Modesupobarue mexanuyeckux cucmem B nakeme
MATLAB Simulink

MATLAB —  Beicokoypobrebeiu  s3bik  mexHuyveckux — pacyemob,
uHmepakmubras cpeda paspadomku anzopummob U cobpemMerHsIU UHCMPYMeHm
aHanu3a JdarHsix.

Simulink -  zpaguveckas  cpeda  umumauuorHozo — Modesupobarus,
nosbosawwaa npu nomowu O/0k-duazpamm 6 bude HanpabrerHblx zpagob,
cmpoums  OuHamuyeckue  Modenu, Bkawvas  duckpemHsie,  HenpepsibHeie U
2UOPUCHbIE, HENUHEUHbIE U pa3psiBHeie cucmeMsl.

Simscape — 3mo ocHobras Oudsuomexa Simulink dns  modesupobanus

00bekmob pasnu4Hou @uudeckou npupodsl. [lo3bBossem co3dabams Modesu
2UOPUGHBIX — MY/bmudomMeHHbIx  00bekmob 6 bBude npuHUUNUGABbHBIX — CXEM,
3nemermob u coeduHeHuU, peasibHeiX @QuIuYeckux bBesuvuH ¢ Yy4emoMm ecuHUU
U3MEPEHUS.
Simscape cayxum ocHobou dna modenupobarusi 6 Simulink 31exkmpocunobsix,
MexaHuveckux U  zudpabiauveckux  00bekmob.  budsuomeka  pacwupsemcs
cneyuanusupobanHsimu nakemamu SimMechanics, SimDOriveline, SimHydraulics u
no3bossem cmpoumb MOOEAU CAOXHbIX 2UOPUTHbIX MY/bMUOOMEHHbIX 00bEKkmob
ans  pas/nugHelx 3ada4 awasusa, 6 mom yqucne G458 pazpadomku  Uu@pobsix
cucmem ynpabrenus.
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llpu 3anycke MATLAB neped namu Bo3Hukaem npuMepHo c/1edywuee OKHO:
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[loka Ymo He NoHAMHO, Kak 30ecb MOXHO YMOo-mo COe/namb, 00HaKo 3mo
0YeHb No/ne3Hoe okHO. K Hemy Mel 00a3ame/ibHo BepHeMcs HEMHO20 No3xe, a
noka cpasy npucmynuM k deny. A nepbsim desom HyxHo Beidpams nanky, 6
KOMmopou Msl OYGeM paoomams.

Haxumaem Ha mpoemoyue cnpaba om okowka «Lurrent Folder» u Beidupaem

(co3daem) nepbyw noHpabubwywcs nanky. HabepHska 3mo dydem ymo-mo muna
L -'\Bac,q\ﬁpEMEHHaeﬂ\ 123 ..

Lpaszy xo4y ommemums, 4mo camoe uHmepecHoe 6 Mamnade v LumyiuHke —
3Mo Nouck owudok. 3a HUM MOXHO npobodums HU 00uH Mecsu, U daxe 200.
OdHako owudku owuodkaM po3Hb.. MoxHo doszo u ynopHo codupames Kakyw-
HUOYOb CAoXHYw Mode/ib, codpal ee, nonsimamscs COXPaHUmbCs U NOAYYUMb
OKOWKo, 2de B Hecko/bKUX Npeadnoxerusx onucsibaemcs codepxaHue OowWUOKU U
daxe daemcs ccbl/Ika HA 00/1e€ NOJpoOHbIU omYem... B 3mom c/ay4yae MOXHO
HECKO/IbKO pa3 nepecodpams cxemy, nepeycmaHobum mamsad, cHecmu BuHdYy, HO
bce oydem odecnosesHo.. A Ha desne oka3ssibaemcs, ymo Be zde-mo 6 okHe
Lumynunka npocmo nocmabuiu pycckyw Oykby uau crobo.

llo3momy, cpa3zy ycboum zaabroe npabuso —

MATLAB — pycogodckaa npozpamma. OHa He nepebapubaem kupuasuuy Hu B
KakoM Bude. Hu & adpece, Hu B okHax, HU 6 nepemerrsix, HU LE!




llo3momy cpa3y 3adsibaem o xpaHeHuu Hawux npoexkmob no adpecy
«C:\Bacs | Bpemernoet?\ 123\ » v Budupaem nanky vmo-mo muna
«C:\ Vasya | Temp 17| 123 »,

0/77/7U‘-/H0, Menepb MOXHO HaduHambe pab'omamb.

Haxumaem «File-New-Model». BoszHukaem credywuee okowko:
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OmauyHo, yxe 4mo-mo 00/ee Jpyxe/lioHoe, YeM KOMaHOHAs CMPpoka
Mamaada WumyumubHo noHsmHo, Ymo 3mo no/ie, 20e HYXHo 4mo-mo pucobame...
T.k. MbiwkoU pucobamb He NoAy4aemcs, MbIKHEM HA KPAcHO-CUHE-3E8/1eHYw
KkHonoyky «Library Browser». Omkpoemcs oudiuomeka 3/emeHmob LumyauHka:
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3azadkou. Msl Ha4HeM ¢ camozo npocmozo. Lo0epem cxemy Ko/aeo0ame/IbHoZ0

3b6eHa, nocmompum Ha nepexodHsiu npouecc npu Bozdeucmbuu «cmyneHbkU» U
daxe Ha /IAX ¢ /I®X.

[ng 3mozo HaMmM HYXEH UCMOYHUK «CMYNeHbKu», cama nepedamo4Has
PUHKUUSI U OKOWKO 2de Mbl OYGEM CMOMPems Ha NEPEXOTHLIU NPpoUecc.

[lpednazaw Haumu bce 3mu 3/71emeHmsr 6 Oudsuomeke Simulink mak, 4moosl
no/ayqunocb 4mo-mo Bpode 3mozo-
(W untitied = — R o o
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Hadewcs, Bbr He uckanu B Oudiuomeke konedamebHoe 36eHo? B cumynuHke
ecms  Npocmo  nepegamo4Has @QyHkuus 6 komopyw MoxHo Boums  /OsIE
Ko3gpuuueHms B 3HameHame/sb U Yucaumeas (z2nabHoe, 4modsl npu  3IMoM
nopsdok Yucaumens Obl/1 MeHbWe nopsdka 3Hamexamess). Ho 0o 3mom HemHozo
HUXe.

