okoB SimHydraulics
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Takum 00pazomM, MIHOBEHHBIE TIOJIOKEHHS 3alOPHO-PETYIHPYIONUX dJie-
MEHTOB MOTYT OBITh BBIUYMCIICHBI CIEAYIOUIIM 00pa3oM:
Bpy = hpgo+ X5 hgr = hgro + X;
Bpg = Tpgo — X; hyr = hyro — X,
rne hpy — MTHOBEHHOE TOJIOKEHHE 3alOPHO-PETYIUPYIOMIETO 3JIEMEHTa s
onoka Variable Orifice PA,;

hpp — MTHOBEHHOE TIOJIOKEHHE 3aMOPHO-PETYTUPYIOIIETO SJIEMEHTa IS
onoka Variable Orifice PB;

h4r — MTHOBEHHOE TIOJIOKEHHE 3allOpPHO-PETYIHUPYIOMIETO AJIEMEHTa MJIs
onoka Variable Orifice AT,

hgr — MTHOBEHHOE TMIOJIOKEHHE 3allOpPHO-PETYIHUPYIOMIETO AJIEMEHTa IS
onoka Variable Orifice BT,

hpso — HadaJdbHOE TIOJOXKCHHUE 3aMOPHO-PETYIUPYIOUIETO 3JEMEHTa IS
onoka Variable Orifice PA,;

hppy — HaydaldbHOE TOJOKCHHUE 3aMOPHO-PETYIUPYIOUIETO d3JEMEHTa IS
onoka Variable Orifice PB;

h4ro — HaydaJdbHOE TIOJOXKCHHE 3alMOPHO-PETYIHPYIOUIETO d3JEMEHTa IS
onoka Variable Orifice AT,

hgro — HadaldbHOE TIONOXKCHHUE 3aMOPHO-PETYIUPYIOUIETO dSJEMEHTa IS
onoka Variable Orifice BT,

X — TEKyIIee MOJIOKEHNE 3aMTOPHO-PETYIUPYIONIETO AIEMEHTa OTHOCUTEh-
HO HAaYaJIbHOW MO3UITUH.

B 3aBUCHMMOCTH OT MCXOJHBIX JIaHHBIX, YKa3aHHBIX B CIIPABOYHOU JHTEpa-
Type, MOXKHO BBIOpaTh OJIMH U3 TPEX BapUAHTOB MapaMeTpU3allnu:

— 10 MaKCUMAaJIBHOW TUIOMIAIA TPOXOJIHOTO CEYCHHS U MOJIOKESHHUIO 3a1op-
HO-PETYJIUPYIOIIETO dJIEMEHTA;

— 10 3aBUCUMOCTH TUIOIIAIU IPOXOJHOTO CEYCHHUS OT MOJIOKCHHS 3aTIOPHO-
perynupyotiero nementa 4 = A(h);

— TI0 XapaKTEPUCTUKE JIaBIICHUE-pacxoa g = ¢ (p, h).

B Mozenu mpuHSATHI CeIyroImne AOMyIECHUS:

— MHEPIUS )KUJIKOCTH HE YUUTHIBACTCS;

— HE TPUHUMAIOTCS BO BHUMAaHHE COMPOTHBICHUS, JCUCTBYIOIINE Ha 3a-
MOPHO-PETYIUPYIOMINNA 3JIEMEHT THAPOPACIPECIUTENsI, TaKue Kak CHia Tpe-
HUS, HHEPIUS U T.1.

Model parameterization — napamerpu3anusi Moaenan. Mojenb Tuapopac-
NPEETUTENS. MOXKET ObITh OTIFCaHa OJTHUM U3 CJICAYIOIINX METO/IOB:

— 10 MaKCUMAJIBHOM TUIOMIAIA TPOXOJIHOTO CEYCHHS U MOJIOKEHHUIO 3a1op-
HO-PETYJIUPYIONIETro deMeHTa (By maximum area and opening);

— TI0 3aBUCUMOCTH ITUIOIIAIU IPOXOJTHOTO CEYCHHUS OT MOJIOKECHHS 3aTIOPHO-
perynupymliero snementa (By area vs. Opening table);
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— TI0 XapaKTepUCTHKE JlaBlieHue-pacxoa (By pressure-flow characteristic).

Valve passage maximum area — MakcUMajbHasl TUIOMIAIb TPOXOIHOTO Ce-
YCHUS TIOJTHOCTHIO OTKPBITOI'O OTBEPCTHS THAPOPACIIPEICITUTEIS.

Valve maximum opening — MakCUMaJbHOE OTKPBITHE THIPOpACIpEaCInTeE-
751, 3aaeTcss MaKCUMAalIbHOE CMEIICHHE 3alI0PHO-PETYTHPYIOIETO JIEMEHTA.

Tabulated valve openings — Tabiuiia KOOPJAUHAT OTKPBITHS OTBEPCTHs. 3a-
JAETCSl BEKTOP BXOJHBIX 3HAYCHUH OTKPBITUH OTBEpCTHS Kak MaccuB 1 xm. Bek-
TOp BXOJHBIX 3HAYCHUH JTOJDKEH CTPOrO MOHOTOHHO yBenn4yuBaThes. [ pyHk-
IIMOHUPOBAHUS 0JI0Ka JIOJHKHO OBITh 33J1aHO HE MEHBIIIE TPEX 3HAUCHHIA.

Tabulated valve presage area — Tabnuua miomaaeii MPOXOAHBIX CCUCHUH.
3amaercss BEKTOP BBIXOJHBIX 3HAYCHHM IUIOIIAINA MPOXOTHBIX CEYCHHH THIPO-
pacnpenenuTeNsl Kak MacCHB 1 Xm B TOW K€ pa3MEpPHOCTH, YTO U BEKTOP KOOP-
JTUHAT OTKPBITHSI OTBEPCTHSI.

Tabulated pressure differential — Tabnuna nepenanoB JaBleHUs. 3a1aeTCs
BEKTOP BXOJIHBIX 3HAYCHHWM IEperajoB JaBJICHHS Kak MaccwB | xn. Bektop
BXOJTHBIX 3HAYCHUH JTOJDKEH CTPOTO0 MOHOTOHHO yBeauumBathcs. st pyHKImO-
HUPOBaHHMSI OJIOKA JOJIKHO OBITh 3aJaHO HE MEHBIIIE TPEX 3HAYCHUH.

Tabulated flow rated — Tabnuia pacxoaoB. 3aJal0TCsI BBIXOIHBIC 3HAUCHUS
pacxoloB Kak mMatpuia m *xn. Kaxxaoe 3HaueHne B MaTpHIIEe OMPEaeseT Pacxol
IIPY OTIPEICIICHHOW KOMOMHAIIMKM KOOPAUHATHI OTKPBITHUS OTBEPCTHS U Mepenaaa
TaBIICHUSI.

E! Block Parameters: 4-Way Directional ¥alve x|

— 44w ap Directional ¥/ al

The block simulates a 4-way directional continuous valve as a data sheet-based
madel. To parameterize the block, 3 options are available: (1] by maximum area and
contral member stroke, [2] by the table of valve area v cantral member
dizplacement, and [3] by the pressure-flow rate characteristics. The lookup table
block. iz used in the second and third cases for interpolation and extrapolation. 3
methods of interpalation and 2 methods of extrapaolation are pravided to choose fram,

Connections P, T, &, and B are hydraulic conzerving ports associated with the valve
inlet, outlet, and actuator terminals respectively. Connection 5 iz a physical signal
part through which control signal is applied. Positive signal at port 5 opens arifices
P-& and B-T and closes orifices P-B and &-T.

Model parameterization: I By masimum a2 and opening LI
Yalve paszage marimum e

e |5e-05 |mz =]
Walve maximum opening: ID.DDS I m LI

Flow discharge coefficient: IU 7

Orifice P-4 initial opening: ID I m LI
Orifice P-B initial opening: ID I o ;I
Orifice &-T initial opening: ID I i LI
Orifice B-T initial opening: ID I m LI
Critical Reynolds number: |1 2

Leakage area: |1 =12 I " LI
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[=1Block Parameters: 4-Way Directional ¥alve x| S)Block Parameters: 4-Way Directional ¥alve x|

44wy Directional /al — #wiay Directional Val

The block simulates a 4-way directional continuous valve as a data sheet-based The block simulates a 4-way directional continuaus valve as a data shest-based
model. To parameterize the block, 3 options are available: (1] by maximum area and

el e i, 2 G el o e 02, Tl sy model. To parameterize the block, 3 options are available: [1) by maximum area and
displacemnert, and [3] by the pressure-flow rate charactenstics. The lookup table C_Dntml member stroke, (2] by the table of valve area vs. c_:o_ntlol member
block iz uzed in the second and third cases for interpolation and extrapolation. 3 displacement, and (3] by the pressure-flow rate characteristics. The lookup table

methods of interpolation and 2 methods of extrapolation are provided to choose from. block is use_d in the s_econd and third cases for intetpolation and _3““390'3“0”- 3
methads of interpalation and 2 methods of extrapolation are provided to choose fram.

Connections P, T, &, and B are hydraulic conserving ports associated with the valve

inlet, outlet, and_ actuator ler_minal_s respt_aclively. _E_Iunngcliun 5 iz a physical si_g_nal Connections P, T, &, and B are hydraulic conserving ports associated with the valve
port through which control signal is applied. Positive signal at port S opens orifices irlet, outlet, and actuator terminals respectively. Connection 5 is a physical signal
P-4 and B-T and closes orifices P-B and A-T. port through which contral signal i applied. Positive signal at port 5 opens orifices

P-4 and B-T and clozes orfices P-B and &-T.

Model parameterization: I By area vs. opening tabls j —P
Tabulated valve openings: I[ 0,002 00,005 0.015] I . =] Model para ort I By pressure-flow characteristic j
Tabulated valve openings:
Tebulled valve passae 17415 41212061 02205 [z = J[ 0,002 00.0050.015) fm =]
Interpolation method: I Ui=ar LI Li}aflzia:sjjressure I[ -Fe+lE -2e+06 2e+06 Be+E | I Fa j
Exrapelation melfos | From ast 2 points = Tabulated fowrates: [ 0253 0.001032 0.00106 0.00247 ;] [m'3/s =]
Flow discharge coefficient: ID'? Irterpalation methad: I Lo ﬂ
Orifice P-& initial opening: ID | m | E strapolation method: I From last 2 points j
Drfice P iiial opening: |5 jm =] Drifice P-4 initial opening: o [m =
Orifice A-T initial :
] T el IU I i j Orifice P-B initial opening: ID I I j
Orffice B-T initial opening:
ID I m B Orifice &-T initial opening: ID I = j
Critic:al B eynaolds number:
|12 Orifice B-T initial opening: ID I m d

Leakage area: |1 =12 I e j
0K I Cancel | i Help | Lpply |

Puc. 48. Oxna nmapamerpos Osioka 4-Way Directional Valve

Apply |

Interpolation method — meton uHTepnosuuu. BeiOupaercs onuH U3 clie-
AYIOUINX METOAOB MHTEPHOJSIUHN ISl alllIPOKCUMUPOBAHUS BBIXOAHBIX 3HAYE-
HUI B HHTEpBAJIaX MEXKIY ABYMs MOCIEI0BATEIHLHBIMU TOYKAMHU MacCHBA:

— nuHenHbll (Linear). J1Jis OMHOMEPHOTO MacCUBa UCIOJIb3YETCS TMHEHHas
GYHKIHST MHTEPIIONALNH, a U JBYMEPHOTO MacCUBa — allTOPUTM OMITMHEHHON
WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JMHEHHON WHTEPIOJSAINU
Ul QYHKITUI IBYX IIEPEMCHHBIX;

— xyouueckuit (Cubic). JIJisi 0THOMEPHOTO MacCHBa MCIOJIb3yeTCsl KyOuue-
ckag @ynkuus untepnonsiuuun PCHIP, a ans nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON WHTEPIOJISIIIUY;

— cruan (Spline). Jlns oMHOMEPHOrO MacCUBa HUCIIOIB3YETCS aJIrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIIONSINN, a JUIsl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIaifH-HHTEPIIOISIIHH.

Extrapolation method — meton skcTpanoisuun. BeiOupaercst ouH U3 clie-
AYIOUINX METOJOB SKCTPATOJISAINY, KOTJa BRIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma30Ha, ONMPEEICHHOr0 B CIIUCKE MapaMeTPOB:

— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
MOJIb30BaHUEM JIMHEHHOTO MeTo/1a (HE3aBHCUMO OT BHIOOpA METO/1a MHTEPIIOJS-
un);

— no nocneaHet Touke (From last point). Ucnonb3yer nocienHee yka3aH-
HOE YHCIIO BBIXOJAHOTO 3HAYCHHSI B KOHIIE COOTBETCTBYIOIIETO HANa30Ha.
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Flow discharge coefficient — xorddunuent pacxona. [lomysmnupruueckuit
napaMeTp, SBISIONIUICS XapaKTepUCTHKOW THIapopactnpenenutens. Ero 3nave-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM JTUTEpaType WU TaHHBIX H3TOTOBHUTEIS.

Orifice P-A initial opening — HayaJlbHOE TIOJOXKECHHUE 3aIMOPHO-
PETYIUPYIOIIETO JJIEMEHTa, YCTAaHOBICHHOTO B ruaposuHuu P-A. Ilapametp
MOXKET OBITh TIOJIOKUTEIBHBIM (ITOJIOKHUTEIIBHOE TIEPEKPHITUE), OTPHUIIATCILHBIM
(oTpHUIIaTEIbHOE TEPEKPHITUE) WM PABHBIM HYJIIO (HYJIEBOE TIEPEKPHITHE).

Orifice P-B initial opening — HayaJlbHOE TIOJOXKEHHUE 3aIMOPHO-
PETYIUPYIOLIETO 3JIEMEHTA, YCTAHOBJIEHHOTO B Tuaponunuu P-B. Ilapamertp
MOXKET OBITh TIOJIOKUTEIBHBIM (ITOJIOKHUTEIIBHOE TIEPEKPHITUE), OTPHIIATCILHBIM
(oTpuIIaTEIbHOE TIEPEKPHITUE) WM PABHBIM HYJIIO (HYJIEBOE TIEPEKPHITHE).

Orifice A-T initial opening — HavallbHOE TIOJIOKEHHUE 3aIMOPHO-
PETyIUPYIOIIETO JJIEMEHTa, ycTaHOBIeHHOro B Tumaponuauu A—71. Ilapametp
MOXKET OBITh TIOJIOKUTEIBHBIM (ITOJIOKHUTEIIBHOE TIEPEKPHITUE), OTPHUIIATCILHBIM
(oTpuIIaTEIbHOE TIEPEKPHITUE) WM PABHBIM HYJIIO (HYJIEBOE TIEPEKPHITHE).

Orifice B-T initial opening — HadallbHOE TIOJIOKEHHUE 3aIllOPHO-
PETYIUPYIOLIETO 3JIEMEHTA, YCTAaHOBJICHHOTO B ruapoimHuu B-—T7. Ilapamertp
MOXKET OBITh TOJIOKUTEIBHBIM (ITOJIOKHUTEIIBHOE TIEPEKPHITUE), OTPHIIATCILHBIM
(oTpHUIIaTEIbHOE TIEPEKPHITUE) WM PABHBIM HYJIIO (HYJIEBOE TIEPEKPHITHE).

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MasbHOE uncio PefiHombaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — miomanas BHyTPSHHUX TEPETEUYEK KUIKOCTH TPHU MOJHOM
nepekpbiTu oTBepcTHsi. OCHOBHOE 3HAYEHHE ATOrO MapaMeTpa COCTOUT B TOM,
9TOOBI Y4eCTh HEPA3PBIBHOCTH TIOTOKA JKUIKOCTH.

brnok mmeer cremyromiie TUAPABINYECKUE TOPTHI: ABa BXOAHBIX P (Ips-
Moil) u T (oOpaTHbI); 1Ba BBIXOJHBIX A U B, a Takxke Quznyeckuii nopr S, Ko-
TOPBINA YIPABISIET 3aIIOPHO-PETYTHPYIOIIAM IJIEMEHTOM.

8.4. Ooparnblii ka1anan (Check Valve)

brnox Check Valve npencrapiseT co0oi ruapaBIndecKuii oOpaTHBIN Kia-
aH, MpeAHa3HAYCHHBINA IS MPOIYCKaHU paboyeH KUJIKOCTH B OJTHOM HaIlpaB-
JICHHH.

[Ipy OBWKEHWW JKHJIKOCTH B TIIOJOKUTEIHPHOM HAIPABICHUH 3allOPHO-
PETYIHPYIOMIMK 3JIEMEHT OT)KHUMACTCS KUIAKOCTHIO OT Celjla U TOTOK C MHHH-
MaJbHBIMH TTOTEPSIMU TPOXOIUT uepe3 kiamnaH. [IpyxuHa, mpruxumaromas Kia-
MaH K CeIJTy, SIBJISCTCS BCIIOMOTATEIbHON M CIIY)KHT JIMIIb JJIs HaJCKHOH IT0-
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CaJKM KJIaraHa B CeJI0 B MOMEHT U3MEHEHHUS HaIlpaBJCHUS JIBWKCHUS MOTOKA.
[TockoapKy Hamuuue NPYy>KUHBI MPUBOJIUT K YBEJIIMUCHUIO TIepenajia JaBJIeHUs Ha
KJIalaHe, MpHU MPOXO0XKIACHUU IMOTOKA B IPSIMOM HAMpPaBJICHUH, a IONyCTUMAas Be-
JUYMHA TIeperaja JMaBjieHuss Ha oOpaTHbeIX kiamaHax cocrtasisetr 0,01...0,03
MIIa, To ee ®KeCTKOCTh OOBIYHO BHIOMPACTCS MUHUMAIBLHOM.

Ha puc. 49 nokaszaHa 3aBUCUMOCTh MEXIY IUIOMIAJIbI0 MPOXOJHOTO CeYe-
HUS U TIEpenaioM JIaBJICHUS Ha 00paTHOM KJIallaHe.

[Ipu naBiieHHM B TIOJIBOJIHOM KaHaJleé MEHBIIIEM 3HAYEHUS, O0YCIOBICHHOTO
HaJUIUEM TPYXKUHBL, P < Porack KIAMIAH OCTAETCS TTOCTOSTHHO 3aKPBITHIM 4 = 0.
OnHako Maxke MPU MOJTHOCTBIO MEPEKPHITOM OTBEPCTHHU CYIIECTBYET HE3HAUU-
TeJbHas TUIOIAb (3a30phl), Uepe3 KOTOPYIO MPOUCXOAAT BHYTPEHHHE MEPETeU-
KH, TEM CaMbIM O0ECIIEUUBACTCSI HEPA3PHIBHOCTh MOTOKA KUAKOCTUH. B MOMEHT,
KOTJla JTaBJICHUE p HAYMHAET MPEBBINIATH 3TO MOPOTOBOE 3HAYCHUE Peruck, TUIO-
majb MPOXOJHOTO CEYEHHUs KJlallaHa HAaYMHAET MPOIMOPIIMOHAIIBHO YBEIWYH-
Batbcs. [Ipu MOCTHIXKEHUH NaBJICHUS B OTBOJHOM KAHAJIE P = Pyax KIIAMAH MOJ-
HOCTBIO OTKPBIT A = Apax.

Mojenbs yYUTBHIBAET JIAMUHAPHBIM U TypOYJICHTHBIM PEXKUMBI IMOTOKA, BbI-
gucsis yuciao PeliHonblaca Re ¥ cpaBHUBAsI €r0 3HAUYCHHUE C KPUTHUUECKUM YHC-
oM PetiHonpaca Re,.,.

AA

Amax

Aleak

p crack pm ax p

Puc. 49. 3aBucuMocCTh MEXIy IJIOIIAABIO TTPOXOHOTO
CeUeHHS A ¥ TepenajoM JIaBJIeHusI Ha 0OpaTHOM KJIaraHe p

Pacxon Haxogutcs U3 CleAyIOINX YPAaBHCHUN:
2

Cc, -4 —|p| -sign (p), npu Re =Re _;
Jo,

q = D,

v.p

2C,, -4 D, npu Re < Re . .
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Aleak ,npu p < pcmck;
A(p): Aleak +k'(p_pcmck) ,npu pcmck < p<pmax;

Amax ,npu p 2 pmax :
k= Amax B Aleak .
p_pcrack
P=P,s~ Psp>
2
.D 4A(h
Re:q—H; CDL = i ; DH = —(),
A(h)-v JRe,, T

T7€ g — pacxo;

p — niepenaj AaBJICHUS HA KJIallaHe;

P4, Pp — MAHOMETPUYECKHUE JIABJICHUSI HA BXOJI€ M BBIXOJE B KJIalmaH COOT-
BETCTBEHHO;

Derack — aBICHUE, OOYCIIOBJIICHHOE HAIMUKEM TPYKUHBI;

Pmax — JaBJICHUE, HEOOXOAMMOE JJIsI TIOJIHOT'O 3aKPHITHS KJIalaHa;

A(p) — MTHOBEHHas TIJIOIIA/Ib MPOXOHOTO CEUCHHMSI KIIallaHa;

Ajpay — TIIOATb TIOJIHOCTHIO OTKPBITOI'O OTBEPCTHS;

Ajear — TUIOIIAAB, YEPE3 KOTOPYIO MPOUCXOAUT MEPETEUKA KUIAKOCTH TPHU
MIOJTHOM MEPEKPHITUN OTBEPCTHUH;

Cp — koa(ppunueHT pacxona;

p — IUIOTHOCTb XKUJKOCTH;

Vv — KHHEMaTH4YeCcKas BI3KOCTh KHJIKOCTH;

Dy — MTHOBEHHBIN THAPABINYECKAN JUAMETP OTBEPCTHS KIIAllaHa.

B mMopaenu npuHATH cieAyonye T0myueHUS:

— OTKPBITHE KJIAMaHa MPsSMO MPONOPLHOHAIBHO NIEpENnany JaBicHuUs;

— 2JIEMEHTBI YCTPONCTBA HE 00JIalal0T MHEPLIMEH U HE UCIBITHIBAIOT HA Ce-
0e cuJ1 TpeHus;

— Tepexo]l MKy JIJAMUHAPHBIM U TYPOYJECHTHBIM PEXXHUMaMU MPOUCXOIUT
MTIHOBEHHO, Korga Re= Re,,.
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E! Block Parameters: Check ¥alve x|

—Check Yalve

Thiz block repregents hydraulic check valve az a data sheet-bazed model. The
purpose of the check valve iz ko permit flow in ane direction and black it in the
opposite direction. The valve remains closed while pressure differential acrass the
walve iz lower than the valve cracking pressure. When cracking pressure iz reached,
the value control member is forced off itz seat, thus creating a passage between the
inlet and outlet. If the flow rate is high enough and pressure continues ko rize, the
area i further increased until the contral member reaches its masimun.

Connections A and B are hydraulic conserving ports associated with the valve inlet
and outlet, respectively. The block positive direction iz from port & to port B.

—Parameter
M aximum passage area: IU 00T I 2 ﬂ
Cracking pressure: ISDDDD I Fa ﬂ
td aximum opening
pressre: | 120000 | Fa =|

Flow dizcharge coefficient: ID_?

Critical Reynolds number: |1 2

Leakage area: I1 o1z I e ﬂ

oK | Cancel |

Puc. 50. Oxno mapamerpoB 6sioka Check Valve

Maximum passage area — MaKCUMaJbHasI TIOMAAb MIPOXOHOTO CEYCHHSI.

Cracking pressure — 3Hau€HUE MaBIICHUS, IPU KOTOPOM KJIallaH HAYMHAET
OTKPBIBATHCH.

Maximum opening pressure — Tiepenaj JaBlIeHUs Ha KianaHe, HEOOXOIH-
MOE JIUISL €T0 IMOJTHOTO OTKPBITHSI.

Flow discharge coefficient — xordunuent pacxoxna. [lomysmmnupruueckuit
napameTp, SBJISIOIIMICS TOJHOM XapaKTepUCTHKON KianaHa. Ero 3nadyeHue 3a-
BHCHUT OT T€OMETPHYCCKHMX ITapaMETPOB OTBEPCTHUS M OOBIYHO YKa3bIBACTCS B
CIIPABOYHOM JIUTEPATYPE WU JAHHBIX H3TOTOBUTEIISL.

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MabHOE uncio PefiHombaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — mnomanas BHYTPEHHHUX MEPETCUCK KUIKOCTH TPHU TTOTHOM
MEePEKPBITUN OTBepcTHs. OCHOBHOE 3HAYCHHUE 3TOTO MapaMeTpa COCTOWT B TOM,
YTOOBI YYE€CTh HEPa3phIBHOCTD MTOTOKA JKHUIKOCTH.

brox mMeeT aBa rUApPaBINYECKUX TopTa A U B, CBI3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSIMH KjlallaHa COOTBETCTBEHHO.

8.5. Ynpasasiembiii oopathblii kianal (Pilot-Operated Check Valve)
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brnok Pilot-Operated Check Valve mupencrtaBiser co00W TruIpaBIAYECKUI
yIpaBJIseMbIi 0OpaTHBIN KialaH, IpeIHa3HauYeHHbIH IS IPONYCKaHus padoueit
KUIKOCTH B OJHOM Hampasjienur. Ha puc. 51 npeacrasiieHa NpUHIKAIHAIBHAS
CXeMa TaKoro KiaraHa.
- B orinune 0T 06BIYHOT0 00PAaTHOIO KilalaHa
UCIIOJIL30BaHME KaHalla YIIPABICHHMS I03BOJISET

: ' OTKPBIBATh KJIAIlaH Ha BXOAHOE JABICHHUE P 4, BCIIOMO-
I; > B rarensHoe maBnenue py unu 06a. Cuia, qeicTByromas

L A  Ha 3aIOPHO-PEryIHPYIONINH JIEMEHT, MOXKET OBITh
°  ompezeleHa Kak

Fr=py-Ay+pxy Ay —pp-4Ap,

TIE Py Pp — MAHOMETPHYECKHE JABJICHHS HA BXOJE U
BBIXOJI€ B KJallaH COOTBETCTBEHHO; py — JABICHHE B

o

KaHajle vopaBlieHus, A, — IUIOmaab IIPOXOIHOIO

Puc. 51. IlpunuunuansHas yup ’A i14 mazn p )i
cxeMma yrpasisieMoro oopar- CCUCHHA B IIOJIOCTH A; Ap — INUIOMALL TIPOXOJHOIO
HOTO KJIalaHa CEUEHHSI B TOJIOCTH B; Ay — miomanas MPOXOIHOTO

CeUeHU B MOJIOCTH X.
DT0 ypaBHEHUE 0OBIYHO UCIIOJIB3YETCSl B HEMHOTO U3MEHEHHOU (popMme:

Pe = P4g Tt Px °kp — PsB>
r7ie p. — nepenaj AaBieHus Ha OOpaTHOM KJIallaHe;

k, — koo dunment ynpasnenus; k, = Ax/ Ay.

Mopnenb yuyuThIBaeT JaMUHAPHBIA U TypOYJIEHTHBIM PEXKUMBI OTOKA, BBI-
yuciias uncio PeiiHomnbaca Re v cpaBHUBAs €ro 3HAUYEHUE C KPUTHYECKUM YHC-
oM PetiHonpaca Re,,.

Pacxon HaxoauTcs U3 CAEAYIOUIUX YPaBHEHUI:

cr

2
Cc, -4 —|p|-sign (p), mnpu Re > Re
Jo,

q = D,
2C,, -4 D, npu Re < Re . .
v-p
Aleak ,npu pe < pcmck )
A(p): Aleak+k.(pe_pcmck) ,npu pcmck <pe<pmax;
Amax ,npu pe 2 pmax °
k — Amax _Aleak .
pmax_pcrack
P=P,s~ Pp>
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g-D C 4A(h
— H . L = D , DH: ( )’

€= H
A(h)-v Re. T

IJIe ¢ — Pacxo;

p — nepenaj AaBJeHUs Ha KJalaHe;

Derack — aBICHUE, OOYCIIOBIICHHOE HAIMUKEM TIPYKUHBI;

Pmax — JaBJIICHUE, HEOOXOAMMOE JJIsI TIOJIHOT'O 3aKPHITHS KJIalaHa;

A(p) — MTHOBEHHasI TTOIIA (b POXOIHOTO CEUCHUS KilalaHa;

A max — TUTOIIIATb TTOJTHOCTBIO OTKPBITOTO OTBEPCTHS;

Ajeqr — TUIOMAB, YEPE3 KOTOPYIO MPOHMCXOMUT TNEPEeTeUKa XKUIAKOCTH, MPH
MIOJTHOM TIEPEKPBITUU OTBEPCTHUI;

Cp — koa(ppunueHT pacxona;

p — TUIOTHOCTb JKUJKOCTH;

V — KHHEMaTH4eCKasl BI3KOCTh JKHJIKOCTH;

Dy — MTHOBEHHBIN THAPABINYECKAN JUAMETP OTBEPCTHS KIIAllaHa.

B Mojenu npuHATHI CIICTYIOIIHE TOMYIICHUS:

— OTKPBITHE KJIalaHa IpsSMO-TIPOITOPIIMOHATIBHO MTepenaay JaBICHUS;

— 3JIEMEHTHI YCTPOMCTBA HE 00J1aIaf0T MHEPIMEH W HE MCIIBITHIBAIOT HA Ce-
0e cuJ1 TpeHus;

— KaHaJl yIpaBjCHUS U BXOJHOW KaHaJI HE3aBUCHUMBI JIPYT OT JIPyra;

— TePexX0JI MKy JaMUHAPHBIM U TYpOYJICHTHBIM PEKUMAMH IPOUCXOIHUT
MTIHOBEHHO, Korga Re= Re,,.

Maximum passage area — MaKCUMaJbHas TUIONIAb TPOXOJHOTO CEUCHUS.

Cracking pressure — 3Hau€HUE NaBJICHUS, NMPU KOTOPOM KJIallaH HAYMHAET
OTKPBIBATHCH.

Maximum opening pressure — Tepernaj AaBJICHUs Ha KiIarnaHe, HEOOXOIu-
MOE JIUISL €T0 IMOJTHOTO OTKPBITHSI.

Pilot ratio — xoapbunreHT yrpaBieHuUs.

Flow discharge coefficient — xordunuent pacxoxna. [lomysmmnupruueckuit
napameTp, SBJISIOIIMICS TOJHOM XapaKTepUCTUKON KilanaHa. Ero 3nadyeHue 3a-
BHCHUT OT T€OMETPHUYCCKHMX IMapaMETPOB OTBEPCTHUS M OOBIYHO YKa3bIBAaCTCS B
CIIPABOYHOM JIUTEPATYPE WU JAaHHBIX U3TOTOBUTEIISL.

Critical Reynolds number — xputnueckoe 4yucio PeitHonbaca, WM MaKCH-
MaJibHOe uucio PeitHonbca, 11 TaMHUHAPHOTO TTOTOKA.
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E! Block Parameters: Pilot-Operated Check Yalve ﬂ

—Pilot-0perated Check Yalve

Thig block represents a hydraulic pilot-operated check valve, the purpose of which iz
to permit Flow in one direction and block it in the oppozite direction. The
pilot-operated check walve is controllad by equivalent pressure p_e = p_A + KFp_x -
p_B. where K iz the pilot ratio. The valve iz closed when equivalent pressure
differential iz lower than the valve cracking pressure, ‘when cracking pressure is
reached, the valve control member is forced off its seat. If the flow rate is high
enough and pressure cohtinues ta rise, the area iz further increased until the area
reaches its mawimun,

Connections &, B, and ¥ are hydraulic conserving ports associated with the valve
inlet, walve outlet, and valve pilat terminal, respectively. The block positive direction
iz from port & to port B, Pressure at port < acts to open the valve,

—Parameters
Maximum passage area: |1e-D4 I w2 LI
Cracking pressure: |3&+D4 I Pa LI
I aximum opening
plessure: |1.2e+05 I Pa =l
Piliat ratio: |5

Flow dizcharge coefficient; ID 7

Critical Reynolds number: |12

Leakage area; |1e-1 2
Ok I Cancel |

Puc. 52. Oxno mapamerpoB 6sioka Pilot-Operated Check Valve

Leakage area — 1omManab BHYTPCHHUX IMCPCTCUCK KUJIKOCTU IIPU IMOJIHOM
MCPCKPBITUN OTBCPCTUA. OCHOBHOE 3HAYCHHE ATOTO mapamMeTpa COCTOUT B TOM,
YTOOBI YUCCTh HCPA3PBIBHOCTD ITOTOKA KUIAKOCTH.

biokx umeer ABa THAPABINYCCKUX TIOPTA An B, CBs3aHHBIX C BXOJHBIM H
BBIXOJHBIM OTBCPCTHUAMMU KildllaHA COOTBCTCTBCHHO.

8.6. I'mapo3amox (Shuttle Valve)

briox Shuttle Valve mpenctarisieT coOoil HampaBiISIOMMN THAPOKJIAIAH,
MpEeIHa3HAYECHHBIN JIsI POIYCKaHUsI MOTOKA KUAKOCTH B OJTHOM HalpaBJICHUH,
MIPU OTCYTCTBUU YTPABJISIIONIETO BO3ACHCTBUS, © B 00OOMX HAIpPaBICHUSX, TIPU
HAJIMYUM YTIPABJISIOMIETO BO3/ICUCTBHUS.

Kianman umeer aBa Bxonubix nopta (4 u A1) u ogun nopt Beixona B. Kia-
MaH HaIMpaBJISET MOTOK MUK MEXIY optamMu A u B unu Mexay noprtamu A1 u B,
B 3aBUCHUMOCTH OT 3HAYEHUS JABICHUS Pc = Py — PAl-

[lepBoHauanbHO KaHal A—B OTKpBIT. JlJis TOro 4ToObI OTKPHITH KaHan A1-B
(OTHOBPEMEHHO € 3TUM 3aKpbIB KaHal A—B), naBieHue pc JOKHO OBITh MEHbB-
11€, YeM JaBJIEHUE OTKPHITHS KianaHa (p., < 0). Ilpu noctukeHuu gaBieHus pce
= D¢r 3ATIOPHO-PETYNHMPYIOIINNA 3JIEMEHT HAYMHAET JBUKEHUE, OTKPBIBAS TEM
cambIM kaHan A1-B u nepekpbiBas kaHan A—B. Eciau pacxon »XKUIAKOCTH J0CTa-
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TOYEH M JIaBJICHUE MPOJ0JDKACT U3MEHSTHCS, 3alIOPHO-PETYIUPYIOITUN IIEMEHT
MPOJIOHKACT JIBUTAThCs, MOKA JaBJIEHUE HE JOCTUTHET KpaiHel Touku. B atoT
MOMEHT KaHall A1-B mMakcuManbHO OTKPHIT (A41.3 = Amax), KaHAT A—B momHo-
CThI0 TIEPEKPHIT (A4 = 0). OnHAKO Ja)e MPHU MOTHOCTHIO MEPEKPHITOM OTBEP-
CTUHU CYIIECTBYET HE3HAUUTENbHAs IUIOMIaAb (3a30pbl), Yepe3 KOTOPYIO MPOUC-
XOJIAT BHYTPEHHHE MEPETEUKH, TEM CaMbIM 00€CIIEeYMBACTCSI HEPA3PhIBHOCTH I10-
TOKa )XUAKocTU. OCHOBHBIC MMapaMeTPhl THAPO3aMKa — MaKCUMaJIbHAs TUIONIAb
MPOXOAHOTO CEUCHUS (Amax), JABICHUE OTKPBITHS KiamaHa (p.) U MaKCUMallb-
HOE JAaBJICHUE (Pmax) — IPUBOAATCS B KaTajorax u B CIIPABOYHOM JIUTEpaTypeE.

Ha puc. 53 nokaszana 3aBUCUMOCTh MEXY IUIOIIQJASIMU MPOXOJIHBIX ceye-
HUW A 4., A41.p ¥ IEPETATOM JABJICHUSA P

Asiph Asg
P
As1p Dp_}] .
|
AV
| |
Wix
! 7\ )
T’ﬂ‘leak Per T'ﬂ"leak Pe

Puc. 53. 3aBucuMOCTb MEXIY IJIOMIAIIMU ITPOXOIHBIX CEUEHUN
(A4.p 1 A41.5) ¥ IEPETIAZIOM JIABIICHUS P

Mojenbs YyYUTBHIBAET JIAMUHAPHBIM U TypOYJICHTHBIM PEXKUMBI IMOTOKA, BbI-
qucsis unciio PeliHonbaca s kaxaoro kaHana (Reyp, Rey;.g) M cpaBHUBAs 3TH
3HAYCHUs C KPUTUUECKUM 4dnucioM PeliHosbaca Re,,.

Pacxon HaxoauTes U3 CIEAYIONIMX YPaBHEHUM:

/2 .
Cp-A,p ;|pAB| -sign (p4.p), npu Re, ,>2Re ;

9,43 D, .,
2Cp Ay s ———Dus> npu Re , , <Re,, .
v.p
2 . .
Cp Ay ;|pAIB| ~sign (p4_p), npu Re , , 2Re,;
q4-5 = D, .,
2Cy Ay v.—pAl—Bﬂ npu Re , , <Re, .
Aleak ,npu pAfB < pcr;
Ay = Apw +k-(pyp—pP,) s0pu p,<p,p<p,+ Pops
Amax ,npu pAfB 2 pcr + pop'
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Aleak SHpU P g <P
App =4 k- (pyp—p,) s0pu p, <pyup<p,+ Pop>
Amax ,npu pAlfB 2 pcr +p0p'
k — Amax _Aleak
pop
Pyp=P4— Pp> Pyp=Pau— Pp>
945 Dy s 9a-5 Dy 415
Re, , = ; Re, ;= ;
Ay p-v Ay gy
2
C, 44, 44,
CpL = ’ Dy, y= = Dy yp = =2,
Re T /4

cr

TA€ G4.8, §41-3 — PACXObl KUJIKOCTU 4Yepe3 KaHalbl A—B u A1—B COOTBETCTBEH-
HO;

DB, P41-p — IEpETIAbI JABICHUS yepe3 KaHalbl A—B u A1—B COOTBETCTBEH-
HO;

D4> P41, Pp — NaBieHud B Toukax A, A1 u B COOTBETCTBEHHO;

Der — IABJIEHUE OTKPBITUS KJIANaHA;

Pmax — aBJICHUE, HEOOXOAMMOE JJIsI TIOJIHOT'O 3aKPHITHS KJIalaHa;

Dop — TIEPENA] NaBICHUSA, HEOOXOIUMBII Ha MOJHOE IEPEMEILEHHE 3aIop-
HO-PETYJIUPYIOLIETO JIEMEHTA;

A4, A41.p — MTHOBEHHBIE TLIONIAJ TPOXOAHBIX CEUCHUH KJlallaHa KaHaJIOB
A—B 1 A1-B COOTBETCTBEHHO;

Amax — TUIOIIAIb TOJTHOCTBIO OTKPBITOTO OTBEPCTHS;

Ajear — TUIOIAB, YEPE3 KOTOPYIO MPOUCXOJUT MEPETEUKA KUAKOCTH, MPHU
MIOJTHOM MEPEKPHITUN OTBEPCTHUH;

Cp — koa(ppunueHT pacxona;

p — IUIOTHOCTb )XKUJKOCTH;

Vv — KHHEMaTHu4YecKas BSI3KOCTb JKUJIKOCTH,

Dy 4.3, Dy 41.3 — MTHOBEHHBIE THUJIPABIMYECKUE JUAMETPHI OTBEPCTUI Kila-
naHa B KkaHainax A—B u A1-B COOTBETCTBEHHO.

