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PE®EPAT

KypcoBoii mnpoekt coaepxutr 69 c., 41 pucynok, 1 tabnuny, 6
HMCTOYHUKOB.

ABTOMATU3MPOBAHHAS CUCTEMA YIIPABJIEHUA
TEXHOJIOITMYECKUM IIPOLHECCOM, CUCTEMA HWMHUTALIMOHHOI' O
MOJIEJIMPOBAHUSA, CTAHJIAPT OPC.

OOBeKThI Il pa3pabOTKU MPOEKTa MPEICTABICHBI B BUIE€ MATEMAaTUYECKUX
MojieNied, KOTOpbIe MPAKTUYECKH MOJHOCThIO pean3yloT HeoOX0AUMble CBOMCTBA
peanbHbIX  00BekTOB. Llenb paboThl  3akiodaeTcs B MPOEKTUPOBAHUU
UMUTALMOHHBIX Mozeneit cucteM ynpasienuss ACY TII. Takas cuctema BKIOYaeT
B ce0si: Mojenb OOBEKTa; YIPABISIONIYI0 IMPOrpaMMy, 3KpaH BHU3YyaJU3allUu.
Mertozn, pacCMOTpEHHBIM B KypCOBOM IIPOEKTE, IIO3BOJISAET OTKAa3aThbCs OT
¢u3nyeckoro o0OBEKTa M MPOrPaMMHUPYEMOI0 JIOTUYECKOTO KOHTPOJUIEPA, OHHU

pC€aJIn30BaHbl B BUJC IIPOT'PAMM, PA3HBIX KJIACCOB U THUIIOB.
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BBEAEHUE

Pazpabotka ACY COBpEMEHHBIX TEXHOJOTHUECKUX MPOIECCOB — CIOXKHAS U
OTBETCTBEHHAs 3a/iaya, PEIICHUE KOTOPOUM MPOU3BOJIUTCS B HECKOJBKO ATAIOB: OT
COCTaBJCHUSA MaTeMaTUYECKOW MOJEIM JI0 MPOCKTUPOBAHUSI  YEIOBEKO-
MaluHHOrO uHTepdeiica. B Hamem KypcoBoM mpoekre OyaeT (purypupoBath
UMUTAIIMOHHOE YIPaBIEHUE CUCTEM JBWXKeHUs. IMHUTAIMOHHOE MOJEIIMPOBAHUE
— METO/Jl UCCIIe/IOBaHMSI OOBEKTOB, OCHOBAHHBIN Ha TOM, YTO U3y4aeMbIli OOBEKT
3aMEHAETCS UMUTHUPYIOMUM OO0BEeKTOM. C UMHUTHPYIOIIMM OOBEKTOM MPOBOIST
AKCTIIEPUMEHTHI (He mpuOeras K HJKCIIEpUMEHTaM Ha pealbHOM OOBEKTE) U B
pesynbrare mnony4aroT uHbopmanuio o0  u3ywaemoMm  oObekte.  Llenb
UMUTAIIMOHHOTO MOJCIHPOBAHUS — TIOJIYYCHHUE MNPHUOIMKEHHBIX 3HAHUU O
HEKOTOPOM TapaMeTpe 00beKTa, He MPOU3BO/ISI HETIOCPECTBEHHOE U3MEPEHHE €ro
3HaueHud. [loHATHO, 4YTO 3TO HEOOXOIMMO TOTJa W TOJBKO TOTHA, KOTJa
U3MEPEHUE HEBO3MOYKHO, WJIM OHO CTOMUT JOpOXKE MpoBeneHus umutauuu. [lpu
3TOM [JJIsl M3Y4YEHUs HTOTO MapamMerpa Mbl MOXEM I0JIb30BAThCS JIPYTUMHU
M3BECTHBIMU MapaMeTpaMu 00bEKTa U MOJIENBIO €0 KOHCTPYKIMH. Jlomyckasi, 4To
MOJIeNTb KOHCTPYKIIMM JTOCTATOYHO TOYHO OIKCHIBAET OOBEKT, MpEAroaraercs,
YTO MOJYYEHHbIE B XOJ€ MUMUTALIMM CTAaTUCTUYECKUE PpACIPENEICHUS] 3HAYEHUN
napaMeTpa MOJACIUPYIOIIETr0 00heKTa OyAyT B TOM UM MHOM CTETNIEHH COBMAAATh C
pacrpee’IeHueM 3HaYeHU MapaMeTpa peaJbHOT0 00bEKTA.