Leuvac nocmapaemcs coedurums bce 3mu 36erHbs dpye ¢ dpyzoM. MoxHo
desams 3MO NPOCMO MSA2AS MbIWKOU OM OGHOU CMPEe/soYku K dpyzou, a ec/iu
Hadoecm, MoxHo npocmo Beidesums 0GuH 0710k nebou kaabuweu, nomom 3axab
Ctrl, Haxamb Ha dpyzou O/10K.

OmauyHo. Tenepb HYXHO Hacmpoums 3mMU O0/0KU 00uH 3a dpyzuM.. [lpo
cmyneHbky U zobopume Heyezo, mam bce scHo, ocmabum bce no degonmy:
bpems Havasna 1 ¢, HavyasbHoe 3HaveHue U, kKoHeYyHoe 3Ha4eHue |

WumepecHee ¢ nepedamoyHou @yHKkUueu. HanomHw, 4mo Msl  coOUPAAUCH
codpams Koseoame/ibHoe 36eHo. S nuvHo npubsik budemb ezo 6 Bude:

K
2-524+2(T-s+1

6 mo bpema kak CUMYAUHK mMpeoyem Om HAC C(pa3y KOIPPUUUEHMsI
3HameHame/19 u yucaumess. MoxXHO, KOHEYHO, ObICMPO NEPEMHOXUMbL HA OYMAXKE

Wi(s) = T



nocmosiHHYk BpemeHu U ko3@@uuueHm demngupobarus, HO 3MO HE CEepbEe3HO..
/lyqwe Hayyumcs no/sbL306ambcs NepemMerHHsIMU.

Ecmb kak mMuHumMym 2 cnocoda ynpabismecsi ¢ nepemeHHsiMu b cumyiuHke. H
npubsik Boubame ux 6 komaHdHyw cmpoky Mamsada, komopyw Mel Budesu 6
camom Hayazse. Tozda nosyvyumcs Ymo-mo Bpode 3mozo-

" waria 7100 0 L=
|| File Edit Debug Paralld Desktop Window Help

DS £ MM9 | B| @ v | CumentFolder DAMATLABIR0102\bin - @

|| Shortcuts 2] Howto Add 2] What's New
w A Xx r"”"*“‘“’“’"""""‘—.&"ﬁ'i"‘f‘
v O - >> T=0.1

Workspace *0?»r x
W ol B 8N EDsdetdstatoplot v |
Name ~ T = Name Value Min

m3iregestry EY 0.1000 o‘lm‘
Hd 03000 03000

Current Folder

& % | «bin»

regustry 0.1000
util
winbé
] deploytootbat
|, hs_err_pids324.log
2 | insttype.ini
® lcdataxml
| kedataxsd
L Beensett
] matlab.bat
4; matlab.exe < - ‘ ol
~% mbuild bat |
T mec.bat Command History
] mex.bat cle
LI mexpl clear all

HEEE

>> d=0.3

0.3000

£ > |

] mexet.bat
. mexsetup.pm
mexutils.pm
& mw_mpiexec.bat
ProductRoots
A untitled.err
] worker.bat

cle

clc
=1
d=0.3
T=0.1

clear all

cle

clear all

cle

T=0.1

N d=0.3 -

Oetass

! 4 Start OVR

Kak budHo, 3HayveHuss mym xe BHecqucs 6 Workspace u menepb Msl MoXeM
cbooodHo Boubamb ux 6 swooe okowko cuMyAUHKA U NpoBodums € HUMU /90bIE
onepauuy. [lomom MoxHo coxpaHums ux 6 oduv ¢ausn (Save Workspace as..) u
3azpyxamb nNpu HeooxoduMocmu.

Apyzou bapuarm — desamb mo xe camoe yepe3 Model Explorer. Haxumaem
HQ KHONKY C U300paxeHuem /Aynsl psadoM ¢ KHonkou «Library Browsers u
noay4aem c/Aedywuee OKHo-
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Kax BudHo, 3decb umeemcs He mo/bko odwuu Workspace, Ho u Workspace
HenocpedcmberHo modenu. B odwem-mo, MoxHo 3adames Bce nepemeHHsie mam, u
mozda oHu Oydym 3azpyxamscs abmomamuvecku Bmecme ¢ modesbw, Ho 5 Bce
Xe CK/AOHAWCL K MOMY, YMO 2/100a/1bHbIE NEPEMEHHbIE, xpaHsuwuecs & omde/bHoM
gause — 3mo donee npabuisHo. Moxeme cyumams MeHs 3aHydold ©

Umak, 6Boubaem /wosiM cnocodom 3Hayvenus T=01 (nocmosHHas BpemeHu
kosedame/ibHozo 36eHa) u d=03 (ko3gppuuuerm demngupobarus)

Tenepb 6 okowke nepedamo4HoOU GYHKUUU OCMAHEMCS MO/bKO NEPEMHOXUMb
bce kax HYxHo-

[ fncion sec e T

Transfer Fcn

The numerator coefficient can be a vector or matrix expression. The I
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the
coefficients in descending order of powers of s.

Parameters

Humerator coefficients:
[1]

Denominator coefficients:
[T~2 2%d*T 1]

Absolute tolerance:

auto

State Name: (e.g., 'position’)

J oK Cancel Help Apply




Hy 6ce, menepb MoxHo 3anycmumb HakoHeu pacyem. XMeMmM Ha «n/jaeus,
3amem Ha okowko Scope, zamem Ha «ambBomacwmad» (OuHok/b). Lamoe Bpems
npoarasuzupobams  pe3y/bmanm. lTonyqunoce YMo-mo  NOXOXee  Ha
KOo/1e0ame/IbHbIU NPOUEecc, KOMopslu OKAHYubBaemca npuMepHo 4Yepe3 3 CeKYyHOb,
00Hako, kakou-mo  yzsnobamsiy. Hy nepbeim  desom  ymeHbwuM  Bpems
modesupobarusa ¢ 10 do 3 cexkyHd (cnpaba om kHonok «n/aeu» U «Cmon») u
paccMompum no-0/uxe:

B Scope .
SHE L)LY ABRRB PA R §

Ha suuo kakue-mo yznoBamocmu, ocodeHHo B odsnacmu nuxka. Mamsaad 6
KOMaHGHoU cmpoke Beidan xanody, Mo/ «Beidpar Ge@osmHbIl MAKCUMA/IbHBIU Waz
CMO/IbKO-MO, ec/u Ha camom dese Bce OKok, Moxewb MeHs 3amKHYmb, Haxab
myda-mo». Y Hac bce He okok.