B mMopaenu npuHATH clieayonye T10myueHUS:

— OTKPBITHE KJIalaHa NPAMO-IPONOPUHOHAIBHO NIEpENaay JaBlIcHuUS;

— 3JIEMEHTBI YCTPONCTBA HE 00JIaJal0T UHEPLIMEH U HE UCTIBITHIBAIOT HA Ce-
0e cuJ1 TpeHus;

— Tepexo]l MKy JIJAMUHAPHBIM U TYpPOYJECHTHBIM PEXXHUMaMU MPOUCXOIUT
MIHOBEHHO, Korga Re= Re,,.
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[=1Block Parameters: Shuttle Yalve x|

—Shuttle Valve

Thig block represents hydraulic shuttle valve az a data sheet-bazed model, The
valve has two inlet ports [& and A1) and one outlet part [B). The valve iz controlled
b pressure differential Po = Pa - Pal. The valve permitz flow either betweeh parts A
and B or ports A1 and B depending on prezsure differential Pe. [nitially, path A-B iz
azsumed to be opened. To open A1-B path [and cloze A-B at the same time),
pressure differential must be greater than the valve cracking pressure (Por <=0].

Connections &, A1 and B are hydraulic conserving ports associated with the valve
inlets and outlet, respectively. The block positive direction is from port & to port B and
from port 47 to port B, Control preszure is determined az Po = Pa - Pal.

—Parameters

Maximum pazsage area: |1e-D4 I e j

Cracking pressure: |'1 ot I Pa

El
Opehing pressure: |1e+D4 I Pa ﬂ

Flaw discharge coefficient: ID 7

Critical Reynolds number: |12

Leakage area: |1e-12 I ) j

0k, I Cancel |

Puc. 54. Oxno nmapamerpoB 6sioka Pilot-Operated Check Valve

Apply |

Maximum passage area — MakKCUMaJIbHasl TUIOIIA/Ib IPOXOITHOTO CEYEHUSI.

Cracking pressure — 3HaueHue JaBJICHUS, IPU KOTOPOM KiaraH HAa4MHAET
OTKPBIBATHCA.

Opening pressure — iepenaj JAaBJleHHs Ha KJanaHe, HeOOXOAUMbIN JUIs Tie-
pEMENIeHHs 3aMOPHO-PETYIUPYIOIIETO 3JIEMEHTa U3 OJHOI0 KpaHEro MoJoxKe-
HUS B IPYTOE.

Flow discharge coefficient — xordunuent pacxoxna. [lomysmmnupruueckuit
napaMmeTp, SIBISIOIINACS MOJHOW XapaKTepUCTUKON KianaHa. Ero 3HadueHue 3a-
BUCUT OT T€OMETPUYECCKUX IMapaMeTPOB OTBEPCTHSI U OOBIYHO YKa3bIBaeTCS B
CTPaBOYHOI TUTEpaType WU JAHHBIX U3TOTOBUTEIIS.

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MakcU-
MajbHOe uucio PeiiHomnbaca, 715 JTaMUHApHOTO MOTOKA.

Leakage area — muomaap BHYTPEHHUX MEPETEUCK KUAKOCTH MPH TTOTHOM
nepekpbiTu oTBepcTHsi. OCHOBHOE 3HAYEHHE ATOTO MapaMeTpa COCTOUT B TOM,
9TOOBI Y4eCTh HEPA3PBIBHOCTH TIOTOKA JKUIKOCTH.

brok umMmeer cnenyomue rupaBIndecKue MOPTHL: JBa BXOJIHBIX (A, A1) u
OJVH BBIXOJHOM B.

9. PEI'YJIMPYIOIIUE KJIAITAHBI (Flow Control Valves)

Pezynupyrowumu Ha3bIBAIOTCS TUApOANNapaThl, B KOTOPHIX H3MECHEHUE
COOTBETCTBYIOIIETO MapaMeTpa MoToka paboyel KUIKOCTH MPOUCXOIUT 38 CUET
YaCTUYHOTO OTKPBITUSI WJIM MIEPEKPBITUSI IPOXOTHOTO CEUCHHS B HEM.
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OCHOBHBIM 3JICMEHTOM THJIpOAMNIapaTa SBJISCTCS 3ANOPHO-PEYTIUPYIOUUIL
971eMeHm — BTO JIeTallb WIH TPyIIa JeTaleH, IpH MepeMeNleHUA KOTOPOTro Jac-
TUYHO WJIM TTOJHOCTHIO TIEPEKPBIBACTCS MPOXOAHOE ceueHne ruapoanmnapara. [1o
KOHCTPYKIIMH 3aIIOPHO-PETYIMPYIOIIETO 3JIEMEHTa THApOoaIapaTsl JeIATCs Ha
30JI0THUKOBBIC, KpPAaHOBBIC WJIM  KJAlMaHHblE (B KOTOPBIX  3aIllOPHO-
PETYIHPYIOIIMM 3JICMEHTOM SIBJIICTCS IIAPUKOBBIN, KOHYCHBIM, HTOJIBYATBIA WU
IJIOCKHUH KITaraH).

Paznen comepkuT uyeTsipe OJI0Ka:

1. Ball Valves.

2. Needle Valves.

3. Poppet Valves.

4. Pressure-Compensated Flow Control Valve.

9.1. llapukoBsIlii kaanax (Ball Valve)

[

bnox Ball Valve npencrapinser coboil kianaH, 00pa30BaHHBIA KPYTJIBIM OT-
BEPCTHEM C OCTPOM KPOMKOM U C(HhepUUECKUM HIAPUKOM.

Pacxon dyepe3 knamaH MNPONOPUHUOHAIEH OTKPBITHIO
KJIallaHa ¥ 1epenaay 1aBJICHUS.

Mopenb yduTHIBaET JIAMUHAPHBIM U TypOYJIEHTHBIN
pPEXUMBI TIOTOKA, BBIUMCIAS 4uciao PeliHonbaca Re u
CpaBHHBasi €ro 3HAYEHUE C KPUTHYECKUM YHCIOM
Pentnonmbnca Re.. Pacxon Haxomutrcs U3 CIEAYIOLIMX
YPaBHEHUM:

Puc.55. PacueTnas cxema C, 4 f£|p| -sign (p), npu Re >Re;
[IapOBOTO KJIaraHa q = P
D
2C,, -A—-p, npu Re <Re .
vV.p
h=x,+ x;
A s npu h <0,

2 max *

A(h) = ﬂ-ro[l—;;—Bj-D, npu 0<h<h
A+ A

max leak >

D:\/(w/r; —7) +hz)Z +75;

npu h>h

max °
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= q.DH;CDL: o ; Dy = 3 A = : )
A(h)-v Re. T e 4
rZie ¢ — pacxof;

p — Tiepena JaBlIeHUs;

P4, Pp — MAaHOMETPHUUYECKUE JABIICHUS HA BXOJC M BBIXOJC B KJallaH COOT-
BETCTBCHHO;

Cp — koa(ppunueHT pacxona;

A(h) — MrHOBEHHasI TUIOIIA/Ib TPOXOAHOTO CEUCHHUS KIlanaHa;

X¢ — Ha4aJIbHOE TIOJIOKCHHE KIIalaHa;

X — KOHEUHOE TOJIOKECHUE KJIarana;

h — OTKpBbITHE KJIallaHa;

do — InaMeTp OTBEpPCTUSL;

7o — paauyc OTBEPCTHSI;

dp — nuameTp 1mapa;

rg — pamnyc mapa;

p — TUIOTHOCTD KHUIKOCTH;

Dy — MTHOBEHHBIN THIPABINYCCKUI THaMeTp OTBEPCTHI KiIanaHa;

V — KHHEMaTH4eCKasl BI3KOCTh JKUIKOCTH;

Amax — TUTOIIAIb TTOTHOCTBIO OTKPBITOTO OTBEPCTHS;

Ajeqr — TIIOMAAB, Y€pPE3 KOTOPYIO MPOUCXOTUT IMEpeTeuka >KUIKOCTH, TIPU
TIOJTHOM TI€PEKPBITHH OTBEPCTHUH.

B Mozenu mpuHSATHI CleIyroImune A0MyIECHUS:

— UHEPIMS )KUJIKOCTH HE YUUTHIBACTCS;

— TIepexo MEXIY JJAMHUHAPHBIM U TYpOYJICHTHBIM PEKUMaMH TPOUCXOIUT
MTHOBEHHO, B MOMEHT Korna Re= Re,,;

— JIBIDKEHUE 3allOPHO-PETYIHPYIONIEro YCTpOCcTBa (IIapuKa) OCyIIeCcTBIs-
€TCsI CTPOTO MO0 OCU OTBEPCTHHI.

Valve ball diameter — nuameTp mapa kiamnana. J{oyokeH ObITh OOJIbIIE THA-
METpa OTBEPCTHS.

Orifice diameter — nuamMeTp OTBEPCTUS KJlallaHa.

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxeT ObITh
MOJIO’KUTENIEHBIM MU PaBHBIM HYIIIO.

Flow discharge coefficient — xordunuent pacxona. [lomysmnupruueckuit
napaMmeTp, SBJSIONIMICS TOJTHOW XapaKTepUCTHKOW KoMIieHcaTopa. Ero 3Hadve-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM JTUTEpAType WU TaHHBIX H3TOTOBHUTEIS.
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E! Block Parameters: Ball Yalve x|

—Ball'alve

The block models a ball walve created by a spherncal ball and a round sharp-edged
oiifice. The flow rate through the valve iz proportional to the onfice opening and to
the preszure differential across the valve. The model accounts for the laminar and
turbulent flow regimes by monitoring the Reynolds number and comparing it value
with the critical Reynolds number.

Connections & and B are conzerving hedraulic ports aszociated with the valve inlet
and outlet, respectively. Connection S is a phyzical signal port. The block positive
direction iz from port & to port B,

—Parameters

Walve ball diameter: ID.D‘I I o LI
Orifice diarmeter: ID.EIEIE I P ;I
Iriitial opening: ID I P ;I
Flow digcharge coefficient: ID.EE

Critical Reynalds number: |1 0

Leakage area; I.I a2 I s ;I

Ok | Cancel

Puc.56. Oxno mapamerpoB 6soka Ball Valve

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MabHOE uncio PefiHompaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — mnomanas BHYTPEHHHUX MEPETCUCK KUIKOCTH TPHU TTOTHOM
MepPeKpITUN OTBepcTHs. OCHOBHOE 3HAYEHHUE 3TOTO MapaMeTpa COCTOWT B TOM,
YTOOBI YYE€CTh HEPa3phIBHOCTD MTOTOKA JKHUIKOCTH.

brox mMeeT aBa TUApPaBINYECKUX TopTa A U B, CBI3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSMH KJlallaHa COOTBETCTBEHHO, a TaKKe (PU3MUCCKHUI MOPT
S, KOTOPBIH OTKPBIBACT MJIU 3aKPHIBACT KJIAIlaH.

9.2. Uroavuatsiii kiaanan (Needle Valve)

[+ -5

bnok Needle Valve npencrapnsier coOoi kianaH, 0Opa30BaHHBIN KPYTJIBIM
OTBEPCTUEM C OCTPON KPOMKON U KOHUYECKOM UIJIOM.

alpha Pacxon yepes knaras MnporopuyuoHaIeH OTKPBITHIO
KJIallaHa ¥ nepenany AaBieHus. MoJienb yYnThIBa-
S €T JJaMUHApHBIN U TypOYJIEHTHBIA PEKUMBI MOTOKA,

BBIUMCIISAS YynCiIo PeiiHonbaca Re u cpaBHHUBAs €ro
3HAYCHUE C KPUTHUYECKMM 4YHCIOM PelHoibacCa
Re,.,.
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Pacxon Haxogutcs U3 CleAyIOINX YPAaBHCHUN:
h=x,+ x;

2
c,- -4 —|p|-sign (p), mnpu Re =Re,;
Jo,

Puc. 57. Pacuctras|cxema D,
urospuatoro xnamana 2C p - 4 v p P, npu Re < Re , .
A s npu h <0,
A(h)=3(dg —h-cosa -sina)-hsima +A4,,, npu 0<h<h_,,
Amax + Aleak’ npu h 2 hmax .
P=DP, s Pp>
2 2
-D C 4A4(h .
e :q—H; CDL — —D ’ DH = —()’ Amax — T dS ,
A(h)-v Re,, T 4

I71€ ¢ — Pacxon;

p — nepenaj AaBJeHUs;

D4, Pp — MAHOMETPUUYECKHUE JABJICHHS HA BXOJE U BBIXOJI€ B KJIAIlaH COOT-
BETCTBEHHO;

Cp — koa(ppunueHT pacxona;

A(h) — MTrHOBEHHasI IJIOIIA/Ib POXOITHOTO CEYEHUS KJlanaHa;

X¢ — Ha4aJbHOE NOJIOKEHUE KIIalaHa;

X — KOHEYHOE TOJI0KEHUE KJIAIaHa;

h — OTKpBITHE KJIAllaHa;

ds — nuameTp OTBEpCTHUS;

0.— YrOJl KOHYCa UIJIBL;

p — IJIOTHOCTb JKUJIKOCTH;

Dy — MTHOBEHHBIN T'MIPABIMYECKUI JUAMETP OTBEPCTUN KJlallaHa;

V — KUHEMaTU4eCKasl BA3KOCTh KUIKOCTH;

A max — TIIOIIA/Ib IOJTHOCTBIO OTKPBITOTO OTBEPCTHS;

Ajeqk — TUIOIAAbB, YEPE3 KOTOPYIO MPOUCXOAUT MEPETEUKA >KUAKOCTH, HPH
ITOJTHOM NEPEKPBITHN OTBEPCTHIA.

B Mozenu npuHATHI CAEAYIOMINE AOMYIIEHUSA:

— WHEpUHU )KUIKOCTH HE YUNUTHIBACTCS;

— TEPexo]l MeX]y JaMUHAPHBIM U TYpOYJIEHTHBIM peKUMaMU MPOUCXOAUT
MT'HOBE€HHO, Korja Re= Re,,;
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— JIBW)KCHHE 3allOPHO-PETYITHPYIONIEro yCTPOUCTBA (MIJIBI) OCYIIECTBIISACT-
Csl CTPOTO 110 OCH OTBEPCTHS.

Valve orifice diameter — nuameTp OTBEpCTHS KJIalaHa.

Needle cone angle — yron xoHyca HUrJbl.

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxeT ObITh
MOJIO’KUTEIIEHBIM MU PaBHBIM HYIIIO.

Flow discharge coefficient — xordunuent pacxoxna. [lomysmmnupruueckuit
napaMmeTp, SBJSIONIMICS TOTHOW XapaKTepUCTHKOW KoMIleHcaTopa. Ero 3Hadve-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM JTUTEpAType WU TaHHBIX H3TOTOBHUTEIS.

Critical Reynolds number — xputnueckoe 4yucyio PeitHonbaca, WM Makcu-
MasbHOE uncio PefiHompaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — momaap BHYTPEHHUX MEPETEUCK KUAKOCTU MPH TOTHOM
nepekpbiTud oTBepcTHsi. OCHOBHOE 3HAYEHHE TOTO MapameTpa COCTOHUT B TOM,
9TOOBI Y4eCTh HEPA3PBIBHOCTH TIOTOKA JKUIKOCTH.

[Z1Block Parameters: Needle ¥alve x|
—MNeedle Valve
The block model: a needle valve created by a conical needle and a round
sharp-edged orifice. The flow rate through the valve iz proportional to the orifice
opening and ta the pressure differential across the walve. The model accounts for the
laminar and turbulent flow regimes by monitoring the Reynolds number and comparing
itz value with the critical Reynolds number.
Connections & and B are conserving hydraulic ports azsociated with the valve inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from port A to port B.
—Parameter

Walve orifice diameter: I

0.005 m |
Meedle cone angle: I

a0 I deg ;I
Initial opening: I

0 fm =
Flow dizcharge coefficient: ID.BE
Critical Repnalds number: |1 il
Leakage area: |1e-1 2 I e LI

QK. | Cancel | Apply |

Puc. 58. Oxno mapamerpoB 6ioka Needle Valve

briok uMeer aBa rugpaBauyeckux nopra 4 U B, CBSI3aHHBIX C BXOJHBIM H
BBIXOJHBIM OTBEPCTHSIMU COOTBETCTBEHHO, a Takxke (pu3mdeckuil mopr S, KOTo-
PBI OTKPBIBAET WM 3aKPBIBAET KIIAIaH.

9.3. KonycHblii ki1anan (Poppet Valve)
[

| jE‘"
0—i—
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brox Poppet Valve npencrapnseT coboi kianaH, oOpa3oBaHHBIN ITUIUH/I-
pUYecKoi TpyOKOM ¢ OCTPOIl KPOMKOW U KOHYCOM.

Pacxon dyepe3 knanmaH NMpONOPLMOHAIIEH OTKPBITUIO KJIAllaHa U Iepernagy
ds JIaBJICHMS.

| | Mojenb y4uThIBA€T JaMUHAPHBIA U TYp-
A — alpha OYJEHTHBIN PEKUMBI TTOTOKA, BEIYUCIISIST YUCIIO
" \ PeitHonbaca Re v cpaBHUBAsi €ro 3HAYCHUE C
' KpUTHYECKUM unciaoM PenHonbaca Re.. Pac-
EF XOJl HAXOJIUTCS U3 CIEAYIOIINUX YPABHCHUM:

Cc, -4 /£|p|-sign (p), npu Re =Re,;
Puc. 59. PacteBias cxema g = p

KOHYCHOTI'O KJlalaHa 2C,, -4 Dy P, npu Re <Re .
V-p
h=x,+ x;
A npu h <0,
A(h)=<(dg+h-cosa-sina)-hsma+4,,, npu O<h<h,,
Amax + Aleak’ npu h 2 hmax .
P=Py~ Psp>
? 2
-D C 4A(h r-d
— q H . CDL — D . DH — ( )’ A — S

€= 9 9 ’
A(h)-v JRe,, T e 4

TZie ¢ — pacXom; p — Nepenaj JaBIeHUs; Py, Pp — MAHOMETPUUECKUE JABJICHUS Ha
BXO/I€ U BBIXOJIE B KJIallaH COOTBETCTBEHHO; Cp — Ko puimenT pacxona; A(h) —
MTHOBEHHAs TUIOIIAh TPOXOJIHOTO CEUeHUs KJalaHa; Xy — HadaJlbHOE MOJIOKE-
HUE KJIalaHa; X — KOHEYHOE MOJIOKCHHE KIlanaHa; /I — OTKPBITHE KIianaHa; ds —
AMaMeTp OTBEPCTHS; O — YTOJI KOHYCa; p — IUIOTHOCTh KHUIKOCTH; Dy — MTHO-
BEHHBI TUAPABIMYECKUN TUAMETP OTBEPCTUH KJamaHa; v — KHHEMaTh4decKas
BSI3KOCTb YKUJIKOCTH; Amax — TUIOMIAH MTOJIHOCTBIO OTKPBITOTO OTBEPCTHUS; Ajeqy —
TUTOMIA/lb, Yepe3 KOTOPYIO MPOUCXOANT MEPEeTeukKa KUAKOCTH, TIPU MOIHOM IIe-
PEKPBITHH OTBEPCTHH.

B Mozenu mpuHSATHI CeIyroImne AOMyIECHUS:

— MHEPIUS )KUIKOCTH HE YUUTHIBACTCS;

— TIepexo] MEXIY JJAMHUHAPHBIM U TypOYJICHTHBIM PEKUMaMH TPOUCXOIUT
MTHOBE€HHO, Korja Re= Re,,;

— JIBUKCHHE 3aMOPHO-PETYIUPYIOMIETO YCTPOHCTBa (KOHYCA) OCYIIECTBIIS-
€TCsI CTPOTO MO0 OCU OTBEPCTHH.

Valve stem diameter — nuametp TpyOKH KianaHa.

Seat cone angle — yron koHyca.
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Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxeT ObITh
MOJIO’KUTEIIEHBIM MU PaBHBIM HYIIIO.

Flow discharge coefficient — xorddunuent pacxona. [lomysmnupruueckuit
napaMmeTp, SBJSIONIMICS TOTHOW XapaKTepUCTHKOW KoMIleHcaTopa. Ero 3Hadve-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM TUTEpaType WU TaHHBIX H3TOTOBHUTEIS.

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MakcU-
MasbHOE uncio PefiHombaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — momaap BHYTPEHHUX MEPETEUCK KUAKOCTH MPH TTOTHOM
nepekpbiTu oTBepcTHsi. OCHOBHOE 3HAYCHHE ATOTO MapaMeTpa COCTOUT B TOM,
9TOOBI Y4eCTh HEPA3PBIBHOCTH TIOTOKA JKUIKOCTH.

E! Block Parameters: Poppet Yalve 1[
—Poppet ¥ al
The block models a poppet valve with onfice created by a cylindrical sharp-edged
stem and a conical seat. The flow rate through the valve is proportional to the orifice
opening and tao the pressure differential across the valve. The model accounts far the
laminar and turbulent flow regimes by monitoring the Revnolds number and comparing
its walue with the critical Reynolds number.
Connections & and B are conserving hydraulic ports associated with the valve inlet
and outlet, respectively. Connection 5 is a physical signal port, The block positive
direction iz from port & to port B.
—Parameter
Yalve stem diameter: ID [ I & j
Seat cone angle: |1 a0 I deg j
Initial opening: IU I = j
Flow discharge coefficient: ID.BS
Ciitical Reynolds number: |1 i
Leakage area: |1 12 I w2 j
0K, I Cancel Apply |

Puc. 60. Oxno mapamerpoB 6sioka Poppet Valve

biokx umeer ABa THAPABINYCCKUX TIOPTA An B, CBs3aHHBIX C BXOJHBIM H
BBIXOJHBIM OTBCPCTUAMU KildlldHA COOTBCTCTBCHHO, a4 TAKIKC q)HSquCKHﬁ mopT
S, KOTOpBIﬁ OTKPBIBACT WUJIN 3aKPBIBACT KJIAIIAH.

9.4. KinanaH-peryJsitop moToKa ¢ He3aBUCMMbIM OT JIaBJICHUS pe-

ryaupoBanueM (Pressure-Compensated Flow Control Valve)

[=

brnok Pressure-Compensated Flow Control Valve mpencrtaBisier co0Ooit
KJIAMIaH-PETyJIATOp TOTOKAa C HE3aBHCHUMBIM OT JAaBJICHHUS PETYJIHPOBAHUECM.
Kianan co3nan Ha ocHOBe 010K0B Pressure Compensator v Variable Orifice.
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Puc. 61. IlpuanunuansHas cxema peryasTopa moToka
C HC3aBUCHUMBIM OT JABJICHHA PCTYINPOBAHUEM

B 3aBUCHMOCTH OT MCXOJHBIX JJaHHBIX, YKa3aHHBIX B CIPABOYHON JUTEpa-
Typ€, MOKHO BBIOPATh OJIUH U3 JABYX BAPUAHTOB MMapaMeTPHU3ALIUN:

— 0 MaKCUMaJIbHOM IUIOMIAAN MPOXOHOTO CEUEHHUS U TOJIOKEHHUIO 3aIop-
HO-PETYJIUPYIOIIETO dJIEMEHTA;

— I10 3aBUCUMOCTH TUIOIIAIN MPOXOIHOTO CEUCHHS OT MOJIOKEHHUS 3aITOPHO-
perynupyotiero snementa 4 = A(h).

B nepBoM cnydae mioniaabr NpoXOoaHOTO CEYCHUS JIMHEHHO 3aBUCHUT OT TI0-
JIO’KEHUS 3alIOPHO-PETYIUPYIOIIETO JIeMEHTa (T.€. OTBEPCTHUE 3aKPHITO MPHU HY-
JIEBOM TIOJIOKEHUU 3aMIOPHO-PETYIUPYIONIET0 AJIEMEHTa U MaKCUMAJIbHO OTKPBI-
TO — MPU €T0 MaKCUMAaJIbHOM IepeMelieHnn). Bo BTopom citydae miomaab mpo-
XOJTHOTO CEYCHHS OmpejesieHa OJHOMEPHOM 3aBUCUMOCTRI0O A = A(h). B 0oboux
CIIy4asix Ja)ke MPU 3aKPbITOM OTBEPCTUU CYIIECTBYET HE3HAUMTENIbHAS TIJIOIIA b
(3a30pkl), yepe3 KOTOPYIO MPOUCXOIAT BHYTPEHHHUE TNEPETCUKH, TEM CaMbIM
obecrieunBaeTCs HEPA3pPHIBHOCTH OTOKA KUIKOCTH.

B nepBom ciiydae mMojeNnb YUUTBHIBACT JIAMUHAPHBIM U TypOYJICHTHBIA pe-
KAMBbI TIOTOKA, BBIYUCIISISA Yuciio PeliHombaca Re U CpaBHUBAs €ro 3HA4YCHUE C
KpUTHYECKUM unciom PeriHoibaca Re,,.

B Monenu npuHATHI CAEAYIONINE AOMYIICHHUS:

— WHEPUHUS KUJIKOCTH HE YUUTHIBACTCS.

Model parameterization — nmapameTtpu3anusi Mojiend. Mojenp KiarmaHa Mo-
KET OBITh ONKUCAaHA OJTHUM U3 CIIEIYIONTUX METOJIOB:

— M0 MaKCUMaJIbHOM IUIOMIAAN MPOXOHOTO CEUEHHUS U TOJIOKEHHUIO 3aIop-
HO-pPETYJIUPYIOIIETro deMeHTa (By maximum area and opening);

— I10 3aBUCUMOCTH TUIOIIAIN MPOXOIHOTO CEUCHHS OT MOJIOKEHUS 3aIIOPHO-
perynupymoliero snementa (By area vs. Opening table).

Orifice maximum area — MaKCUMallbHasl ILJIOIIAJb MPOXOAHOTO CEUCHUS
MOJTHOCTBIO OTKPBITOTO KJIaraHa.
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E! Block Parameters: Pressure-Compensated Flo [TJBlock Parameters: Pressure-Compensated Fle x|
— | |
Pressure-Compensated Flow Control Yal —Pressure-Compenzated Flow Control ' al
The: block s!mulates a PT.ESSU’E'CUMPEHS?tEd flows contral valve. To parameterize the The block simulates a pressure-compensated flow control valve. To parameterize the
block. 2 options are available: (1] by maximum area and control member stroke, (2] by block, 2 options are available: [1] by maximurm area and control member stroke, (2] by
the table of orifice area vs. control member dizplacement. The lookup table block iz the table of orifice area vs. control member displacement. The lookup table block is
used in the zecond case for interpolation and extrapolation. 3 methods of used in the second case for interpolation and extrapalation. 3 methads of
interpolation and 2 methods of extrapalation are provided ta choose from. interpolation and 2 methods of extrapolation are provided ta choase from. ;
Connections & and B are conserving hydraulic ports agsociated with the valve inlet Connections 4 and B are canserving hydraulic ports associated with the walve inlet
and outlet, respectively. Connection C is a physical signal contral port. and outlet, respectively. Connection Cis a physical signal control port.
e L The block positive direction is fi b & b t B. Positive si
The block pozitive direction is from port A to port B. Positive signal at port C opens th:vaﬁg [FERSSED LTS (2 I [P W el el e etk C e
the walve. )
—F
—Parameter L
- — hodel p EIfE I By area vs. opening table =l
odel parameterization: i i
I By makimum afea ahd apening j Pressure differential across IBe+U5 I Fa LI
Orifice maximum area: - the orifice:
: IEE'D5 I 2 j Pressure reducing valve
- . ' : g |5e+04 [Pa =]
Orifice maximum opening: ID 005 I regulation range:
- m j Flows discharge coefficient:
. . 1
Fressure differential across IBe+05 I Fa ﬂ I
the orifice: Initial opening: ID I = LI
Pressure reducing valve - )
requlation range: |53+U4 I Pa j Critical Reynalds number: |1 2
Flow dizcharge coefficient: ID'? Tabulated orifice openings: I[ 00020 0,005 0.015] I o LI
Initial opening: ID I m ﬂ Tabulated orifice area: I[ 1e-12 4812 12-05 1.02-05 | I 2 LI
Critical Reynolds number: |1 2 Interpolation method: | Linear |
Leshempaes |1 = I — j Extrapalation method: I From last 2 paints LI
Leakage area: |1 =12 LI
oK I Cancel | :
QK I Cancel | Apply |

Puc. 62. Oxna nmapamerpoB Osoka Pressure-Compensated Flow Control Valve

Orifice maximum opening — MaKCUMaJbHOE OTKPBITHE KJanaHa. 3a/aeTrcs
MaKCHMaJbHOE CMEIICHUE 3alIOPHO-PETYINPYIOIIETO dJIEMEHTA.

Pressure differential across the orifice — nepenajn naBJIeHUs Yepe3 KIIamaH.

Pressure reducing valve regulation range — naBiieHHe, ONpeEIAIOIIce
JMama3oH peryJupoBaHus KiarnaHa.

Flow discharge coefficient — xordunuent pacxona. [lomysmmnupruueckuit
napaMmeTp, SBJSIONIMICS TOTHOW XapaKTepUCTHKOW KoMIieHcaTopa. Ero 3Haue-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM JTUTEpAType WU TaHHBIX H3TOTOBHUTEIS.

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxeT ObITh
MOJIOKUTENIBHBIM  (TIOJIOKUTEIBHOE TEPEKPHITHE), OTPUIATENBHBIM (OTpHIIA-
TEJBHOE TIEPEKPBITUE) UM PABHBIM HYITIO (HYJI€BOE NIEPEKPHITHE).

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WM MaKCH-
MabHOE uncio PefiHombaca, it TaMUHAPHOTO TIOTOKA.

Tabulated orifice openings — Tabnuiia KOOPAWHAT OTKPBITHS OTBEPCTHUS.
3amaercsi BEKTOp BXOJHBIX 3HAYCHUH OTKPHITUH OTBEPCTHSI KaK MaccuB 1 xXm.
BekTop BXOIHBIX 3HAYEHHWH JTOJDKEH CTPOTO MOHOTOHHO YBEIMUMBATHCS. Jlist
GyHKIIMOHUPOBaHUS OJI0Ka TOJDKHO OBITH 33JJaHO HE MEHBIIIE TPEX 3HAUCHHUH.

Tabulated orifice area — Tabnuna 1iomaaen MPOXOIHBIX CEUCHUMN. 3amaeT-
Csl BEKTOP BBIXOJHBIX 3HAYCHHMN TUIOMIAIN MPOXOJHBIX CEYCHMI KIlaraHa Kak
MaccuB 1 Xm B TOH k€ pa3MEepHOCTH, YTO M BEKTOP KOOPJAMHAT OTKPHITHS OTBEP-
CTHHI.
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Interpolation method — meton uHTepnonsuuu. BeiOupaercs onuH U3 clie-
AYIOUINX METOAOB MHTEPHOJSIUHN ISl alllIPOKCUMUPOBAHUS BBIXOJAHBIX 3HAYE-
HUI B MHTEpBAJIaX MEXKIY ABYMs MOCIEA0BATEIHLHBIMU TOYKAMHU MACCHBA:

— nuHenHbll (Linear). J1Jis OTHOMEPHOTO MacCUBa UCIOJIb3YETCS TMHEHHas
GYHKIHST MHTEPIIONALNH, a U JBYMEPHOTO MacCHBa — alTOPUTM OMITMHEHHON
WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JMHEHHON WHTEPIOSAINU
s GyHKIUH IBYX IEPEMEHHBIX;

— xyouueckuit (Cubic). JIJisi 0THOMEPHOTO MacCHBa MCIOJIb3yeTCs] KyOuue-
ckasg @yukuus untepnonsiuuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIINY;

— cmiaiin (Spline). Jlis OIHOMEPHOrO MaccHuBa HMCIOJIb3YETCS aJITrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIIONSAINN, a ISl IBYMEPHOTO MacChBa — ajTOPUTM
OMKyOMYeCKOH CTIaifH-HHTEPIIOISIIHH.

Extrapolation method — meton skcTpanoisuun. BeiOupaercst ouH U3 clie-
AYIOUINX METOJOB YKCTPATIONSINN, KOTJa BEIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma30Ha, ONMPEEICHHOr0 B CIUCKE MapaMeTPOB:

— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
MOJIb30BaHUEM JIMHEWHOTO MeTo/1a (HE3aBHCUMO OT BHIOOpA METO/1a MHTEPIIOJS-
uH);

— no nocneaHet Touke (From last point). Vcnonb3yer nocienHee yka3aH-
HOE YHCIIO BBIXOAHOTO 3HAYCHHSI B KOHIIE COOTBETCTBYIOIIETO HANa30Ha.

Leakage area — miomanas BHyTPCHHUX TEPETEUYEK KHUIKOCTH TPHU MOJHOM
nepekpbiTu oTBepcTHsi. OCHOBHOE 3HAYEHHE ATOTO MapaMeTpa COCTOUT B TOM,
9TOOBI Y4eCTh HEPA3PBIBHOCTH TIOTOKA JKUIKOCTH.

bnok mmeeT nBa ruapaBIUYecKuX mopTa A M B, CBsI3aHHBIC C BXOJHBIM H
BBIXOJITHBIM OTBEPCTUSIMH KJIallaHa COOTBETCTBEHHO, a Tak)ke MOPThl X U Y — CBA-
3aHHBIC CO CJIMBHOM MarucTpanplo kiamaHa. [lomoXuTenbHBIA CHUTHAI, MOjaa-
BaeMbIif Ha TopT C, OTKPBIBAET KJIaraH.

10. HAITOPHBIE KJIAITAHBI (Pressure Control Valves)

Hanopubimu knananmamu Ha3bIBAIOTCS THIPOKIIANIAHBI JABICHUS, TPE/I-
HA3HAYCHHBIC I OTPAaHWYCHHUS JaBJICHUS B IOJABOJMMOM IIOTOKE pabodcii
KHUJTKOCTH.

Paznien comepxut Tpu OJI0Ka:

1. Pressure Compensator.

2. Pressure Reducing Valve.

3. Pressure Relief Valve.
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10.1. Komnencarop nasjaenus (Pressure Compensator)

Lo

0w E-o

=7 o
brok Pressure Compensator ipeACTaBisieT co00i KianaH, KOMIIEHCUPYIO-
YN TUIpaBINYECKOe JaBjieHue (KoMmreHcaTop AaBieHus). KommneHncaropsr nas-
JICHHS UCTIOJIB3YIOTCS JJIsl IOAAEPKAHUS 3aIaHHOTO Mepenaja JaBieHus B TUl-

PaBJIMYECKOM KOMIIOHEHTE.

Ha puc. 63 npeacraBiieHbl TUIOBBIE CXE€Mbl NMPUMEHECHHUS KOMIIEHCATOpA
JaBJIEHUS] COBMECTHO C JIPOCCENIEM, YCTAaHOBJIIEHHOT'O Ha BXOJe (CieBa) WIM Ha

BBIXOAC (cnpaBa). KOMHCHC&TOP MOXKECT TaKXC HCIIOJIb30BATBCA B CXCMaxX C OO-
SUPYIOIIIUMHU HACOCAMH, OACIIUTCIISIMU IIOTOKA U T.I.

e k===

|
]

Puc. 63. Cxembl mpuMeHEHUSI KOMIIEHCATOPA JTABJICHUS COBMECTHO C JAPOCCEIEM

OTKpBITHE KOMIIEHCATOpA [ABJICHUS MPONOPLHUOHAIBHO MEpenany aBiie-
HUW Mexay noprtamu X u Y u ycunuro npyxussl. Ha puc. 63 nokas3ana 3aBucu-
MOCTb MEXAY IPOXOAHBIM CEYEHHUEM KlanaHa 4 U NepenagoM AaBIEHUS Dyy.

OTtBepctre ocTaercst OTKPBITBIM A = Apay, NTOKA Mepenaj IaBICHUS HUXKE,
YEeM 3aJ[aHHO€ HACTPOMKOM KanaHa IPH IMOMOLIU MPYXHMHEIL Py, < Py B Mo-
MEHT, KOrjia mnepenaj JaBIcHUs p,, HAYMHACT NPEBLIIIATL YCTAHOBICHHOE 3HA-
YEHUE Pyer, TUIOIIAAL ITPOXOJHOIO CEYEHHMs KJIallaHa HAYMHAET IIPONOPLMOHATIb-
HO NEPEKPBIBATBCA Amax < A < 0, T.0. OBITAACh NMOAAEPKATh MEPENaa JaBICHUS
Ha 3a7aHHOM ypoBHE. Ilpu mocTrkeHuu nepenana JaBI€HHS Dy, = Pmax KIIANAH
MOJHOCTBIO 3aKphIT A = 0. OgHaKko aaxke MpHU MOJTHOCTBIO MEPEKPBITOM OTBEP-
CTHM CYILECTBYET HE3HAUMUTEIbHAs IJIOIIAb (3a30pbl), YEPE3 KOTOPYIO MPOUC-
XOJSIT BHYTPEHHUE MEPETEUKU, TEM CaMbIM 00€CIIEYUBAETCS HEPA3PHIBHOCTD T10-
TOKa KUJIKOCTH.
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Amax

Pres L

Aleak

A

\ 4

Pset Pmax Pxy

Puc. 64. 3aBucuMOCTb MEXIY MPOXOJHBIM CEYEHUEM
KJianana 4 ¥ nepenajoM JaBJeHus p.,

OCHOBHBIMU TMapamMeTpaMu KOMIIEHCATOpa JABJICHUS ABISIOTCS ILUIOMIAIb
MPOXOJTHOTO OTBEPCTHUS MPH MOJHOCTHIO OTKPHITOM KJIalaHe, JUara3oH Peryiu-
POBaHUS U CTaTH4YeCKas OIMMUOKa, KOTOPbIe OOBIYHO MPUBOJATCS B CHPABOYHON
JUTEPATYypE WU JAHHBIX U3TOTOBUTEII.