3aja4un KOTOPbIE HAM HYKHO PEILUTD:

— UMUTAUMOHHOE  MOJEIMPOBAaHUE TEXHOJOTMYECKOro Mpolecca B
Pa3TUYHBIX PEKUMaxX padOThl TPHU BO3JAEHCTBUAX, MPOTPAMMHO (HOPMUPYEMBIX
VIPABIISIONICH ammapaTypoi U Cpe/ICTBAMH YEJIOBEKO-MAaIIMHHOTO HHTEep(deiica;

— OTJIaJKa TEXHOJOTUYECKUX MPOrpamMm;

— BBIOOp HambOoJiee YIOOHBIX JJIA TOJB30BATENsl CPEACTB BU3yaIU3AIlUU
TEXHOJIOTUYECKOTO Tpollecca U CHOCO00B  (HOPMUPOBAHUS  YIPABISIOMINX

BO3JEUCTBUIAL.



OnepaTuBHBIM ITEPCOHAN 3aJEHUCTBYET NPOTPAMMHBIN KOMIUIEKC Ha 3Tame
Hactpoiiku ACY TII, a Taxxe B nemnsix o0yyeHusl.

Kpome Toro, paspabateiBacmasi cucrema, Oe€3ycJIOBHO, OyneT BecbMma
nojiesHa B y4yeOHOM  @polecce Mo  00pa3oBaTelbHBIM  MPOrpaMMaM,
MpeaycMaTpUBAIOLIME H3YYCHHE AUCIUIUIMH, CBA3aHHBIX C MPOEKTHPOBAHHUEM
ACY TIL

B pamkax enuHOro KoMmIuiekca npejajiaraeTcsi 3aeicTBOBaTh MPOrpaMMHbIE
CpEIICTBA Pa3HbIX MPOU3BOJUTENEH U KIIACCOB:

— cHCTeMa MMUTAIMOHHOTO MOJEIMPOBAHUS — JIsI MOCTPOCHUS MOJeNeu
TEXHOJOTHYECKOTO MPOLIECCa;

— cucrema kiacca PC-based controller — myis mporpammHol peanuzaiuu
QNrOPUTMOB  yMpaBIEHUS HA S3bIKAX MPOrPAMMHMPOBAHUS MPOMBIIUICHHBIX
KOHTPOJIEPOB;

— SCADA-cuctema (supervisory control and data acquisition — cucrema
JUCIIETYEPCKOr0  yNpaBiIeHUss M cOopa JdaHHBIX) — Uil BU3yalU3alluu
TEXHOJOTUYECKUX IPOLECCOB U ONEPATUBHOIO YIIPABJICHHUS.

IlepeuncieHHble  NpPOrpaMMHBIE  CPEACTBA  NPEJHA3HAYEHbl  JUIA
uccienoBanus u paspaborku kommnoHeHToB ACY TII, HO, ucmonb3yembie IO
OTIEIBHOCTH, HE MOT'YT PEIIAaTh IEPEUYNCICHHBIE BBIIIE 3a1a4H.

JUis TOCTpOEHHUs] MPOTOTUNA ObUIO PEIIEHO HCIHOJB30BaTh CIEAYIOLINE
IIPOrPAMMHBIE ITPOTYKTHI:

MathWorks® MATLAB®, Simulink® (cpena AMHUTAIIMOHHOT'O
MOJEIUPOBAHUS);

3S-Smart Software® CODESYS® (PC-smysmsitop IIK SP PLCWinN, OPC-
cepBep);

Bre16op naHHBIX MporpaMM 00YCTIOBJICH OTMBITOM WX MPUMEHEHHS B Y4EOHOM

nporecce.