Lamoe Bpemsi nos3HakoMumbCs € pewame/sMu  CUMYAUHKA.  Haxumaem
«Simulation - Configuration Parameters.. »:



Select:

Solver

Data Import/Export
Optimization
Diagnostics

l Simulation time

Start time: 0.0

Solver options

- _
R T W

Stop time: 3

Sample Time Type: | Variable-step ~ | Solver: ode45 (Dermand-Prince)
Outn Wy Max step size:  auto Relative tolerance:  le-3
Type Conversion
Connectivity Min step sze:  auto Absolute tolerance:  auto
Compatibility Initial step size: auto Shape preservation: | Disable all
| Model Referencing
Saving Number of consecutive min steps: 1

Hardware Implementati...
Model Referencing
Simulation Target
Symbols
Custom Code
=-Real-Time Workshop
Report
Comments

Tasking and sample time options

Tasking mode for periodic sample times:
Automatically handle rate transition for data transfer

Higher priority value indicates higher task priority

Zero-crossing options

Symbols Zero-crossing control: |Use local settings v | Algorithm: fuonmptrve
Custom Code = - -
Debug Time tolerance: 10™128%eps Signal threshold: ' aut
Interface Number of consecutive zero crossings: 1000
‘b 9 OK || Cancel || Help
Oname zna3a  pa3dezawmca om o0unus Bcskux MeHwwek U nojeu.

llonpooyem pazodpamscs. Leusac Hac uHmepecyem, npexde bBcezo, pewame/ib
(solver) — 3Fdecb  mb  Beidupaem  kakum  MemodoMm — OydemM  pewams
dugppeperyuansHeie  ypabHeHus (0a, O/0ku, Komopsle Ml cyem B nose
CUMYAUHKA, Ha camom desne — dugpypsr © ). [lpexde bcezo, onpedesnsemcs, 4mo
3mo oydem 3a MemoG — C NOCMOSIHHLIM WazoM UAU NepemMeHHsIM. Ecmb MHeHUe,
ymo cucmema du@Pyp /AO0U CAOXHOCMU pewaemcs MemodoM 3u/sepa, nNymem
ymeHbwenus waza © 3Imo 3Hayum, Ymo ecau B Hawem nepexodHoM npouecce
anumeIbHoCmbw 5 CexkyHd, ecmb MoMeHm Gaume/ibHocmel 0.1 ¢, Komopsiu HYXHO
odcyumsibams ¢ wazom 0.1 musucekyHdy (Hanpumep, wmok 2udpouusuHAPa
Oobemcs 00 ynop), Mel ocmabwuecs 4.9 cexkyHOsl kozda 2udpouusuHdp CNOKOUHO
dbuxemcs, do/sxHel Oydem oocyumsiBamb Bce pabro ¢ wazom 0.1 musucexkyHda,
Bpems pacvema 6 3mom ciayyae ybesuqgubaemcs Bo MHoz2o pa3z u G/ CEPLE3HBIX
3aday moxem npebpamumscs 6 Hecko/bko Yacob. [lo3momy dodpsie Mamemamuku
npuaymanu anzopummsl € NEPeMEeHHsIM wazoM. T.e. B ombBemcmberHHbie MoMeHmsl
pewame/ib pewaem GuUPPYps, YMEHbwaAs WAz HACMO/ALKO HACKO/LKO 3MO
mpeoyemcs, a kozda bce «cnokouHo», ybesuyubaem waz, 3xkoHomMs Hawe Bpems.

beibawm cayvau, kozda HYxHO pewamb GCUPPYPsI UMEHHO C NOCMOSHHLIM
wazom, Ho B dosbwuHcmbe Bce xe nepemeHHbU waz 3HaAYuUme/IbHO /YYWe.

(rnedywwee meHw — cam pewamesb. Imo Boodwe - zaydokuu Mamak,
bHukame 6 Hezo ocodo He Oydem, npoudemcs Brkpamue. X3/n Mamaada oyveHs



YX pekomeHdyem pewame/b ode4s U3 npubedernHsix mam madauu credyem, 4mo
OH camslu moYHbIU. [ odHou suwes ozobopkou. Ecru Hawa 3adavya He xecmkas.
[lod xecmkocmbiw noHumMaemcs He codepxaHue HeumobepHou xecmu 6 ycrobuu,
a XecmKoCMmb UAU HEXECMKOCMmb Gu@Pyp Haweu mam. modenu. A mexdy Humu B
cbow oyepeds zparHb dobo/sbHo pacniasibyamas. OduH u mom xe du@@yp Moxem
ObIMb KaK XECMKUM, Maxk U He xecmkuM, 6 zabucumocmu om ko3gpuuuermob. B
HaweMm cAy4ae — 3IMo NOCMosiHHbIE BpemeHu pa3/uyHsix 3/emeHmol cucmems.
Ecnu oHu passnuqawmca Ha Hecko/sbko nopsadkob (kak Hanpumep, NOCMOSHHAS
bpemenu xopowezo 3[Y v naoxozo zudpouusundpa), mo ckopee brezo
HexXecmkuu pewame/sb muna ode45 noudem 6 pasHoc v Bedacm  Ham
Mezapacxodawuucs NepexodHsil npouecc. B 3momM cayyae HYxHo ucno/ib3obams
Xecmkue pewamenu, nomeyvyeHHsie Oykbou s (stiff). Tym Haudosee mo4HsIM
sbnsemca pewamesb odelss.