Mopenb yYUTBHIBAET JIAMUHAPHBIM U TypOYJICHTHBIM PEKUMBI MMOTOKA, BbI-
yuchsas yuciao PeliHosbaca Re M cpaBHUBAsl €ro 3HAYEHUE ¢ KPUTUYECKUM YHUC-
oM PeliHonpaca Re,,.

Pacxon HaxoauTes U3 CIEAYIONIMX YPaBHEHUM:

2
Cc, -4 —|p|-sign (p), mpu Re =Re,;
q = P
DH
2C,, -4 D, npu Re < Re . .
v-p
h=x,+x-or;
Amax 2 npu pxy S pset’
A(h) = Amax _k(p - pset)ﬂ npu pset < pxy < pmax 2
Aleak > npu pxy 2 pmax .
k: Amax _Aleak .
preg

p:pA_pB;pxy :px_py;
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-D
e=1"n. ¢ - G . _
A(h)-v Re T

or
rZie ¢ — pacxof;

p — Tiepena 1aBlIeHUs;

Dy — TIEpenaj JaBIeHUs B KOHTPOJIBHBIX TOUKaX KOMIIEHCATOPa;

P4, Pp — MAaHOMETPUYECKHE NTaBIICHHs HAa BXOJI€ U BBIXOJIE B KOMIIEHCATOP
JaBJICHUSI COOTBETCTBEHHO;

Dx, Py — MAHOMETPUYECKHE JIaBJICHUSI B KOHTPOJIbHBIX TOYKAaX KOMIIEHCATO-
pa;

Pser — JABICHNE HACTPOMKH KJIaraHa;

Pmax — J1aBIICHIE, HEOOXOIUMOE TSI TIOJTHOTO 3aKPBITHS KIalaHa,

Dreg — JMANIA30H PETYJIUPOBAHMS J1aBICHMUS;

A(h) — MrHOBEHHAsI TJIOIIA/Ib POXOHOTO CEYEHUS APOCCEs;

Anax — TUTOIIAIb TTOTHOCTBIO OTKPBITOTO OTBEPCTHS;

Ajeq — THIOMAAB, Yepe3 KOTOPYIO MPOUCXOIUT MEpPEeTeuka KUIKOCTH, TPH
MIOJTHOM TI€PEKPBITHH OTBEPCTHUH;

Cp — koa(ppunueHT pacxona;

p — TUIOTHOCTh KHUJKOCTH;

V — KHHEMaTH4eCKasl BI3KOCTh JKUIKOCTH;

Dy — MTHOBEHHBIN T'UIPABIMYECKUN JUAMETP OTBEPCTUN IPOCCEIIS;

or — TIepeMeHHasi, MPUHUMAIOIIAs 3HaUeHUE «+1», pH OTKPBIBAHWUH KJIama-
Ha U «-1», IpH ero 3aKpbIBaHHH;

h — TeKymias KOOpJAWHATA TOJIO0XKECHHSI KJIaraHa.

B Mozenu mpuHSATHI CeIyroImune A0MyIEeHUS:

— OTKPBITHE KJIamaHa MpsiMO-IIPONIOPIIMOHATBHO TIepenaay JaBICHUS;

— BJIEMEHTHI YCTPONCTBA HE 00JIaal0T UHEPIMEH W HE HUCIBITHIBAIOT Ha Ce-
0e cuJ1 TpeHus;

— pacxofoM, HEOOXOAMMBIM Ha TEpPEMEIICHUE 3allOPHO-PETYINPYIOIIETO
DJIEMEHTa, MPEHEOperaroT.

Maximum passage area — MaKCUMaJbHasI TIOMAAb MPOXOHOTO CEYCHHUS.

Valve pressure setting — naBieHne HaCTpOWKHW kiamana. [Ipu goctmkeHnn
ATOTO TIepenajaa JaBICHHS, CBI3aHHOTO ¢ opTamMu X Y, KilarmaH HauWHaeT 3a-
KPBIBATHCSI.

Valve regulation range — naBieHue 3aKpbITUs KJaNaHa.

Flow discharge coefficient — xordunuent pacxoxna. [lomysmmnupruueckuit
napaMmeTp, SBJSIONIMICS TOTHOW XapaKTepUCTHKOW KoMIleHcaTopa. Ero 3nHadve-
HUE 3aBUCHUT OT T€OMETPUUYCCKUX MapaMeTPOB OTBEPCTUS M OOBIYHO yKa3bIBACT-
Csl B CIIPAaBOYHOM JTUTEpAType WU TaHHBIX H3TOTOBHUTEIIS.

Critical Reynolds number — xkputnueckoe 4yucio PeitHonbaca, Win Makcu-
MasbHOE uncio PeliHonmbaca, it TaMUHAPHOTO TIOTOKA.
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E! Block Parameters: Pressure Compensator ﬂ

— Pressure Compengator

The black represents a hydraulic pressure compensator. This kind of walve iz uzed ta
maintain presst preseure differential across a hydraulic component to minimize the
influence of pressure varniation on the flow rate passing through the component,

Connections & and B are hydraulic conserving ports aszociated with the valve inlet
and outlet, respectively. Connections ¥ and Y are hydraulic conzerving ports
azzociated with the valve control parts. The pressure differential that controlz the
valve iz determined as p_' = p_ - p Y. The block positive direction is from port &
ta part B,

— Parameter
M aximum passage area: |1 =04 I i) j
Yalve prezsure zetting: I3&+DB I Fa j
Y alve regulation range: |1.53+05 I Fa j

Flows dizcharge coefficient: ID'?

Critical Reynolds number; |1 3

Leakage area: |1 12

0K | Cancel |

Puc. 65. Oxno mapamerpoB 6soka Pressure Compensator

Leakage area — nnomaap BHYTPEHHHUX MEPETEUEK KUAKOCTU MPHU MOTHOM
MEePEKPBITUN OTBEPCTUSA. OCHOBHOE 3HAYEHUE ATOTO MAapaMeTpa COCTOUT B TOM,
YTOOBI Y4€CTh HEPA3PhIBHOCTD MOTOKA JKUIKOCTH.

biiok uMeer aBa rugpaBauyeckux nopra 4 v B, CBSI3aHHBIX C BXOJHBIM H
BBIXOJHBIM OTBEPCTHSIMU KOMIIEHCATOpA JABJIEHUS, a TAKXKE THIPABINYECKHE
nopThl X U Y, CBSI3aHHBIE C TOPTAMU OTKPBITHS M 3aKPBITHS KJIallaHa COOTBETCT-
BeHHo. Ilepemas naBieHHs HACTPOWKHU p,, HAIIPABIEH HA IPEOJOJIEHHE CHIIBI,
JNEUCTBYIOILEH CO CTOPOHBI NPYKUHBI.

10.2. Pexykuuonnnlii kianad (Pressure Reducing Valve)

N

r—1a

I
a
bnok Pressure Reducing Valve npencraBisieT co00l peayKIIMOHHBIN Kila-
NaH, MpeAHa3HAYEHHBIA IS MOJAEep>KaHUs B OTBOJUMOM IMOTOKE MOCTOSHHOTO
JABJICHUSI pg MEHBIIIETO, YEM JIABJICHUE P4 B MOJBOAUMOM NoToke. OH yaile Bce-
ro IpUMEHSIETCS B THAPOCUCTEMAX, IJIe OT OJHOIO Hacoca pabOTalOT HECKOIBKO
norpeduTenei, TpeOyIMX pa3HOro YpPoBHs JaBieHus nutanusa. Ha puc. 66

IMIOKa3aHad 3aBHCUMOCTb MCKAY INIOHNIAABIO IIPOXOJHOI'0 CCUCHUS KIlallaHa An
HaBJICHUCM B OTBOOAHOM IIOTOKC pp.
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Puc. 66. 3aBrucuMOCTh MEX Y IJIOIIA/IBIO IPOXOIHOTO CEYeHHMsI KilanaHa A
" JaBJICHUEM B OTBOJHOM IIOTOKC pp JJId PCAYKIIMOHHOT'O KJIallaHa

[Tpu naBneHnU B OTBOJHOM KaHaJie MEHBIIIEM YCTAaHOBJIECHHOTO 3HAUCHUS Pp
< Pyser, KJIATIAH OCTAETCS MOCTOSTHHO OTKPBITBIM A = Ayax. B MOMEHT, Kora naB-
JIEHWE pp HAUYMHACT MPEBBINIATh YCTAHOBIECHHOE 3HAYCHHUE Py, TUIOMIAIL IIPO-
XOJTHOTO CEUEHHUs KJIaraHa HauMHAET MPOMOPIHUOHATIBHO MEPEKPHIBATHCA Amax <
A < 0, TeM caMbIM MOJJEPKUBAsI MOCTOSHHOE JIaBJICHHE B OTBOJMMOM TOTOKE.
IIpy JOCTUKEHUU NABJIEHUS Pp = Pmax KJIAMaH MOJHOCTHIO 3aKpHIT A = 0. OgHa-
KO JIa)K€ TP MOJHOCTBIO MEPEKPHITOM OTBEPCTHH CYIIECTBYET HE3HAUUTEIbHAS
IJI0MIAAb (3a30pkl), Yepe3 KOTOPYIO MPOUCXOIAT BHYTPEHHHE MEPETEUYKH, T.O.
obecrieunBaeTCs HEPA3pPHIBHOCTH OTOKA KUIKOCTH.

briok ocHoBan Ha O50ke Pressure Compensator, CTpyKTypHasi cxeMa KOTO-
poro mokaszaHa Ha puc. 67.

Puc. 67. CtpykrypHas cxema Onoka Pressure Reducing Valve

Maximum passage area — MaKCUMaJbHasI TIOMAAb MPOXOTHOTO CEUCHHUS.

Valve pressure setting — ycTaHaBIMBaeMOe 3HAUCHHE JABIICHUS, TIPU KOTO-
POM KJIaliaH HauWHACT 3aKPBIBATHCS Pge;.

Valve regulation range — Nuana3oH peryJIMpOBaHUs KIANAHA D,
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Flow discharge coefficient — xorddunuent pacxona. [lomysmnupruueckuit
napameTp, SBJISIONIUNCS TOJHOW XapaKTepUCTHUKON KoMIleHcaTtopa. Ero 3Haue-
HUE 3aBHCHT OT T€OMETPUUICCKUX MapaMEeTPOB OTBEPCTUS U OOBIYHO yKa3hIBACT-
Csl B CITPAaBOYHOM JINTEpaType WIH JaHHBIX U3TOTOBUTEJIS.

=] Block Parameters: Pressure Reducing Yalve x|

—Prezsure Reducing 'al

Thiz block reprezents a hydraulic prezsure-reducing valve as a data sheet-bazed
model. The valve controls downstream pressure and remaing fully opened as long as
the pressure iz lower than the prezet level When the preset pressure is reached, the
value control member is forced off the stop, thus reducing the passage between the
inlet and outlet. The block is built as a structural model based of the Pressure
Compenzator block, Connections & and B are hydraulic conserving ports associted
with the valve inlet and outlet. The block positive direction is from part & to port B,

—Parameters
Maximum passage area: |'Ie-U4 I 9 j
‘Walve pressure setting: IEE +06 I Pa j
‘Walve requlation range: |58+05 I Fa ﬂ

Flow discharge coefficient; IU 7

Critical Repnolds number: I-I 2

Leakane area: |1e-12 I ) j

Apply |

Puc. 68. Oxno mapamerpoB 6soka Pressure Reducing Valve

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, Win MakcU-
MasbHOE Yncio PefiHombaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — mnomanas BHYTPEHHHUX MEPETCUCK KUIKOCTH MPHU TTOTHOM
MEPEKPBITUN OTBepcTHs. OCHOBHOE 3HAYCHHUE 3TOTO IMapameTpa COCTOUT B TO,
YTOOBI YYE€CTh HEPa3phIBHOCTD MTOTOKA JKHUIKOCTH.

brox mMeeT aBa rUApaBINYECKUX TopTa A U B, CBI3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSIMH KjlallaHa COOTBETCTBEHHO.

10.3. IIpenoxpanurenabHbiii K1anaH (Pressure Relief Valve)

T
:

bnokx Pressure Relief Valve mpenctaBisieT co0oil mpenoXpaHUTENbHbBIN
KJIaTaH, IpeaHa3HaYeHHBIN ISl IPEIOXPAHCHUS DJIEMEHTOB THIPOCHUCTEMBI OT
JaBJICHNUsI, TPEBBIMIAIONIETO TOMycTHUMOe. [IpenoxpaHuTenbHbie THAPOKIATaHbI
UCTIONB3YIOTCS BO BCEX OOBEMHBIX THIPOIPHBOJAX U YCTAHABIUBAIOTCS, Kak
IpaBUIIO, B HEMOCPEACTBEHHOM OJIM30CTH OT HAacoca, a TakXkKe B MecTax, Ie Mo
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YCJIOBUIO pabOThI THAPOCUCTEMBI BO3MOXHO BOSHUKHOBEHHUE OIMACHBIX 10 BEJIH-
YHHE JIaBJICHUM.

Ha puc. 69 nokazana 3aBUCMMOCTh MEXY IUIOLIAJIbIO MTPOXOJHOIO Ceue-
HUS KJ1anaHa 4 U TaBJICHUS B MMOJIBOJHOM KaHaJe p.

Amax

Preg
— -

pSCt pmax p'

Puc. 69. 3aBucuMoCTb MEX Iy IJIOIIA/IBbIO TPOXOJHOIO CEUEHUS
KJIanaHa A ¥ mepenagoM JaBJIeHHs Ha KJIalmaHe p

IIpu naBieHUU B MOJBOJAHOM KaHAJIE, MEHBIIEM YCTAHOBJICHHOTO 3HAUYCHUS
P < Dser, KIJIATIAH OCTAETCS MOCTOSIHHO 3aKpbIThIM A = 0. B MOMeEHT, Kora jaBiie-
HUE€ p HAYMHAET MPEBBIIIATh YCTAHOBIECHHOE 3HAUYCHUE Py, TUIOMIAAb TPOXOIHO-
ro CEUCHMSs KJalaHa Ha4MHAET MPOMOPIIMOHAIBLHO YBEJIMYMBATHCS, TEM CAMBIM
MOJJEPKMBasi MOCTOSTHHOE JABJICHUE B OTBOAMMOM TmoToke. IIpu moctuxkeHuun
JABJICHUSI B OTBOJIHOM KAHAJE Pp = Pmax KJIANAH MOJHOCTBIO OTKPBIT A = Apmax.
OnHako Jaxke Mpu MOJHOCTBIO MEPEKPHITOM OTBEPCTHUHU CYIIECTBYET HE3HAUM-
TeJbHas TUIOIAb (3a30phl), Uepe3 KOTOPYIO MPOUCXOAAT BHYTPEHHHE MEPETEU-
KH, T.0. 00ecrieduBaeTCsl HEPa3phIBHOCTh MTOTOKA KUIKOCTH.

Mopenb yYUTBHIBAET JIAMUHAPHBIM U TypOYJICHTHBIM PEXKUMBI MMOTOKA, BbI-
yuchsas yuciao PeliHonbaca Re W cpaBHUBAsI €ro 3HAYEHUE ¢ KPUTUYECKUM YHUC-
oM PeliHonpaca Re,.,.

Pacxon HaxoauTes U3 CIEAYIONIMX YPaBHEHUM:

Cc, -4 £|p| -sign (p), npu Re =Re _;
g = P

D
2C,, -A—p, npu Re < Re , .
v-p
Aleak ,npu pgpset;
A(p): Aleak—i_k'(p_pset) » hpu pset<p<pmax;
Amax ,npu pzpmax'
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k_ max ;
preg
P=DP4s— P>
2
-D C
e:q—H; DL = D ’ DH = 4A—(h)’
A(h)-v Re,, T

I7i€ ¢ — pacxoJ;

p — Tiepenaj JaBJIeHMs Ha KJIaraHe;

P4, Pp — MAHOMETPUUECKHUE JABJICHUS HA BXOJI€ U BBIXOJIE B KJIAMMAaH COOT-
BETCTBEHHO;

Pser — 1aBIICHUE HACTPOUKH KIlaraHa;

Pmax — ABIICHHE, HEOOXOAMMOE ISl TIOJTHOTO 3aKPBITHS KJlanaHa;

Dreg — INATIA30H PETYIMPOBAHHUS NaBICHUS;

A(p) — MTHOBEHHasI IJIOIIA/Ib IPOXOIHOTO CEYEHUS KJlanaHa;

Amax — TUIOIIA/Ib TOJHOCTHIO OTKPBITOTO OTBEPCTUS;

Ajeqr — TUIONIA/Ib, Y€PE3 KOTOPYIO MPOUCXOJUT MEepeTeuKa >KUIKOCTU IMPHU
MOJIHOM NIEPEKPBITUN OTBEPCTHUI;

Cp — koa(ppunueHT pacxona;

p — TUIOTHOCTb KUJKOCTH;

V — KHHEMaTH4ecKasi BA3KOCTh >KHJIKOCTH;

Dy — MTHOBEHHBIN T'UIPABIMYECKUN JUAMETP OTBEPCTUN IPOCCEIIS.

B Moaenu npuHATHI clieayromme JOmyIeHus:

— OTKpBITHE KJIanaHa IpsMO-IIPONOPLHOHATIBHO Nepenaay JaBieHus;

— 3JIEMEHTHI yCTPOMCTBa HE 00Ja1at0T UHEPIUEN U HE UCTIBITHIBAIOT HA Ce-
0e cuJ1 TpeHus;

— IEepexo/i MKy JaMUHAPHBIM U TYpOYJICHTHBIM PEKUMAMH MPOUCXOAUT
MIHOBEHHO, Korga Re= Re,,.
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E! Block Parameters: Pressure Relief ¥alve |

—Pressure Relief Val

Thig block represents a hydraulic pressure relief valve as a data sheet-baged model,
The valve remaing clozed while pressure at the valve inlet is lower than the valve
preset pressure, When the preset pressure is reached, the value control member iz
forzed off itz seat, thus creating a passage between the inlst and outlet, Some fluid iz
diverted to a tank through this arifice, thus reducing the pressure at the inlst. If this
flow rate is not enough and pressure continues to rige, the area iz further increazed
uhtil the zantral member reaches it maimum.

Connections & and B are hydraulic conserving ports. The block positive direction is

fram part A to part B,

—Parameter
I aximum passage area; |1 =04 I w2 j
Walve pressure setting: |53+DB I Pa j
Yalve regulation range: Ise 05 I Pa j

Flow discharge coefficient: ID 7

Critical Reynolds number: |1 2

Leakage area: |1e-12 I "2 j

’TI Cancel | , ............ H e|p ............ | = |

Puc. 70. Oxno mapamerpoB 6soka Pressure Relief Valve

Maximum passage area — MaKCUMaJbHasI TIOMAAb MPOXOTHOTO CEYCHHSI.

Valve pressure setting — ycTaHaBIMBaeMOe 3HAYCHHE JABIICHUS, TIPU KOTO-
POM KJIaliaH HaYWHACT 3aKPBIBATHCS Pge;.

Valve regulation range — nuana3oH peryJIMpOBaHUs KIIANAHA D,

Flow discharge coefficient — xordunuent pacxona. [lomysmnupruueckuit
napameTp, SBJISIONIUNCS TIOJTHOW XapaKTepUCTUKON KOMIleHcaTtopa. Ero 3Haue-
HUE 3aBHCHT OT T€OMETPUYCCKUX MMapaMEeTPOB OTBEPCTUS U OOBIYHO yKa3hIBACT-
Csl B CITIPAaBOYHOM JINTEpaType WIH JaHHBIX U3TOTOBUTEJIS.

Critical Reynolds number — xputndeckoe 4yucio PeitHonbaca, WiM Makcu-
MasbHOE uncio PefiHombaca, it TaMUHAPHOTO TIOTOKA.

Leakage area — mnomanas BHYTPEHHHUX MEPETCUCK KUIKOCTH MPHU TTOTHOM
MEepPeKpITUN 0TBepcTHs. OCHOBHOE 3HAYCHHUE ITOTO MapaMeTpa COCTOWT B TOM,
YTOOBI YYE€CTh HEPa3phIBHOCTD MTOTOKA JKHUIKOCTH.

brox uMeer nBa THApPaBINYECKUX MOpTa A U B, CBSA3aHHBIX C BXOJIHBIM U
BBIXOJHBIM OTBEPCTHSIMH KjlallaHa COOTBETCTBEHHO.

11. ITPUBOABI KJIAITAHOB (Valve Actuators)

Paznen cogepxut HaOOp MPUBOIOB U BKIIOYAET MATH OJIOKOB:
1. 2-Position Actuator.

2. 3-Position Actuator.

3. Hydraulic Single-Acting Valve Actuator.

4. Hydraulic Double-Acting Valve Actuator.

5. Proportional and Servo-Valve Actuator.
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11.1. IByxno3uuuoHHbIH NpUBOJ KjaanaHoB (2-Position Valve Actuator)

— . B

bnox 2-Position Valve Actuator npenctaBiser co00M ABYXMO3UIIMOHHBIN
MPUBOJ ISl U3MEHEHHS TOJIOXKEHMSI 3allOPHO-PETYIUPYIOLIEro 3JeMEeHTa KJiia-
naHoB. OCHOBHBIMHU MapaMeTpaMH MPUBOJA SBJISIOTCA MEepeMElIeHUE UCTIONHU-
TEJIBHOT0 MEXaHW3Ma MPUBOJIA, BPEMs BKIIIOUEHUS U BBIKIIOUEHUSI.

Ha Bxoj B 610k moaeTcst curHai ynpaBlieHUs, KOTOPbIM npeodpasyercs: B
¢bu3nyeckuil BIXOHOM curHai. Jlanee 3TOT curHain MoKeT ObITh MoAaH Ha (u-
3MYECKH TOPT ympapieHus S OAHOrO M3 MPEACTABICHHBIX B pasjaene Direc-
tional Valves runpopacnupeneuTesnei.

brnox mnpexacraBisier coOoil uaeanbHBbIA MpeoOpazoBaTeib, B KOTOPOM
yIpaBisiolnlee BO3ACHCTBUE HE 3aBUCHUT OT 3HAUEHHUsS] HAarpy3Kd Ha HMCIOJHU-
TEJILHOM MEXaHU3ME MPHUBOJAA. XapaKTEPUCTHKA €ro nepemelneHus f (x, t) npu-
BeJleHa Ha puc. 71 W mpeacTaBisgeT coO0OW TUIMUYHYIO KPUBYIO Tepexoja JUis
AIIEKTPOMArHUTHBIX MPUBOIOB.

X A

input signal push-pin

Xstr \ _______ L

—+Vv

tl tz t3

A
A
A

A

Puc. 71. Xapakrepuctrka nepemMenieHus UCIIOTHUTEIb-
HOTO ME€XaHM3Ma 3JIEKTPOMAarHUTHOTO NpuBoja f (X, t)

HcnonHuTENbHBIN MEXaHU3M MPUBOJA NPUBOJUTCS B JIBH)KEHUE B MOMEHT,
KOI'Zla BXOJHOE 3Ha4yeHHE CUrHana mpeogoisieBact 50 %-HbIi IOPOr OT HOMHU-
HaJIbHOTO 3HaueHus. O011ee BpeMs IepeEMEILEHUS #,, Pa3AEICHO Ha TPU PaBHbIE
CTaJuu: 3aJIepXkKKa f|, JBUKEHHUE C MOCTOSIHHBIM YCKOPEHHEM f, U JIBUKEHUE C
ITOCTOSIHHOM CKOPOCTHIO #3. JIBMKEHME IPEKpaAaeTCs IPU HACTYIUIEHUU BpeMe-
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HU BBIKJIIOUYEHHS, TIPU 3TOM MCIHOJHUTEIbHBIA MEXaHU3M MPHUBOAA JOCTUTAET
3HAYCHUS Xy, UTOOBI BEPHYTH HMCIIOJHUTEIBHBIN MEXaHW3M B HayajgbHOE TOJIO-
KEHWE, CUTHAJ YIPaBJIEHHUS JOJDKEH OBITh MPOCTO CHAT. OOpaTHOE IBUXKECHHE
OCYIIECTBIIACT MO TOM ke caMoi TpaeKkTopuu (cMm. puc. 71).

[IpuBoa MOXET OBITH OCTAHOBJIEH B JIO0OOH MOMEHT BPEMEHH, W3MEHUB
BXOJIHOU curHai B 0710K. [Ipu 3TOM nepemMenieHne oCyIecTBIsSETCS TOJIBKO TPH
MOJIO)KUTEILHOM CHUTHAJIE, a HAMpaBJICHUE JBUKEHUSI MCIIOJIHUTEIBHOTO MeXa-
HHU3Ma MIPUBOJA ONIPENEIAETC mapaMeTpoM Actuator orientation.

B mMopaenu npuHATH clieayonye T0MmyIeHHS:

— B MOJIEJIM HE YUYTEHbI CONPOTUBJICHHUS, CBSA3AHHBIE C MCIOJTHUTEIbHBIM
MEXaHU3MOM, TaKUE€ KaK TPEHUE, UHEPIUS U T.J.

Push-pin stroke — nepeMeliieHre UCIIOJIHUTEIIBHOTO MEXaHU3Ma IIPUBO/IA.

Switching-on time — BpeMs BKJIIOUCHHsI, HEOOXOAUMOE JIJIsl TTOJTHOTO Tiepe-
MEIIEHUS UCIIOTHUTEIBHOTO MEXaHU3Ma IOCTIe MOJaud CUTHala yIpaBICHHUS.

Switching-off time — BpeMsi BBIKIIOUEHUSI, HEOOXOAUMOE JIJIsi TIOJIHOTO Tie-
pEMENIECHUS UCTIOTHUTEIIBHOTO MEXaHU3Ma TOCIIE CHATHSI CUTHAJIA YIIPABICHUS.

E! Block Parameters: 2-Position Yalve Actuator |
—2-Pozition Valve Actuator
The block i a data sheet-based model of an actuator that drives 2-position
directional discrete valves and azsumes 2 positions: extended and retracted. The
actuatar iz activated if the input signal crosses 50 of its nominal valus. The actuator
can be actuated only by pozitive signal, similar ta the case of AC ar DC
electromaagnets. The push-pin reaches a hard stop after “switching-on' time, and
retracts in switching-off time: after the control signal is removed. The motion can be
interupted, The motion profile does not depend on load, The block has one physical
zignal input port and one physical signal output port.
The push-pin moves in positive or negative direction, depending on the “Actuator
orientation' paramater setting.
—Parameters
Push-pin stroke: ID'm I = j
Switching-on time: ID 1 I . j
Switching-off time: ID 1 I . d
Mominal signal value; |24
Initial pozition: I Retracted j
Actuator arisntatior: I Acts in pozitive direction j
0K I Cancel | Apply |

Puc. 72. Oxno napamerpos 01noka 2-Position Valve Actuator

Nominal signal value — HOMUHAJIbHOE 3HAYE€HUE BXOJHOTO CUTHama. J|BU-
KEHWE MCIIOJIHUTEIIBHOIO MEXaHW3Ma OCYIIECTBISIETCS MPU TOCTHKEHUU BXOJI-
HOro 3HaueHus curHana 50 %-ro nmopora OT HOMUHAJIBHOTO 3HAYEHUS. DTOT Ma-
paMeTp YUUTHIBAET OCOOEHHOCTH 3JIEKTPOMArHHUTA.

Initial position — Ha4YaJbHOE TIOJOKEHHE MCIOJHUTEIBHOIO MEeXaHHU3Ma
npuBona. Ilapamerp MOXeT NMpUHUMATh OAHO W3 JBYX 3HaueHui: Retracted
(meiictBue B oOpaTHOM HampaBieHuu) win Extended (newicTBue B IpsSIMOM Ha-
MIPABJICHUHN).
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Actuator orientation — opueHTalysl MpuBojaa. MoXeT OBbITh 3aJlaHa JBYMS
pPa3IMYHBIMU CIIOCOOaMU, B 3aBUCHUMOCTH OT TOTO B IOJIOKUTEIBLHOM (Acts in
positive direction) unu oTpunateabHoM (Acts in negative direction) HarnpaBiie-
HHUU MIPOUCXOJIUT ABUKEHUE UCTIOITHUTEIBLHOIO MEXaHU3Ma ITPUBOA.

briok wmMeeT nBa (QuU3MUECKUX TMOPTa, CBS3AaHHBIX BXOJHBIM CHUTHAJIOM
VIPABJIEHUS W BBIXOAHBIM CHUTHAJIOM NEPEMELICHUS HCIOJHUTEIBHOTO MeXa-
HHU3Ma IPUBOJIA.

11.2. Tpexno3nunoHHbli npuBoa KianaHos (3-Position Valve Actuator)
[r 2

[:a-afh\“:'_[}

bnox 3-Position Valve Actuator npencrapisieT co00M TpeXmO3UIIMOHHBIN
IPUBOJ JJIsl U3MEHEHUS IOJIOKEHUS 3allOPHO-PETYIIMPYIOLIETO JIEMEHTa Kila-
naHoB. OCHOBHBIMU MapaMeTpaMH MPUBOJA SBJISIOTCA MEepeMEelIeHUEe UCTIONHU-
TEJIBHOT0 MEXaHWU3Ma MPUBOJA, BPEMs BKIIOUEHUS U BBIKIIOYEHUSI.

Ha BxoJ B 070K MOAAIOTCS 1Ba CUTHAA YIIPaBiIeHUsS HA 3JIEKTPOMAarHUThl 4
u B, xotopble mpeobOpasyercs B (puanyeckuid BBIXOJIHOM curHai. Jlamee 3TOT
CUTHAJI MOXXET OBITh MOAaH HAa (HU3UYECKUH MOPT yHpaBlieHUS S OAHOTO W3
IpEJICTaBIECHHBIX B pa3nene Directional Valves rugpopacnpeaenuTeiei.

bnok mnpencrasisger co0oil uaeanbHBIM IpeoOpazoBaTeslb, B KOTOPOM
yIpaBisiionlee BO3ACHCTBUE HE 3aBUCHUT OT 3HAUEHHUS] HAarpy3Kd Ha HMCIIOJIHU-
TEJIbHOM MEXaHU3Me MPUBOJAA. XapaKTEPUCTHKA €ro nepemelneHus f (x, t) npu-
BeJicHa Ha puC. 73 W NpeAcTaBisieT cOOOW TUIMYHYIO KPHUBYIO IE€pexoja s

QJICKTPOMArouTHLIX IIPUBOIOB.
X A

A
input signal \
\ push-pin

0.5 ! / )

(= 4

tde tac tve tar tar tor

» »i »i »ld »
Ll CTPQ L i) L

A 4
A
A 4
A

>l
)

ton tott
< » < >

Puc. 73 XapakrepucTrka repeMenieHus HCIIOJHUTEIbHOIO0 MEXaHU3Ma JIEKTPO-
MarHuTHOTO TpuBoAa f (X, t)
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HcnioTHUTEIbHBI MEXaHW3M TIPHBO/IA TIPUBOJIUTCS B JBMYKEHUE B MOMEHT,
KOTJla BXOJHO€ 3HAaueHWe curHama mnpeogonieBaeT 50 %-HBIH TOPOT OT HOMH-
HaJBHOTO 3HaueHus. O01Iee BpeMs epeMeIeHust ¢,, pa3aelicHo Ha TPU PaBHBIC
CTaJIMH: 3a7CPiKKa 74, NBWKCHHUE C MMOCTOSSHHBIM YCKOPEHUEM f,, U JBUKCHHUE C
MIOCTOSTHHON CKOPOCTBIO f,.. [[BIKeHHE Tpekpaiaercs Mpu HACTYIUICHHH Bpe-
MEHHU BBIKITIOUCHUS, TIPU 3TOM HCIIOJIHUTEIBHBIA MEXaHW3M IIPHBOJIA JOCTUTACT
3HAYCHUS X, UTOOBI BEPHYTh MCIIOJIHUTEIIBHBIH MEXaHHW3M B Ha4aJlbHOE ITOJIO-
KCHHUE, CUTHAJ YIPAaBICHUS JOJKEH OBITh MpocTO CHAT. OOpaTHOE JABMKCHHE
TAaK)K€ COCTOMT M3 TPEX CTATUH Zo (CM. pHC. 73).

BxosiHO# cHrHaj, MPUIOKEHHBIA K TIOPTY A, 3aCTaBIISICT ABUTAThCS HCITOJI-
HUTEBHBI MEXaHU3M TNPHBOJIA B TOJIOKUTEIHLHOM HAIIPABJICHHH, a YTOOBI Tie-
PEMECTUTH €T0 B OTPHUIIATSIIBHOM HANpPaBICHUN — HEOOXOIMMO TOJIaTh BXOIHOM
curHaJ K nopty B. [Ipu 3TOM He AoIycKaeTcss OJHOBPEMEHHAs 1Mojaya CUTHAJIOB
Ha 00a MopTa OTHOBPEMEHHO.

[TpriBor MOXKeT OBITH OCTAHOBJICH B JIFOOOW MOMEHT BPEMCHH, W3MCHHUB
BXOJTHOM curHai B 0J0K. [Ipy 3TOM mepeMenieHrne OCyIIeCTBIICTCS TOIbKO MPU
MIOJIOKUTENIbHBIX CUTHAJIaX B opTax 4 u B.

B Mojenu npuHATHI CIICTYIOIIHE TOMYIICHUS:

— B MOJICJIM HE YYTCHBI COTPOTHBJICHUS, CBSI3aHHBIC C HMCITOJIHUTCIHHBIM
MEXaHU3MOM, TaKne KaK TPCHHUE, MHEPITUS U T.1I.

[=IBlock Parameters: 3-Position Yalve Actuator x|
— 3-Pogition Yalve Actuator
The block iz a data sheet-based model of an actuator that dives 3-position
directional digcrete valves and agsumes 3 positions; neutral, extended in positive
direction, and extended in negative direction. The actuator iz activated if an input
signal on either part & or port B crosses 50% of signal's nominal value. The actuatar
can be actuated only by positive zignal. It moves in pozitive direction if signal at port
& iz applied. Sighal at port B moves the pin in negative dirsction. Only one sighal can
be applied at a time, similar to the caze of AC or DT electromagnets. The push-pin
reaches a hard stop after “switching-on' time, and retracts to neutral position in
“zwitching-off'' time after the contral signal is remaved. The mation can be
interupted. The motion profile does not depend on load. The block has bwo physical
sighal input ports ahd one physical sighal output port.
—Parameters
Puzh-pin stroke: In_m I = j
Switching-on time; ID_-I I A d
Switching-off time: ID_-I I = j
Maminal zighal value: |24
Initial position; I Neutral d
1] 4 I Cancel | Apply |

Puc. 74. Oxno napamerpoB 0sioka 3-Position Valve Actuator
Push-pin stroke — nepemelniieHre UCTIOIHUTENLHOTO MEXaHU3Ma MTPUBO/IA.

Switching-on time — BpeMsl BKJIIOUCHHsI, HEOOXOAUMOE JIJIsl TTOJTHOTO Tiepe-
MEIECHUS UCIIOJIHUTEIIBHOTO MEXaHU3Ma MOCJIE MOIaYM CUTHAJA YIIPABJICHHUS.
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Switching-off time — BpeMsi BBIKIIOUEHUS, HEOOXOAUMOE IJIsl TIOJIHOTO Tie-
pEMEIICHUS UCTIOJHUTEIPHOTO MEXaHU3Ma TOCJIe CHATHUS CUTHAJIA YIIPaBIICHUS.

Nominal signal value — HOMUHAJIbHOE 3HAYE€HUE BXOJHOTO CUTHama. J|Bu-
KCHHUE WCITOJIHUTEILHOTO MEXaHM3Ma OCYIIECTBIISETCS MPH JOCTHKECHUU BXO/I-
Horo 3Ha4yeHus curHana 50 %-ro mopora OT HOMUHAIBHOTO 3HAUEHUS. DTOT Ta-
paMeTp YYHTHIBAET OCOOCHHOCTH 3JICKTPOMArHHUTA.

Initial position — Ha4YaJbHOE TIOJOKEHHE MCIOJHUTEIBHOIO MEXaHHU3Ma
npuBoja. [lapameTp MOXET MPUHUMATH OJHO W3 TpeX 3HaueHui: Neutral (He-
TpajbHOE TIoJIOXKeHue), Extended positive (IBUXKEHHE B MPSIMOM HaIpaBJICHUH)
unu Extended negative (ABUXeHUe B 0OpaTHOM HaIpPaBIICHUH ).

brok nMeet Tpu (pU3MUECKUX MTOPTA: JIBa BXOAHBIX TIOPTa A M B, CBI3aHHBIX
C CHTHAJIaMH YIIPaBJICHUS, a TAK)KE BBIXOIHOHM MOPT, CBSI3aHHBIA C CUTHAJIOM Iie-
pEMENICHUS UCTIOJIHUTEILHOTO MEXaHU3Ma TIPUBO/IA.