1 TEXHOJIOI'MAA UMUTALIMOHHOI'O MOJAEJIMPOBAHUA CUCTEM
YIIPABJIEHUA IBXXEHUEM

[lonsitue «kommnwvromepHno2o moodenuposanus» B chepe MHPOPMALMOHHBIX
TEXHOJIOTUH OTHOCHUTEIHFHO HOBO M CBS3aHO CO CTAaHOBJICHHEM M BBIICIICHUEM
OTHOCHUTEJIHPHO TPATUIIMOHHOTO MOJEINPOBaHUS ¢ moMolibio DBM (mocnennue -
3TO, KaK MPaBWiIO, (PYHKIIMOHAILHO-OPUCHTUPOBAHHBIC ABTOMATH3MPOBAHHEIE
CUCTEMBI MOJJEPKKM MaTeMaTH4eCKOro W JPYTHX BHUJOB MOJEIMPOBAHMUS,
peanu3yeMbple OOBIYHO KaK CHCTEMBbI OMOJMOTEYHOTO THIIA) JIBYX COBPEMEHHBIX
BUJIOB KOMITBIOTEPHOTO MOJCIUPOBAHUSA. - CTPYKTYPHO-(PYHKIIMOHAIBHOTO U
umMuTanmoHHoro. KowmmbproTepHoe MojaenupoBaHue — 3I(POEKTUBHBIM METO
peIICHMS 3ajlad aHaju3a M CHHTE3a CJOKHBIX CHUCTEM. METO0/I0JI0rHYeCKOM
OCHOBOH KOMITBIOTEPHOT'O MOJICIIMPOBAHUS SIBJISICTCS CUCTEMHBIM aHamu3 (B TO
BpeMsi, Kak y MonenupoBaHus Ha OBM — Te wuinm WHBIE pa3ienbl TEOPUH
MaTeMaTHICCKUX MOJIeNIeH). B MUpE UHPOPMAITMOHHBIX
TEXHOJIOTUI UMUTAIIMOHHOE MOJICITMPOBAHUE TIEPEKUBACT BTOPOE POXKICHHE.
HHaTepec K 3TOMY BHUIY KOMIBIOTEPHOTO MOJCIHUPOBAHUS OXXKHBHIICS B CBSI3H C
CYIIICCTBCHHBIM TEXHOJOTHYECKHM Pa3BUTHEM CHCTEM MOJCIUPOBAHUS, KOTOPHIC
Ha CCTONHAIIHUN JICHb SBJISAIOTCS MOIIHBIM aHAJTHTHYECKUM CPEIICTBOM,
BOOpaBIIMM B ce0s BeCh apCeHall HOBEWUIINX HH(OPMAIMOHHBIX TEXHOJOTHM,
BKJIIOYasi pa3BUThIC Tpaduueckue OOOMOYKH IJsi IIeJie KOHCTPYHPOBAHUS
MOJENed W  WHTEPHpPETallMd  BBIXOJHBIX  pPE3YyJIbTATOB  MOJEITUPOBAHMUS,
MYJIBTUMEIUAHBIE CPEICTBA U BHJICO, MO KUBAIOIINE aHUMAIIUIO B PEaTbHOM
Maciitabe BpeMeHH, 00bEKTHO-OPHUEHTUPOBAHHOE TIPOTPAMMHUPOBAHHUE.

1.1 Konuenmus

KoHmenmus cocTouT B TOM, YTO y HAaC MMEETCS OOBEKT ,MMHUTAIIMOHHYIO
MOJICNIb JIBIDKEHUS KOTOPOTO HYKHO co37aTh. JlJis 3TOro B TporpaMme
SOLIDWORKS co3maem 3D-Momenp KaXaoro 3J€MEHTa STOW CHCTEMBI U B
MocaeayomeM O0BEAUHUT, UX B cOOpky. Ilocie ¢ moMolpio Simscape
Multiboby Link wmbr skcnoptupyem 3D-momens oObekTa (B BHIE COOpKH e
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anementoB) B MatLab wu momyuaem Simulink mopmens, HacTpauBaem ee u B
npuioxkennun CoDeSys nuieM st Hee mporpaMmmy ,C TOMOIIBI0 KOTOpoil Oyaem
YIPaBIATh JBWKCHUEM HWMHTAIMOHHOW MoOaenu oO0bekTa. [y Toro 4ro O
3acTaBuTh pabotate BMecte Simulink momens um mporpammy u3z CoDeSys,
ucnonszyeM OPC cepsep. Tak xxe nporpammy n3 CoDeSys nyxHo 3anectu B [TJIK
(B Hamem ciydae Mol ucnoiandyem PC-smynstop IIJIK SP PLCWInN). Cxema

KOHIICTIIINY U300pa)KeHa Ha pUcyHke 1.

CGopxa MatLab OPC , _
MOJIe/IH H3 Simulink CcenBe CoDeSys
SOLIDWORKS pBep

ILIK

Pucynoxk 1 — Cxema koHUenIuu

1.2 Pa3pa6orka 3D-moneau B SolidWorks

Hecmorpss Ha Oombmime Bo3moxkHocTH — Simscape  Multibody  Link,
CMOJIENTUPOBATH CIOXKHYI0 MEXaHUYECKYIO CUCTEMY OYEHB CIIOKHO. DTO CBSI3aHO C
HEOOXOJMMOCTBIO  ONPEENSITh TEH30Phl MOMEHTOB HWHEPIMH  AJIEMEHTOB,
YUUTHIBATh KOOPAMHATHI HMX pacmnoioxkeHus u T.4. Jug  ynpomieHus
MojienupoBanus B cpene Simscape Multiboby Link, komnanus MATHWORKS
paspabotana  crnenuanu3upoBaHHbelii  CAD-TpaHcnsaTop,  oOecreunBaronIuii
CO3/IaHre JMHAMHYCCKUX MOJIelieli MeXaHu3MoB B cpeae Simscape Multibody Link
Ha OCHOBE MX TBEPAOTEIBHBIX MOJienel pazpadoranubix B CAD-cuctemax (Hamp.,
SolidWorks). IIpu nmpumenenun CAD-TpaHCIaTOpa T€H30pbl MOMEHTOB HHEPIIUH
U TPHUCOCAWHUTENBbHBIE pa3Mepbl nepenatorcs u3 CAD-cuctembl B Simscape
Multibody Link ©e3 wu3MeHeHMid, Tpu 3TOM, pPabOTOCTIOCOOHOCTH MOJCIEH
npoBepsiercs B CAD-cucteMe MmMoCpecTBOM YCTAaHOBIICHUS TPABWIBHBIX CBSI3EH
MEXIy JACTAIAMH MeXaHu3Mma. TakoW MOoaXoj 3HAYUTENBHO OOJierdaer 3aaady u
pacmpsieT BO3MOXKHOCTH HMHTAIIMOHHOTO MOJICIMPOBAHUS MEXaTPOHHBIX