Peszwmupys. Tpubuansuele 3ada4u pewaeM ¢ ode45, 3adaqu ¢ 3/n1emeHmamu
cucmemsl ¢ 3abedomMo pasNu4aEWUMUCA NOCMOsIHHLIMU Bpemenu (mo kak Hawu
podnsie zudponpubodsi), pewaem ¢ odel5s. Eciu Huvezo He nonywaemcs, cmabum
memod PyHze-Kymmsl 4-z0 nopsidka (ode4) ¢ wazom 0.1 Mxc u ocmabisem komn
cyumams Ha Hovb ©

[loexanu dasnvwe. A danbwe Bce 3Haq4umesbHo npowe.. HyxHo bcezo /uwe
Bsiopamb  MakcuMa/ibHbIU, MUHUMA/BHBIU U HA4a/bHele wazu. BcnomuHaeM, 4mo
mamaao xanobascs Ha MakcumasbHell waz, cmabum 3HaveHue 0001 ¢ dnsg
nepecmpaxobku. Tenepb, daxe ecqu pewamess B3dymaem, 4Ymo Hu4ezo
C/I0XHO20 Ha ezo nymu Hem, oH bBcé pabHo Oydem cyumamb OMPE3KAMU HE
oosbwe 1 mc.

Xmém ok u 3amem «n/a3u». CMompum pe3y/bmam:



lpyzoe deno. Bce znadeHbko, da u mMamaad Oo/bwe He xaayemcs. MoxHo
xoms ceuqac Bcmabaame 6 4be-HUOYGL N3 ©

Hy wkcmamu, cpazy napy cnob o zpagukax. Psdom ¢ KkHONKOU NpUHMEPQ,
ecmb  KHonka «[lapmempsl» B KOMOpOU MOXHO HAcmpoums, K  NPUMEpY,
kosnu4decmbo oceu. B 3mom cayyae y okowka Scope nosbumca HecKo/bko
b6xodob, u czpaguxku Oydym pacnosazamsbcqd 0GUH nod  dpyzuM.  Ymodsi
pACNONOXUMb HECKO/bKO 2pa@ukob Ha 0GHOM, HYxHo ucno/ib3obame 010k Mux

i

B 3mom cayyae Hecko/bko cuzHanob moxHo 3anuxHyms 6 oduH Scope u b
OKHe OHU Oydym omoopaxamsCs pazHsiMu ubemamu.

Confrol Design

Tenepp paszdepemca kak CMPoUMb  /102APUPMUYECKUE  aMNAUMYTHbIE U
@azobeie xapakmepucmuku. fesaemcs 3mo npu nomowu pacwuperus «lonfrol
Design» mam xe 6 cumy/iuHke.

Ans Havyasa HYxHo nokasame cucmeme 2de Yy Hac bxod u z2de Beixod. Xmem
npabou kHONKOU HA /AUHUK, MEXOY CMYNeHbKoU U nepedamoyHou @UHKkUUeU,
Bsioupaem Liniarization Points — Input Point. Mexdy nepedamo4Hou ¢yHKuueu u
Bsixodom, coombemcmbenHo cmabumes Output Point. Teneps bce 3mo dosxHo
Bsizndems npumMepHo mak-
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Teneps 6 Bsinadawwem merw Tolls xmem Lontrol Design — Linear Analysis:

rﬂ Control and Estimation ﬂolsﬁ;;m EM‘
File Teools Helr;l -
i i = I R
<\ Workspace Analysis [/'0s | Operating Points | Linearization Results

EE Project - untitled

E‘Ea Operating Points Select linearization I/Os by right clicking on the desired line in your Simulink model
"= Default Operating B || active
B

L Custom Views

Block Name Output Port | Signal Name | Configuration | Open Loop
untitled/Step 1 | Input - |

untitled/Transfer Fcn 1 Output v: [}

[ Highlight Selected Signal | | Refresh Signal Names | | Delete Selected 1O

Linearize Model Plot linear analysis resultina | step response plot -
] ] J i ' ’

Model linearization task settings.
—

Tym yxe 0003Ha4eHsl MOYKU, KOmOopsle Mbl paccmabusu. [lpu xesanuu mym
Xe MoxHo nomeHsms Beixodsr Ha bBxods, ecau  xovemcs, uau  Booowe

deaxkmubupobames Hekomopsie mo4ku. B odwem, doszo dymams mym He HAd 4Yem,
xmem Linearize Model.

[lpozpamma doszo dymasa u bsidasa Ham nNepexodHbIU NPOUECc, KOMOpPsIU Mbi,
coocmberHo, yxe Budenu. Ho 3mo He bce. Xmem Ha npabyw kHonky Ha noje
epaguka, Plot Types — Bode. /1 0 yydo — msr Budum 3Hakomeie ¢ demcmba /IAX
u /1PX konedamesbHozo 36ena [louzpabwuce 6 3moM OKOWKE, MOXHO HE
mo/bko Hapucobame  102apUPMUYECKYKW CEMKY U U3MEHUMb  pAa3MEepHOCMb
20pu3zoHmansHol ocu ¢ pad/c Ha [epus, Ho u B aBmomamuyeckom pexume
paccmabume 3anacsl N0 $aze u amMnAumyce, a MaKxe NoAYYumb O0YEHb 10/1€3H0E
sameqyanue Kanumana OyvebudHocms o mom, 4mo cucmema Yycmousuba (ecau
3anac ecms) unu Heycmouyuba (ecau 3anaca Hem). OGHUM crobom — medma



Simscape

Kozda 5 Oonee-meHee ocbouncs ¢ cumysuHkoM U cmasa Modesupobame
eudponpubodsl, MeHs nocemuaa MsiC/b, YMO KPYMo Obl/I0 Okl  CO30amb
ouo/nuomeKy cmandapmHsix 2udpabiudeckux 3/1eMeHmob, Komopsie 5 NOCMOSIHHO
ucnose3yw 6 modensx  (mo  kak  dpocces,  2uGpOUUAUHEP,  KDOMKU
pacnpedesumess). brazo, 6 cumysurke npu nomowu Onoka Subsystem 3mo
denaemcs dobosbHo npocmo. Bom mak, Hanpumep, Beiznadum mode/ss dpoccess,
2de Ha Bxode 3adaemcsi nepenad dabseruu, a Ha Bsixode noayvyaemcs pacxod:

5 Y =
B untitled * |i&§_| W untitled/Subsystem * Elﬂléj
File Edit View Simulation Format Tools Help File Edit View Simulation Format Toecls Help
D& HEE 2l D zgs 22| r =fo
[
mu*f
const y —@
delta p Q Q
A e
delta p

Subsystem Gain Signed

Sqrt

Tenepe 3mom 010k MoxHo Bcmabrsmes Bo Bce cxemsi, 20e HYXeH Gpoccess...