11.3. I'mapaBian4ecKuii MPUBO/ KJIANAHOB OJJTHOCTOPOHHET 0 AeiiCTBUA

(Hydraulic Single-Acting Valve Actuator)

[ B Heo

brnox Hydraulic Single-Acting Valve Actuator npencrabiseT coboil uie-
aNBHBIN MPUBOJ, YIIPABISEMbIN NIEPEMEIICHUEM, JaBICHUEM WU PacxoaoM, 0e3

y4deTa CHJI COITPOTUBIIEHUS, KPOME CHJIBI YIIPYTOCTH MPYKUHBI.
A 5
B

\ 7

‘p— valve W—'—'—'—

%

Puc. 75. PacueTHas cxema pruBoia OJHOCTOPOHHETO ACUCTBUSA

IIprBOx OJHOCTOPOHHETO IEUCTBHUS COCTOUT U3 MOPILIHS U NPYKUHBIL.
[lopuiens yaepkuBaeTcs B Ha4aJIbHOM MOJOXKeHUU (s = (), mpu HEKOTOPBIX
3HAYEHMAX CHUIIBI, JEHCTBYIOIEH CO CTOPOHBI KUAKOCTH (F < F),.). Ilpn yBenn-
YEHUM JABICHUA KUIAKOCTH Ha BXoAe (£, < F' < Fi,x) IOPUIEHD NIPEOIO0JIEBAET
CWJIbl COINPOTUBIIEHUSI CO CTOPOHBI MPYXUHBI U HAUMHAET JBMXKEHHE (MAaKCH-
MajJbHOE TMOJIOKEHUE OrPaHUYEHO KOHCTPYKTHBHO). OOpaTHOE ABUKEHHE
IOPIIHS IIPOUCXOJAMT 3a CUET YNPYIMX CBOWCTB NPYKUHBI IIPU CHUKCHUU J1aB-
JICHMS KUJKOCTH Ha BXOJE.

Takoro poga NpuBOJ MOXKET OBITH ONTUCAH CIEAYIOUIUMU YPAaBHEHUSMM:
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stroke

F:A-p;LZT_Fm;
0, npu F<F
s=L-(F-F,)-or, npuF, <F<F_,
stroke-or, npu F>2F_

r€ p — MAHOMETPUYECKOE JaBICHHUE KUJIKOCTH B IMOJOCTH MPUBO/IA;
§ — MTHOBEHHO€ TIOJIO’KEHUE MOPIIHS;
A — > dexTuBHAs TUIONIATH TOPIIHS;
F — cuna, nencTByomas co CTOPOHbBI )KUJIKOCTH;
F,, — MMHUMaJIbHas CHJIa, HEOOXOAMMAs [l CMEIEHHS TIOPIIHS;
Fiax — MakcuMmanbpHas cuia, HeoOXoaumas Jid TEepeMElIeHUs TMOPIIHS B
KpaiHee MOJIOKEHHUE;
Stroke — XOJ1 TIOPIIIHS;
or — NepeMEHHas1, MpUHUMaloIlasl 3HaueHue «+1», ecau B nopty 4 pa3BuBa-
€TCs YCWJIME B MOJOKUTEIBHOM HAIIPABJICHUU U «-1» — B OTPULIATEITLHOM.
B mMopaenu npuHATH clieayonye T0myueHUs:
— UHEPIUS, TPEHUE, BHYTPEHHUE MEPETEUKU U T.JI. B MOJEIN HE yUYUTHIBA-
I0TCS;
— KUJIKOCTh CUUTAETCS HECKUMAEMOM.

E}BInck Parameters: Hydraulic Single-nttMg-‘i'_:" ?:

—Hudraulic Sinale-tcting Walve Actuator

This block represents a single-acting hydraulic valve actuator. Use it az & pilob
actuator for directional, pressure, or flow control valves in applications where all the
farces, except spring force, and flow consumption can be neglected. The actuator
consizts of & piston and a spring. The spring, which can be preloaded, tendz to keep
the pizton at the initial position. Az preszure applied ta the piston develop: enough
farce to overcome the spring preload, the piston moves to the opposite pozition until
it reaches itz maxinum stroke.

Connection ¥ iz a hpdraulic conserving port azsociated with the walve chamber.
Connection P iz a physical signal port whose output corresponds ta piston
dizplacement. Prezzure applied at port = moves the piston in the pozitive or negative
direction, depending an the value of the Actuator arentation parameter,

—Parameters
Piston area: |2e-04 [m2 =]
Preload force: 20 L
Full stroke force: I?D I N LI
Piston strake: IEI.EIDE I m LI

Adctuatar orisntation: | Acts in positive direction x|

ak. I Carcel

Puc. 76. Oxno nmapamerpoB 6soka Hydraulic Single-Acting Valve Actuator

Apply |

Piston area — >dpexTrBHAs MI0IIAAb TOPIITHS.
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Preload force — muauManpHas cuia, He0OXoauMast JJIsi CMEIIEHUsI TTOPIII-
HSL.

Full stroke force — MunuMmanbpHas cuiaa, HEOOXoaUMas I TEPEMEIICHUS
MIOPIITHS B KpaliHEe MOJIOKCHHE.

Piston stroke — xon nopurHs.

Actuator orientation — opueHrtauus npuoja. [IpuBojx mMoxer ObITH ycTa-
HOBJICH JBYMsI Pa3UYHBIMU CIIOCOO0aMH, B 3aBHCHMOCTH OT TOTO B ITOJIOXKH-
TenbHOM (Acts in positive direction) unu otpunarensHoMm (Acts in negative di-
rection) HalpaBJICHUHU MPOMCXOIUT JCHCTBHE MPH IOJaue HAa €ro BXOJ JaBlie-
HHSL.

biox uMeeT oauH ruapaBIMYeCKUil MOpT X, CBSI3aHHBIN ¢ BXOIHBIM OTBEP-
CTHEM, a TaKKEe OJUH MEXaHWYECKHHA MOPT P, CBS3aHHBIA C TOJIOKCHUEM BBI-
XOTHOTO IIITOKA MPUBOJIA.

11.4. I'mapaBanyeckuii NPUBOJ KJIANAHOB IBYCTOPOHHEIO 1eiiCTBUSA

(Hydraulic Double-Acting Valve Actuator)
Lt

T [BHes

brnox Hydraulic Double-Acting Valve Actuator nipeactasisier cobon ue-
aNBHBIN MPUBOJ, YIIPABIAEMbIN IEPEMEIICHUEM, JaBICHUEM HMJIH PacxoaoM, 0e3

yucTa CUJI COIMMPOTUBIICHUA, KPOME CUJI YIIPYT'OCTH IIPYKUH.
5
¥ chamber - Y chamber
f

Y

3
»E

Fpn{,Fmax}{ Fpry,Fma}{\,r

L p}{ L pv

Puc. 77. PacueTHas cxema IpruBOJia JBYCTOPOHHETO IEUCTBUS

HpI/IBOII COCTOUT M3 ABYX B3dMMOCBA3AHHBIX IIPUBOAOB OJIHOCTOPOHHCIO
IICﬁCTBI/ISI, PACIIOJIOKCHHBIX APYT' HAIIPOTUB ApYyTa, K&)KI[BIﬁ N3 KOTOPBIX COCTOUT
N3 IMOPHIHA U IMPYKUHBI ()KCCTKOCTI/I IPY>XHWH W IIJIOIa1H HOpH.IHCﬁ MOT'yT OBITH
paBJII/I‘{HBI). MC)KIIy HHUMH PACIIOJOKCHA HPOMCIKYTOUYHASA YaCTh C BBIXOIHBIM
IITOKOM.

Takoro poaa IpuBOIa MOKCT OBITH OIIMCaH CICAYIOINMHA YPABHCHUSMU:

F=4.p.—4,p;
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Str stry

Lx = ’ Ly :—’
Fmax X _Fpr x Fmax y _Fpr y
0, npu F < Fpry;
ecu F > 0: s = Ly-(F—Fpry)-or, npu Fpry<F<Fmaxy;

str,, -or, npu FF2F,. .

0, npu | F|< F, ;

et F< 0 s=y—L.-(|F|-F, )or, npuF, <FI|<F, ;
—str, -or, npu |F2F,.

r€ p — MAHOMETPUYECKOE JaBICHHUE KUJIKOCTH B IMOJOCTH MPUBO/A;
§ — MTHOBEHHO€ TIOJIO’KEHUE MOPIITHS;
A — >ddexTuBHAs TUIONIATH TOPIIHS;
F — cuna, neucTByromas co CTOPOHbI KUIAKOCTH;
F,, — MMHUMaJIbHas CHJIa, HEOOXOAMMAs [l CMEILEHHS TIOPIIHS;
Fiax — MakcuMmamnbpHas cuia, HeoOXoaumas IJisd TEepeMElIeHUs IMOPIIHS B
KpaiHee MOJIOKEHHUE;
Stroke — XOJ1 TIOPIIIHS;
or — TepeMEHHas1, MpUHUMalollasl 3HaueHue «+1», ecau B nopty 4 pa3BuBa-
€TCs YCWIHME B MOJOKUTEITBHOM HAIIPABICHUU U «-1» — B OTPULIATEILHOM.
B mMopenu npuHATH clieayonye T0MmyIeHUS:
— WHEPIUs, TPEHUE, BHYTPEHHUE MEPETEUKU U T.JI. B MOJEIN HE yUYUTHIBA-
10TCS;
— )KUJIKOCTh CUUTAETCS HECKUMAEMOM.
Piston area at port X — 3¢ dexTrBHas MII01Iab MOPIITHS B MOJOCTH X.
Piston area at port Y — 3bdexTuBHas MI011aAb TOPIIHS B TOJIOCTH Y.
Preload force at port X — MmuHUManbpHas cuia, HeOOXoaUMast JJIsl CMeIle-
HUSI TIOPIIHS B TIOJIOCTH X.
Preload force at port Y — MmuHuManbpHas cuia, HeoOXoauMasl JJisi CMeIle-
HUSI TIOPIIHS B OJIOCTH Y.
Spring maximum force at port X — MakcUMajbHasi CUJia YOPYTOCTH B TIO-
Jocty X.
Spring maximum force at port Y — MakcuMmaibHasi CWja YOPYrOCTH B IIO-
jocTy Y.
Piston stroke at port X — xo1 nopiiiHs B oJioctu X.
Piston stroke at port Y — Xo1 nopiiHs B oyioctu Y.
Actuator orientation — opueHrtauus npuoja. [IpuBojx mMoxer ObITH ycTa-
HOBJICH JIBYMsI Pa3JIMUYHBIMU CIOCOOAMU, B 3aBUCHUMOCTH OT TOTO B TOJIOXKH-
TenbHOM (Acts in positive direction) unu otpunarensHoMm (Acts in negative di-
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rection) HallpaBJIEHUM MPOUCXOIUT JIEUCTBUE MPU TOJA4Y€ Ha €ro BXOJ JaBJe-
HUS.

—Huydraulic Double-Acting Walve Actuatar
Thiz block reprezents a double-acting hydraulic valve actuator. Usze it a3z a pilat
actuator for directional. pressure, or flow control walves in applications where all the
forces, except spring force, and flow consumption can be neglected.
The actuator conzists of bwo gingle-acting actuators acting against each other. Each
single-acting actuator congists of a piston, centering spring. and centering washer.
“when control preszure iz applied to either hpdraulic port, only one centering zpring iz
compreszed by ite wazher while the other buttz againzt the valve body and exerts no
force on the spool. “When both control prezzures are releaszed, the springs force the
washers againzt the valve body, and the spool centers between them. This dezign
allows each actuator to have a different zpring. preload force, and piston area. As
preszure applied to the piston develops enough force to overcome the spring
preload, the piston moves o the opposite position until it reaches its maximum stroke.
Pressure applied at port ¥ zhifts the walve in the X-direction, owvercoming the spring
located in the ' chamber. Prezsure applied at port ' shifts the valve in the
*r-direction, overcoming the spring located in the % chamber.
Connections & and ' are hydraulic conserving ports associated with the valve
chambers. Connection P iz a physical signal port whose output corresponds ta piston
displacement. Pressure applied at port # moves the piston in the positive or negative
direction depending an the walue of the Actuatar orientation parameter.

—Pararneters
Pizton area at part |2e-D4 I Ed Ll
Pizton area at part " |2e-D4 I ] ..'_1
Preload force at port ID I N LI
Preload force at port v ID I W _,J
Spring masimum force at
pork 3: IED I N -v—I
Spring masimum force at
port IED I N Ll
Fizton stroke at port = IU.DDE I o LI
Pizton stroke at port v |D.UDS I = _,J
Actuator orientation: I Acts in positive direction Ll

] I Cancel | Aol |

Puc. 78. Oxno mapamerpoB 6soka Hydraulic Double-Acting Valve Actuator

biok nmeer ABa TUAPABIIMYCCKHUX TIOPTA Xu Y, CBsI3aHHBIX C BXOOAHBIMH OT-
BCPCTHAMHU COOTBCTCTBYIOIITUX HOHOCTeﬁ, a TAKXKC OJUH MEXaHUYCCKUM ImopT P ,
CBSI3aHHBIN C IOJI0KECHUEM BBIXOJHOT'O IITOKA IIPHUBOAA.

11.5. IIponopuuoHAJbHbBIN NPUBOJA U MPHUBOJ CEPBOKJIANIAHOB

(Proportional and Servo-Valve Actuator)

L— . HD

bnox Proportional and Servo-Valve Actuator npenctaBiseT coOOil 3JeK-
TPOMArHUTHBIA TPUBOJ, KOTOPHI MUCIONIB3YETCsS B MPOMOPIIMOHATBHBIX Kilarma-
HaX CepBOMOTOPOB. BJOK peann3oBaH Ha OCHOBE TUIIOBOM MOJEIHM U BBIJACT
TOJIKO OTHOIICHHS BXOJI/BBIXOJ JINOO TEPEXOIHYI0 XapaKTePUCTHKY MPUBOJA,
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KOTOPBIC OOBIYHO IMPUBOIATCA cnpaBquoﬁ JIUTCPATYPC U KaTaJIorax 3aBOOOB-

M3TOTOBUTENIEH.
Jlanubiii 6510k Oa3upyercs Ha coYeTaHUHM OJIOKOB OMOIMOTEeKU Simscape

(Physical Signals), coemuHEHHBIX COTJacHoO puc. 79.

{1 om—b|+ | 1
input e P + D T .

v

W

— | — S

F5 Integratort

PS5 Saturation PS Integrator £

PS Subtract PS Gain Output

PS Subtract! PS Gaint

Puc. 79. llpunuunuanesHas cxema 6ioka Proportional and Servo-Valve Actuator

Mogens coctout u3 ycunutens (PS Gain), uaterparopa (PS Integrator),
Osioka orpanudenust (PS Saturation) m 6noka Beruutanusi (PS Subtract), koto-
PBIii 3aMBIKACT OOPATHYIO CBS3b.

[lepexomHBIE XapaKTEPUCTUKN KIIAITAHOB CEPBOMOTOPOB WIIH IPOTIOPITHO-
HaJIBHBIX KJIalaHOB MpuBeeHbl Ha puc. 80. ENMHCTBEHHBIM pa3IuvreM MEXIy
JBYMS TIPUBEACHHBIMU rpaduKaMu SBJISETCS 3HAYCHHUE IMapaMeTpa OrpaHuYCHHSI
(100 u 20 %-HOe orpaHHYCHKE BBIXOJHOTO CUTHAJA).

1.4 ,
Transient response i5. input sign:.al lewel. ‘
B SRR, g g e 4
T U P S PR H—
L ot SR e oo -
=y : : : : :
=]
=3 I I I I I
5 08wt —— e —— 1
Satutation = 2094 of input
Y SO SN SO SRS S N - S _
Satugation = 100% of input ‘
02 frofrenns N I — —_— e -
0 I I I I I
Q 0.005 0.01 0.014 0.02 0025 0.03

time, s

Puc. 80. 3aBucuMocCTb BBIXOJHOTO cUTHajNa npusoja (Output signal) oT BpeMeHU
(time) Wi KJamaHOB CEPBOMOTOPOB MJIM MPOMOPIIMOHATBHBIX KJIAMIAHOB

N3menss ImapaMCTpPhbI 010Ka (OFpaHI/I‘{CHI/IC, YCHIICHHUC U TIOCTOAHHYIO
BpCMCHI/I), MOZKHO JIO6I/ITBC$I JIOCTaTOLIHOI‘/JI TOYHOCTH MOJCIIN PCAJIBHOTO IIPHUBO-
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na. OnHako caMbiM 3((PEeKTUBHBIM crTOcOOOM Mo00pa MapaMeTpoB MOJEIIHU SIB-
nsieTcs ucnoib3oBanue Simulink Response Optimization Toolbox.

[Z1Block Parameters: Proportional and Servo-¥a |

—Proportional and Servo alve Auctuator

The block iz implemented as & data sheet-bazed maodel of an electro-magnetic
actuator for propartional and zervo-valves. It is intended ta be used with ohe of the
directional valve models to form a desirable configuration of a propartional or
zervo-valve. The block reproduces anly the input/output relationzhip and is created
az a clozed-loop gystem, built of the first order lag, PS Integratar, PS Saturation
block, and PS5 Subtract block. The uze of the Simulink Fesponze Optimization
Toolbox iz recommended to determine actuator parameters. The block has one
phwzical zignal input port and one physical signal output port,

—Parameters
Gair: IS??
Tirme corstant: [0.002 E | |
S aturation: |D,3

ok I Cancel |

Puc. 81. Oxno mapamerpoB 6si0ka Proportional and Servo-Valve Actuator

Apply |

Gain — ycuienue. 3afaeT 3aJep>KKy epBOro mopsiaka.

Time constant — NOCTOSIHHAsE BPEMEHU C yYETOM 3aJIepKKU MEPBOTO MO-
psIKa.

Saturation — orpanndyenue. OrpaHUYUBAET MOJIEIb PUBOAA.

brok umeet aBa puznueckux nMopTa BXOJIHOTO U BBIXOJHOTO CUTHAJIOB.

12. CWJIOBBIE KJIAITAHBI (Valve Forces)

Paznen comepxuT HaOOp CHIIOBBIX KJIAllaHOB W BKIIOYAET B ceOs Clemyro-
e OJIOKu:

1. Spool Orifice Hydraulic Force.

2. Valve Hydraulic Force.

12.1. Kinanan tuna «comio-3acjionka» (Spool Orifice Hydraulic Force)

B g |
E-

[ [

bnok Spool Orifice Hydraulic Force npencrabiseT coOoi KiamaH, o0pa-
30BaHHBIN MIENBIO MPSMOYTOJILHOTO CEUCHUSI M BCTABKOM C MEPEKPHITHEM MHOTO
OOJBIINM PaTUATBHOTO 3230pa MEKAY OTBEPCTHEM U BCTaBKOMA.

Knanan MoxeT OBbITh OnMcaH CICAYIOIINMHA YPABHCHUSAMU:
2

q
F=p-—cosb-or;
p A
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6 =0,3663+0,8373- (1—exp(— x/1,848));
X=X, +S-0r;

b-x*=8%, npu x>0,

b-95, npu x <0,

A=

rae F' — oceBas TUApaBInyYecKas cuia;
g — pacxoJ;
p — IUIOTHOCTb XKUJKOCTH;
A — mmomane mieu;
0 — peaKTUBHBIN yTOJ;
X¢9— Ha4aJIbHOE MEePEKPHITUE LIETH;

§ — TIOJIO’KEHHE BCTaBKH;

b — mpuHa meny;

0 — paJvabHBINA 3a30D;

or — TepeMEHHas1, MpUHUMaloIas 3HaueHue «+1», ecau B nopty 4 pa3BuBa-
€TCs YCWJIME B MOJOKUTEITBHOM HAIIPABJICHUU U «-1» — B OTPULIATEILHOM.

B mMopaenu npuHATH Clieayonye T0MmyueHUS:

— TEpPEeXOJIHbIC MPOIECChl HE3HAUYUTEIIBHBI U UM MOKHO MpeHeOpeyb;

— OJIOK MOXKET HCIIOJIb30BaThCS TOJBKO JJII MOJCIMPOBAHUS KIIANaHOB,
00pa3oBaHHBIX MIEIBI0 MPSIMOYTOJBHOTO CEUCHHS U BCTABKOW C Tiepe-
KPBITHEM MHOT'O OOJIBIIIMM PaJUAILHOTO 3a30pa MEXAY OTBEPCTHEM H
BCTaBKOMH.

E Block Parameters: Spool Orifice Hydraulic Force = EI

—Spool Onfice Hydraulic Force

Thiz block simulates the steady-state axal hydraulic force exerted on the spool by fluid
flowing throvgh the arifice. The orifice iz supposed to be rectangular with the width
conzsiderably larger than the radial clearance between the zpool and the zleeve.

Connections & and B are hpdraulic congerving ports that should be connected in
zenes with the onfice block to monitor the flow rate. Connection 5 1z a phyzical signal
part that provides the spool digplacement. Connection F iz a physical zsignal port that
outputs the hydraulic azial force value. This port should be connected to the control
port of an Ideal Force Source block. The force computed in the block always acts to
cloze the orifice.

—Parameters
Orifice width: Iu_m I m LI
Radial clearance: |1e-05 I m L‘
Initial opening: ID I m LI
Drifice crientation: | Operz in positive dirsction x|

[ ok | s |TTEERT

Puc. 82. Oxno mapamerpoB 6s0ka Spool Orifice Hydraulic Force

Orifice width — mMpuHa NPSIMOYTOJIBHON IIEJH.
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Radial clearance — panuanbHbIi 3a30p MEXIY MIETBIO U BCTABKOM.

Initial opening — HadanpHOE MOJOXKEHUE KiamnaHa. [lapamerp mMoxer OBITh
MOJIOKUTENbHBIM  (IIOJIO)KUTETLHOE TEPEKPHITUE), OTPULATENbHBIM (OTpHUIIA-
TEJIbHOE MEPEKPHITHE) WM PABHBIM HYJIIO (HYJIEBOE IEPEKPHITUE).

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxeT ObITh
MOJIOKUTENbHBIM  (TIOJIO)KUTETFHOE TEPEKPHITUE), OTPULATENbHBIM (OTpHUIIA-
TEJIbHOE MEPEKPHITHE) WM PABHBIM HYJIIO (HYJIEBOE IEPEKPHITHUE).

Orifice orientation — opueHTanusi OTBEPCTUS. MoXKeT ObITh 3aJjaHa JABYMS
Pa3IMYHBIMU CIIOCOOaMU, B 3aBUCUMOCTH OT TOTO yBeluuuBaetcs (Positive sig-
nal increases overlap) win ymenbiaercs (Negative signal increases overlap)
MIEPEKPBITHE.

biiok nmeer ABa rUApaBIMYECKUX MOPTAa A U B, CBSA3aHHBIX C BXOJHBIM U
BBIXOJTHBIM OTBEPCTHUSMH KJIallaHa COOTBETCTBEHHO, a TakKe JiBa (hU3UYECKUX
nopra: S — ynpapisiOUMid MepEeMEIICHUEM BCTaBKU U [ — CBSI3aHHBINA C THUApPAB-
JINYECKON OCEBOM CHUJION Ha BBIXOJIC.

12.2. CusnoBoii rugpasiaundecknii kiaanan (Valve Hydraulic Force)

o4 o
[:,__;.?Iﬁ =

bnox Valve Hydraulic Force MoaenupyeT CTaTUYECKYIO OCEBYIO THPABIIN-
YECKYIO0 CHITY JKUIAKOCTH, MPUIIOKECHHYIO K Kianany. OTHOIIEHUSI MEXIY OTKPBI-
THEM KJIallaHa, JaBJICHHUEM M CWIJIOM 3aJaroTcs B BHIEC JBYXMEPHOI'O MacCHUBa.
Taxoli MacCuB MOKET OBITh MOJy4EH IKCIIEPUMEHTAIBHO WM aHAIUTHYCCKH.

Martpuiia oceBOi THIPABIMYECKOW CHIIBI JTOJDKHA WMETh MPSMOYTOJIBHBIN
BUJ U COJIEpP’KaTh CTPOKU CO 3HAUCHUSAMH TIepernaja NaBleHHs Ha KiarnaHe U
CTONOLBI — 3HAYEHWs] OTKPBITUS KJamaHa. 3HAueHUs B CTPOKaX M CTOJOmax
JOJDKHBI pacrioyiaraTbCsi B BO3PACTAIOIIEM TMOPSIKE W OXBATHIBaTh BECh JHAla-
30H 3HAYCHHH, XapaKTEPU3YIOIIHUX CaM KIIallaH.

B Monenp 070K cTaBUTCS MapajuieIbHO OTBEPCTHIO, Yepe3 KOTOPOe MOTOK

KUIAKOCTU U BBI3BIBACT OCCBYIO THMAPABIIMYCCKYIO CUITY, KdK ITIOKAa3aHO Ha PHC.

83.

28— 1 rolE-D

—E-—E[ﬂ& . =

Walwe Hydraulic
Force

<A v B =
g < 2 a

Foppet Walve

Puc. 83. Ilpumep moaenu knanana ¢ 6moxkom Valve Hydraulic Force
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B Mozenu npuHATHI ClAEAYIOMNUE NONMYIIEHUS: IIEPEXOAHbIE MPOLIECCHI He-
3HAYMUTENIbHBI, 1 UMH MOKHO TIpeHEeOpeYb.

Initial opening — HadanpHOE MOJOXKEHUE KianaHa. [lapamerp mMoxer ObITh
MOJIOKUTENbHBIM  (IIOJIO)KUTEILHOE TEPEKPHITUE), OTPULATENbHBIM (OTpHUIIA-
TEJIbHOE MEPEKPHITHE) WM PABHBIM HYJIIO (HYJIEBOE NIEPEKPHITHUE).

Orifice orientation — opueHTanusi OTBEPCTUS. MokeT ObITh 3aJjaHa JABYMS
Pa3IMYHBIMU CIIOCOO0aMU, B 3aBUCUMOCTH OT TOTO yBeluuuBaeTcs (Positive sig-
nal increases overlap) wiu ymenbiaercs (Negative signal increases overlap)
MIEPEKPBITHE.

Tabulated valve openings — Tabnuiia KOOPJAUHAT OTKPBITHS OTBEPCTH. 3a-
Ja€TCsl BEKTOP BXOJIHBIX 3HAUYCHUIN OTKPBITHI OTBEPCTHSI KaKk MaccuB 1 Xm. Bek-
TOP BXOJIHBIX 3HAYCHUH JOJDKEH CTPOr0O MOHOTOHHO yBeIWuuBaThCs. [ GhyHK-
UOHUPOBaHUSA 0J0Ka TOIKHO OBITh 3a/1aHO HE MEHBIIIE TPEX 3HAUCHUIA.

E;Blm:k Parameters: ¥alve Hydraulic Force ﬂ

—\falve Hydraulic Force

Thiz block zimulates axial hydraulic static force exerted on a valve by fluid fowing
through the onfice. The relaionship between the force, valve opening, and the
preszzure drop iz expected to be provided as a two-dimensional table, which is
proceszed by the PS Lookup T able [20] block. The table can be obtained
experimentally or analytically and can represent bath the hydraulic static axial farce
and prezsure force. The force matrix must be rectangular and contain as many rows
az there are pressure differenhial measurements and as many columng as there are
valve openings. The pressure differential and valve opening vectors must be
arranged in strictly ascending order and cover the whole range of valve operation.
The block iz expected to be connected in parallel with the orifice whose flow induces
the force.

Connections & and B are hydraulic conzerving ports azzsociated with the block ports
through which pressure differential across the valve iz monitored. Connection S iz a
phyzical signal port that provides the valve control member displacement. Connection
F iz a physical signal port that exports the hydraulic force value. This port should be
conhected to the control port of an |deal Force Source block. The pressure
differential inzide the black iz determined az p=p_ A - p_B. The farce orientation iz
specified by the table values: and can be pozitive ar negative with respect ta the
globally azzigned positive direction.

—Parameters
Initial opening: |D I P Ll
Orifice orientation: I Opens in positive direchion _;!
Tabulated valve epenings: (7 5 o1 0,002 0,003 0.004 ] [m =]
Tabulated pressure
el -+06 0 252+06 e+06 7.5e+06 12407 | [Pa =]

Hydiaulic awial force table: ;e 390 2635 447 9634 60372251 [N =]

Interpaolation method: I Linear .'_|

E xtrapolation method: I From last 2 points Li

ak. | Cancel |

Puc. 84. Oxno mapamerpoB 6soka Valve Hydraulic Force

Apply I

Tabulated pressure differential — Tabnuna nepenaaoB JaBleHUs. 3a1aeTCs
BEKTOP BXOJIHBIX 3HAYCHHWM IEpemajoB JaBJICHHS Kak MaccwB | xn. Bektop
BXOJTHBIX 3HAYCHUH JTOJDKEH CTPOTO MOHOTOHHO yBeauumBathes. st pyHKImO-
HUPOBaHHMSI OJIOKA JOJIKHO OBITh 3aJaHO HE MEHBIIIEC TPEX 3HAYCHUH.

Hydraulic axial force table — Tabnunia rupaBINYecKOd OCEBON CHJIBI. 3a-
JAIOTCS BBIXO/IHBIC 3HAYCHUS PAacX0JI0B Kak MaTpuia m xn. Kaxnoe 3HaueHUE B

123



MaTpuile ONpeesieT IHAPABINYECKYI0 OCEBYIO CHUIIY MPHU ONpPEIEIECHHON KOM-
OMHAIIMN KOOPAMHATBI OTKPBITUSL OTBEPCTUS U Mepenaja JaBIeHHUs.

Interpolation method — meton uHTepnoasuuu. BeiOupaercs onuH U3 clie-
IYIOIKUX METOAOB MHTEPHOJSLUMU JJI1 alllPOKCUMHUPOBAHUS BBIXOJHBIX 3Haye-
HUM B MHTEPBAIAX MEXKAY ABYMsI MOCIEAOBATEIbHBIMU TOYKAMHU MACCHBA!

— nuHenHbll (Linear). J1Jis OMHOMEPHOTO MacCUBa UCIOJIb3YETCS IMHEHHas
(GyYHKIUS UHTEPIIONSAIUH, a JUIsl IBYMEPHOTO MacCcHBa — aJifTOPUTM OUITMHEHHOM
MHTEPHOJISAIUU, KOTOPBIA SBISETCS MPOAOHKEHHUEM JMHEHHOM WHTEPIONSIUU
Ul QYHKITUI IBYX IIEPEMCHHBIX;

— xyouueckuit (Cubic). JIJiss 0THOMEPHOTO MacCHBa MCIOJIb3yeTCs] KyOuue-
ckasg @yukuus untepnonsiiuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIIUY;

— cmaiin (Spline). s OIHOMEPHOrO MaccHuBa HCIOJB3YETCS alIrOPUTM
KyOM4YeCKOW CIUIalH-UHTEPIOISAIUU, a JUIsl ABYMEPHOTO MAacCHUBa — ajJrOpUTM
OMKYyOUYECKOM CIUTAMH-UHTEPHOSLUN.

Extrapolation method — meton skcTpanosuun. BeiOupaercst ouH U3 clie-
JYIOIIKUX METOJ0B 3KCTPAIOJISIIINK, KOTAa BHIXOJHbIC 3HAUCHUS JIe)KAaT BHE JUa-
Ma30Ha, ONMPEEICHHOr0 B CIIUCKE MapaMeTPOB:

— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
M0JIb30BAaHUEM JIMHEHHOr0o MeToja (He3aBUCHUMO OT BbIOOpA METOa MHTEPIOJIs-
uH);

— no nocneaHet Touke (From last point). Ucnonb3yer nocienHee yka3aH-
HO€ YHKCJIO BBIXOJJHOTO 3HAYEHUS B KOHIIE COOTBETCTBYIOUIETO JUANa30HA.

briok umeer aBa rugpaBaudeckux nopra 4 U B, CBSI3aHHBIX C BXOJIOM U BbI-
X0JIOM B OJIOK, a Takke JiBa (PU3MYECKUX MopTa: S — YIPaBISIONINN nepemelre-
HHUEM KJIanaHa v /' — CBSA3aHHBIN C TUAPABINYECKON OCEBOM CUIJION HA BBIXOJIE.

13. THAPABJIMYECKHUE HUJINHAPBI (Hydraulic Cylinders)

bnoku manHOTO pa3zziena MOAETUPYIOT YCTPOWCTBA, KOTOPHIE MpeoOpa3yroT
THIIPABINYECKYIO SHEPTUIO B MEXaHHUYECKyr0. [ mapaBnuueckas >KHIKOCTh, IMO-
naBaemasl MOJ JaBliCHUEM B OIHY W3 JABYX IMOJOCTEH IMIMHAPA, BBHIHYXKIAeT
MOPIICHD MTEPEMEIIATHCS, TEM CaMbIM BBI3BIBAs ABM)KCHHUE IITOKA.

[lo HampaBieHUIO NEWUCTBUS pabouyell >KUAKOCTA BCE THUAPOIIUHAPHI
MOJKHO pa3JIeJNTh Ha J[BE TPYMIIbI: OJHOCTOPOHHETO U JIByXCTOPOHHETO JEeHCT-
BUSL.

['MapouIMHIPH! MHUPOKO TMPUMEHSIOTCS B KA4eCTBE MCIIOTHUTEIBHBIX Me-
XaHU3MOB PAa3IMYHBIX MAIITUH.

Paznen BrirodaeT nsaTh OJI0KOB:

1. Single-Acting Hydraulic Cylinder.

2. Double-Acting Hydraulic Cylinder.
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3. Cylinder Friction.
4. Double-Acting Rotary Actuator.
5. Single-Acting Rotary Actuator.

13.1. I'mapaBanyeckuii HUJINHAP OAHOCTOPOHHEI0 ACHCTBHUSA

(Single-Acting Hydraulic Cylinder)

’ :::l—ﬁ-n

or—

bnok Single-Acting Hydraulic Cylinder npencrapisieT coOoi ruapaBinye-
CKUU IWJIMHJIP OAHOCTOPOHHETO JACHCTBUS, T.C. MEPEAAIONTUN CUITy W ABHIKCHHC
TOJIBKO B OJTHOM HalpaBjcHUH. B oOpaTHOM HaIpaBJICHHM IITOK JIBUXKETCS 3a
CYeT MPY)KUHBI, Beca  T.]I.

<

P
$ Ideal Translational

hotion Sensor

FS Gain

L

Translational Hard
Stop

-
A
Translational

Hydro-bechanical
Conwerter

|<(
“Wariable Wolume
Chamber

Puc. 85. Ilpunmunuansuas cxema 6noka Single-Acting Hydraulic Cylinder

bnok mmeer nBa MexaHmdeckux mopta R u C, CBS3aHHBIX CO IITOKOM H
THJIB30M THAPOLMIMHIPA COOTBETCTBEHHO, a TaK)Ke THIPABIWYECKUU TOPT A4,
CBSI3aHHBIM CO BXOJHBIM OTBEPCTHEM THAponMInHApa. Puszndeckuii mopT P BbI-
XOJHOTO CUTHaja 00eCTIeYnBaET CMEIIEHHUE IITOKA.

Oueprust uepe3 nopt A HampaBieHa kK Onokam Tranmslational Hydro-
Mechanical Converter u Variable Volume Chamber. Translational Hydro-
Mechanical Converter ipeoOpa3oBbIBAa€T T'HIPABIMUYECKYIO SHEPTUIO B MEXaHU-
YecKylo, B TO BpeMs Kak Variable Volume Chamber y4uThIBaeT C)KUMAEMOCTh
KHUJIKOCTH B IMIIMHApE. J[BYDKEHHE IITOKA OTPaHUYCHO MEXaHUYECKHM OJIOKOM
octaHoBku Translational Hard Stop. bnox Ildeal Translational Motion Sensor
BBEJICH IS OIPEIeTICHIsI MTHOBEHHOTO TOJIOKECHHS TIOPIIHS, KOTOPOE SBIISETCS
HeoOX0oauMEBIM Uit O1oka Variable Volume Chamber.

B Mozenu mpuHSATHI ClIeyroImue A0MyIECHUS:
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— OTCYTCTBYIOT BHYTPEHHHUE MEPETeUKU M BHEIIHUE yTeUKd pabodeil xua-
KOCTH;

— OTCYTCTBYIOT CHJIbl HHEPLUH MOPILIHA U IITOKA, TPEHUE B CAMOM LIUJIUH/-
pe u T.4. [Ipu Heo6XoAMMOCTH BCE TOTEPU MOKHO Y4€CTb, COSANHSS COOTBETCT-
BYIOIIMI CTaHIAapTHBINA OJ0K C MOPTOM LUIUHApa R.

Piston area — > pexTuBHAs MI0IIAAL TOPIITHS.

Piston stroke — xon nopuHsi.

Piston initial position — oJI0KE€HUE TOPIIHSI B HAYAJIBHBIA MOMEHT BpeMe-
HU.

Dead volume — 00beM KUAKOCTH MPU HAYAJTILHOM TOJIOKEHUU MOPILIHS.

Specific heat ratio — x03bPUIUEHT TeTIONIEpeIaun JIJIs rasa.

E! Block Parameters: Single-Acting Hydraulic Cy ﬂ

—Single-Acting Hydraulic: Cylinder

Thiz black reprezsents a single-acting hpdraulic cplinder, that iz, a device that
tranzfers force and motion in one direction only. The model of the cylinder i built of
the fallowing building blocks: Translational Hydra-Mechanical Converter, Yariable
Yolume Chamber, Translational Hard Stop. and |deal Translational b ation Sensor.
The rod motiar iz limited with the mechanical Tranzslational Hard Stop block.
Connections R and C are mechanical translational conserving ports coresponding to
the cylinder rod and eylinder clamping structure, respectively. Connection & iz &
hydraulic conserving port associated with the cylinder inlet. The physical signal
output port provides rod displacement. The block directionality iz adjustable and can
be contralled with the Cylinder orientation parameter.

—Parameters

Pistan area: Jo.om fm2  ~|
Pishon stroke: |D_1 I m =l
Piston initial position: ID I m LI
Dead volume: [1e-04 fm™3 =]
Specific heat ratio: |1 3

Contact stiffress: |1e+DB I N ém LI
Cantact damping: |15U I #Nm x|

Eylinder criertation: I Acts in positive direction LI

[ ok | eenes |fTHEE T

Puc. 86. Oxno mapamerpos Osioka Single-Acting Hydraulic Cylinder

Contact stiffness — onpeaensieT ynpyrue CBOWCTBA CTaJIKUBAIOLIUXCS T
s 6noka Translational Hard Stop. Yem Gosbllie 3HaueHUe mapameTpa, TeM 00-
Jiee YIIPYTrUM CTAaHOBHUTCS CoyaapeHue (MEHBIIE Tejla MPOHUKAET APYT B Apyra).

Contact damping — onpeaensieT MOTEPU SHEPTUU MIPU COYJIAPEHUU Tel s
onoka Translational Hard Stop. Ecnu 3HaueHue mapaMeTpa CTPEMUTCS K HYJIIO,
TO BO3ACHCTBUE OJIM3KO K aOCONIOTHO ympyromy. [Ipu yBenTWdeHUH 3HAYCHUS
rapaMeTpa yBEIMYMBAOTCS U TIOTEPH SHEPTUH TP B3aUMOJICHCTBUH TEJI.

Cylinder orientation — opueHTanus muwMHApa. [{uiuHAP MOXET OBITH yC-
TAQHOBJICH JABYMsSI Pa3JIMYHBIMHU CIIOCOOAMH, B 3aBUCUMOCTH OT TOTO B TOJIOXKH-
TenbHOM (Acts in positive direction) unu otpunarenbHoM (Acts in negative di-

126



rection) HaIpaBIEHUU NMPOMCXOIUT ACHCTBHE MpHU MOAAYE HA €r0 BXOJ JaBlle-
HUSL.

13.2. I'mapaBanyeckuii HUJINHAP ABYXCTOPOHHEI 0 e CTBHA
(Double-Acting Hydraulic Cylinder)
(B

i

bnox Double-Acting Hydraulic Cylinder npeactasnsier coOoi rugpaBinye-
CKUU NUIMHIP IBYCTOPOHHETO IEHCTBHSI, MEPENAIONINi CHIIy U JBU)KCHHC B
000uX HaIpaBICHUSIX.

1" — —
- 9 |E2t—
< < aF b i |
Ideal Translational
Mobion Sersor
PS5 Gain
LI
Translstional Hard
Stop
{c | Ch— 1
— AT o ——
| LAT PPN | | LERPRFFRPRRPROOOR o) |
Translational Translational

L e I Hydro-Machanical Hydro. bachanical

Corvetel Converer

LA

= .
WVariable Volume| | i |_!
Chambar| | |[Wariable Wolume
Chamber

—

Puc. 87. llpunmunuansuas cxema 6ioka Double-Acting Hydraulic Cylinder

bnok mmeer nBa mMexaHmdyeckux mopta R m C, CBS3aHHBIX CO IITOKOM H
THIB301 THAPOIMINHAPA COOTBETCTBEHHO, a TAaK)Ke /1B TUAPABIUYECCKHUX MOPTa
A u B, cBSI3aHHBIX C MTOPITHEBOX U IITOKOBOW TOJOCTAMHU COOTBETCTBEHHO.

OHeprusi 4yepe3 TUAPABINYCCKUI TOPT A Wiu B HampaBlieHa K COOTBETCT-
BytomuM Oniokam Translational Hydro-Mechanical Converter w Variable
Volume Chamber. Translational Hydro-Mechanical Converter npeoOpa3oBbIBa-
€T THAPABIMYECKYI0 SHEPrUi0 B MEXaHUYECKYylO, B TO Bpems Kak Variable
Volume Chamber yanTbhiBaeT C)KMMaeMOCTh XUAKOCTH B IIHIMHApE. JBIKeHUE
IITOKA OFPAHUYEHO MEXaHUYECKUM OJIOKOM OCTaHOBKU Translational Hard Stop.
bnox Ideal Translational Motion Sensor BBefieH ISl ONIPEEICHHUS] MTHOBEHHOE
MOJIOKEHUSI TIOPIIHSI, KOTOPOE SBISETCS HEOOXOauMbIM s Onoka Variable
Volume Chamber.

B Mozenu mpuHSATHI CleIyroIne A0MyIECHUS:
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— OTCYTCTBYIOT BHYTPEHHHUE MEPETEUKH U BHEUIHUE yTEUKU pabouelt *Kui-
KOCTH;

— OTCYTCTBYIOT CHJIbI MHEPLIUH MOPIIHSA U IITOKA, TPDEHUE B CAMOM LIWJIMH]I-
pe u T.4. [lpu Heo6XoAMMOCTH BCE TOTEPU MOKHO Y4€CTbh, COSANHSS COOTBETCT-
BYIOIIMI CTaHIAapTHBINA OJ0K C MOPTOM LUIUHApa R.

Piston area — >dpexTrBHAs MI0IIAAL TOPIITHS.

Piston stroke — xon nopurHs.

Piston initial position — oJI0XKE€HUE TOPIIHSI B HAYAJIbHBIA MOMEHT BpeMe-
HU.

Dead volume — 00beM KUAKOCTU MPU HAYAJILHOM TOJIOKEHUU MTOPILIHS.

E! Block Parameters: Double-Acting Hydraulic C x|

—Double-Aeting Hydraulic Cylinder

This block reprezents a double-acting hydraulic cylinder. The model of the cylinder is
built of the following building blocks: Translational Hydro-Mechanical Converter,
“ariable Wolume Chamber, Translational Hard Stop, and |deal Tranzlational kotion
Senzar. The rod mation is limited with the mechanical Translational Hard Stop block.
Connections B and C are mechanical translational conzerving portz comezponding ta
the cylinder rod and cylinder clamping structure, respectively. Connections & and B
are hpdraulic congerving porte, Port & iz connected to chamber A and port B iz
connected to chamber B. The black directionality iz adjustable and can be controlled
with the Cylinder anientation parameter.

—Parameters
Fiston area & ID' a0 I "2 j
Pistan area B: |59-04 I 2 j
Fiston stroke: Im I = j
Pistan initial pogition: ID I = j
Dead volume A: |1 04 I ) j
Dead volume B: |1 =04 I ) ﬂ
Specific heat ratio: |1 4
Contact stiffress: |1e+DE I M/ ﬂ
Contact damping: |1 50 I SN/ j
Cylinder ofizhrtation: | Acts in positive direction |

ak. I Cancel | I Lipply |

Puc. 88. Oxno mapamerpos 6sioka Double-Acting Hydraulic Cylinder

Specific heat ratio — k03bPUITUEHT TeTIONIEpeIaun JIJIs rasa.

Contact stiffness — onpeaensieT ynpyrue CBOWCTBA CTaJIKUBAIOLIUXCS TEJ
s 6noka Translational Hard Stop. Yem Gosbllie 3HaueHUe mapameTpa, TeM 00-
Jiee YIIPYTUM CTAaHOBHUTCS CoyaapeHue (MEHBIIE Tejia MPOHUKAET APYT B Apyra).

Contact damping — onpeneinsieT MOTepH SHEPTUU MPU COYTAPCHUN TEI s
onoka Translational Hard Stop. Ecnu 3HaueHue mapaMeTpa CTPEMUTCS K HYJIIO,
TO BO3ACHCTBUE OJIM3KO K aOCONIOTHO ympyromy. [Ipu yBenTWdeHUH 3HAYCHUS
rapamMeTpa yBEIMUMBAOTCS U TIOTEPH SHEPTUH TP B3aUMOJICHCTBUH TEJl.

Cylinder orientation — opueHTanus muwiMHApa. [{uuHAP MOXET OBITH yC-
TAQHOBJICH JABYMsSI Pa3JIMYHBIMHU CITOCOOAMH, B 3aBUCUMOCTH OT TOTO B TOJIOXKH-
TeIbHOM (Acts in positive direction) unu otpunarenbHoMm (Acts in negative di-
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rection) HallpaBJIEHUM MPOUCXOIUT JIEUCTBUE MPU TOJA4Y€ Ha €ro BXOJ JaBJe-
HUS.

13.3. Tpenue B ruapaBanyeckux nmianHapax (Cylinder Friction)

u-@r o

bnox Cylinder Friction MoaenupyeT TpeHHuEe MEX]1y MOJIBH)KHBIMHU YacTsIMU
B TUJPABIMYECKUX HUIUHAPAX. DTOT OJIOK MpeHA3HAUEH JIJISl UCTIOIb30BaHUS B
KOMOUWHAIIMU U C IIWIMHJIPAMHU OJIHOCTOPOHHETO U JABYXCTOPOHHETO JI€UCTBHS.
Cuna TpeHust MOXKeT ObITh HaliZieHa U3 CIeAYIOUUX YPaBHEHHIA:

F=F.(1+(K,;, —1)-exp(—c,

v|)sign (v) + f,, -,

FC :Fpr +f;fr(pA _pB)D

rae F'— cuna TpeHus;

F¢— cuna tpenus Kynona;

F,. — mpenBapuTeIbHas Harpys3Ka;

Jep — KOO Guument Tpenns Kymona;

P4, Pz — JABICHUS B OPIIHEBOM U IITOKOBOM MOJIOCTSX LUIUHAPA;

Ky — OTpBIBHOM KO3 (ULIUEHT;

¢, — KOOPULIUEHT;

0 — OTHOCHUTEIIbHAsI CKOPOCTb;

Jof- — KOOOOUIMEHT BA3KOTO TPEHHUS.

YT0oOBI UCKITIOYUTHh HEMMHEHMHOCTH IpH v = 0, QyHKIMS NpeacTaBiIeHa B OK-
PECTHOCTU HYJEBOW CKOPOCTH |0 | < vy, TAK UTO CHIIA TPEHUS OyNeT JUMHEIHO-
MPOIOPLMOHATIEHA CKOPOCTH:

F=K-v,
K = F.(1+(K,, _1)'exp(_cuuzh))+fu'r "Ly,
U 2

th

rae K — koappuiueHT nponopiruoHaIbHOCTH;

Uy — CKOPOCTHOM TIOPOT.

brok umeer nBa mexanmdeckux mopra R m C, CBA3aHHBIX CO IITOKOM H
THIB30M THAPOIMIMHIPA COOTBETCTBEHHO, a TAK)KE JIBA THAPABIMYECKUX MOPTa
A ¥ B, CBSI3aHHBIX C MOPIIHEBON M IITOKOBOW TMOJIOCTSAMU IIJIMHAPA, KaK MOKa-
3aHO Ha puc. 9.

Cwuta TpeHus Bcerja HarpaBiieHa MPOTHUBOMOJIOAKHO JABUKEHUIO TOPIITHS.
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MTR1 —a R

Double-Acting
Hydraulic Cylinder

Cvlinder Friction

Puc. 89. IlpunuunuansHas cxema 6noka Cylinder Friction

E! Block Parameters: Cylinder Frickion x|

—Cylinder Friction

The block simulates fiction in the contact between maving bodies in hydraulic
cylinders and is intended ta be used primarily as a building block in combination with
bath the double- and single-acting cylinders ta develop a cylinder model with friction.
The friction force is simulated az a function of relative velocity and pressure, and is
agsumed to be the sum of Stribeck, Coulomb, and viscous components, The
Coulomb friction force consigts of the preload force, cauzed by the zeal squeeze
during assembly, and force proportional to prezzure. The sum of the Coulomb and
Shibeck friction forces at zero velocity is often refermed to as the breakaway friction
farce.

Connections B and C are mechanical translational conserving ports associated with
the rod and case, respectively. Connections & and B are hydraulic conserving ports
to be connected to parts A and B of the cylinder model. The force generated by the
block always oppozes relative mation between the rod and the caze.

—Par.
Preload force: |1 0 I N LI
Coulamb friction force
coefficient: |1 Gllf I ke ;I
Breakaway friction I.I
increase coefficient:
Wizcous friction cosfficient: |1DD I Niimis) LI
Tranzition approximation =
coefficient: |1D I s —I
Linear region welocity =
threzhold: |1 Gl I s —I

ITI Cancel | o Help | Apply |

Puc. 90. Oxno mapamerpoB 6moka Cylinder Friction

Preload force — npenBapuTenbHas Harpyska.

Coulomb friction increase coefficient — koappunuent tpenus: Kynona, Ko-
TOPBIN OIpEaeIIIeT MPOIOPIIMOHATBFHOCTh MEXAY CHIIoN TpeHus KyrioHa u naB-
JICHUEM B TIOJIOCTSX IUJIUHAPA.

Breakaway friction increase coefficient — OTpbIBHOU KO3 OUIIMEHT TPECHUS.

Viscous friction coefficient — k03pHUIMEHT MPONOPIIMOHATIBHOCTA MEXKITY
BS3KUM TPCHHEM M OTHOCHUTEIBHOW CKOPOCTHIO. 3HAUCHHWE MapaMeTpa JOJDKHO
OBITH HEOTPHUIIATEITHHBIM.

Transition approximation coefficient — nmapaMeTp yCTaHaBIUBAET 3HAUCHUE
ko3 unmeHTa c,, KOTOPBIH UCIIOIB3YeTCs IS alMPOKCUMAIIHH TTePEeX0/1a MExkK-
1y CTaTHYEeCKUM TpeHueM u Tpenue Kynona. 3HaueHue mapaMerpa MpuHUMACT-
Cs U3 CIACAYIONMIUX COOOpaKCHUH: CTATHUECKHH KOMITOHEHT TPEHUS JTOCTUTACT
NpUONIU3UTENBLHO 5 % ero yCcTaHOBMBIIETO 3HadeHUs ckopoctu 3/c, u 2 % B
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CKOpOCTH 4/c,, KOTOPOE IO3BOJISIET YCTAHOBHTH OTHOCHTEIBHYIO aIlIPOKCHUMa-
U0 C) = 4/Vpnin, TIE Upin — OTHOCUTEIIBHAST CKOPOCTh, TIPU KOTOPOU CHUJIa TPCHHSI
MIPUHUMAET MUHUMAaIbHOE 3HadYeHue. [1o ymomyanuto kosddurueHt ¢, pasex 10
C/M, KOTOPBIH COOTBETCTBYET MUHUMAJILHOMY TPEHHUIO TIPU CKOPOCTH MPUOITH3H-
tensHO 0,4 M/c.

Linear region velocity threshold — napameTrp, ycTaHaBIWBarOIIUN OJU-
30CTh K HYJIEBOH CKOPOCTH, IPU KOTOPOH CHJIa TPEHUS SBJSETCS JIMHCHHO TPO-
MOPIMOHATBHONW OTHOCHUTEIHLHOU CKOPOCTH.

13.4. IloBOpPOTHBIIT TUAPOABUTATE]b OJHOCTOPOHHET0 IeHCTBUS

(Single-Acting Rotary Actuator)

bnok Single-Acting Rotary Actuator nipenctapisieT coOoi

=Ea T

Rotational Hard Stop

MRER4

L o)

A

Rotational Wheel and Aele
Hydro-hMechanical
Converter

o || n_3
S L L —
‘

Linear Hydraulic
Resistance Hydraulic Reference

o—a

£l

=1 <[ F
&3 Ideal Translational
| Mation Sensor
| “ariable Wolume
Chamber

Puc 91. CrpykrypHas cxema 6noka Single-Acting Rotary Actuator
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E}BIuck Parameters: Single-Acting Rotary Acky T x|

—Single-ducting Fotary dctuator

Thiz block represents a single-acting hydraulic rotary actuator, which directly
converts hpdraulic energy into mechanical rotational energy without employing
intermediary transmissions such as rack-and-pinion, sliding spline. chain, and so on.
The model of the actuatar iz built of the following building blocks: Raotational
Hydro-techanical Converter, Yarnable Wolume Chamber, Wheel and Axle, and Linear
Hydraulic Resistance. The shaft rotation iz limited with the mechanical Rotational
Hard Stop block,

Connection & iz a hpdraulic congerving port coresponding to the actuator chamber.
Connection 5 iz a mechanical rotatiohal canzerving port azzaciated with the actuator
shaft. The block directionality iz adjustable and can be controlled with the Actuator
orientation parameter.

— Parameters

Actuator displacement: |4_53_D5 I m"3drad ;I
Shat stroke: !5.1 | rad |
Shaft initial angls: ID | rad .ﬂ
[ead valume: [1end e =l
Leak coefficient: |1 e14 m"3/z/Pa
Specific heat ratio: I1 1

Contact stiffness: |1e+DE I Wemdrad .ﬂ
Cantact damping: [150 | Hemdadss) =]

Actuator orientation: I Acts in positive direction ;I

Ok, I Cancel | :

Puc. 92. Oxno Hactpoiiku 0noka Single-Acting Rotary Actuator

13.5. IloBOpOTHBIM rHAPOABUIaTENb IBYXCTOPOHHEI0 ACHCTBHUS

(Double-Acting Rotary Actuator)

briok Double-Acting Rotary Actuator nipenctaBisieT coOon
= Eq » >

s

Rotational Hard Stop

= [ ]
g

» 3
A Rotational Rotational B
Hydro-Mechanical Hydro-Mechanical
Conwverter A Converter B
=
Linear Hydraulic ’a n_3
e
Resistance UJ\}V":' nlz
MTR o SV P@é‘
=

Ideal Translational Wheel and Axle
Motion Sensor

¥ l
I Variable Wolume I “ariable Yolume
Chamber A Chamber B

Puc. 93. CrpykrypHas cxema 0noka Double-Acting Rotary Actuator
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E!Block Parameters: Double-Acting Rotary Actuator x|

—Double-Acting R atary Actuator

This block reprezents a double-acting hydraulic rotary actuator, which diectly
converts hpdraulic energy into mechanical rotational energy without emploving
intermediary transmissions such az rack-and-pinion, liding spline, chain, and zo on.
The model of the actuator iz built of the following building blocks: Raotational
Hydro-Mechanical Converter, Wanable Yolume Chamber, Wheel and Axle, and Linear
Hydraulic: Fesistanice. The shaft ratation is limited with the mechanical B otational
Hard Stop black.

Connectiong & and B are hpdraulic congerving ports conesponding to the actuator
chambers & and B respectively, port S iz a mechanical rotational conzerving port
azsociated with the acuator shaft. The block directionality is adjustable and can be
controlled with the Actuator orientatioh parameter.

—Parameters

Actuator displacement: [45e05 | m3ad x|
Shaft stroke: |51 |rad =]
Shaft initial angle: ID | rad ;I
Dead volume & i-l =04 I m™3 j
Dead volume B: I-I T I m™3 ;I
Leak coefficient: i-l =14 m"3/s/Pa
Specific heat ratio; I-I 3

Cortact stiffness: i-l e+l05 I Nemdrad ﬂ
Contact darmping: I-I 50 I Nem/fradrs] LI

Actuater orishtation: i Actz in pogitive direction ;’

Puc. 94. CrpykrypHas cxema 0noka Double-Acting Rotary Actuator
14. HACOCBI 1 MOTOPBI (Pumps and Motors)

B 06vemnbix nacocax cunopoe B3auMoJeHCTBUE padOYero oprana ¢ >Kuj-
KOCTBIO MPOUCXOAMUT B 3aMKHYTHIX 00beMax (pabouynx kamepax), KOTOpbIe more-
pPEMEHHO COOOIIAI0TCA € MOJOCTSIMHU BCachlBaHUS M HarHeTaHus. PaGounii op-
rad, oOecreuynBaroINil 3aMoJIHEHUE KUIKOCThIO pabounx Kamep U MOCienylo-
1iee ee BbITECHEHUE (HarHeTaHue), Ha3bIBAlOT gbimecnumenem. Hanbonee pac-
IIPOCTPAHEHHBIM BBITECHUTENEM SIBIISIETCS ITOPILICHbD.

OObemMHBIE HACOCHI, HCIONb3YyEMble B PA3JIMUYHBIX OTPACISAX TEXHUKH,
BECbMa PA3JIMYHBI 0 KOHCTPYKIMU U UMEIOT PA3JIUYHBIE DKCILUTyaTallMOHHBIE
napameTpbl. [lo xapakrepy IBH)KEHUS paOO4ero opraHa BBIIEISIOT BO3BPATHO-
NocTynaTesbHble (TOPIIHEBBIE) U POTOPHBIE.

T'uopomomopom Ha3zbiBaeTcsi OOBEMHBIM THUIPABIMYECKUA JIBUraTelb C
BpallaTelbHbIM JABHKEHHUEM BBIXOJHOrO 3BeHa. Haunbosnblliee pacnpocTpaHeHue
MOJIYYUJIM POTOPHBIE (LlIeCTepeHYaThle, MIACTUHYATBIE, POTOPHO-TOPIIHEBHIE)
rUAPOMOTOPbL. VX KOHCTPYKUMH HHMYEM NPUHUMUIIMAIBHO HE OTIMYAKOTCA OT
KOHCTPYKLUMHA OJHOMUMEHHBIX POTOPHBIX HacocoB. Ilpu »TOM akcuanbHO-
MOPILIHEBbIE TUAPOMOTOPHI PUMEHSIOTCA B cllydae HEOOXOUMOCTH MOIYUCHHUS
Ha BBIXOJI€ BBICOKON CKOPOCTH Bpall€HUsA, a PAAHAIBHO-IIOPIIHEBBIE — IS TO-
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JTy4eHHUS HU3KUX CKOPOCTEH BpalleHHs (B 9aCTHOCTH, UCIIOIB3YIOTCS B MOTOP-
KOJIeCaXx CaMOXO/IHBIX MAIIIHH).

Taxke ciemyer OTMETHTh, YTO BBHIMYCKAIOTCS POTOPHBIE THAPOMAIINHBL,
KOTOpBIE MOTYT paboTaTh Kak B PeKMME HACOCA, TaK M B PEKUME THAPOMOTOPA.
Taxue ruapoMaIIvHbI IPUHITO HA3bIBATh HACOC-MOTOPAMH.

Pasnen cogepuT mecTh 0JI0KOB:

1. Fixed-Displacement Pump.

2. Hydraulic Motor.

3. Variable-Displacement Motor.

4. Variable-Displacement Pressure-Compensated Pump.

5. Variable-Displacement Pump.

6. Centrifugal Pump.

14.1. Heperyaupyemsblii poropHabiii Hacoc (Fixed-Displacement Pump)

bnox Fixed-Displacement Pump mnpenctaBisieT coOOi HeperyaupyeMblil
poTopHbIil Hacoc. OCHOBHBIMH MapaMeTpaMu JJIsl 3TOro OJ0Ka SBISAIOTCS pado-
4yrii 00beM Hacoca, 0OBEMHBIN U TIOTHBIN KO3 PUITMSHTHI TI0JIE3HOTO CHCTBUS,
HOMUHAJIFHOE JTaBJIICHUE U YTJIOBasi CKOPOCTh MPUBOIHOIO Bajia Hacoca. Bee atu
napaMeTpsl IPUBOAATCS B CIIPABOYHOM JTUTEpATYpe UM KaTallorax.

Hacochkl ¢ mocTossHHBIM paboyrM O0OBEMOM OMHCHIBAIOTCS CIEAYIOIINMHU
ypaBHEHHSIMH:

|
q:W.a)_kleak.p; MZWPT’_’

Kiear =kpp V- D; P=Pp—Prs

k _W.a)nom(l_nl/)'vnom'p
HP — p 2

rJie ¢ — 1nojjaya Hacoca;

p — Tiepenaj AaBJlIeHHs Ha HaCOCE;

Pr, Pp — IaBIICHUS BO BCACBIBAIOIIEM M HAarHETAIOLIEM TPyOOINpOBOJax Ha-
COCa COOTBETCTBEHHO;

M — KpyTAIIMI MOMEHT Ha BaJly Hacoca;

W — paGouuit 00beM Hacoca;

@ — yIioBasi CKOPOCTh MIPUBOJIHOTO Baja;

kiear — KOO(P(ULHUEHT, yYUTHIBAIOIINI T€pMETUYHOCTD;
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kyp — ko3 dunment Xarena—Ilyazeins;
ny —oobemusiid KI1J] Hacoca;
nm — Mexannueckuit K111 nacoca;
V — KHHEMAaTH4eCKas BA3KOCTh JKHIKOCTH;
p — TUIOTHOCTb JKUJKOCTH;
Prnom — HOMUHAJIBHOE JaBJICHHC;
@ om — HOMHHAIIBHAS YTIIOBasi CKOPOCTh MPUBOJIHOTO Bajla HACOCA;
Viom — HOMAHAIBHAS KHHEMATHYECKAS BI3KOCTD KUIKOCTH.
[Totepu naBiieHUs JTMHEHHO MPONMOPIHMOHANBHBI Ieperany JaBICHHS Ha Ha-
COCE M MOT'YT OBITh HalijieHbI 110 hopmysie Xarena—Ilyaseis
128 -1 u
P=———"7 Qiear =7 Yicar> u=v-p,
w-d kpp
TJI€ ek — CYMMApHBIC YTEUKH KHUIAKOCTH Yepe3 3a30pbl BHYTPU Hacoca U3 00-
JIACTH HarHETaHWs B 00JIaCTh BCACHIBAHHUS,
d, [ — reoMeTpUYeCKUE TTapaMeTPhl 3a30POB;
WL — IUHAMUYECKAs BSI3KOCTh KHIKOCTH.
IIp¥ p = Prom U V = Vyppy CYMMApHBIC YTEUKH KUIKOCTH MOTYT OBITH OIIPEJIC-
JieHbI TI0 hopmyTie:

qleak = W ) a)nom (1 B TIV)

Mexanndeckuii KIIJ] Hacoca HaXOaUThCS KaK OTHOIIEHHE TOJIHOTO U 00b-

emHoro KIIJI:
M =111y

B Monenu nmpuHSATHI ClIeAYIOIUE JOMYIIECHUS:
— JKHUJIKOCTb SIBJISICTCS a0COIIOTHO HECKUMAEMOM,
— HE NPUHUMAKOTCA BO BHUMAHHUE COINMPOTHUBIICHUS Ha IMPUBOJHOM Baly Hacoca,
BbI3BaHHbBIC CUJIAMU TPEHUSI, UHEPLIMEUN U T.[I.;
— CYMMAapHbI€ YTE€UKHM KMAKOCTH 4Yepe3 3a30pbl BHYTPU HACOCA JIMHEWHO MPO-
MOPLUMOHAJIBHBI TIEpenaly JaBJICHHUS Ha HACOCE.
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E!Block Parameters: Fixed-Displacement Pump x|

Fixed-Displacement Pump

This block represents a fixed-displacement pump of any type as a data sheet-bazed model
The key parameters required to parameterize the block are the pump displacement, valumetric
and total efficiencies, nominal pressure, and angular velocity.

Connections P and T are hydraulic conserving ports associated with the pump outlst and inlet,
rezpectively. Connection S iz a mechanical rotational congerving port aszociated with the pump
driving shaft. The black positive direction is from port T to part P. This means that the flow rate
iz positive if it flows into the system.

P,

Pump dizplacement: IEB-UB m”™3had ;I
“olumetric efficiency Ig_az

Total efficiency: Iu_B

Marinal pressure [rooooo0o [Pa |
Maminal angular velacity: |188 I radds LI
Mominal kinemalic viscosity: I1 a I o5t LI

T I e,

Puc. 95. Oxna mapamerpoB 6noka Fixed-Displacement Pump

Pump displacement — pabouuit 06beM Hacoca.

Volumetric efficiency — oobemusiii KITJ[ Hacoca.

Total efficiency — nonnsiii KI1J[ Hacoca.

Nominal pressure — HOMUHaJIbHOE J1aBJIEHUE HAa BBIXOJE U3 HAcoca.

Nominal angular velocity — HOMUHaNbHAs YTJ0Basi CKOPOCTh MPUBOJIHOIO
Bajia Hacoca.

Nominal kinematic viscosity — HOMHHaJIbHasi KMHEMAaTU4YeCKasi BSI3KOCTh
KHUJIKOCTH.

brnok umeer nBa ruapaBnudyeckux nopra 7' U P, CBA3aHHBIX C BCACHIBAIO-
MM U HAarHeTalluM TpyOONmpoOBOJAaMHU HAacoca COOTBETCTBEHHO, a TAKXKe Me-
XaHUYECKHUH MOPT S, KOTOPBIN ONpeiesieT HallpaBIeHHe BPAILleHUs PUBOIHOTO
Bajia Hacoca (MOJIOKHUTENIbHOE WM OTPUIIATENLHOE).

14.2. I'mapaBaunyveckuii Morop (Hydraulic Motor)

brnox Hydraulic Motor nipenctaBiser co00i THApaBIUYECKU IBUTATEND C
BpalllaTebHbIM JIBMKEHUEM BBIXOTHOTO 3BeHa. OCHOBHBIMH MapaMeTpamMu Jisl
3TOro OJIOKA SABISAIOTCS pabounii 00beM MOTOpa, OOBEMHBIN U MOMHBINA KO3Pdu-
IIUEHTHI MOJIC3HOTO JICHCTBHSA, HOMHHAJILHOC JIaBJICHUE W YIJIOBas CKOPOCThH Ba-
Ja MoTopa. Bce aTh mapameTpbl IPUBOAITCS B CIPABOYHOM JINTEPAType WIIH Ka-
Tajorax.

['unpaBauYecKrue MOTOPBI OITUCHIBAIOTCS CIICIYIONTUMU YPaBHECHUSMH:

q=W-o+k,, -p;M=W-p-n;
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Kiear =kpp V- D; P=P,—Psps

k _W.a)nom(l_nl/)'vnom'p
HP — p 3

I71I€ ¢ — pacxoJ TUAPOMOTOPA;

p — nepenaj AaBJeHUs Ha THIPOMOTOPE;

P4> P — JABIICHUSI B HAIIOPHOM M CJIMBHOM TpPyOOIpPOBOJAX T'HIPOMOTOpA
COOTBETCTBEHHO;

M — KpyTAIIMI MOMEHT Ha BaJly THIPOMOTODA;

W — paGouuit 06beM THAPOMOTOPA;

@ — YIJIOBasi CKOPOCTh Bajia THAPOMOTOPA;

kiear — KOO(P(GULHUEHT, yYUTHIBAIOIINI T€pMETUYHOCTD;

kyp — ko3 dunment Xarena—Ilyazeins;

ny — oobemusiid KIIJ[ rugpomoTopa;

Nm — Mexannueckuit KITJI rugpomoTopa;

V — KHHEMaTHU4€eCKasl BA3KOCTb KUIKOCTH;

p — IJIOTHOCTb JKUJIKOCTH;

DPrnom — HOMHUHAJIBHOE 1aBJICHUE;

®pom — HOMAHAJIBHAS YTJI0Basi CKOPOCTh BaJla THAPOMOTOPA;

Vnom — HOMAHAJIbHAS! KHHEMATUYECKas BA3KOCTh JKUJIKOCTH.

IloTtepn naBiieHUs JIMHEWHO NPONOPLUMOHAIBHBI IEpernany IaBJICHHUS Ha
TUAPOMOTOpPE U MOTYT OBITh HalfieHbl 110 (hopmyne Xarena—Ilyazeitns

_128-pl 0w
_W%eak _k_qleak’ H=V-pP;
HP
TA€ (jeqk — CYMMApPHBIE YTEUKH KUIKOCTU YEPE3 3a30pbl BHYTPU THIPOMOTOPA U3
HaAIMOPHOM 00JACTH B CIIMBHYIO;

d, [ — reoMeTpuUecKue napaMmeTphl 3a30POB;

[ — TMHAMUYECKAs! BA3KOCTh KUIKOCTH.

[Ipu p = Puom U V = Vo, CYMMAapHBIE YTEUKHU >KUJIKOCTU MOTYT OBITH OMpe-
JeJIeHbl o popMyIie

qleak = W ) a)nom (1 - TIV)
Mexannueckuiit KIT/I rugpomMoTropa HaX0AUTHCS KaK OTHOIICHUE TIOJTHOTO U
oowsemuoro KII/I:
M, =111
B Moaenu npuHATHI CIICIYIOIIHE TOMYIICHUS:
— JKHAJIKOCTD SIBJISIETCS a0COIIOTHO HEC)KUMAEMOM;

— HC IIPUHHUMAIOTCA BO BHHUMAHHC COIIPOTHBIICHUA Ha BaJly THAPOMOTOPA, BbI-
3BAHHBIC CUJIaMHU TPCHUA, I/IHCpHI/ICﬁ nT.A..
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— CyMMapHbl€ YTEUKH XHUJAKOCTH Yepe3 3a30pbl BHYTPU T'MAPOMOTOpPA JIMHEHHO
MPOINOPLMOHAIBHBI ITepenaay JaBieHUs Ha THIPOMOTOPE.

Motor displacement — pabounii 00bEM THAPOMOTOPA;

Volumetric efficiency — oobemuniit KI1J] runpomoropa;

Total efficiency — nonnbii KITJ1 runpomoTtopa;

Nominal pressure — HOMUHAJILHOE J1aBJIEHUE HA BXOJI€ B THAPOMOTOD;

Nominal angular velocity — HOMUHaJIbHAST YIJIOBasi CKOPOCTh Baja THUIPO-
MOTOpA;

Nominal kinematic viscosity — HOMHHaJIbHasi KMHEMAaTU4YeCKasi BSI3KOCTh
KHUJTKOCTH.

[Z1Block Parameters: Hydraulic Motor x|

—Hydraulic Motor

Thiz block represents a pogitive, fived-dizplacement hydrauic motor of any type as a
data sheet-based model. The key parameters required to parameterize the block are
the motor dizplacement, volumetric and total efficiencies, nominal prezsure, and
angular velocity,

Connections & and B are hydraulic congerving ports aszociated with the matar inlet
and outlet, respectively. Connection S iz a mechanical rotational conzerving port
azzociated with the maotor shaft. The block positive direction is from part A to port B,
Thiz meansz that the flow rate flowing through the motor from & to B rotates the shaft
in positive direction, and positive pressure differential p = p_d - p_B creates positive
torque at the motor shaft.

—Parameters
Iator displacement: IEE-UE 3 rad j
Yolumetric efficiency: ID' 92
Total efficiency: ID'S
Narninal pressurs: |'Ie+EI.'-" I Pa j
Maminal angular velocity: |188 I radis j

Mominal kinematic
wiscosity: |1 - I el j

Puc. 96. Oxna mapamerpoB 6soka Hydraulic Motor

biiok umeer nBa runpaBiInyecKux nopra A U B, CBI3aHHBIX C HAIIOPHOU H
CIIMBHOW TpyOONpPOBOJAMHU THIPOMOTOpPA COOTBETCTBEHHO, a TAK)KE MEXaHHUYe-
CKHI MOPT S, KOTOPBIM ONPENEIAET HAPABICHUE BPAILLEHUs BaJla THAPOMOTOPA
(MOJOXKUTENBHOE UM OTPULIATENIBHOE).

14.3. Peryaupyembliii poropHblii Hacoc (Variable-Displacement Pump)

[ o

bnox Variable-Displacement Pump mpencrtaBisieT coOOH peryaupyeMblil
pOTOpHBIN Hacoc. Pabounii 00beM MPOMOPIMOHANICH CUTHATY YIIPaBJICHUS, MO-

138



naBaemoMy uepe3 (pmsudeckuii 610k C. OCHOBHBIMH TIapaMeTpaMH IJII 3TOTO
O5oKa SBISIOTCS OOBEMHBIA U TOJTHBIA KOI(PHHUIIUEHTHI TOJIE3HOTO JIEHCTBUS,
HOMMHAJIFHOE JIABJICHHE M YTJIOBasi CKOPOCTh PUBOJHOTO Bajia Hacoca. Bee atu
napaMeTpsl IPUBOAATCS B CIIPABOYHOM JTUTEpATYpe UM KaTaJlorax.

B Mozenu BO3MOXHBI JiBa BapHaHTa MapaMeTpU3aIHu:

— TI0 JINHEHHOW 3aBUCUMOCTH pabouero oo0bemMa Hacoca OT MOJIOKEHUS pe-
T'YJHPYIOIIETO YCTPOHCTBA;

— Mo TabyuIle, CBA3BIBAIONIICH MEXIY COOOW TOJOKEHUS PETyIUPYIOIIETO
yCTpoMcTBa U pabouuii 00beM Hacoca.

Bo BTOpoMm cnyuae, xo3dunueHT pabodero odbema Hacoca OmpeneseH
MAacCCHUBOM C BO3MOXXHOCTBIO BEIOOpA OJTHOTO M3 TPEX METOJOB MHTEPIOISAIUN U
JBYX METOJ/IOB DKCTPAIOJISALINH.

Hacockl ¢ mepeMeHHBIM pabodynM OOBEMOM OMHCHIBAIOTCS CIEAYIONIMMHU
ypaBHCHUSIMHU:

1
q:WOw_kleak.p; MZWPT’_’
Wmax' .
W: xmax x’
W(x)
Kiear =kpp V- D; P=Pp—Prs

k _W.a)nom(l_nl/)'vnom'p
HP — p 3

rJie ¢ — 1nojjaya Hacoca;

p — Tiepenaj AaBJlIeHHs Ha HaCOCE;

Pr, Pp — IaBIICHUS BO BCACBIBAIOIIEM M HAarHETAIOLIEM TPyOOINpOBOJax Ha-
COCa COOTBETCTBEHHO;

M — KpyTAIIMI MOMEHT Ha BaJly Hacoca;

W — MrHOBeHHBIN pabounii 00beM Hacoca;

W pax — MAKCUMAIIBHBINA pabounii 00beM Hacoca;

X — CMEIIEHUE PETYIUPYIOIIETO YCTPOUCTBA;

Xmax — MAKCHUMaJIbHOE CMEIICHHUE PErYIUPYIOUIEr0 yCTPOMCTBA;

@ — yrioBasi CKOPOCTh MPUBOJIHOTO Baja;

kiear — KOO(P(ULUEHT, yYUTHIBAIOIINI T€pMETUYHOCTD;

kyp — ko3 dunment Xarena—Ilyazeins;

ny —oobemusiid KI1J] Hacoca;

nm» — Mexannueckuit K111 nacoca;

V — KHHEMaTH4ecKasi BA3KOCTh >KUJIKOCTH;

139



p — TUIOTHOCTb KUJKOCTH;

Pnom — HOMAHAJIIBHOE J1aBJICHUE,

@ pnom — HOMHHAJIbHAS YTIIOBasi CKOPOCTh MPUBOIHOIO Bajla HACOCA;

Vnom — HOMUHAJIbHASE KHHEMATUYECKasl BI3KOCTh KUIKOCTH.