LoocmberHo, 5, HabepHoe, mak U k/Aenasn Okl 3Mu O/0KU, ec/iu Obl He cmasn
poimbCsi B Oud/iuomekax CUMYAUHKA U HE HAMKHY/ACS Ha simscape, zde Bcs 3ma
padoma yxe Osl/1a Npodesara, a camoe z/aabHoe — codepxaHue kaxdozo 0/10ka
u3becmHo v nodpodHo onucaHo co Bcemu gopmysamu B xesnne.

Ana mozo, 4mods Osicmpo ocboumscs ¢ 3Imou  OuDAUOMEKOU, COOEPEM
NpOCMeHbKYW XMy, COCMOSWyw U3 2udpouusuHdpa, pacnpedesumens 4/3 u
KOK0Z20-MO UCMOYHUKA NOCMOSIHHOZ20 dab/eHus.

lna 3mozo, Haudem 6 ozpoMHOM cnucke OudAUOmEK, Oud/Auomeky Simscape.
B Heu umeemcs kyya paszHslx Oud/suomek 0445 ModenupobaHus MexaHu4eckusx,
INEKMPUYECKUX, MAZHUMHbIX U dpyzux @uauyeckux npoueccob. Hac ceuyac
uHmepecyem, npexde bcezo, zudpabiuveckue 3/eMeHMb, a OHU Haxodamcs b
dudsuomeke Foundation Library/Hydrailic u SimHydraulics.

|
I
Fl100% oded5 R|100% oded5 |
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LodcmberHHo, menepb,  ocmanocb  MOALKO  NEpemawiums  HeoOXoduMsle
3/71emeHmsl Ha @opmy. [lpowe bcezo Haumu ucmo4Huk dabreHus 6 oudsuomeke
0CHOBHbIX 3/16MeHMmob-

Hydraulic Pressure
Source

o

A a

Tym bce npocmo. 2 «zudpabiuveckux» Bxoda u 1 bxod dnsa ynpabrswwezo
cuzHana, Komopslu, coocmbeHHo U onpedessem, kakoe dabseHue Oydem
omnpabsreHo «k AuHuu P,  omHocumesbHo Aunuu 1. Odnako, Bxod  dns
ynpabaawwezo cuzHana He «npocmous. Ha Hezo Heb3si omnpabume npocmo
cuzHan U3 040koB CUMYAUHKG, M.K. 3MOM CUZHAA «QUIUYECKUU». M5 moza,
YmoOsl nepedams 3IMOMY O/I0KY KAKOE-MO 3HAYEHUE, HYXHO UCno/b3o06ame
konbBepmep, komopsit MoxHo Haumu B OJudsuomexe Utilities, a umerHo -
Simulink-PS Converter.

AS PSP
—»

Simulink-FS
Converter




Ha ezo bxod moxHo omnpabssme cuzsHaGAsl CUMYAUHKG, 4 OH Oydem ux
npeodpazobeibams 6 cuzHans daa Simscape. Ho 3mo ewe He bce. Umkpoem ezo
napamempsi-

E Block Parameters: Simulink-P5S COH\."(;I"tEr Iﬁ

Simulink-PS Converter

Converts the unitless Simulink input signal to a Physical Signal.

The unit expression in 'Input signal unit' parameter is associated with the
unitless Simulink input signal and determines the unit assigned to the
| Physical Signal.

‘Apply affine conversion' check box is only relevant for units with offset (such
as temperature units).

Parameters

Units Derivatives

Input signal unit: 1 -

I [] Apply affine conversion

= e e o

| [ oK H Cancel H Help I Apply

B 3momM OkHE MOXHO U3IMEHSMb pA3MEPHOCML Cu2HAAd. T.e. ecau Msl He
xomuM omnpabssme Ha bxod koHcmawmy 6 bude «16e6x», 4moosi 3acmabume
on0k dabneHus Beidabame nocmosHHo 16 Mfla, moxHo npocmo 6 3mom okowke
bnucams «MPa» (0e3z kabeivek) unu, ewée nyywe, «bar». 04eHb YFoOHo.

L ucmoyrukom dabreHuss meneps moy4Ho Bce dcHo, nepeudeM k pacnpedenumeni.
Ecnu 3aznanyms 6 pasden Valves/Directional Valves, znaza pazdezawmcs..
Ham HyxeH npocmeHskul pacnpedeumens 4/3 ¢ 3akpsimsiM UEHMPOM,
Beidupaem 4-Way Directional Valve:

4 [}

4-Way Directional
l' VSI;;y irectiona
A ° ®

Bpode bce sacHo, 4 zudpabruveckux kawana (dabrenrue, ciub, 2 nuruu A U
B) v bxod dns ynpabrawwezo cuznasna, komopsiu ombegaem 3a CMeweHue
30/10mHUKa. [locMompuM, Ymo Y 3mozo O/710ka BHympu no Bepcuu x3/na:
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Y Hac ecmb 4 kpomku, Komopsle MeHawm cBoe conpomubieHue 6
zabucumocmu om Bxodwozo cuzrana. Bce kaxk 6 xusHu © Teneps ocmanocs
mOo/IbKO 0NpegGeumbCcs Kak Oydym MeHsmbCs conpomubieHus 3mux weneu 6
3abucumocmu  om omkpeimus.  Imo  Beidupaemcs 6 okHe cBoucmb 3mozo
pacnpedeumens:

e g ”
E Block Parameters: 4-Way Directional Valvel Iﬁ
F s

4-Way Directional Valve i

The block simulates the basic option of the 4-way directional continuous valve as a data-sheet-based model. To
parameterize the block, 3 options are available: {1} by maximum area and control member stroke, (2) by the table
of valve area vs. control member displacement, and (3) by the pressure-flowr 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 choose from.