[lotepu naBieHus TUHENHO MPONOPLUMOHANBHBI Mepernaay AaBICHHs HA Ha-
coce U MOT'YT ObITh HalifieHsl 110 (hopmyse Xarena—Ilyaseitns:

128- -1 U
P=———7 Qeear =75 Yiear> u=v-p,
w-d kpp
T71€ (leqk — CYMMApHBIE YTEUKH XKUAKOCTH Yepe3 3a30pbl BHYTpU Hacoca U3 00-
JIACTH HarHeTaHus B 00JIaCTh BCACHIBAHMS;

d, [ — reoMeTpuUeCcKue napamMmeTphl 3a30POB;

WL — IUHAMUYECKas BSI3KOCTh KHUIKOCTH.

[Ipu p = puom U V = Vyopy CYMMapHBIE YTEUKH KUIKOCTH MOTYT OBITH OMpe-
JeJIeHbl 0 popMyIie

qleak =w- a)nom (1 B TIV)
Mexanndeckuii KIIJI Hacoca HaXxOOHWTCS KaK OTHOIICHHE MOJHOIO U 00b-
emHoro KIIJI:
My =111y
B Mozenu mpuHSATHI CleIyroImune A0MyIECHUS:
— )KHJKOCTb SIBJIICTCSI AOCOIIOTHO HEC)KMMAEMOii;
— HEe MPUHUMAIOTCS BO BHUMaHHE COMPOTHBICHUS Ha MPUBOJHOM Bally Hacoca,
BbI3BaHHBIC CUJIAMH TPCHHS, HHEPIUEH U T.1I.;
— CyMMapHbI€ YTCUKH XHIKOCTH UYepe3 3a30pbl BHYTPHU Hacoca JIMHEHHO Tpo-
MOPIIMOHAJIBHBI TIepenajy AaBJICHUs Ha Hacoce.

Model parameterization — napamerpuszauus Mojaenud. Mojens peryiupye-
MOTO POTOPHOTO Hacoca MOXKET OBbITh OTMCAaHa OJHUM U3 CICAYIOIINX METO/IOB:

— TI0 JINHEHHOW 3aBUCUMOCTH pabouero oo0bemMa Hacoca OT MOJIOKEHUS pe-
TYJIUpYIoIero yctpoiictBa (By maximum displacement and control member
stroke);

— Mo TabyuIle, CBA3BIBAIONIICH MEXIY COOOW TOJOKEHUS PETyIUPYIOIIETO
yCTpoKMcTBa U pabouunii 006eM Hacoca(By displacement vs. control member posi-
tion table).

Maximum displacement — MakcuMasbHbI 00bEM Hacoca.

Maximum stroke — MakcUMaJbHOE CMEIICHNE PETYIUPYIOIIETO YCTPOUCTBA.

Control member positions table — Tabnuua MOJIOKEHUN PETyIUPYIOLIETO
yCTpOMCTBA. 3a1aeTCsl BEKTOP BXOJIHBIX Kak MaccuB | Xm. BekTop BXOJHBIX 3HA-
YeHUU JOJDKEH CTPOTO MOHOTOHHO yBenWmuuBaThes. s (yHKIIMOHUpPOBaHUS
0JI0Ka JTOJKHO OBITH 3a7JaHO HE MEHBIIIEe TPEX 3HAYCHUH.

Pump displacements table — Tabnuia pabounx o0beMOB Hacoca. 3ajaeTcs
BEKTOp 3HauYeHU pabounx 0O0bEMOB Hacoca Kak MaccuB 1 Xm B TOH ke pa3Mep-
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HOCTH, YTO U BEKTOP BXOAHBIX 3HAUEHHUI MOJOKEHUN PETyIHUPYIOIIETO YCTPOM-
CTBa.

Interpolation method — meton uHTepnonsuuu. BeiOupaercs onuH U3 clie-
AYIOUINX METOAOB MHTEPHOJSIUN ISl alllIPOKCUMHUPOBAHUS BBIXOAHBIX 3HAYE-
HUI B HHTEpBAJIaX MEXKIY ABYMs MOCIEI0BATEIHLHBIMU TOYKAMHU MAaCcCHBA:

— nuHenHbll (Linear). J1Jis OMHOMEPHOTO MacCUBa UCIOJIb3YETCS IMHEHHas
GYHKIHST MHTEPIIONALNM, a U JBYMEPHOTO MacCHBa — allTOPUTM OMITMHEHHON
WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JHMHEHHON WHTEPIOSAINU
s GyHKIUH IBYX IEPEMEHHBIX;

— xyouueckuit (Cubic). JIJiss 0THOMEPHOTO MacCHBa MCIOJIb3yeTCsl KyOuue-
ckasg @yukuus untepnonsiiuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIIUY;

— cruan (Spline). Jlns oMHOMEPHOrO MacCHBa HUCIIOIB3YETCS aJIrOPUTM
KyOM4YeCKOW CIUIaliH-UHTEPIOISAIUU, a JUIsl ABYMEPHOTO MAacCHUBa — ajJrOpUTM
OMKYyOUYECKOM CIUTAMH-UHTEPHOSLUN.

E! Block Parameters: Yariable-Displacement Pumn x|

—%anable-Displacement Purmp

E! Block Parameters: ¥ariable-Displacement Pum x|

W ariable-Dizplacement Pump

Thiz block represents a wariable-displacement reversible pump of any type a2 a data
sheet-bazed model. The model can be parameterized either by the pump maximum
displacement and stroke, or by the pump dizplacement vs. control member position
table. Ir the first caze, the displacement is azsumed to be linearly dependent on the
control member position. The pump efficiency is determined based on volumetric and
total efficiencies. nominal pressure, and nominal angular velocity.

Connections P and T are hydraulic conserving ports associated with the pump outlet
and inlet, respectively. Connection 5 is a mechanical rotational congerving port
aszociated with the pump driving zhaft. Cannection C is a physical signal port that
controlz pump displacement. The block positive direction iz from part T to port P. This

This block reprezents a variable-displacement reversible pump of any type as a data
sheet-based model. The model can be parameterized either by the pump masimurm
displacement and stroke, or by the pump displacement vs. contral member position
table. In the first case, the displacement is azsumed to be linearly dependent on the
control member position. The pump efficiency is determined bazed on valumetric and
tatal efficiencies, nominal pressure, and nominal angular velocity.

Connections P and T are hydraulic conserving ports associated with the pump outlet
and inlet, respectively. Connection 5 iz a mechanical rotational conserving port
azzociated with the pump driving shaft. Connection C is a phyzical signal port that
controls pumnp displacement. The block positive direction is from port T to port P. This
means that the pump delivers flow ta part P as itz driving shaft rotates in the globally
azzigned positive direction and a positive signal is applied to port C.

means that the pump delivers flowe to part P az its driving shaft rotates in the globally
assighed positive direction and a positive signal is applied ta port C.

odel

r=— o ation I By displacement vs. control member position table ﬂ
Contral member
- " o . [ -0.0075 -0.0025 0 0.0025 0.0075 ] m -
e A I By maximum displacement and control member stroke ﬂ pasitions table: I I =l
pararnetenzatior: Pump displacements -
M i I -Ge-06 -3e-06 0 3e-06 5e-06 ] [m™3nad =]
. Se-0R " 3rad ’
displacement: I & I e j Interpalation method I ir=ar LI
b aximurn stroke: .
ID. 005 I m j Ex=tiapalation methad: I From last 2 paints LI
Wolumetric: efficiency: 63 Volumetic effsiency:  [q/g5
Total efficiency: ID_ 75 Total efficiency: Jors
. Mominal :
Nominal pressure: |1e+U? I Fa j ominal pressure: [1e+07 [Fa =]
. Marminal angular
Nominal angular = velocity: g [138 | radss =]
e el 188 radi's st .
o ; N_omlngl .klnematlc: I‘IB I St LI
Mominal kinematic |18 I St j wizcozity:
wizcosity:

Puc. 97. Oxna nmapamerpoB 6sioka Variable-Displacement Pump

Cancel | , ............ H e|p ............ |

Canicel |

Extrapolation method — meton skcTpanossuun. BeiOupaercst ouH U3 cle-
TYIOIIUX METOJOB SKCTPAITOJISIIIUK, KOTAa BBIXOHBIC 3HAUYCHHS JIC)KAT BHE JUa-
Ma3oHa, ONPE/IEICHHOTO B CIIICKE MTapaMeTPOB:

— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
MI0JIb30BAHKEM JIMHEHHOTO MeToAa (HE3aBHCHMO OT BBIOOpA METOa WHTEPIIOJIs-
un);
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— no nocneaHet Touke (From last point). Vcnionb3yer nocienHee yka3aH-
HO€ YKCJIO BBIXOJJHOTO 3HAYEHUS B KOHIIE COOTBETCTBYIOUIETO JUANa30Ha.

Volumetric efficiency — oobemusiit KI1/] nHacoca;

Total efficiency — nonnsiii KI1J] Hacoca;

Nominal pressure — HOMUHAJILHOE J1aBJIEHUE HA BBIXOJI€ M3 HACOCA;

Nominal angular velocity — HOMUHaNbHAs YTJ0Basi CKOPOCTh MPUBOJAHOIO
Bajia Hacoca;

Nominal kinematic viscosity — HOMHHaJIbHasi KMHEMAaTU4YECKash BSI3KOCTh
AKHUJIKOCTH.

bnok umeer aBa ruapaBiuyeckux nopra 7' u P, CBI3aHHBIX C BCACHIBAIOIIEH U

HarHeTaromle MoJoCTSIMU HAacOoCca COOTBETCTBEHHO; MEXaHUYECKHUM MOpT S, KO-
TOPBIN ONpeeNsieT HallpaBieHUe BpalleH!s] TPUBOIHOIO Bajia Hacoca (TI0JI0KHU-
TeJIbHOE WU OTPULIATENIbHOE), a Takke Ppunyeckuid nopt ynpasieHus C.

14.4. PeryJupyeMblii HACOC ¢ KOMIIEHCATOPOM [1aBJICHUSA

(Variable-Displacement Pressure-Compensated Pump)

bnok Variable-Displacement Pressure-Compensated Pump mnpencrabiisieT
co0Ol peryJMpyeMbIii pOTOPHBIM HAcOC ¢ KOMIIEHCATOpoM jaaBieHus. OCHOB-
HBIMU TIapaMeTpaMH JJI 3TOT0 OJIOKa SBIISIIOTCS MaKCHUMAaJIbHBIN pabounii 00b-
€M Hacoca, Iuama3oH PeryJIupOoBaHUsS JaBIEHUS, OOBEMHBIA U MOJTHBIN KO3(]-
(UIIMEHTHI TIOJIE3HOTO JCHCTBUS, HOMUHAJIBHOE JaBJICHUE M YIJIOBas CKOPOCTh
MIPUBOHOTO Bajia Hacoca. Bce 9Ty mapaMeTphl MPUBOJATCS B CIIPABOYHOM JTUTE-
paType WU KaTtajiorax.

Ha puc. 98 npuBeneHa 3aBUCUMOCTH Iepernajaa JaBJIeHUs Ha Hacoce p OT
moja4yM Hacoca g.

Hacoc ctpemutcs moanepkKuBaTh YCTaHOBJIICHHOE JIaBJICHUE Ha BBIXOJIE,
u3MeHss nojaady. Eciu nepenan aBjieHUs HA HACOCE p MEHbIIIE, YeM YCTaHOB-
JIEHHOE JIaBJICHUE Dy, T0J1a4a HAcOCa MU3MEHSETCS JIMIIb 32 CUE€T BHYTPEHHUX
nepeTeyek B Hacoce.

ITocne Toro, kak mepemnaj AaBICHUS JOCTUTAET YCTAHOBJICHHOTO 3HAYCHUS
(p = Pser), TOJIaUa HaCOCAa HAYMHAET MEHSTHCS, MOJJICPKUBAs 3alaHHOE JaBJe-
HUe, U3MEeHss pabounii 00beM Hacoca. Pabouuii 00beM MOXKET OBITh CHUKEH 10
HYJISI, TIPU 9TOM JIaBJICHUE Ha BBIXOJE OYJeT MAKCUMAIIBHBIM (P = Pmax)-

Jluamnas3oH jaBieHUA MEXIy 3aJlaHHBIM JaBICHUEM Py, (IIPU KOTOPOM IIO-
Ja4a MakCUMajibHa) U MaKCHUMAaJbHBIM JAaBICHUEM Pmax (TP KOTOPOM IOjaya
HAcoca PaBHA HYJIO) HAa3bIBACTCS JMAINA30HOM PETYIMPOBAHMSA HABICHUS Djeq.
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Yem MeHbllIe AWAIIa30H, TCM BBIIIC TOYHOCTh PCryJIMPOBAHNHU, COOTBETCTBCHHO,
HMKE CTaOMJIBHOCTH Hacoca.

A
q (leak

qmaX
\V

\ 4

Pmax

pset p’

Puc. 98. 3aBucumMocTs nepemnaja AaBiIeHHS HAa HACOCE p OT MOJa4M Hacoca ¢

PCI‘y.III/IpyeMBIe HaCOChbl C KOMIICHCATOPOM HAaBJICHHUA OIIMCBIBAKOTCA CJIC-
AYIOIIUMHU YPAaBHCHHUAMMU:

1

q:W.a)_kleak.p; MZWP_;
M
Wmax’ npupgpset;

W: Wmax_K(p_pset)’ npu pset<p<pmax;
0, NPU P 2 Py -

pmax:pset_preg; p:pP_pT’

kleak = kHP /V p’ K = Wmax /(pmax _pset);

k _W.a)nom(l_nl/)'vnom'p
HP — p 2

I g — ojaya Hacoca;
p — nepenaj AaBjIeHUs Ha HACOCE,;
Pr, Pp — IaBIICHUS BO BCACBIBAIOIIEM M HArHETAIOLIEM TPyOOINpOBOJax Ha-
COCa COOTBETCTBEHHO;
Dset — YCTAHABIMBAEMOE 3HAUYCHUE JABIICHUS [IPU PETYIUPOBAHNM;
Pmax — MAKCUMaJIbHOE JAaBJICHUE, IIPU KOTOPOM I10/]a4ya HacoCa paBHA HYIIIO;
M — KpyTsAIIMI MOMEHT Ha BaJly Hacoca;
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W — MrHOBeHHBIN pabounii 00beM Hacoca;
Winax — MaKCUMaJIbHBIN pabouuii 00beM Hacoca;
X — CMEIIEHUE PETYIUPYIOIIETO YCTPOUCTBA;
Xmax — MAKCHUMAaJIbHOE CMEIICHHUE PErYJIUPYIOLIEr0 YyCTPOMCTBA;
@ — yII0Basi CKOPOCTh MPUBOJIHOTO Baja;
kiear — KOO(P(GULUEHT, yYUTHIBAIOIINI T€pMETUYHOCTD;
kyp — ko3 dunment Xarena—Ilyazeins;
ny —oobemusiid KI1J] Hacoca;
nm — Mexannueckuit K111 nacoca;
v — KHHEMaTH4ecKasi BA3KOCTh KHJIKOCTH;
p — TUIOTHOCTb KUJKOCTH;
Prnom — HOMUHAJIBHOE JaBJICHHUE;
W pnom — HOMHHAJIbHAS YTIIOBasi CKOPOCTh MPUBOJIHOIO Bajla HACOCA;
Vnom — HOMUHAJIbHASE KHHEMATUYECKasl BI3KOCTh KUIKOCTH.
[lotepu naBieHus TUHENHO MPONOPLUMOHANBHBI Mepernay AaBICHHs HA Ha-
coce U MOT'YT ObITh HaliJieHsl 110 (hopmyse Xarena—Ilyaseitns:
128 u-1 U
P=—7 Qe =7 Qicar> u=v-p,
w-d kpp

TA€ leak — CYMMapHBIC YTEUKU JKUJIKOCTH Yepe3 3a30pbl BHYTPU Hacoca U3 00-
JIACTH HarHeTaHHs B 00JIaCTh BCACHIBAHMS;
d, | — reoMeTpuYeCcKHe TapaMeTphl 3a30POB;
[l — IMHAMUYECKAasi BA3KOCTb KUIKOCTH.
IIpu p = puom U V = Vo, CyMMapHBIE YTEUKU KUJIKOCTU MOTYT OBITH OIpe-
NieneHsl o popmye

qleak =w- a)nom (1 B TIV)
Mexannueckuii KIIJI Hacoca HaXxoaHWTCS KaK OTHOIICHHE MOJHOIO U 00b-
emHoro KIIJI:
Mo =111y
B Monenu npuHATHI CAeAYIONINE AOMYIICHUS:
— XKUJKOCTD SBIISIETCS a0COTIOTHO HEC)KUMAEMOM;
— HE MPUHUMAIOTCS BO BHUMAHME COMPOTHUBJICHUS HAa MPUBOJHOM Bajly Hacoca,
BBI3BaHHBIE CHUJIAMU TPEHUS, MHEPIIUEH U T.J1.;
— CyMMapHbI€ YTE€UKH >KHIKOCTH Yepe3 3a30pbl BHYTPH Hacoca JIMHEWHO Mpo-
MOPIIMOHAJIBHBI TIeperajly JaBJIeHUs Ha HacOoCe.

Motor displacement — pabounii 00beM Hacoca;

Setting pressure — yCTaHaBIMBaeMO€ 3HAUCHUE JABJICHUS TIPU PEryIUpPOBa-
HUU;
Pressure regulation range — nuanas3oH peryJIupoBaHUsI TaBICHUS;

Volumetric efficiency — oobemusiit KI1/] nacoca;
Total efficiency — nonnsiii KI1J] Hacoca;
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[Z1Block Parameters: ¥ariable-Displacement Pre |

—Vanable-Displacement Prezsure-Compenzated Pump

This block represents a vaniable-displacement, pressure-compensated hydrauic
pump of ary type as a data sheet-based model. The key parameters required to
parameterize the block are the pump maximun displacement, volumetric and total
efficiencies. regulation range, nominal pressure, and angular velocity.

Connectionz P and T are hpdraulic conzerving ports agsociated with the pump outlet
and inlet, respectively. Connection 5 iz a mechanical rotational conserving port
aszzociated with the pump diiving shaft. The block positive direction is from port T to
port P. This means that the pump delivers flow to port P ag its driving shaft rotates in
the globally azzigned positive direction,

—Parameters

I airnunn displacement: |5&-EIE I ™3 ad LI
Setting pressure: I.I 000000 I Fa LI
Prezsure requlation range: IEEIEIEIEIU I = ;I
Walumetric eficiency: ID' a5

Total efficiency: Iu. 75

Maminal pressure: I.I nooooon I Pa LI
Mominal angular welocity: I.I o I radds LI
jemeensie i [ =

oK | Cancel Apply |

Puc. 99. OxHo mapameTrpoB 6s10ka
Variable-Displacement Pressure-Compensated Pump

Nominal pressure — HOMUHaJILHOE J1aBJIEHUE HA BBIXOJI€ M3 HACOCA;

Nominal angular velocity — HOMUHaNbHAs YIJ0Basi CKOPOCTh MPUBOJAHOIO
BaJIa HACcOCa,

Nominal kinematic viscosity — HOMHHaJIbHasi KMHEMAaTU4YeCKasi BSI3KOCTh
KUJKOCTH.

briok nMeeT rugpaBnuyeckue nopTel I’ U P, CBSI3aHHBIE BCACHIBAIOIINM H
HarHeTaruM TpyOONmpoBOJAaMU HAcoca COOTBETCTBEHHO, a TaKXe MeXaHHuye-
CKHMI TOPT S, KOTOPBIN OMpPEAENSET HAMPABICHUE BPAILEHUs MMPUBOJHOTO BaJla
Hacoca (TMOJOXKUTEIBHOE WM OTpulaTtenbHoe). [lonoxkuTenbHOe HalpaBieHHUe
MPUHATO OT nopra 7 x nopry P.

14.5. Peryaupyemblii pOTOPHBIH IHAPABJINYECKHII MOTOP

(Variable-Displacement Motor)
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bnox Variable-Displacement Motor mnpencraBisieT co0OM peryiupyeMmbli
pOTOpHBIN TUAPOMOTOp. Pabounii 00beM NPOMOPLHUOHATIEH CUTHANY YIpaBlie-
HUS, TIoJaBaeMoMy 4depe3 ¢uzndeckuit 610k C. OCHOBHBIMH MapamMeTpamMu st
ATOTO OJIOKA SBISIFOTCSI OOBEMHBIN U MOJHBINA KO3 (DHUIIMEHTHI MOJIE3HOTO JeHCT-
BUsI, HOMUHAJIBHOE JAaBJICHUE M YTJIOBAask CKOPOCTh BBIXOJHOTO Basia THAPOMOTO-
pa. Bce 3Tu mapameTpbl IPUBOAATCS B CIIPABOYHOM JIMTEPAType WM KaTajorax.

B Mozenu BO3MOXHBI JiBa BapHaHTa MapaMeTpU3aIlHu:

— IO TUHEWHOHN 3aBUCUMOCTH pabouero oobemMa ruApoMOTOpa OT TMOJIOXKe-
HUS PETYIUPYIOIIET0 YCTPOUCTBA;

— Mo TabyuIle, CBA3BIBAIOIICH MEXIY COOOW TOJOKEHUS PETyIUPYIOIIETO
yCTpOHCTBA M pabo4mii 00beM T'HIPOMOTOpA.

Bo BTOpoMm ciydae, koadduimeHtT pabouero oobeMa THAPOMOTOpPA OIpe-
JIeJIeH MaCCUBOM C BO3MOKHOCTBIO BBHIOOpa OJHOTO U3 TPEX METOJ0B MHTEPIIO-
JSIUH U IBYX METO/I0B DKCTPAIIOJISALINH.

['uapoMOTOpEI ¢ IepeMEeHHBIM padOoYuM 0OBEMOM OIMHCHIBAIOTCS CIEIYIO-
[IMMH YPaBHEHUSIMU:

q=W-w-k,, - p; M=W-p-n;

Wmax .
W = xmax »
W (x)

Kt =kyp!V-ps P=p,— Dp;

k _W.a)nom(l_nl/)'vnom'p
HP — p 3

r7e g — nogavya ruipoMoTOopa;

p — nepenaj AaBjeHUs Ha THIPOMOTOPE;

P4> P — JABIICHUSI B HAIIOPHOM M CJIMBHOM TpPyOOIpPOBOJAX T'HIPOMOTOpA
COOTBETCTBEHHO;

M — KpyTAIIMI MOMEHT Ha BaJly THIPOMOTODA;

W — MrHOBeHHBIN pabounii 00beM THAPOMOTOPA;

W pax — MAKCUMAIIBHBIA 00BEM THAPOMOTOPA;

X — CMENIECHUE PETYIUPYIOLIETO YCTPOICTBA;

Xmax — MAKCUMAJIBHOE CMEILIEHUE PETYJIUPYIOUIETO YCTPOUCTBA;

@ — YIJIOBasi CKOPOCTh Baja THAPOMOTOPA;

kiear — KOO(P(GULUEHT, yYUTHIBAIOIINI T€pMETUYHOCTD;

kyp — ko3 dunment Xarena—Ilyazeins;

ny — oobemusbiid KIIJ[ rugpomoTopa;

Nm — Mexanndeckuit KITJI rugpomoTopa;
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V — KHHEMAaTUY€ECKasi BA3KOCTb KUIKOCTH;

p — INIOTHOCTb XKUJKOCTH;

Dnom — HOMHUHAJILHOE JTaBJICHUE;

Wpnom — HOMUHAJIBHAS YTJI0Basi CKOPOCTh Bajia TUAPOMOTOPA;

Viom — HOMAHAJIbHASI KHHEMATHUYECKAs BSI3KOCTh KUIKOCTH.

[Torepn naBiieHUS JTUHEWHO MNPOMOPIUOHAIBHBI TEpenaay JaBJICHUS Ha
TUAPOMOTOPE M MOTYT ObITh HaifjieHsl 110 hopmyiie Xarena—Ilyazeiins:

128 u-1 U
P=—7 Qe =7 Qicar> u=v-p,
w-d kpp

TAE Gjeak — CYMMAPHBIC YTEUKH JKUAKOCTU YE€PE3 3a30pbl BHYTPU THAPOMOTOPA U3
HAIMoOpHOM 00JIaCTH B CIIUBHYIO;
d, | — reoMeTpuYEeCKHe TapaMeTphl 3a30POB;
[l — IMHAMUYECKAasi BI3KOCTb KUIKOCTH.
Ipu p = puom U V = Vo, CyMMapHBIE YTEUKU KUJIKOCTU MOTYT OBITH OIpe-
NeneHsl o popmye

qleak =w- a)nom (1 B TIV)

Mexannueckuii KIIJI ruapomMoTopa HaXOAUTCS KaK OTHOILIEHUE MOJHOTO U

oowsemuoro KII/I:
Mo =111y

B Monenu npuHATHI CAeAYIONINE AOMYIICHNUS:
— XKUJKOCTb SBJISIETCS a0COTIOTHO HEC)KUMAEMOM;
— HE MPUHUMAIOTCS BO BHUMaHUE COMPOTHBIICHUS HA Baly THIPOMOTOPA, BBI-
3BaHHBIC CUJIAMU TPCHHSI, HHEPIIUEH U T.JI.;
— CyMMapHbIe YTCUKH XHUIKOCTH Yepe3 3a30phl BHYTPH THAPOMOTOpPA JIMHCHHO
MIPOTOPIIMOHAIBLHBI TIEpenaay aBJICHUS Ha THAPOMOTOPE.

Model parameterization — mapameTpu3zanus Mojenu. Moaenb peryiaupye-
MOT'0 POTOPHOT'O THUIPOMOTOPA MOKET ObITh ONTUCAHA OJTHUM U3 CIEIYIOITUX Me-
TOJOB:

— IO JUHEWHOU 3aBUCUMOCTH pabodero oobema THAPOMOTOpPA OT TMOJIOMKE-
HUS PETYJIUPYIONIETO YCTpocTBa (By maximum displacement and control mem-
ber stroke);

— 1o TalJuIle, CBSI3BIBAIOIICH MEXAY COOOW MOJIONKEHHUS PETYIUPYIONIETO
yCTpoMCTBa U pabouunii 00beM rugpomoropa (By displacement vs. control mem-
ber position table).

Maximum displacement — MaKxCUMaJIBHBIA 00BEM THAPOMOTOPA.

Maximum stroke — MakCUMaJIbHOE CMEIIICHUE PETYIUPYIOIIETO YCTPOIMCTBA.

Control member positions table — Tabnuua MOJIOKEHUN PETyIUPYIOLIETO
yCTpOMCTBA. 3aJae€TCsd BEKTOP BXOJHBIX 3HAUEHUU Kak maccuB 1 xm. Bekrtop
BXOJTHBIX 3HAYCHUH JTOJDKEH CTPOTO0 MOHOTOHHO yBeaWumBaThcs. st pyHKIMO-
HUpPOBaHUS OJIOKA JTIOJHKHO OBITh 33/1aHO HE MEHBIIIE TPEX 3HAUCHUH.

147



E! Block Parameters: Yariable-Displacement Motk

—Wariable-Displacement Maotor

This block represents a variable-displacement reversible motar of any type as a data
sheet-based model. The model can be parameterized either by the motor masimum
dizplacement and control member stroke or by the tabulated relationzhip between
motor displacement and control member pozition. |n the first cage, the displacemnt is

E! Block Parameters: ¥ariable-Displacement Moko

—Wariable-Dizplacement katar

Thiz block represents a wariable-dizplacement reversible matar of any type as a data
sheet-bazed model. The model can be parameterized either by the motar maximum
dizplacement and control member stroke or by the tabulated relationship between motor
dizplacement and control member position. |n the first caze, the displacemnt iz assumed

to be linearly dependant on control member pozition. The motor efficiency iz determined
oh a basiz of volurmetric: and total efficiencies, nominal pressure, and nominal angular
welocity.

azzumed to be linearly dependant ah contral member position. The mator efficiency is
determined on a basis of wolumetric and tatal efficiencies, nominal pressure, and
nominal angular velocity.

Connections & and B are hydraulic conserving ports associated with the motar inlet and
autlet, respectively. Connection 5 iz a mechanical rotational conserving port associated
with the motar driving shaft. Connection C iz a contral part thraugh which mator
dizplacement is controlled. The block positive direction iz from port & to port B, Thiz
means that the motor rotates shaft in the generally azzigned positive direction if fuid
flows from port & to port B and positive signal is applied to port C.

Connectionz & and B are hydraulic congerving ports azsociated with the motor inlet
and outlet, regpectively. Connection S iz a mechanical ratational conzerving port
aszociated with the matar driving shaft. Connection C iz a contral part through which
motar displacement iz contralled. The block positive direction is from port & ta port B.
This means that the mator ratates shaft in the: generally assigned positive direction if
fluid flowss fram port A to port B and positive signal is applied to port C.

o

ization:

=P t Model p I By dizplacement vs. control member position table LI
Muode! - . ”
] I By marimum displacement and control member stroke j Ea?:?g'ol member positions |[ -0.0075 -0.0025 0 0.0025 0.0075 | | m =]
:::l';”;‘er;ent, |Fe-08 [m3nad =] g‘grl“e'_’ dalmamtie || 506 -32-05 0 3206 5e06 | [w3had =]
M awimum stroke: IU o5 I = ﬂ Interpalation methad: | Lirear |
Yolumetric efficiency: ID = Extrapolation method: | Fram last 2 paints x|
- Wolumetric efficizncy: ID a5
Total efficiency: -
ID'?5 Total efficiency: ID 75
Mominal pressure: ) -
|1e+D? I Pa j Mominal pressure: |1e+D? I Pa ;I
Mominal angular .
g 188 radds - Mominal angular
Leloqty; y . | I = velotiy: J1ee [radis =]
oitial kinematic Mominal kinematic
vigcosiby: & f =5t =l viscosity: 18 = Bl
0k I Cancel | Apply |
Apply |

Puc. 100. Oxna napametrpoB 65oka Variable-Displacement Motor

Pump displacements table — Tabnuia pabounx o0beMOB Hacoca. 3ajaeTcs
BEKTOp 3HauYeHU pabounx 0O0bEMOB Hacoca Kak MaccuB 1 Xm B TOH ke pa3Mep-
HOCTH, YTO W BEKTOP BXOJHBIX 3HAUCHUH MOJOKCHHUIA PETYIUPYIOIIETO YCTPOWA-
CTBa.

Interpolation method — meton uHTepnonsuuu. BeiOupaercs onuH U3 clie-
AYIOUINX METOAOB MHTEPHOJSIUHN ISl alllIPOKCUMHUPOBAHUS BBIXOJAHBIX 3HAYE-
HUI B MHTEpBAJIaX MEXKIY ABYMs MOCIEA0BATEIHLHBIMU TOYKAMHU MACCHBA:

— nuHenHbll (Linear). J1Jis OMHOMEPHOTO MacCUBa UCIOJIb3YETCS TMHEHHAs
GYHKIHST MHTEPIIONALNM, a U JBYMEPHOTO MacCHBa — allTOPUTM OMITMHEHHON
WHTEPIOJSAINN, KOTOPBIA SBISIETCS TPOJODKEHUEM JHMHEHHON WHTEPIOJNSAINU
i GyHKIUH IBYX IEPEMEHHBIX;

— xyouueckuit (Cubic). JIJiss 0THOMEPHOTO MacCHBa MCIOJIb3yeTCsl KyOuue-
ckag @yukuus untepnonsiiuun PCHIP, a nns nsymepHoro MaccuBa — ajaropuTm
OMKyOMYEeCKON MHTEPIOJISIIIUY;

— cruan (Spline). Jlns oMHOMEPHOrO MAacCHBa HUCIIOIB3YETCS aJIrOPUTM
KyOMYEeCKOW CIUTaH-UHTEPIIONSINN, a ISl IBYMEPHOTO MacCHBa — ajTOPUTM
OMKyOMYeCKOH CTIafH-HHTEPIIOISIIHH.

Extrapolation method — meton skcTpanoisuun. BeiOupaercst ouH U3 clie-
AYIOUINX METOJOB YKCTPATIONSINN, KOTJa BEIXOHBIC 3HAUCHUS JIe)KAT BHE JIHa-
Ma30Ha, ONMPEEICHHOr0 B CIIUCKE MapaMeTPOB:
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— M0 TOCJEAHUM JIBYM Toukam (From last 2 point). DKCTpamnosius ¢ uc-
MOJIb30BAHUEM JIMHEHHOro MeTojAa (He3aBUCHUMO OT BbIOOpA METOa MHTEPHOJIs-
uH);

— no nocneaHe Touke (From last point). Ucnionb3yer nocnenHee yka3aH-
HO€ YHKCJIO BBIXOJJHOTO 3HAYEHUS B KOHIIE COOTBETCTBYIOLIETO JUANa30HA.

Volumetric efficiency — o6bemuniit KI1J] runpomotopa;

Total efficiency — nonusiii KITJ[ rugpomoTopa;

Nominal pressure — HOMUHAJILHOE J1aBJIEHUE HA BXOJI€ B THAPOMOTOD;

Nominal angular velocity — HOMUHaJIbHAsT YIJIOBasi CKOPOCTh Baja THUIPO-
MOTOpA;

Nominal kinematic viscosity — HOMHHaJIbHasi KMHEMAaTU4YeCKasi BSI3KOCTh
KHUJIKOCTH.

brok nMmeer cnepyroiiue MopThel: THIpaBINUYeckue NOopTel 4 U B, cBs3aH-
HbI€ HAIIOPHOU U CIAMBHOM TpyOOMPOBOAAMHU IMAPOMOTOPA COOTBETCTBEHHO; Me-
XaHUYECKHUM MOPT S, KOTOPHIN ONpeiesieT HallpaBIeHHe BPAIlleHUs MPUBOIHOTO
Bajia TUAPOMOTOPA (TOJOKUTENBHOE WU OTPULIATENBHOE), a TakkKe (HU3NUECKUI
nopt ynpasieHus C.

15.IPUMEP MOAEJIUPOBAHUSA I'NAPOITPUBOJA
ABTOKPAHA

[M'uapaBnudeckuii MPUBOJ] COBPEMEHHBIX CTPOUTEIBHBIX U JOPOXKHBIX Ma-
IIUH JOCTaTOYHO CJIOKEH, M MOJICIMPOBAHUE BCETO MPHUBOJA B MOJHOM O00BEME
TpeOyeT 3HAUUTENbHBIX YCWINNA U 3aTpaT BPEMEHM, TTOITOMY JJIsl YUCOHBIX IIe-
Jiel B Ka4eCTBE MPUMEpPa paCCMOTPUM OTJEIbHBIE YACTH OT MOJIHOW CXEMBbI MPHU-
BOJIa, IPEAHA3HAYCHHBIC JIJIs1 BHIMOJTHEHUS OTIAEIbHBIX (DYHKITUH.

PaccmoTpum B KauecTBe mpumepa THAPOIPHUBOI aBTOMOOUIIBHOTO KpaHa.
[TpunnunuanbHas TUIpaBIdyYecKass cxema 3TOM MalllMHBI CO3j/[aHa Ha OCHOBE
JIBYX OCHOBHBIX THIIOBBIX CXE€M, & UMEHHO: CXEMBbI MOCTYNAaTEeILHOTO JBUKCHHUS,
B KOTOPOM BBIXOJHBIM 3JIEMEHTOM SIBJISIETCS THUAPOLMIMHIP, U CXEMBbI Bpala-
TEJLHOTO JBWKEHUS, B KOTOPOH BBIXOJIHBIM DJIEMEHTOM SIBJISIETCS TUJIPOMOTOP
(puc. 102).

B uactHOCTH, y aBTOKpaHa ATUM JBYM THIIOBBIM CXE€MaM COOTBETCTBYIOT
MOJCUCTEMBI MOABEMA-OMYCKAHUS CTPEJbl U MOIbeMa-OIyCKaHUs TPy30BOH Jie-
O0enku cooTBeTcTBeHHO (puc. 102). DTu ABe MOACHCTEMBI BMECTE C APYTHUMH
BXOJISIT B OONIYIO THIAPABIMYECKYIO CHUCTEMY aBTOKpaHa W HMMEIOT HEKOTOpPHIC
oOIIIMe 3JIeMEHThI, TaKue KaK HAcOC W TUAPOOaK, OJTHAKO JJIS YIPOIICHUS OMU-
caHus, co3/aHus 1 oTiaaku Simulink-moeneit paccMOTpUM UX Kak JBE OTIEIb-
HbIe TuapocxeMbl. B mocieayromem 3ty aBe Simulink-moenu MoryT ObITh 00b-
CIMHEHEL.
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Puc. 102. [IppuHIMnManbHble YIPOILIEHHBIE THAPOCXEMBI 110 IbEMA-OIIYCKAHUS CTPE-
761 (@) ¥ TobeMa-OIyCKaHusI TPY30BOH j1ebeiku (6) aBTOKpaHa

Co3gaauM JBE MOJENM THUIAPOCXEM TIpU TIOMOIIM OJOKOB OHOIHOTEK
Simscape u SimHydraulics.

15.1. I'maponpusoja NoAHEMAa-0IyCKAHUS CTPeJIbl aBTOKPaHAa

[TpuHIMI pabOTH THIPONPUBOAA TOIBEMA-OITYCKAHUS CTPEIBI CIIC YOI
(puc. 102,a). N3 6aka I pabGouas >XUIKOCTh (Maciio) 3abupaeTcs HacocoMm 2 U
MOJTaeTCA K TPEXIMO3UIIMOHHOMY THApopactpeaenuteato 3. B HelTpaasHOM 1M0-
JOKEHUH 30JIOTHHKA THAPOpACTpEeAeTUTeNs Mpu padoTaromeM Hacoce KHJ-
KOCTh CITUBAETCsI 00paTHO B 0ak, a KaHAJIBI CHJIOBOTO THAPOLMIMHIPA 6 3a1epThl
JUTSL yIep KaHMSI CTPEJIbI B IMOAHATOM TOJIOKCHHH. [IpU cMEHE TO3UITUHU 30J10T-
HUKAa OTKPBIBAIOTCS IPOXOJHBIC CCUCHHS B THIpoOpacipeaenurene 3, U KuI-
KOCTh HAYMHACT MOCTYNATh B TMOPIIHEBYIO WJIM IITOKOBYIO TOJIOCTH THAPOIIH-
nuHapa 6.

JI7ist morbeMa CTpEITbl 30JI0THUK MEPEBOIAT B MpaBoe MonoxeHune. Pabodas
KHUJIKOCTh Yepe3 0OpaTHBIN KilanaH 4 MOCTyHaeT B MOPITHEBYO MOJIOCTh THIPO-
muIHApa. [ omyckaHus CTpesbl 30JI0THUK NEPEBOJAT B JICBOC IOJIOKEHUE,
paboyast )KHJIKOCTh IMOCTYIAET B IITOKOBYIO IMOJOCTh TUAPOIMINHAPA U Ha CITUB
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Yyepe3 TOPMO3HOM JApoccels 5, 9T0 00ecnednBaeT CTaOMIbHBIA PEXKUM CKOPOCTH
OITyCKaHUsI CTPEIIBI.

Hpoccenb 5 ¢ oOpaTHBIM KJIallaHOM 4 yCTaHOBJICH Tepe]] MOPITHEBOH I1O0-
JIOCTBIO TUAPOIMINHAPA, TOCKOJIBKY HArpy3Ka Ha IITOK BCErjaa JIeHCTBYeT B Ha-
MpaBJICHUH, YKa3aHHOM Ha puc. 102,a. IIpu onyckaHuu CTpesbl IpOCCeib 5 Mpo-
TUBOJICHCTBYET €€ MaJICHUI0, a TIPU MOAbEeMe KUAKOCTh HIET Yepe3 0OpaTHBIN
KJIaTIaH.

Haubomnpiiee naBneHune B CUCTEMEe NPU TOIBEME-0IyCKaHUU CTPEINBI OTpa-
HUYHMBACTCS TPEAOXPAHUTEIBHBIM KIIAIAHOM 7/, HACTPOWKAa KOTOPOTO HE TIpe-
Beimaet 17,5 MIla.

N3 6:10k0B Simscape u SimHydraulics mpu MoaenupoBaHuy TUIPOTIPUBOIA
MOIbEMa-0IyCKaHUS CTPEIbI aBTOKPAaHA NCIIOIB30BAHCH CIIEIYIOIINE:

Solver Configuration — 610K, ONIPeENSIONINI HACTPOUKHU MapaMeTpoB pe-
matesis ajig MozaenaupoBaHus OnmouHoM guarpammbl SimHydraulics. Kaxnsrit
THJIPABIMYECKUN MEXaHHU3M JOJKEH OBITh COSAMHEH B JIFOOOM MECTE C OJTHUM
MO00HBIM OJIOKOM.

Mechanical Translational Reference — 610k ocHOBaHUsI (CTOMKA) JJIsl TO-
CTYIATEIBHO JBIIKYIIUXCS MEXaHU3MOB.

Mechanical Rotational Reference — 0510k OCHOBaHMs (CTOMKa) JJIsI Bpa-
HIAFOIIHUXCSI MEXaHU3MOB.

Simulink-PS Converter — 6J10k KOHBepTaIuu o0biuHOr0 Simulink-curnana B
¢bu3nyeckuil curuan 6udauoTexu Simscape.

PS-Simulink Converter — 610k oOpaTHOW KOHBEpTalUU (PU3NYECKOTO CHUT-
Hana Simscape B Simulink-curxas.

Hydraulic Reference — 610K CBSI3U THJIPOCUCTEMBI ¢ aTMOC(EPHBIM JaBJie-
HueM (TupoOaK).

Hydraulic Fluid — 610k 3aanus BUJla U CBOMCTB THIPABINYECKOMN KUKO-
ctu. [Ipucoenunsercs B 1r000M MecTe OJI0YHON AMArpaMMbl THAPOIPUBOIA.

ldeal Angular Velocity Source — nneanbHbIi ICTOYHUK YTJIOBOM CKOPOCTH.
Hcnons3yercst epes; 0J0KOM THApOHACOCA IS 3aJaHus YTIIOBOH CKOPOCTH Ba-
Ja TUApoHacoca.

Variable-Displacement Pressure-Compensated Pump — peryiaupyemMsblii Ha-
COC C KOMIICHCATOPOM JIaBIICHUSI.

Proportional and Servo-Valve Actuator — 610K, TTO3BOJISIOIIUNA YIECTh pe-
aJlbHbIE CBOWCTBAa TPHUBOAA 30JIOTHHWKA TUApopactpenenurens. llpumeneHue
ATOro OJIOKa HE SABISIETCS 00s3aTeNbHBIM ISl YCIEITHOTO ()YHKIIMOHUPOBAHUS
MOJICTIH.

Pressure Relief Valve — npenoxpaHuTeIbHbIN KJIallaH J1aBJICHUS.

2-Way Directional Valve — NByXJIMHEHHBIN HAINPaBISIONINN THAPOpacIpe-
TCIATENb.
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4-Way Directional Valve — 4eThIpexIMHEHHBIN HANIPaBJISIOMIMN THIPOpAC-
MpeenuTeNb.

Check Valve — oOpaTHBII KJamaH.

Fixed Orifice — HeperynupyembIii 1pocceb.

Resistive Tube — 6510k, yIUTBIBAIOIIUHN TTOTEPH B TPYOOIIPOBOJIE.

Double-Acting Hydraulic Cylinder — cunoBoii TUIpOLMIIMHAP JTBYXCTOPOH-
Hero JelCTBUI.

Ideal Force Source — nneajbHbIil ICTOYHUK YCHUIIUA.

Translational Damper — uaeanbHbI MEXaHUUYECKUH eMIdep mocTymna-
TEJILHOTO JECUCTBHUS.

ldeal Translational Motion Sensor — uaeallbHbIN JaTYUK MOCTYNATEILHOTO
nepeMeIIeHHUS.

ldeal Hydraulic Flow Rate Sensor — uJieanbHblii THIPABIMYECKUN TaTYUK
pacxozaa (MCHOJB30BaHUE 3TOTrO OJ0Ka HeoOsA3aTeNbHO Uil oOecreueHus: pado-
TOCTIOCOOHOCTH MOJENIM U HOCUT JIMIIb MHGOPMATUBHBIN XapaKTep).

Simulink-mozienb TUAPONPUBOJA MOABEMA-OMYCKAHUS CTPENbl aBTOKpaHa
(puc. 103) Obuta co3maHa B BHUJIE MOACUCTEMBI, UMEIONIEH BXOJIbI U BBIXOIBI JJIS
B3aMMOJICUCTBUS C MOJACUCTEMaMu 0oJiee BHICOKOTO ypoBHA B oOmieit Simulink-
MO/IeJId aBTOKpaHa, oJIpoOHO ONMHUCAHHOM B [5].
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Puc. 103. Simulink-mozaens rugponpruBoaa Mo reMa-omyCKaHus CTPEIIbl aBTOKpaHa
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B kadecTBe BXOAHBIX HHPOPMAIMOHHBIX MApaMETPOB MOJCUCTEMBI THIPO-
NPHUBOJA BBICTYMAIOT: YCWJIME HA IITOKE THIPOLMIMHIPA CO CTOPOHBI CTPEIbI
Force (BXxomHOU MOPT ); UJCaNbHBIN 3aKOH IMePEMEIICHUS MTOKA 30JI0THH-
Ka ruapopacnpeaenurtens hod shtoka zolotnika (BXoaHou mopt ); 4acToTa
BpallleHus] Baja MPHUBOJA THUIApOHACOCA, OIpenesseMas BEJIUYMHOH 00OpOTOB
JIBUTATENISI aBTOKpaHa chastota vrashenija vala nasosa (BXOIHOU MOPT ).

BBIXOAHBIM MMapaMeTpoM SIBJIICTCS IMEepEMEIIEHUE IITOKA THAPOIMIHHIIPA
Position (BbIxoaHOM TIOPT ).

CtpykTypa npuBeacHHON Ha puc. 104 Moaenu MOACUCTEMBI THIPOIIPUBOIA
00ycTOBIIeHa CIEAYIOIUMU COOOPaKEHUSIMU: ISl MOJICIHPOBAHHS TPEXITO3U-
[IUOHHOTO THAPOPACIIPEICTUTENS CO CIMBOM XHIKOCTH B 0ak B HEHTpaIbHOM
MOJIO)KEHUHW, TOTOBBIA  OJOK  KOTOPOIO  OTCYTCTBYeT B  OHMOIHOTEKe
SimHydraulics, 6b1TM UCTIOJIB30BAHBI JBA UMEIOIINXCSI CTAHIaPTHBIX OJI0KA THI-
popacnupenenurenei 2-Way Directional Valve u 4-Way Directional Valve. Co-
€JIMHUB JIBa YKa3aHHBIX 0J0Ka MapajuielibHO, KaK 3TO cjenaHo Ha puc. 102, mo-
JYyYHM MOJIENb TPEXTO3UIIMOHHOTO THAPOPACIIPEICTUTENS CO CITUBOM JKUIKOCTH
B 0aK B HEHTPAJILHOM MOJIOKEHUH. [Ipr 3TOM HEOOXOAUMO, YTOOBI THAPABITHYE-
CKHE XapaKTePUCTHUKU 30JIOTHUKOB IBYX THApPOpACIpEeIuTeNe ObLTH coria-
COBaHBI MeX 1y co00ii. To ecTh, KOTr/1a B HEUTPAIbHOM TTOJIOKCHUH THAPABIIIYC-
ckue KaHaubl O010ka 4-Way Directional Valve 3anepThl (30JOTHUK 3aKpHIT, pa3-
Mep IIeJIM HYJIeBOM), B 3TO ke BpeMs KaHajwl Osioka 2-Way Directional Valve
JOJIKHBI OBITh COSUHEHBI (30JI0THUK OTKPBIT, KUIAKOCTh MJICT HA CIIUB).

[Ipy opgHOBpeMEHHOM mMoOjaye YOPaBIAIOIIETO CHUTHalda OT OJoka
Proportional and Servo-Valve Actuator (oH O3BOJSET YYECTh HHEPLUUOHHOCTb,
3amma3pIBaHiE U TPEHUE MPU PEaTbHBIX MMEPEMENICHUIX 30JI0OTHUKA) HAa u3nUe-
CKHE TIOPTHI S, YIPABISIONIUE TOJI0KCHHEM 3allOPHO-PETYIHPYIONUX dJIEMEH-
TOB 000WX OJIOKOB TUjpopacupenenurene, mneiaecoodpasa tadbauyHas dopma
3aBHCHMOCTH IUIOIIAIX TPOXOJHOTO CEYCHUS OT TMOJIOKECHHUS 3aloOpHO-
pETyIUPYIOIIETo deMeHTa (He00X0uMO BEIOpaTh BapuaHT By area vs. Opening
table na Bxianke Model parameterization 610koB, puc. 104).
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m Block Parameters: 2-Way Directional ¥alve

— 24 ap Directional Valve

and 2 methods of extrapolation are provided to choose from.

The block simulates a 2-way directional valve as a data sheet-based model, To
parameterize the block, 3 optionz are available: (1] by maximum area and contral
member stroke, [2] by the table of valve area ve. control member displacement, and
(3] by the prezsure-flow rate characteristics. The lookup table block iz used in the
zecond and third cages for interpalation and extrapolation. 3 methads of interpalation

Connections A and B are hydraulic conserving ports associated with the valve inlet
and outlet, respectively. Connection 5 is a physical signal port. The block positive
direction iz from part A to port B. Positive signal at port 5 opens the valve.

— Parameter

Model parameterization:

Tabulated valve openings: l].D‘I 3-0.007 -0.002 0.002 0.007 0.013] Im

Tabulated valve passage I[D 00,0005 0.0005 0 0] ImAz ﬂ
area:
Interpolation method: ILinear ﬂ
Estrapolation method: IFrom lazt 2 pointz ;I
Flow dizcharge coefficient: ID.?
Initial opening: ID Im LI
Critical Reynolds number: |1 2
Leakage area: |1e-1 2 Im"2 j_
-
| | B
ok I LCancel | Help | Apply |

E!Block Parameters: 4-Way Directional ¥alve

x|

— 44 ap Directional Valve

The block simulates a 4-way directional continuous valve az a data sheet-based
model. To parameterize the block, 3 options are available: (1] by mazimum area and
control member stroke, [2] by the table of valve area vs. control member
displacement, and [3] by the pressure-flow rate characteristics. The lookup table
block iz uzed in the second and third cases for interpolation and extrapolation. 3

Connections P, T, &, and B are hydraulic conserving ports associated with the valve
inlet, outlet, and actuator terminals respectively. Connection S iz a physical signal
port through which contral signal is applied. Positive signal at part 5 opensz orifices
P-& and B-T and clozes orifices P-B and A-T.

methods of interpolation and 2 methods of extrapolation are provided to choose from.

— Parameter

todel parameterization:

T abulated valve openings: l:l.m 3-0.007 -0.002 0,002 0.007 0.013] Im

Tabulated valve passage (7 Ang 0 o5 0.0 0.0006 0.0005] 2

area:

Interpalation method: ILinear

Ll Lef Lo Lol

E strapolation method: lFrom last 2 points

Flows dizcharge coefficient: ID.?

Orifice P-B initial opening: ID Im LI
Orifice A-T initial opening: ID Im ;I
Orifice B-T initial opening: ID Im -

Critical Reynolds number: |12

Leakage area: ez jm*2 =]

ok I LCancel | Help I Apply

Diifice P-4 initial opening: [0 Flow discharge coefficient:

=
<] | B

Puc. 104. Oxna HacTpoiiku napamerpoB 0si0koB 2-Way Directional Valve
u 4-Way Directional Valve

B pe3ynbraTe KyCOYHO-JIMHEMHOW ammpokcuMmaluu (3HaueHue Linear Ha
BKIajke Interpolation method) XapakTepUCTUKU 30JI0THUKOB OJIOKOB BUPTYaslb-
HBIX TUApOpacupenenuTenei OyayT BRIMISACTh IPUMEPHO TaK, KaK H300pa’KeHO

Ha puc. 105.

‘on.w Q 1%

0 Lo,

4-Way Direc

tional Valve

-On

Qx|

h
Q30.1

2-Way Directional Valve

130.’1

0

Puc. 105. KycouHo-ynHeliHbIe annmpoOKCUMAIUU THIPABINYECKUX
XapaKTEePUCTUK 30JI0THUKOB THAPOPACIPECIUTENCH
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ITaker Simulink 103BOJISIET MOJIB30BATENIO CO3JaBaTh COOCTBEHHBIC OJIOKH,
UMEIOIINE CBOWCTBA CTAaHIAPTHBIX OMOIMOTEYHBIX OJIOKOB (MAacKHpOBaHHBIC
MOJICUCTEMBI), TIOSTOMY BO3MOKHO CO3/IaHHE THAPABIMYECKUX OJIOKOB, OTCYTCT-
Bytomux B 6ubnumorexke SimHydraulics. Tak, nHanpumep, 6710k Tuapopacmpee-
JUTETST CO CIIMBOM YXKUIAKOCTH B TUAPOOAK B HEUTPATLHOM IOJIOKCHHH, OTCYTCT-
BylOIIMI B craHgapTHoi OubGnuoreke SimHydraulics, moxer ObITH co3llaH U3
AIIEMEHTAPHBIX TUIPABIMYECKUX OJIOKOB PErylHpyeMblX apocceneit Variable
Orifice, coeIUHEHHBIX MEX 1y COOOH Tak, Kak 3TO okazaHo Ha puc. 106,a).

ﬁsh_Ioad_sEnsing_velocity_controll‘-"a_pos 4_way EH¥ * -0 x|
File Edit “iew Simulstion Format Tools  Help
4 E + e e o B
DEEE| L BR e 2 b af |om ¥ G@bss RRES
-
Pr » 5
= A
Prassure
@._l_B Sensor A
E_A
@] : z "
3-Positian Valve e Orifice AT
E_B Actuator
LA
2 | AL al :
F Orifice P-T1 CLULS R
‘ B
5] 2 —
el
P Orifice B-T
o ii_.l
—= Pr
PS-Simulink Valve_pos B
Converter
Fragsure 1.
SensarB =
Ready |100% jodezzt s
[=1Block Parameters: 3_pos 4_way EHY |
- 3-pasition, 4-way directional valve mask] =
The black represents 3-position, continuous, 4-way valve intended to work
with the differential cylinder. T erminals & and B are connected to port T in
mEutral position.
Marimum orifice area fem”2)
03]
Maximum orifice opening (mm]
6
Orffice P initial opening [mm]
E
Orffice P8 initial opening [mm]
g 4 4
Orffice AT initial opening (mm]
B =T o
Orffice BT initial opening (mm]
E L I I = 4 EHW
Orffice PT1 initial apening (mm] T l_l _posS_udy
B
Oirifice FT2 initial opening [mm) | |
B L o — L
Leakage area [m™2)
[1e9 T
S witch-on time (5]
Joe
Switch-off time [5)
[oe |
Signal nominal valus
B
=
ok | cence | mem seety |

Puc. 106. MackupoBaHHas 110JIb30BaTeNbCKas MOJACUCTEMA I'HIPOPACIPEICITUTENS:
a — OKHO TOJICUCTeMBI Ttocye BeimoHeHus AeicTBusa «Look Under Mask» («3armstHyTh
MIOJ1 MAaCKy»); 6 — OKHO HacTpOWKH O0Ka (Macka); 6 — BHEIIHUHN BUJ OJI0Ka
ruapopacnpenenutens B okae Simulink-moaenn
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[Iporiecc co3manuss MacKUPOBAHHBIX MOJCUCTEM MOJIpoOHO omucad B [10].
XKenaromme  MOryT  O3HAKOMHUTBCS € JIEMOHCTPAIIMOHHOW  MOJIEIBIO
sh_load sensing velocity control.mdl cuctrempt MATLAB R2007a, conepxka-
el mpuBeIeHHbIN Ha puc. 106 610K rugpopacnpeaeTuTes.

OxHa HaAcCTpOMKH mapameTpoB OJOKOB CHUJIOBOrO THapouuiuHapa Double-
Acting Hydraulic Cylinder u tunponacoca Variable-Displacement Pressure-
Compensated Pump nipuBenensl Ha puc. 106. Ilepemernienrue mopiiHs TUapOIH-
nuuapa Piston stroke KOHCTpYKTUBHO cocTaBisieT 2,5 M. HauanpHoe nepemerie-
Hue nopuHs Piston initial position nipu UCIOJIB30BAHUU TOJCUCTEMBI THAPO-
MpuBOJa B OOIIEH MOJENM aBTOKpaHa JIOHKHO COOTBETCTBOBATH HAYAILHOMY
3HAYEHUIO0 0000IIICHHOM KOOP/IMHATBI YIJIa IOXbEMA CTPEBL.

E}Bhd‘ Parameters: Double-Acting Hydrau| ! | E}Block Parameters: Yariable-Displacemen C i‘
- Double-Acting Hydraulic Cylinder — Yariahle-Dizplacement Prezsure-Compensated Pump s
Th.'s block (S d.DUble'aCt'hg h—"'drath eylinder. The modd of the cylinder is Thig block reprezents a wariable-displacement, prezsure-compenzated hpdravic
built of the following building blocks: Tranzlational Hydro-kMechanical Conwverter, :
> ] : : pump of any type az & data sheet-bazed model. The key parameters required to
Wariable Yolume Chamber, Translational Hard Stop, and Ideal Translational Mation S h 5 displ | : a |
Senzor. The rod motion iz limited with the mechanical Translational Hard Stop block. pa.la.metgrlze the QC are the pump maximurn displacement, vo umetrlc and tatal
efficiencies, regulation range, nominal pressure, and angular velocity.
Connections B and C are mechanical translational conserving ports comesponding to : 5 . : :
the cylinder rod and cylinder clamping structurs, respectively. Connections & and B Connections P and T are hydraulic conserving ports associated with the pump outlst
are hydraulic conserving ports. Port & is connected to chamber & and port B is and inlet, respectively. Conhection 5 is a mechanical rotational conserving part
connected ta chamber B. The block directionality iz adjustable and can be contralled gggociated with the pump driving shaft. The block positive dirsction is from port T ta
with the Cylinder orientation pararmeter. part P. Thiz means that the pump delivers flow to port P as itz driving shaft rotates in
the globally assigned positive direction.
— Parameter
) - r— Parameter
Piston area A: q im 2 LI
Piston area B: [om13094 2 =] b Gl R Im"3ad x|
Piston stoke: |2_5 Im LI Setling pressure: I‘I 4000000 IF‘a LI
Piston initial position: ID Im ;] Pressure regulation range: IBDDDDDD !Pa LI
Dead volume A: f1e-04 3 =l Walurmetric efficiencey: |oss
Dead volume B: 1e-04 ! e i
Fad valme I = lm —I T otal efficiancy: ID.SS
Specific heat ratio: 1.4
b i Maminal pressure: |1 BO00000 |Pa j
Contact stiffness: I1 e+07 IN.-"m ;]
Marinal angular velozity: |1 a8 Irada’s ;I
Contact damping: |1 50 !N.-"[m.-"s] ;I : : 3
Mominal kinematic I1 g IcSt LI
Cylinder orientation: IAc:ts in positive direction Li vigcosity: -
< | B
ok | g | omee | e | ok Corcel | Hep | aeey |

Puc. 106. OxHa HacTpO¥KHK MapamMeTpoB OJIOKOB TuapoHacoca Variable-Displacement
Pressure-Compensated Pump n cuiioBoro ruapouniunapa Double-Acting Hydraulic
Cylinder

[Tnomaay nmopuIiHeBOil U MTOKOBOW nonocten Piston area A, Piston area
B 3amaroTcst KOHCTpYKIMeH TuaponmanHapa. OcraabHbIe TapaMeTpbl MPUHUMA-
JY 3HAYEHUS M0 yMoJdaHWi0. HoMUHaNBHOE 3HaYeHUE YriIOBOM CKOPOCTH Baja
ruaponacoca Nominal angular velocity coctasnsuio 188 pan/c. B nporecce mo-
JIeTMPOBaHUs 3HAUEHUE ATOTO MapaMeTpa Ha Bxoa Onoka Variable-Displacement
Pressure-Compensated Pump monaBajoch MOCTOSHHBIM, OJHAKO JOIMyCKaeTCs
W3MCHEHHE YTIIOBOM CKOPOCTH TIPH MOJICITHPOBAHUH.

OxHa HaCTPONKHU IMapaMeTPOB psijia IPYTUX TUAPABIHYECKUX OJIOKOB MPH-
BeJIeHbI Ha puc. 107.
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B npaBoM BepxHEM YTy OKHA TOJICHCTEMBI THIPOIPHUBOIA PACTIONOKCHBI
OJIOKH, CBSI3aHHBIC C MOJCITMPOBAHUEM MEXaHUYCCKUX (DYHKIIUN THIPOIIMIIAH/I-
pa: MOAEIMPOBAHUEM AEeMITIPUPYIOIINX CBOUCTB runpownaapa (Translational
Damper), wu3MepeHueM ImepeMenieHud mroka ruapoumiusaapa  (Ideal
Translational Motion Sensor), CHIIOBBIM BO3JICHCTBHEM Ha IITOK THIPOIMIUH/-
pa co ctoponsbl crpensl (Ideal Force Source). HauanbHoe 3HaUeHHUE U3MEPEHHO-
ro nepemenienus B 6noke Ideal Translational Motion Sensor 10J>KHO OBITH paB-
HBIM Ha4aJbHOMY CMEILCHHIO TIopiHs Piston initial position B 6J10Ke THUIPOITHU-

JUH]IpA.
|l oct porameters:nesistive Tube ' x|

~ Pressure Relief Y alve = ~ Resistive Tube
This block represents a hydraulic pressure relief valve as a data sheet-based model Thiz block models hudraulic pipelines with circular and noncircular cross sections and
The valve remains closed while pressure at the valve inlet is lower than the vakve accounts for iesistive property only. To account for local resistances such as bends,
preset pressure, When the preset pressure is ieached, the value conltrol member is fittings, inlet and outlet loszes, and so on, all the resistances are converted into their

forced off itz seat, thus creating a paszage between the inlet and outlet. Some fluid i
diverted to a tank through this orifice, thus reducing the pressure at the inlet. If this
Flow rate iz not enough and pressure continues to rize, the area iz further increased
until the control member reaches its masimunn.

equivalent lengths, and then the total length of all the resistances is added ta the
pipe geometrical length.

Connections A and B are hydraulic conserving ports. The block positive direction is
fram part & ta part B. This means that the flow rate iz positive if fluid flaws from A to B,

Connections A& and B are hpdraulic conserving ports. The block positive direction is and the pressure loss is determined as p = p_4 - p_B.

from part & to port B

g
F

=
F

iR Im,\z LI Tube cross section type:
Tube internal diameter: n.m m -
Walve pressure setting: I1 Fo00000 IF'a ;I I I _I
Geometrical shape factor: |B4
“Walve regulation range: IEDDDDD |F'a LI
Tube length: |1 Im Li
Flow discharge coefficient: IEI.? -
Aggregate equivalent length of local IU 2 Im LI
Critical Reynolds number, I1 2 s
e Internal surface roughness height: 1.5e-05 m -
Leakage area: |1 el12 Im"2 LI I I _I
Larminar flow upper margin: |28+D3
i 1 _|L| Turbulent flow lower margin: |4e+03
4 >

oK I Cancel | Help | Aoply |
E} Block Parameters: Check ¥alveb [

— Check Yalve

oK I LCancel Help Lpoply

b Ix

Thiz block reprezents hydraulic check valve as a data sheet-based model. The
purpoze of a check valve iz to permit flow in one direction and block it in the
oppogite direction. The valve remains clozed while pressure differential across the
walve iz lower than the valve cracking pressure. When cracking pressure is reached _
the value control member is forced off its seat, thus creating a passage between the |
inlet and outlet. If the Flow rate is high enough and pressure continues to rise, the ) i,

area i further increased until the control member reaches its masimum. - Fived Drific

. : i = The block models & square-edged constant-area arifice, flow rate through which iz
Connections 4 and B are hydraulic conserving ports associated with the valve inlet proportional to the pressure differential across the orifice. The model accounts for the

and outlet, respactively. The black pasitive directian is from part A to port B. laminar and turbulent low regimes by moritaring the Fepnolds nurmber and comparing
itz walue with the critical Reynalds Mumber.

P h
F

Connections & and B are conserving hydiaulic ports associated with the orifice inlet

Iawimumn passage area: ImAZ LI and outlet, respectively. The block positive direction is from port & to part B. This
means that the flow rate is positive if fluid flows from & to B, and the pressure

Cracking pressure: |3B+EI4 IF'a ;I differential is determined s p=p A-p B.

Marimum opening I.I 7500000 lpa LI —P

pressume;

Flow discharge cosfficient; IEI 7 Orifice area: I"“A2 Li

Critical Fepnolds number: I1 2 Flow discharge coefficient: IU.?

Leakage area: |1 12 Im"g - = Critical Reynolds number; |1 2

| | _’_lLI
oK I Lancel | Help | Apply | 0K I Cancel | Help | £pply |

Puc. 107. OxHa HAaCTpOWKHU MMapaMeTpoB OJIOKOB MPEAOXPAHUTEIHHOTO KJIallaHa JIaBJICHUS
Pressure Relief Valve, conpotuBnenus TpyoonpoBoaa Resistive Tube, 00paTHOTO KianaHa
Check Valve, neperynupyemoro napoccens Fixed Orifice
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PaccMoTprM B3aMMOJICHCTBHE TMOJCHCTEMBI THAPOIPHBOJA IHJIMHIPA C
MOJICUCTEMON 00Jiee BRICOKOTO MEPAPXUIECKOTO YPOBHS — MOACUCTEMOM CTPEIIBI
aBTOKpaHna (puc. 108).

E!uraI_GPSI.-"Suhsystem strela
File Edit Miew Simulation Format Tools Help

P =T

"
i

1—1 377 45n(u+0. 43389319153 Vsqil3. 72+1.4°2-273 7 & coa(u))
Fen (plecho sili)

Fen (zila)

Scoped

Tranzport
Delay

Scope?

Scope?

. Force Scoped
et haod shtoka zolotnika Pasition acos(3. 7AZH1 AN2-(u+2 SYZWET2 7T A0 43380319153
able

¥

=

Scoped

IE'_I—. Subsystem Gidroprivod streli +|§|
IR Scopel
able
Connection Port L 92

chastota wrasheniia vala nazoza Fen (Ugol_podjema_streli)

Gamstand To Wotkspace

g e

Fonnection Portl

Body (strela)

&
Joint Sensort
hdechanical

o IC %

Joint Initial Condition  Joint Actuatort

Rewalute

Scopet

Ready [1o0% [ [ jode15s v

Puc. 108. OxHO OACHCTEMBI CTPEJIBI ABTOKPaHa C OJIOKOM MOICUCTEMBI THAPOIIPHUBOIA
Subsystem Gidroprivod streli

[TapameTp Ha BBIXOZE TOJCUCTEMBI THIPOIPUBOIA — TEPEMEIICHHUE IIITOKA
rupounuHapa Position — 1omKeH OBITH TIpeoOpa3oBaH B yroil MOJbeMa CTpe-
7Bl g (TOUHEE, B €r0 «PaBHOBECHOE» 3HAYCHHE, BOKPYT KOTOPOTO MPOUCXOIST
Kosie0aHus (PaKTHUECKOTO 3HAYCHUS YTIIa TIOJheMa CTPEIIBI C YIETOM yIPYTrOCTH
€€ KOHCTPYKIIUU). DTO Ipeodpa3oBaHue BoINoaHsAeTCs o Gopmyre (puc. 109):
a’+b*—c?

2-a-b

rae ¢y = 0,43389 pan = const; a=3,7 M = const; b=1,4 m = const; c= Position +
2,5 M — AJIMHA TUAPOLMIIUH/IPA.

OOpaTHO B MOJICHCTEMY THAPOIPHBOJIA JOKHBI MepeaBaThCs 3HAUCHMS:
4acTOTHI BpAIllCHUs Bajia Hacoca chastota vrashenija vala nasosa (B JaHHON MO-
JeM TPUHUMAJa TOCTOSHHOE 3HA4YCHUE), MCAJTHLHOTO 3aKOHA IIEPEMCIICHHS
IITOKA 30JIOTHWKA, OTKPBIBAIOMIECTO W 3aKPHIBAIOIIETO MOJAAYY THIPOKUIKOCTH
hod shtoka zolotnika n ycunust Ha ITOoKe TUApOLMIUHApa Force.

qs =P — ¢, = arcco — P>
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Puc. 109. PacueTHas cxema s onpeneneHust
yriia moJgbeMa CTPEeJIbl U TUIeUa JCHCTBUS CHUITBI

[Tpuyem mocienHee OyaeT OmpeneisThes TUHAMUKON BCETO aBTOKpaHa B
[IEJIOM, a U3MEPATHCS B TOJCUCTEME CTPENbl M0 000OIIEHHOW KOOpJauHATE ee
noabeMa ¢s. IlockonbKy 1o 00OOIIEHHONW KOOpPAMHATE ¢ NEUCTBYET MOMEHT
CHJI, ISl OMPEEICHUS yCUJIUS Ha IITOKE HEOOXOAMMO KPOME HM3MEpPEHUs] MO-
MEHTa TI0 ¢g BBIYMCIHTH IIJIEHO ACUCTBUA cuibl A (0mok Fen (plecho sili), (cm.
puc. 108 u puc. 109):

a-b-sin(py—qs)

\/a2 +b? —2-a-b-cos(p,—qs)

3areM BBIYHCISAETCS yCcuine Force Kak 4aCTHOE OT JI€JICHHUSI MOMEHTA CHJI,
JACHCTBYIOMIETO TIO OOOOIICHHON KOOpAWHATE ¢g, HA IIe40o 4. MHUHHUMaIbHOE
BpeMsl 3amas/bIBaHusl (COThIE WJIM THICSYHBIC JOJH CEKYHIBI, OJOK Transport

Delay na puc. 108) ucnosibpb30Bagoch, YTOObI pa3opBaTh 3aMKHYTHIN alnreOpanye-
CKUU IUKJI B MOJEJIN.

h=sina,-a=

15.2. 'maponpuBoa NOAbEMa-0NyCKAHNUS I'PY30BOM Jie0eIKH ABTOKPaHA

OOmmiA TPUHITMI PaOdOTHl THAPOIPHBOJIA TTOIBEMA-OIYCKAHUS TPY30BOH
7e0CIKN aHAJIOTUYCH THAPOIPHBOY CTPENBl. Pa3HuIla 3aKirodaeTcs BO Bpala-
TEJIBLHOM XapaKTepe JBIKCHUS KOHECYHOI'O 3BeHa — Truiapomoropa (puc. 101,0).
N3 Gaka [/ pabouas >XMAKOCTH (Maciio) 3a0upaercs HacocoM 2 U TOAAETCSA K
TPEXITO3UIIMOHHOMY THApopacnpeaenuTeto 3. B HeHTpaTbHOM TOJI0KEHHH 30-
JIOTHHUKA TUAPOPACIIPEICTUTEIIS TTPU paboTaroEeM HACOCE KHUIKOCTh CITMBACTCS
oOpaTHO B 0ak, a KaHaJbl, BEAYIIUEC K THUIPOMOTOPY, 3aNEPTHI IS yACP KaHHS
IPy30BOH JIeOSKA B HETOJBMYKHOM COCTOSHUU. Kpome TOro, B 3TOT MOMEHT
00s13aTEIIBPHO JTO/DKHBI OBITh BKIIIOUEHBI TOPMO3a Bajla THIPOMOTOPA, YTOOBI UC-
KITIOYUTh TajeHue rpy3a. [Ipu cMeHe MO3WIMK 30J0THHKA OTKPBIBAIOTCS IIPO-
XOJHBIC CCUCHHUS B THIPOPACIIPEACIIUTENC 3, M )KUIKOCTh HAUYMHACT IMMOCTYIATh K
THIPOMOTOPY 4, Bpallas ero Ha MoJbeM JIM0O0 Ha OIyCKaHUE Tpy3a.

[Tpu ycTaHOBKE JIpoccelis 5 B CIMBHON MarucTpaid yBEIHUEHUIO (3a0po-
Cy) CKOPOCTH BpAIllCHUS THIPOMOTOPA OKa3bIBACT COMPOTHUBIICHUE 3TOTO APOC-
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cemsa. To ecth mpoccenemM 5 obecrieunBaeTcsi CTaOMIbHAS CKOPOCTh OITyCKaHHSI
rpy3a. OgHaKo MpH Pe3KOM TOPMOKCHHH THIPOMOTOPA B JIUHUHU MEXKIY THIPO-
MOTOPOM U JIPOCCEIEM MOTYT BO3HHMKHYTH HEIOMYCTUMO BBICOKHE JaBIICHUSI.
Jlist IpefoXpaHeHnus CUCTEMBI U THPOMOTOpPA OT MOJOOHOTO JaBIICHUS B 3TON
JVMHUH YCTAHOBJICH MIPEIOXPAHUTEIBHBIN KTarnaH o.

Haubomnpiiee maBneHue B CUCTEME MPHU MOIBEME-OIMYCKaHUU Tpy3a Orpa-
HUYHMBACTCS TPEAOXPAHUTEIBHBIM KIIAIIAHOM 7/, HACTPOWKAa KOTOPOTO HE TIpe-
Beimaet 17,5 MIla.

N3 6okoB Simscape u SimHydraulics npu MoienupoBaHuM THIPOIPUBO-
Ja TOoIbeMa-ONyCKaHUs TPY30BOW JIeOCIKH aBTOKpaHa MCIOIH30BAIUCH CIIe-
AyIolIue:

Solver Configuration — 00K, ONpeAeNsIONNi HACTPOUKH MapaMeTpoB
pernaTens sl MoJenupoBaHus OjouHod auarpammbl SimHydraulics. Kaxxabrit
THJIPABIMYECKUN MEXaHHU3M JOJKEH OBITh COSAMHEH B JIIOOOM MECTE C OJTHUM
MO01I00HBIM OJIOKOM.

Mechanical Rotational Reference — 6510k OCHOBaHHS (CTOMKa) JJisg Bpa-
HIAFOIINUXCSI MEXaHU3MOB.

Simulink-PS Converter — 6110k KOHBepTaluu oObIyHOrO Simulink-curnana
B (pusmyeckuil curai 6ubiInoTeKku Simscape.

PS-Simulink Converter — 06510k 00paTHON KOHBEpTALMH (PUINYECKOTO
curHana Simscape B Simulink-curnai.

Hydraulic Reference — 6J10K CBA3U THIPOCUCTEMBI C aTMOC(EPHBIM J1aB-
neHueM (ruapo0ax).

Hydraulic Fluid — 6nox 3afaHus BUJa U CBOMCTB THAPABIMYECCKON KU
kocth. [Iprcoenunsiercs B 11000M MecTe OJI0YHON qUarpaMMbl THAPOTIPUBO/IA.

ldeal Angular Velocity Source — ueanbHbIii UCTOYHUK YTJIOBOM CKOPO-
ctu. Mcnionb3yeTcs mepea 6J0KOM THAPOHACOCA IS 3a/IaHUs YTIIOBOM CKOPOCTH
Bajia TUAPOHACOCA.

Variable-Displacement Pressure-Compensated Pump — peryaupyemslii
HACOC C KOMIICHCATOPOM JIaBIICHUSI.

Proportional and Servo-Valve Actuator — 610K, TO3BOJISIIONINI y4ecTb
peaslbHbIe CBOMCTBa MPUBOJA 30J0THHKA THApopactupeaenutens. [Ipumenenne
ATOro OJIOKa HE SABISIETCS 00s3aTeNbHBIM ISl YCIEITHOTO ()YHKIIMOHUPOBAHUS
MOJICTIH.

Pressure Relief Valve — npegoxpaHuTeIbHBIN KJIallaH J1aBJICHUS.

2-Way Directional Valve — nByXJIWMHEHHBIA HaNpaBiIsSIOUUN THIpOpac-
MPEICTUTEIb.

4-Way Directional Valve — 4eTblpexJIMHEHHBIN HaNpaBSIOMUNA THIPO-
pacmpeeuTeNb.
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Puc. 110. Simulink-mMozaens ruaponpuBoa nobemMa-omnyCcKaHus
IPY30BO#i JIeOeAKN aBTOKpaHa

Check Valve — oOpaTHBIN KJamaH.

Variable Orifice — perynupyemblii APOCCEIIb.

Resistive Tube — 6510k, yIUTHIBAIOIIUHN TTOTEPH B TPYOOIIPOBOJIE.