Connections F, T, A, and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator
terminals, respectively. Connection S is a physical signal port through which control signal is applied. Positive signal
at port S opens orifices P-A and B-T and closes orifices P-B and A-T.

Farameters

m

Basic parameters Initial openings ‘

Model parameterization: [B}.r maximum area and opening v] I

Valve passage maximum area: Se-3 m*2 -

Valve maximum opening: 0.005 m -

Flowr discharge coefficient: 0.7 :

Critical Reynolds number: 12 i

Leakage area: le-12 m"2 Ml
4 L F

[ oK ] ’ Cancel ] ’ Help ] [ Apply

Ecmb 3 Bapuarma 3adaHus Cmamuyvyeckux XapakmepucmuKk pacnpeceiume/s:



® 10 Maxkcuma/nbHoMYy omkpsimuw U coombemcmbywwed emy naowadu (6
3moM c/ayYae pacxod npu NOCMOSIHHOM nepenace Oydem U3MEeHSIMbCS
/AUHEUHO)

e o maosuue coombemcmbusa cMeweHus 30/10MHUKAQ U N/0Wacu
OMKPbIMUS

® 0 madAuue pacxodHo-nepenadHou Xapakmepucmuku.

Msi  He Oydem 6 3mom y4edHom npumepe ocodo 3amopayubambcs
pacxodHo-nepenadHou xapakmepucmukou, Beidepem cameiu npocmou Bapuarm no
MaxkcumaibHoMy omkpsimuk. Bbedem credywuwue napamempsl:

MakcumasibHoe cmewerue 30/0MHUKa — IMM
MaxcumassHas naouwads omkpsimus — 1.855e-06 M
Kosgpuuuenm pacxoda — 063

Yucno Peurnosbdca nocne komopozo pexum cmaHobumcs /AaMUHAGpHbIM — 12
(no degosmy)

[lnowade «dsipku» 6 30710mHUKE B HYyse — moxe no degoimy.

Tenepp camoe uHmepecHoe - 2udpouunuHdp. Ycnobumcs, 9mo 3mo Oydem
2udpouuNUHGD €  HenpoxodHsiM  wmokoM. B modesu oydem  yyumsiBame
CXUMAeMOoCMmb XUOKOCMU, a makxe yaap 00 ynop.

B pasdene Hydraulic Cylinders xax bcezda kyya HenoHsmHsix 3/1emMeHmob. U3
Hux 6 moeu bBepcuu cumysunka BudHo kak  MuHUMYyM 4 Bapuanrma
zudpouunundpob, nosobuxa u3z komopsix 00HOCMOpoHHezo deucmbusi. Ucmaemca
Beidpams u3 2-x zudpouunuHdpob. [ns 3mozo npudemca 3az/igHymbs 6 x3/n U
npoz/isdems No OuazoHaAu onucavue kaxdou Mmodeau. Ecau onucams 3mo 6
dbyx cnobax, mo ynpoweénHas modess zudpouunuHdpa (Double-Acting Hydraulic
Cylinder (Simple)) re yqumsibaem cxumaemocms xudkocmu. 3Imo 3HAYUM, 4MO
CKOpocmb  2UGpOUUAUHGPa Oydem NPSMo  NPONOPUUOHAbHA — NOCMYNamww emy
pacxody, a dabsenue — BHewHeu Hazpyske. Imo cobcem He UHMepecHo...

Paccmompum  /yqwe OJosee noiHyw Modess zudpouusnuHdpa Double-Acting
Hydraulic Cylinder. (xemamuy4Ho oHa Beizngdum mak:



Ideal Translational
Motion Sengor

~1 q _-":-ru'l:l'"F —
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Teranzlation sl
Hydio=Mechanical
Convartsr
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Fistan Chamber Figton Chambert

OcHobHbie  3n1emenmsr — 2 nopwHs (Translational Hydro-Mechanical
Lonverter), coeduHerHsle 00HOU MexaHu4eckou cBs3bly, Komopsie npocmo de/sm
nocmynawwud 6 Hux (unu Beixodswuu u3 HUx) pacxod Ha naowads (Komopyw Msl
3adaem) u Beidawm ckopocms nepemMeweHus Ha MexaHuyeckyw cbs3zb. Te. des
ocma/nbHeIX npuoamoacob 3mo mom xe ynpoweHHsiu 2udpouuauxdp. UdHako, K
no/focmaM 3Mux NOpwHeu nodcoeduHeHsl u3MeHsemsie 00bémsl Piston Chamber.
Oovem 6 3mom Onoke Beiyucsisiemcs kak n/aowads NOPWHS, UYMHOXEHHas Ha
nouyur zudpoyu/uHdpa B darHHslu MOMEHM.

[lpo 3mom Os10k moxe Ayyqwe novumams 6 x3/ne, HO odwuu cMeic/1 6 mom,
ymo dabreHue 6 3mom cAyyae u3ameHsemcsi He bBHezanHo, a no cAedywueu

3abucumocmu:
: - E Z
P=y Q

p — npousbodras dabnerHus no Bpemeru (ckopocmes uzmeHeHus dabrerus)

ede

£ — modyss ynpyzocmu xudkocmu (komopsiy 3abucum om dabaenus. Ima
3abucumocmes oocqumsibaemcss 6 3mom O/oke, u popmysa Hanucara 6 x3/ne)

V — odbem xudkocmu

>.Q — anzedpauveckas cymma pacxodob, nocmynawwux B 3mom 00bEM
(pacxod nocmynawwuu 6 odvem, ybesuyubaem dabreHue, pacxod Beixodswuu u3
o0béma ezo ymeHbwaem. Bcé nozuyHo © )

Hy v nomumo 3mozo 6 modess dooabren xecmkuu cmon, KOMOPsIU
npedcmabsisiem u3 ce0s NPYXUHY U demMngep, Komopsle HAYUHamwm [padomams,
Kozda nopweHs doxodum do 00HO20 U3 KPAUHUX NO/0XEHULU.