Variable-Displacement Motor — perynupyeMblii pOTOPHBIN THApPaBIMYC-
CKUI MOTOD.

ldeal Torque Source — ueanbHbI HCTOYHUK BpaIIaOIIEro MOMEHTA.

Rotational Damper — uneanbHbli MEXaHUYECKUH JleMIiep BpalaTeabHO-
ro JCHCTBUA.

Inertia — OGIOK, yYUTHIBAIONINI WHEPIMOHHBIE CBOMCTBA MPUBOAA TPY30-
BOI JeOeku, TpUBECHHBIC K BpalllaTeIbHONH KOOpAUHATE — YIIIy TOBOPOTA Ba-
Ja TUAPOMOTOPA.

Ideal Rotational Motion Sensor — uiealibHbIN JaTYUK BpaIlaTeIbHOTO Ie-
peMeIeHusl.

ldeal Hydraulic Flow Rate Sensor — uaeabHbIi TUAPABINYECKUNA TaTUYUK
pacxozaa (MCHOJB30BaHUE 3TOr0 OJ0Ka HeoOsA3aTeNbHO ISl oOecreueHus: padbo-
TOCTIOCOOHOCTH MOJIETM W HOCHT JIMIIb NHPOPMATHUBHBIN XapaKTep).
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Simulink-monens ruaponpuBoia MobeMa-OMyCKaHus IPy30BOH JieOeaKu
aBTOKpaHa (puc. 110) Tak ke, Kak ¥ ONMUCAHHAS BBIIIE MOJEIh THIPOIPHUBOIA
CTpenbl, OblIa cOo37aHa B BHJIE MOACHCTEMBI, UMEIOMICH BXOABI U BBIXOIBI IS
B3aMMOJICHCTBHS C TMOJCHUCTEMaMH 0oJjiee BHICOKOTO YPOBHS B OOIIeH Momenn
aBTOKpaHa.

B kadecTBe BXOIHBIX MH(DOPMAIMOHHBIX MAapaMETPOB MOJICUCTEMBI TH/I-
pOIIPHUBOJA MOABEMA-OITyCKAHHS TPY30BOM JIEOSAKH BBICTYMAIOT: BpAIIArOIIANA
MOMEHT Ha BaJIy THIPOMOTOPA, TEHCTBYIONIUI CO CTOPOHBI Ipy3a Torque (BXo-
HOU TopT ); U/IcalbHBINA 3aKOH TIEPEMEIICHHS IIITOKA 30JIOTHUKA THIPOpAC-
npenenutens upravl_vozd na zolotnik (BXoaHO# OPT ); 4acToTa BpallleHHs
Baja MPHUBOJA THUIpOHACOCA, OIpenaesseMas BEIUYMHONW OOOpPOTOB IBUTATENS
aBTOKpaHa chastota vrashenija vala nasosa (BXOIHON TOPT ); UeaabHbIN
3aKOH TMEPEeMEIIEHUS IITOKA, YIPABIAIOMIEr0 00bEMOM THIPOMOTOpPA IJIEMEHTa
hod shtoka gidromotora (BXoaHo# mopt ).

BbIXOIHBIM TlapaMeTpoM SIBISIETCS YTOJ TIOBOpOTa Bajda THUAPOMOTOpA
Angle (BBIXOHOU MOPT ).

OkHa HacTpoWikM mapamMeTpoB OJIOKOB TuapoMoTopa Variable-
Displacement Motor u perynupyemoro npoccensi Variable Orifice nipuBeieHbl
Ha puc. 111. Ucnone3yercs TabnuyHas GopMa 3aBUCUMOCTHU TLIOMIAAN MPOXO/I-
HOT'O CEUEHUS IPOCCEINS OT MOJIOKEHHUS 3aTIOPHO-PETYIUPYIOIIEro daeMeHTa (By
area vs. opening table). IIpu 3ToM HEOOXOIUMO, UTOOBI THIPABIINYECKHUE XapaK-
TEPUCTUKU JPOCCENS U 30JI0THUKOB JABYX THApPOpACIpenennTesei Obun corma-
COBaHBI MEXay c000i, TOCKOJBKY JJIsi TPEX YKa3aHHBIX OJIOKOB HCIIOJIB3YETCS
OJVH Y TOT € YIPABJAOIINN CUTHAIL. B JaHHOW MOJENM IUIOWAaAb IPOXOIHOTO
CEUeHHUsl JIpOcceNsl MPUHUMAET MHUHHMAJbHBIC 3HAUEHUS, KOTJa THIPOMOTOP
OITyCKaeT Tpy3.

Jlsiss TOTO 4TOOBI CMOJIEMPOBATH MOJHYI0 OCTAaHOBKY Bajla THIPOMOTOpA
TOPMO3aMU TIPU HEHTPATHLHOM IOJIOKEHUU THAPOPACTIPEICIIUTEINSI, HCIIOIb30BaH
yIpaBIsSIeMbId Mepexiouarens Switch. OH mepekioyaeT MmojaBaeMoe Ha Ball
THIPOMOTOpa 3HAYCHHE BPAIIAIOIIEr0 MOMEHTa OT Trpy3a Torque Ha HyJIEeBOE
3Ha4YeHHEe, KOTJa KaHaJbl, BEAYIIHE K THAPOMOTOPY, 3alEPThl, TO €CTh IPH HEM-
TPaJbHOM TOJIOKEHUHU 30JI0THUKA THApopachpenenutens. Ecim 3Toro He cue-
JaTh, TO TPYy3 OyJIET MEUICHHO OMYCKAThCS MPU HEUTPAILHOM TOJIOKEHUU THI-
popactpeaenuTeNs 3a CYeT BHYTPEHHHX MEPeTedYeK >KUIKOCTH. AOCOIIOTHOE
3HAYCHHWE TMEePEMEICHUsI IITOKOB THIpOpacTpeaeuTeNied OyaeT SBIATHCS
YIIPaBJISIOMIAM BO3/ecTBUEM iisi O1oka Switch. Ilpu mpeBbIIeHNH HEKOTOPOI
MOPOTOBOM BEIMYHMHEI (€€ 3HAUCHUE JOHKHO HAXOIUTHCS B MTPOMEKYTKE MEKIY
HYJIEBBIM U MaKCUMAaJIbHBIM 3HAYCHHSIMHU TIEPEMEIICHHUH ITOKOB THApPOpAacIpe-
JeNnTeNel) epeKIIouaTellb HAYMHACT MT0/1aBaTh HA BBIXOJ HEHYJIEBOE 3HAUYCHUE
MomeHTa Torque (c BepxHero Bxojaa). Korma ske abconroTHOE 3HaYeHHE Tepe-
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MEILIEHUI IITOKOB MEHbIIIE TTOPOTOBOI0 3HAUCHMsI, HA BBIXOJ OJ0Ka Switch 1io-
JaeTcs HyJIeBOE 3HAUCHHE (C HMKHETO BXOA).

[=]Block Parameters: Variable-Displacement & ] (|l = Block Parameters: Yariable Orifice R |
— Yanable-Dizsplacement M ator — Variable Orifice il

Thiz block represents a variable-dizplacement reversible motor of any type as a data The b|DCk_ simulates & variablg onifice of any bipe as 3 dat§ sheet based model. To
sheet-based model. The model can be parameterized sither by the motar masimum parameterize the block. 3 options are available: (1] by maximum area and control
displacement and control member strake, or by the tabulated relationship between member stroke, (2] by the table of orifice area vs. control member displacement. and
the motor displacement and control member position, |n the first case, the [3] by the pressure-flow rate charactenstice. The lookup table block is used in the
dizplacement is assumed to be linearly dependent on contral member position. The second and third cases for interpalation and extrapolation. 3 methods of interpolation
motar efficiency iz determined based on volumetic and total efficiencies, nominal and 2 methods of extrapolation are provided to choose from.

pressure, and nominal angular velocity. . _ . . . o
Connections & and B are hydraulic conzerving porte aszociated with the orifice inlet

Connections & and B are hydraulic conzerving ports associated with the mator inlet and o.utle.t, respectively. Connection 5 is a_physic:al sighal port. The block DUSiti_\‘fE
and outlet, respectively. Connection 5 iz a mechanical rotational conserving port direction is from port A ta port B. Pasitive signal at port S opens or closes the orifice,
agsociated with the matar driving shaft. Connection C iz a physical signal port that depending on the value of the Orifice orientation parameter.

controls motor dizplacement. The block pogitive direction is from port & to port B. This
meanz that the motor rotates its shaft in the globallp assigned positive direction if the
fuid flows from port & to port B and a pozitive signal is applied to port C.

— Parameter

todel parameterization:

— Parameter

Tabulated orifice operings: 0.013 -0.007 -0.002 0.002 0,007 0.013] [m |

a2 W= = Y el ol iy awinnuim dizsplacement and control member stroke

Tabulated orifice area: [[Te0d 1204 Te031e-03 1e031e403] [m™2 |

b arimum displacement; !58-05 Im“S;"rad _vJ

Interpolation method: ILinear LI
b airmumn stroke: ID.D1 |m Li
E strapolation method: lFrom last 2 points ;I
Wolumetric efficiency: ID.BS
Orifice orientation; IDpens in pogitive direction LI
Total efficiency: ID.?E
Flow dizcharge coefficient: ID.? | |
Mominal pressure; I1 EO00000 !F'a LI @ifi
Nominal | = Initial opening: IU Im L‘ ]
°|m".‘a_ SN0 |1 88 !radfs _j ET »
;‘3 °?'t5'i 5 ) Critical Reynalds number; |1 2
orninal kinernatic:
viscosity: |1 8 ICSt LI Leakage area: l1 el2 Im"2 LI
| | B

oK I LCancel | Help | Apply | ok I LCancel | Help | Apply |

Puc. 111. Oxna HacTpoO¥KHK apamMeTpoB OJIOKOB TuApoMoTopa Variable-Displacement Motor
u peryaupyemoro npoccens Variable Orifice

[TockobKy MOABEM-OITyCKaHHUE Tpy3a TPY30BOil 1eOeaKOH TTPOU3BOAUTCS
Yyepe3 CHCTEMY TOJHUCIACTOB, MEPEX0] OT yIyia MOBOPOTa Bajla THAPOMOTOpa
Angle ¥ «paBHOBECHOMY» 3HAYCHHUIO OOOOIIEHHON KOOPAMHATHI g3 (MpuUpare-
HUE JIMTHEHHOW JUTMHBI TPY30BOH JIEOEIKM OT OT0JIOBKA CTPEJIBI 10 Tpy3a) MIPOou3-
BoAUTCs uepe3 noHmwkaromui kodgdunuent 0,001063 (puc. 112). 3to 3Haue-
HUE SIBIISIETCS YCIIOBHBIM TJICYOM HITM YCIIOBHBIM PAJHYyCOM «IIPHUBEIEHHOTO Oa-
pabaHay», MpU BpamleHUHd KOTOPOTO THAPOMOTOPOM C HOMHHAJIBHOW YacTOTOU
oOecrnieunBanach Obl HOMUHAIBHAS CKOPOCTh MObEMA Ipy3a.

OOpaTHO B MOJACHUCTEMY THAPOIPUBO/IA TIEpEacTCsl BpAIIAfOIINA MOMEHT,
JCHCTBYIOIIMIA HA Ball THIPOMOTOPA CO CTOPOHBI TPy3a Uepe3 CUCTEMY TOJIHCIIa-
ctoB. [lockonbKy B OJCUCTEME TPY30BOii JeOeIKu KpaHa MOXKET OBITh U3Mepe-
HO YCWJIHE B TPYy30BOii ebeke (cuia, TeHCTBYIoMmas BI0JIb 0000IEHHOW KOOp-
AWHATHI ¢3, TO A TMPeoOpa3oBaHusl YCHWIIHS B MOMEHT [orque TOCPEACTBOM
YMHO)KEHHUS Ha YCIIOBHOE TIJIEUO TAK)KE UCIONB3YeTCS YKa3aHHBIN MOHMKAIOIINH
koa¢punment — 0,001063.
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E!uraI_GPS,.-"Subsvstem lebedka s gruzom . -10] x|
File Edit “iew Simulation Format Tools Help
DISHE s2R|[c R (D r s ome [HeBSH hEBES®
ScopeZ Torque
| l | - upravl_vozd na zolotnik
| | | Angle
Table? P chastota vrashenijia wala nasosa
- bod shtoka gidromotora
Subsystern Gidroprivod Lebedki
Table2
L -0.001063 Constantz
B i
Tabled i i coilfy C'C’ "]
Connection Part 3 Sooped
Body (gruz) Bod\,r Sengar < T.E gruza
Bearing %/‘ Constant To Wokspaces
“ 2000000 ’_>|§|
aint Sensar P
Gain2 dlina *I@
lohedli | me
\6 20000 il Ml
To Wodspace
Jdoint Actuator P Hl
Gaind .
o Wiakepace]
& | i
Mechanical Jdoint SensorR1
Branching %/‘
Bar
Joint SensorR2
&
Jaint Initisl Condition Heint Sensarhs
Ready |100% [ lod=15s 4

Puc. 112. OxHO mOACHCTEMBI TPY30BOH JI€OEIKM aBTOKpaHa
¢ 6;10KOM mojicucTeMbl TUAponipuBoa Subsystem Gidroprivod Lebedki

YacrtoTa BpaleHus Bajla HACOCa U MOJIOKEHUE PETYIUPYIOIIETO JIEMEHTA
pabouero o0beMa THAPOMOTOPA B paccCMaTpUBAEMOM MOJEIHU MPUHUMAIOT TO-
crosiHHble 3HaueHus (Oyoku Tablel u Table3 na puc. 112). Ognako npu HeoO-
XOJIMMOCTH, BO3MOYKHO, UX U3BMEHEHHUE B MPOIIECCE MOICTUPOBAHUS.
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Ipunooicenue 1

VYcnoBus sKcIuTyatauuy padodel KHUJIKOCTA B THIPONPUBOJIAX MOTYT OBITH
OYeHb CJIOKHBIMU. CoCTOsIHHE pabovel KUAKOCTH ONpPEesisieT AUarna3oH BO3MOXK-
HBIX TEMIIepaTyp, HAJIMYME NMPUMEceH, OONbLINEe CKOPOCTH ABHMKEHHSI, BBICOKHE
nasnenus u T.1. Hanpumep, Temneparypa pabodeid )KUIKOCTH B HEKOTOPBIX THAPO-
MPUBOIAX MOXET KosiebaThest oT — 60 110 + 90 °C u Gosee, CKOPOCTH TOTOKA KHJI-
KOCTH MpH JipoccenupoBannu nocturatot 50 m/c, a gasnenue 32 MIla u 6oree.

I'mapasinyeckue macja

Taomwmma I1.1.1

XapaxkTepuCTHKHU (110 HOpMaMm)

Mapka KI/IHCMaTI/I‘IGCgaSI H]EEE{I\;;TB Temmneparypa
BS3KOCTb (MM/C) J IIPUMEHEHUS [Ipumeuanne
wpa () | P20 e
He OoJiee
1 2 3 4 5
1,3...1,5 CunreTnyeckas )KUIKOCTh
(pu 200°C) (TOCT 20734-75).
Maciio 22...26 -60...+175°C | Pabouee naBnenue o 21 Mlla.
7-50C-3 (pu 20°C) 930 -940 | cmeperpeBoM | [IpuMeHSIFOT B THAPABINYESCKUAX
4200...4500 10 +200°C | arperatax W TUAPABIAYCKHX
(ipu -60°C) CHCTEMax JIeTaTeNIbHBIX ammapa-
TOB
Macno 16...22
BEPETEHHOE (rpu 40°C) o Hedtsanas xuaKkocTh
AY 1300 (trp - 890 1 -40...+100°C (TY 38.1011232-89)
40°C)
Macno 16...22
BEPETEHHOE (rpu 40°C) o Hedtsanas xuaKkocTh
AVII 1300 (trp - 890 | -40..480°C (TY 38.1011258-89)
40°C)
Hedrsnas xunkocTsb
(TY 38.101479-86).
Maciio 10 (rmpu 50°C) Nupaekc BA3KOCTH — HE MEHEE
1500 (rmpm - 865 -40...1.1. 160. ITpuMeHSIOT B THAPOCHUC-
BMI3
40°C) TeMax CTPOUTEINIbHBIX, JOPOXK-
HBIX, [T0TbEMHO-TPAHCTIOPTHBIX
1 JIPYIUX MaIlnx
3,9 (mpu 100°C) TV 0253-048-05767-924-96.
16...20 WHnekc BsI3KOCTH — HE MeEHee
Macio (mpm -20°C) 917 . 115. IlpumeHstoT B amMopTH3a-
I'PXK-12 800 (mpu -20°C) - TOpaxX MW  TEJIIECKOIMMYECKHX
CTOMKaXx aBTOMOOWJIBHOW TeX-
HUKHU
Macno 11...15 250 Hedrsanas xunkocts
I'T-50 (ipu 50°C) A (TY 0253-011-39247202-96).
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[TpumensoT A1 TUAPOIMHAMU-
YECKHUX Nepeiad TEIIOBO30B

Oxounuanue Tadi.m. 1.1

1 2 3 4 5
Hedrsnas xunkoctsb
o TV 38.101328-81).
Macno 4 (mpi 50°C) 4 5 HpI/IMe(HSIIOT B mz[pocn)CTeMax,
JI3-MI-2 | 210 (mpm -50°C) 840 05 HA | Gecneunpan OBICTPBI  3arTycK
TEXHWKH TPH HU3KUX TeMITepa-
typax (-60...-65°C)
6,5 (mpu 100°C) TV 38.1011283-89.
Macio 30...45 Hp?ﬂH%HaquO JUISI BCECE30H-
MapKH A (ipu 40°C) H.JL. -35...H.JI. | HOH OKCIUlyaTallun B THUIPO-
2100 (pm - TpaHcopMaTopax U aBTOMATH-
20°C) YEeCKUX KOpOOKax mepenad
5 (mpu 100°C) TV 38.1011283-89.
Maciio 17...22 [IpumensoT B cuctemax ruapo-
Mapku «P» (ipu 40°C) H.IL. H.IL. yCUIIEHUs Pyl U THAPOOOBEM-
1300 (pm - HBIX IIepeiayax
20°C)
Macno 3.4 (pu 50°C) R45 - Hedrsanas xunkocts
MI'-7b 350 (mmpu -40°C) o (TY 38.401-58-101-92)
Maciio 10 (mpu 50°C) Hedrsanas xuaxocts
1500 (mpm - 860 -65...+75°C (OCT 38.01281-82)
MI'E-10A
50°C)
Hedrsanas xunkocTb
o (TY 38.001347-83).
Macio 64(11;13;1 128 6C ) Pabouee masnenue no 35 Mlla ¢
MTI'E-46B (H};I/I 4’00 (’:) 890 -10...+80°C | KpaTKOBpEMEHHBIM IOBBIIICHH-
° em 1o 42 MIla. Manekc Bsa3ko-
1000 (mpu 0°C) ctu — He MeHee 90. [Ipumenstor
IU1s THAPOOOBEMHBIX TIepead
CuHTeTHYEeCKas KHUKOCTD
85 10.5 (TY 38.401-58-57-93).
Macno (npn 100°C) 1060...1080 | -60...+150°C ﬁOHMnll{jaﬂbHoe o T
-60...+150° a. HMHESIIOT B THAPABIIH-
HIK-5y 4200.. '5(300 YECKHX grperaTax " m)lgaBJm-
(mpu -60°C) YeCKHX CHCTEMax JIeTaTelIbHBIX
armaparoB
20 (mpu 50°C) I'OCT 10363-78.
[IpumeHsrOT B TrHIpocucTeMax
Macno 850.. 880 | -40. +100°C | YUPABICHH  BLICOKOHArpYKeH-
DI HBIX MEXAaHM3MOB (IIIArarolIuX

9KCKAaBaTOPOB U JPYTMX aHaJo-
TMYHBIX MAIINH)
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ABHAIIMOHHBIE MACJIA

Taomwmma I1.1.2.

XapakTepucTuku (110 HOpMam)

[TnoT-
Kunematunue- TeMeparvpa
Mapxka CcKas BA3KOCTh Hoerb patyp
2 (xr/m”) IIPUMEHEHUS [Ipumeuanue
(Mmm“/c) ipu P P
o nipu 20 °C, (°C)
°C) He OoJee
1 2 3 4 5
9.8 10 Hedrsnas xuakocts
Macio (1pn 50 °C) OKPyman- (I'OCT 6794-75).
AMT-10 12501500 850 mwen cpenpl: | [IpuMeHsIIoT B ruapocucTeMax
(npn _50 °C) -60...+55°C | aBUallMOHHOW ®  Ha3eMHOU
P TEXHHUKHU
5...6
(npu 100 °C) CunTeTHYecKas KUIKOCTh
Macio 3500 (TY 38.101295-85).
5_3?3 (npH -35 °C) 990...997 |H.x...+200°C | [IpuMeHSIOT B Ta30TypOMHHBIX
JBUTATENAX, PEIyKTOpax Bep-
1(21151?1/? _43(2%0)0 TOJIETOB U JPYTOW TEXHUKE
3,2...3,7 CuHTeTn4ecKkas >KUIKOCTh
pu 100 °C -60...+200 °C TV 38.401-58-12-91).
Macno
BHUMHII 2700 926 c neperpe- | [I[puMeHSIOT B OCHOBHOM B
pu -40 °C BOM 210 +225 | BOGHHON TEXHHKE, JIOIYILIEHO
50-1-4Y
8500 °C K TPUMEHEHUI0 BO BCEX Ta3o-
(npu -50 °C) TYpOMHHBIX JBUTATEIISAX
(n H31’§ 0°C) Cunrernueckas )XUIKOCTh
Macro 5 5’0 0 3500 (TOCT 13076-86).
BHUHWHII (mp _4 0°C) 926 H.O...+ 175°C | Ilpumenstor B Ta30oTypOuH-
50-1-40 pl 1000 HBIX JBUTATEISIX U TypOOXOJI0-
(npu -54 °C) TAITEHIKAX
CuHTeTHYecKas KUIKOCTh
3...45 (TY 38.101299-90).
NIIM-10 (npu 100 °C) o~ | IIpUMEHAIOT B TEILIOHAIPS-
-50..+
2000...5000 820 50...+200 °C KEHHBIX Ta30TypOMHHBIX JIBH-
(npu -40 °C) raTessix BOGHHOW W Tpa)KJaH-
CKOM aBMaluu
8...10 Hedrsanas xuakoctsb
i (npu 50 °C) 4150 0 (OCT 38.101163-78).
MC-8IT 4000...5500 875 B2 F150 °C [IpumensiroT s Ta30TYypOUH-
(npu -40 °C) HBIX JIBUrarejaed JO3BYKOBBIX

167




U CBEPX3BYKOBBIX CAMOJIETOB
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Oxkonuanue tab6n.I1.1.2

4 5

20,5

MC-20 (npu 100 °C)

H. .

Hedrsanas xuakoctsb
(I'OCT 21743-76).
WNHnekc BA3KOCTH — HE MeHee
H.J. 80. IIpuMeHS0T B MOPIIHEBBIX
JBUTATENsX CaMoJIeTOB U B
CMa304YHBIX CHCTEMax TypOo-

BUHTOBBIX JIBUTaTeNei

4,3...4,7

CM-45 1 (pi 100 °C)

860

TV 0253-007-39247202-96.
_— CMech aBHAIMOHHBLIX Macel
- MC-8I1 u MC-20 B cooTHO-
meHun 75:25

B runporpuBogax CTpOUTENBHBIX U JIOPOXKHBIX MAIMH HAIUA IIUPOKOE
npumenenre HedTsaabie Kuakoctu (I'OCT 26191-84): Macio ruipaBIddecKoe eau-
Hoe MI'E-10A, aBuanmonHoe ruapasinudeckoe maciio AMI'-10, Bcece3oHHOE Tuj-
paBimueckoe Macio BMI'3 (3umnero copra) u ap. [6, 7, 8].

B cootBerctBum ¢ I'OCT 17479.3-85 ("Macna ruapasiudeckue. Knaccu-
duxanus u o0o3HaueHHe") 0003HAYCHUE OTEYECTBEHHBIX TMIPABINYECKUX Ma-
ceJl COCTOMT W3 TPYMI 3HAKOB, IEpBas U3 KOTOPHIX 00O3HaudaeTcs OyKBaMH
"MI™" (MuHepaiabHOE THIpaBIWYECKOE), BTOpas — IudpamMu U XapaKTepuzyeT
KJIaCC KMHEMATUYECKOU BSI3KOCTH, TPEThsl — OYKBaMU M yKa3bIBaeT Ha MPUHAI-
JIEKHOCTh Macjia K TPYIIe Mo SKCITyaTallMOHHBIM CBOMCTBAM.

Taomuma I1.1.3.

Kiaccnl BA3KOCTH THAPABJIHYCCKHX MaCel

Kiacc Bs3koctu 1o [SO 3448

Kunematnueckas Bsizkocts mipu 40 °C, mm2/c

5 4,14-5,06

7 6,12-7,48

10 9,00-11,00
15 13,50-16,50
22 19,80-24,20
32 28,80-35,20
46 41,40-50,60
68 61,20-74,80
100 90,00-110,00
150 135,00- 165,00

[lo BSI3KOCTHBIM CBOMCTBaM THIPABIMYECKHE MAaclia YCIOBHO JIETSATCS Ha
CJIEYIOLIME: MAJIOBSI3KHE (KJIAacChl BA3KOCTH ¢ 5 1o 15), cpenHeBsazkue (Kinacchl
BA3KOCTH 22 1 32) u Bsizkue (Ki1acchl BA3KOCTH ¢ 46 o 150).

B HekoTopbIx cnenupuyeckux 00JacTIX NPUMEHEHHs], TAKUX KaK TOPHO-
N00bIBaIOIIAsl M CTaleNIMTeHasl MPOMBIIIJIEHHOCTH, B OT/IEIBbHYIO TPYIILY BbIJE-
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JUJIUCh OTHECTOMKHUE pabouyue KUAKOCTH Ha BOJHOW OCHOBE (AMYJIBCUHU "MacIio
"nn

B Bojie", "Bojia B MacJie", BOJTHO-TJIUKOJIEBbIE cMecH U Jp.) [20].
Tabmuua I1.1.4.
ITpouue KUIAKOCTH
XapakTepucTuku (110 HopMam)
Ma Kunemarnueckas [InotHOoCcTE | Temmepary-
pKa 2 3
BSI3KOCTB (MM/C) (xr/m”) pa npuMeHe- [Ipumeuanue
pu (°C) pu (°C) Hus (°C)
OcBetutens- 73(5) oC TeMHepaTy_- HedTsaas KUIKOCTH
HBTi KEPOCHH HLJL. (pn ) | PABOCIIA- |1y 3 401 58-10-
KO-25 799 MEHEHHS 01)
(mpu 15 °C) 216°C
Hedrsnas sxuakocTs
(I'OCT 10227-86),
PeaktuBHOE 1,3 (npu 20 °C) 780 - IpeAHa3HaYEHHAas
toruuso TC-1 8 (mpu -40 °C) (mpu 20 °C) o JUIsL MCHOJIb30BaHUS
B CaMoJIeTax J03BY-
KOBOW aBUALIMU

[Tpunoxenue 2

1. T'uapaBanueckne ;kuakoctu Skydrol® u HyJet

CHHTETHYECKHE B3PBIBONIOKAPOOE30TIACHBIC THIPABIMYCCKHUE JKUIKOCTH
Ha ocHOBe 3(hupoB (ochopHON KHUCIOTH MPOU3BOACTBA KoMmaHuu Solutia
Europe S.A. 3KCIUTyaTHPYIOTCS B aBHAIIMOHHBIX CUCTEMax, B TOM YHCJIE OTeUe-
CTBEHHBIX BO3IYIIHbIX cyaoB: Min-86, Nn-96, NUn-114, be-200, Ty-200, Ty-204,
Ty-214.

Skydrol 500B-4 — 3T0 XUJIKOCTh CTaHIApTHOM MIOTHOCTH. OHa Hauboee
BOCTpeOOBaHa B HA3eMHOM OOOpY/IOBaHWH, TJ¢ YMCHBIICHHE Beca HE MPUHITU-
MTHAAJILHO.

Skydrol LD-4 — 3T0 XUJIKOCTh HU3KOW IUIOTHOCTH, Ojarogapsi KOTOpou
OHa TPEAMOYTHTEIbHEE, KOoraa TpeOyeTCsl YMEHBIIUTh BEC BO3IYIIHOTO CYIHA,
COKpaIasi TaKuM o0pa3oM pPacxo]1 TOIUIHBA.

Skydrol-5 — 3T0 )XMIKOCTh HAUMEHBIIEH TJIOTHOCTH U3 IMPEICTABICHHBIX
cerogHs Ha peiHKe. OHa WMeeT CHenuaIbHY0 (HOPMYITy, TO3BOJISIONIYIO HC-
I0JIB30BaTh €€ MpHU 00JIee BHICOKMX TEMIIEPATypax, a TAKKe COKpaIlacT pacxoj
TOTUTMBA OJIarojapsi CBOeH HU3KOH TUIOTHOCTH.

AHanoramu SBJISIFOTCS TUzpaBinueckas xxuakoctb HIVK-5Y (TY 38.401-
58-57-93);runpaBaudeckast xxuakoctb Exxon HyJet IV-A (SAE AS1241) [21].
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2. I'mapaBian4eckas ;kuaxkocTsb no cnenuuxkanuu API, MIL u macaa no
kiaaccupukanuu SAE.

Hapsny co cnenudukanusamu kadectsa APl (AMepukaHCKOro MHCTUTYTA

HeTH) yacTto wucnonb3dyrorcs crneurdukanuu MIL (Boennoro BegomcTBa

CHIA):

MIL-L — npegHa3zHadeHsbl 1J11 CMa304YHbIX MacCell,

MIL-G — ny1s JacCTUYHBIX CMa30K;

MIL-H — nyist ruipaBanuecKkux s KUIKOCTEN.

[Ipu co3manuu cobcTBeHHOM cnenudukanuu MIL BoeHHOE BeIOMCTBO
tecHo cotpyanuuaeT ¢ ASTM, API u SAE [22].

N3 Bcex cymiecTBytonux kiaccudukanui BI3KOCTH Macell B Poccuu 6o-
nee Bcero npwwkuiaock SAE, coznannas mo MeToanke AMEpUKaHCKOTO 00IIecTBa
aBTOMOOWIBHBIX HHKEHEpoB (Society of Automotive Engineers). Ilon SAE
anantupoBaH otedectBeHHbIM ['OCT 17479.1-85.

EBponeiickue crangapThl cuuTaloTcs Oojiee CTPOTMMH, YeM aMepHKaH-
ckre. OOBICHACTCS 3TO TEM, UTO YCIOBHUS KCIUTyaTallMu M 00jiee KOMITaKTHBIC
JIBUTATENIM Ha €BPOMEHUCKUX MOJEIISIX TO3BOJISIIOT CHUMATh OOJIbIIIE MOIIHOCTH C
eauHHIBI o0bema [23].

Tabnuua I1.2
OcHoBHbIE KIacCH(PUKANMH U MAPKMPOBKH /15l MOTOPHBIX MaceJl
Kitacen- Hprmvep
A MapKu- Kparkoe onncanue
POBKHU
1 2 3
SAE 10W- | 'oBopHUT O cCOXpaHEHUH CBOMCTB Macell NP1 U3MEHEHUU TeMIlepa-
40SAE | Typsl. O6o03HauyaeTcsi OJHUM (Ce30HHOe), 4Yallle ABYMsI YUCIaMH
15W- (8cecesonnoe). Yucno, cTosiee nepen (W)inter,-
40SAE | "3sumHuil"napamerp, 4eM OH MEHbIIIE, TeEM IIpH 0ojiee HU3KOH TeM-
SAE 30SAE | meparype MOXHO HCHOJb30BaTh Macio. Munumym 0. Ywucro,
OW- crosimee Oe3 3HaKa W,-JeTHHWM MapaMeTrp, MOKa3bIBaeT CTENEHBb
40SAE | coxpaHeHus rycrtoThl Npu HarpeBe. Yem 3TOT mapameTp BBIIIE,
I0WSAE | tem nyume. Makcumym 60. Ecnu uucio ogHO, TO HAIMYME 3HAKA
20W-50 | W roBOpHT, 4TO Macia0 3UMHEE, B CIIy4ae €ro OTCYTCTBHSI - JIETHEE
EBponeiickas ycrapeBiasi kiaccudukaius kayectBa macen. Pas-
CCMC | mensier macna Ha kareropuu: (G)asoUne - misi OEH3WHOBBIX JIBU-
CCMC G4, D1 | rareneii, (D)iesel - nns rpy3oBbix auseneid, PD - mis nerkoBbix
CCMC G2 | mnuzeneit. Hudpa, crosmast 3a kareropueil, yka3plBaeT Ha YPOBEHb
KayecTBa mMacijia. YeM Bblllle HOMEp, TEM KauyeCTBEHHEE Maciio
OnenuBaer kadectBo Mmacen. MIL-L-2104- nns au3enbHbIX U
MIL-L- .
2104A MIL-L-46152 nns GeH3MHOBBIX ABUTATENei. bykBa, crosmias 3a
MIL.[. | KOTOM, Ka3bIBacT Ha yPOBCHb KauecTBa, /A OCH3WHOBBIX JIBUTA-
MIL-L 46152D TeJie u3MeHseTcs B mpeaesax ot A 1o D, 11t 1u3enpHbIX - OT A
NATO- | %© E. Uem OykBa manblie mo an(i)aBHEy oT A, tem myue. J{is
CODE O0en3nHOBBIX W au3enbHbIX ABurateneit NATO-CODE sBusercs

BBICIINM KJIaCCOM
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Oxonuanue tadn.I1.2.1

KauectBennas xapakrepuctuka. Mmeer Tpu kareropuu: A - mis
ACEA OCH3MHOBBIX )IBI/IllaTCJ'Ief/'I, B - s au3enbHbIX I[BHraT?neﬁ JIETKO-
A3-96, BbIX aBTOMO?I/IJ'[eI/I u E - s AU3EIBHBIX JBUraTeneit rpysoBbIX
ACEA B3-96 aBTromoOmieit. [ludpa 3a xareropuerr o003Ha4aeT ypoBEeHb Kade-
ACEA A2, cTBa macya. Uem Oosbire mudpa, TeM B 6onvee TSDKEJIBIX YCIIOBHSIX
B MOXET paboTaTh JBUTaTelNb, UCIOJB3YIONINHI 1aHHOE Macio. Obo-
3HaueHue, Hanpumep, A3-96 TOBOPUT, UTO MacClIO COOTBETCTBYET

kiaccy A3 cnenudukanuu ACEA B penakiuu 1996
Poccuiickas knmaccudukanus 1o BA3KOCTH (aganTHPOBaHA TOJ
SAE). Mapku 0oTe4ecTBEHHBIX MOTOPHBIX Macesl HauMHAITCS C
OykBbl M, (4TO 3HAUUT "MOTOpHOE", a HE KOJ Tpymikl!), 3a KOTO-
M-SB POl yKaszbIBaeTCsl BEIMUYMHA BA3KOCTH (11 BCECE30HHBIX Macell -
I'oct NBOMHOE 0003HAYCHHE, PA3CIICHHOE 3HAKOM JIpo0u). 3aBepIiacT-

M-63/10B
17479.1- M- cs1 OyKBeHHbIM 0003HaueHueM rpynmnsl (A, b, B, I', /1, E) ¢ unaek-
85 63/1001 | M 1 - nns OEH3WHOBBIX WM 2 - JUISl AW3EIBHBIX JBUTATEICH.
OTCcyTCTBME TaKOro0 WHJEKCAa YKa3blBaeT Ha YHHBEPCAJIbHOCTH
Macna. B MapkupoBke 3aryctutenb 0003Ha4aeTCss CTPOUYHOU OyK-
BOH "3", UTO CBHJIETENBCTBYET O NMPUHAAIEKHOCTU Maciia K rpyn-
1€ BCECE30HHBIX

3. Tpancmuccuonnas xkuakoctb ATF Dextron 11T
TpancMuccHOHHOE Macio, IPUMEHsIEMOe Il aBTOMaTHYECKUX KOPOOOK
nepenad. OgHako B COOTBETCTBMM cO cTaHaapramMmu GM 1o HMCHOJIb30BaHUIO
macina ATF Dextron III MoxxeT npuMeHSTbCSI B aBTOMAaTUYECKUX KOpPOOKax Ie-
pelad u Ipyrux MEXaHU3MOB, TAKUX KaK PEAYKTOPBI, PYJIEBbIE MAILIUHBI, THIPO-
YCUJIUTEIH, POMBIIUICHHBIE TMAPABIMYECKUE CUCTEMBI, BO3AYIIHBIE KOMIIPEC-
COpbI U Ap. [24].

4. Macaa no ISO VG 32 (ESSO UNIVIS N 32).

Crona MOryT OBITh OTHECEHBI THIPABIMYECKUE Macia sl TPAHCIOPTHBIX
CPEIICTB M MHAYCTpUaNIbHBbIE Macia (peAyKTOpHbIE, TYPOUHHbBIE, KOMIIPECCOPHBIE
U T.J1.), 00JlaJarolue Xopouehd TepMUUECKOH CTAOMIBHOCTBIO U IPAKTUYECKU
MOCTOSIHHOM BSA3KOCTBIO MPH Pa3IMYHBIX Temmeparypax. Takue macia mnpume-
HSIOTCSI B CHCTEME BBICOKOI'O JIABJICHMS, 3alUIIas OT MU3HOCA M KOPPO3UU, U
UMEIOT XOpOIIINE NMPOTUBOIEHHBIE, BO3YXOOTACIUTEIbHBIE U BOJOOTICIUTENb-
HbIE CIIOCOOHOCTH.

[Tomumo ykazannoro ESSO UNIVIS N 32 (rme 32 — kiacc BSI3KOCTH TIO
ISO VG), nogoOHbIMU cBOMCTBaMHU 00JIa1alOT THUJPABIMYECKUE Macia cepuit
AGIP OSO 32, BP ENERGOL 32, MOBIL DTE 32, SHELL TELLUS 32,
TEXACO WAY LUBRICANT 32 u TEXNAP 32, TOTAL AZOLLA 32, THK
I'mapasnuk 32 u npyrue ananoru [25].
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