Kak-mo HeoxudarHo 6 3mou modesu nosbuiacs Hobeiw bBud kawasna —
Mexaruveckuu. /lozuy4Ho, Ymo zudpouu/nuHdp 645 cBoeu npodykmubHou padomsi
dosnxeH Osimb, Bo-nepbeix, kaxk-mo 3akpenseH, a Bo-6mopsix, Kk Yemy-mo
nodcoeduneH. [lycmb 6 Hawem c/y4ae oH Oydem 3akPENNEH GOCOMMHO XECMKO
u oydem dbuzamb kaxyw-mo Maccy.



Bce Heodxodumsie  3/1emeHmsl  MoxHo Haumu 6 pazdesne  Foundation

Library/Mechanical. Onopy C 2udpouunuHipa coeduHuM ¢ «3eMAEl», a K WmoKy
npuuenum maccy u demngep. B umoze 6 cdope cxema Oydem beizisdems

NPpUMEPHO MaK-
Mechanical ﬂl:%ﬁ =l l
Il HyC1 I_:l Mass %‘
I ]

Translaticnal Translational Damper

I
Reference

]

Mechanical
Translaticnal
Referencel
m
4-Way Directicnal
Walve
w oo -
=5 PS5 T
—=
Step Simulink-PS
Converter2

Hydraulic Pressure Hydraulic Pressure
Source Source1
%) %)
T L T (P35 5 i} 1
—

180 S FPS
. Simulink-PS Constant1
Constant  Simulink-PS Converter1
Converter Hydraulic Reference

[Tapamemps  2udpouunuHdpa cnucsibaem omcwda (oHU Ham noHadoosmcs

danee)-



8 ok Paramerers: 1., S

Double-Acting Hydraulic Cylinder

This block represents a double-acting hydraulic cylinder. The model of the cylinder is built of the following building
blocks: Translational Hydro-Mechanical Converter, Piston Chamber, Translational Hard Stop, and Ideal Translational
Motion Sensor. The rod motion is limited with the mechanical Translational Hard Stop block.

Connections R and C are mechanical translational conserving ports corresponding to the cylinder rod and cylinder
clamping structure, respectively. Connections A and B are hydraulic conserving ports. Port A is connected to

chamber A and port B is connected to chamber B. The block directionality is adjustable and can be controlled with |
the Cylinder Orientation parameter.

Parameters |
Basic parameters Hard stop properties Initial conditions 1
Fiston area A: 2.827e-03 m~™2 -

Piston area B: 2.121e-03 m*2 -
Piston stroke: 0.38 m -
Dead volume A: le-4 m~3 -
Dead volume B: le-4 m~3 - |
Specific heat ratio: 1.4
O rulinder nrientatinn: [ Arte in nnsitive r:rirrnr'finn v]r il
OK l [ Cancel ] [ Help ] Apply

[lapamempsl  xE€cmkozo cmona U HAYya/nbHO20 NO/A0XeHus ocmabisem no
degosmy.

Macca — 2000 ke.
[lapamempsl GemMngepa no YMo4aHum.

Cmynerbra Bsicomou 3 (koHBepmep HacmpoeH Ha muasumempsi) yepesz Bpems
071c

Bpode bce.. Ho ecau 3anycmums modesnupobanue, mo Hu4ezo Xopowezo He
npou3zoudem. Beinezem ky4a owudok, da U NPoHAO/WGAMb Mbl HUYE20 He
CMOXEM.

He xbamaem 3-x baxHsix Beweu:
Bo-nepbeix, 0/10ka ¢ napamempamu XUOKOCMU.
Bo-6mopsix, okowek zde Ml Oydem Had/wdams U3MeHeHue napamempob.

Hy u b6-mpembux — O/0ka pewame/s, KOMOPsIU XU3HEHHO Heodxodum Bcem
Mode/sIM CUMCK3UNa

Haynem ¢ camozo npocmozo — nodcoeduHuM Kk Haweu cucmeme 6 /wOoM
mecme 0710k xudkocmu Hydraulic Fluid v cpa3y 3asnesem 6 ezo napamempsi:



W Block Parameters: Hydraulic Fluid x|
.-——# e

Hydraulic Fluid i

Select working fluid for a particular loop. Every loop in the system
must be connected to either Hydraulic Fluid or Custom Hydraulic
Fluid block. There must be as many hydraulic fluid blocks as there
are loops in the system.

Parameters

Hydraulic fluid: ISO VG 32 (ESS0 UNIVIS N 32) - |

Relative a.rnnunt of 0.005
trapped air: |

m

System temperature

(C):

Viscosity derating
factor:

al

Fluid Properties:

Density (kg/m"3): 844.4

Viscosity (cSt): 15.98649 |
| Bulk modulus (Fa) |
1 at atm. pressure 1.26653e+009

and no gas:

- N
[ OK l I Cancel I I Help J Apply

[& 3

i

Tym moxHo bBsiOpamb U3 cnucka Yxe uMewwuecs xudkocmu U 6 Haweu
cucmeme mym xe nNponuwymcs napamempsl NAomHocmu, Bs3kocmu, co0epxaHus
bo3dyxa, modyse ynpyzocmu u m.0. MHe noHpabusace xudkocmbs, Kak Ha
ckpuHwome, eé 5 u Bwidpan ©

Lpa3y xe nodk/wyum u pewamesb. Fzo MoxHo Haumu 6 pasdene Utilities, u
uameHsmb 6 Hem Huyezo nepboe Bpems ocodou HYxdsi Hem.

[opa3do uxHmepecHee deso odcmoum ¢ usmMepeHusmu. [locmapaemcs Beibecmu
HaQ O00UH 2pa@uk CuzHA/A C 30/10MHUKA U NEPEMEWEHUE WMoKa 2UGpoUUAUHApA.
[loMumMo 3mozo uHMEpPecHo NocMompems, KaK MEeHAEMmCs pacxod 4Yepes3 30/10MHUK
u dabnenue B padoyux noAocmax.

[lpowe bcezo beibecmu Ha zpaguk ynpabrswwuu cuzHaa Tk Hawa cxema
yxe dobosbHo Hazpomoxdewa, Ay4we cdesams 3ma, UCNo/b3ys O/n0ku LGoto u
From 6 pasdesne dudsuomexu cumysurHka Signal Routing. Beiznadems 3mo Oydem
NpUMEpHO Mak:
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. Solver [Q]
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m Configuration
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Scope
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Step Simulink-F5
Converter2 Hydraulic Fluid

Hydraulic Pressure @ @ Hydraulic Pressure
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160 5 PS5 +
- Simulink-PS Constant?
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Converter Hydraulic Reference

Kax bBudro, u3 xenaembix 4-x cuzHanob, mer «B3s/1u» vepes Gofo mo/bko
00UH... Pa3zdepemcs kaxk doOsimb 0CMA/IbHbIE.

[lpowe bcezo (kak u 6 xu3Hu) deso odcmoum ¢ nokazanuem dabrerus. [is
3mozo Msl npocmo Oepém damyuk dabnerus (Hydraulic Pressure Sensor),
nodcoeduHaemM ez0 K HYXHOU HaM MOYKE, GpyeuM KOHUOM onyckaem 6 «bBedpox»
(nudo Kk dpyzou nosocmu 2udpouuNuUHGPA, ecAu XOomuM MEepums nepenad) u
cuzHan omnpabisem depe3z koHbBepmep (HacmpoerHslU Ha Oapsl uau Mlla) 6 Goto.

AHasnozu4Ho deso odcmoum € JamyYukoM NEPeMEewerus, Komopslu aHan02u4yHo
O0HUM KOHUOM NpUCOEdUHSIEM K WMOKY, a dpysuM K «3emae». KonbBepmep
Hacmpaubaem Ha Mempsl.

lamquk pacxoda xe HyxHo Bcmpaubams npamo 6 suHuw mak, 4moosl Beck
pacxod wen 4epe3z Hezo. Eciu nodcoeduHums ezo k «Bedpy», mo noay4umcs,
4ymo Becs pacxod npocmo yudém Ha ciub u 6 zudpouusundp He noudem ©
KornBepmep Hacmpaubaem Ha /min.

B umoze, cxema Bbizi96um npumMepHo mak:
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AxmyHz!

Hacmosme/ibHo pexkomeHdyemcs neped 3anyckoM, YMEHbWUMbL MAKCUMA/IbHbIU
waz uHmezpupobanusi do 0007 ¢, v 6 napamempax zpa@uxka CHIMb 02PaHUYeHUE
Ha MakcumaneHoe konugecmbo Bsibodumsix  movex. B npomubHom ciy4vae
noAy4ume mo/bKOo KYCOoK 2paguka.

[locsne 3anycka y MeHs NoAyYunack NPUMEPHO C/AECYywwas KapmuHa:
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Time offzet. 0

(pa3zy BudHo, 4mo s6HO HeydayHo bsiopar macwmad beiboda ynpabriswuwezo
CU2HaNa U nepemMewenruss 2ugpoyuauHdpa. 3Imo MoxHo ucnpabums, ec/u neped
omnpabkou Ha zpa@uk, pazdesums CUZHA/A Ha KAakoe-mo 4ucao, uau Booowe no
bcem benuyuHam nepeumu k OezpasmepHomy Budy. Ho 3mo yxe «waugobrax.

Yxe ceuvac MmoxHo Budems, 4mo MoGe/sb  peazupyem  00/ee-MeHee
adexkbamHo. [lpu  omkpeimuu  30/0mHUKG  dabsieHue U pacxod  CKAYKOM
bospacmawm, u wmok HayuHaem dbBuzamscs. [lpu Haezde Ha xecmkuu cmon
(komopsiu, kak BudHo, okazancs npocmou npyxuHou), dabreHue Bozpacmaem do
MakcuManbHo20 3Ha4eHus, a pacxod coombemcmbenHo ymeHbwaemcsi G0 HY/S.
[lopwers ocmarnabiubaemcs.



LoocmberHo, makum 00pa3zom, Msl co3danu modesb zudponpuboda, 6 komopou
boneu-Heboseu y4au CmMo/bKO MesoYeu, Komopsle npu cocmabieHuu 00bIYHbIX
duppyp v He nodymanu Obl  Yyqumsibamb (U3MEHeEHuUE MOOY/AA  Ynpyeocmu
xudkocmu om dabrerus, xecmkud cmon U m.n.).

Hy 6om v bce. Ha 3mom 66odrass wacme 3akoHYeHa, U A Obl/I0 XOME/
HaquHame  camoe uHmepecHoe — zaaby npo  ModesnupobBaHue  CA0XHbIX
mexanusmob 6 SimMechanics v busyasuzauuss ux  padoms, padu 4Yezo,
coocmbBerHo, U Obia 3amesiHa udesi ¢ Memoduykou, U pacu 4ezo S Hanucan
busyanuzupobarHyrw mMam. Modesb MaHUNY/ASmMopa, ynpab/isemyw om OXoUCMUKA..
OdHako, 6Bo-nepbeix, Ha 3mo He xbBamuso BpemeHu u3-3a dunsioma, a bo-
Bmopsix, 3Mo No 00/bWOMY CYEMY HUKOMY U HE HYxHo ©

B swdom cayyae, Hadewcb, mo, 4mo NOAYYUAOCH, OYdem KOoMYy-HUOYGb
nosesHo. Ecau nosbamcs ﬁU/?pU( b/ (Komopb/e He ydacmcs paspewums Kak MUHUMYM 3a 2-3
Seccowsie  Howu — Boswu ¢ xemnom  mamsada), 05,00[[1 aumech Yepes brxoHmakm
(http://vkontakte.ru/max.andreev) uiu 6 o@@rauHe (Ha MOMeHm HAnNUCanus Cmamsy —
komHama A1 8 nadopamopuu 310) ©

Lmapwuu odepradoparm

Marxc AHdpeeb

P.S. [lepeqyumams bcw mMemodu4ky nOAHOCMbKW MHE Maxk U He ydanoch, mak
ymo, AUO0 He odpauwaume BHUMAHUS HG MHOZ0YUC/AEHHBIE — O0YENSMKU U
OeccMbic/1eHHble  NnoBmopeHuss MecmouMeHuu U OecCMbIC/IEHHO noBmopawwuxcs
npednozob, nudo xdume Bmopou pedaxuuu ;)


http://vkontakte.ru/max.andreev