CHCTCM.



Solidworks — mnporpammusiii kommiuekc CAIIP mpenHa3HaueHHBIH IS
aBTOMAaTH3alUN JTaroB NOJATOTOBKHU IPOU3BO/ICTBA. OcHoBHOI
3agaueit Solidworks siensiercss padora ¢ 3D mMoziensMu, UMEHHO O HUX W OyaAeT
UATH PEYb.

Jlist mpuMepa mpeacTaBUM, UYTO y HAC €CTh KaKOe-TO OCHOBAHHME M Ha HEM
KyO, KOTOpBIM IBUTaeTcd Mo AByM ociM X u Y. Pa3znenuB mojenb oObeKTa Mo
4acTsM, MMeeM JBa o0bekTa KyO (pHCYHOK 2) M OCHOBaHHE (PHUCYHOK 3), U3

KOTOPBIX COCTOUT MOJICJIb. DTH 00BEKTHI 00BEIUHIEM B COOPKY (PUCYHOK 4).
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Pucynok 4 — 3D-monens cOopku

1.3 ITaker Simscape Multibody Link

Simscape  Multibody Link Bxogur B  mporpaMMHBIH  KOMIUIEKC
UMUTaIIMOHHOTO MojenupoBanus Simulink cuctemer MATLAB wu mosBosseT
MOJICJTUPOBATh CJIOKHBIC (DU3UYCCKUE CHCTEMBI C ITOMOIIBIO HEHAIPaBICHHBIX
CUTHaJIBHBIX TpadoB. [Ipu 3TOM B MHCTpyMeHTalbHO# Oa3e Simscape Multibody
Link wuMerorcss  OJIOKH, TOCPEICTBAM  KOTOPBIX  MOXHO  OPraHHU30BaTh
B3aMMOJIelicTBHE pa3paboTaHHONW Mojaenu (Tepegady W IpPHEM CHUTHAJIOB) C
IPYrUMU  KOMIOHeHTaMHu OubiamoTeku Simulink. DTo gaer BO3MOXHOCTH
MOJICTTUPOBaTh MEXaTPOHHBIE M POOOTOTEXHHYECKHE CHCTEMBI, TPAHCIIOPTHHIC
CpEICTBa, JIETATSJIbHBIC ammapaTthl, MPON3BOJACTBEHHOE 000pYAOBaHUE, O TOTO,
Kak OyJleT Ha4aTo MX MPOU3BOICTBO.

1) Heob6xomumo c¢ odumuansHoro caita MATHWORKS ckonupoBaTh
muctpudytuB  Simscape Multibody Link — CAD tpaHcimsTtop mis CUCTEMBI
SolidWorks. Ilpu 3Tom Bepcusi nucTpuOyTHBa JAOJXKHA COOTBETCTBOBATH BEPCHUH
Matlab. Heo6xoanmMo Takxke CKOMMPOBaTh YCTaHOBOUHBIHN ¢aiin install addon.m;

2) 3amyctuth Matlab. Ecnum wucmonp3yeTcs omepandoHHAas CHCTEMa
Windows 7, To Matlab momkeH ObITH 3amyiieH ¢ mpaBaMu aAMUHUCTpaTopa. s
ATOrO B CBOWCTBax (aitna (spibika Ha padodem crone) MATLAB.exe Ha BKTauke
«COBMECTUMOCTHY» HEOOXOIMMO BHIOPATH OMITHIO «BBIMTONHITE 3Ty IpOrpamMmy OT

MMEHU aIMUHHACTPATOPA;
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3) U3 cucrempr MatlLab OTKpbITh YCTAaHOBOYHBIM m-(aitn —
install addon.m. Ilocne storo 3amycturcsa nporpamma «Editor», npenHazHaueHHas
JUIsL CO3JaHMsl W pPENaKTUpoBaHUA m-QainoB cpeasl Matlab u  orkpoercs
JMaJoroBoe OKHO peaakTupoBanus Gynkiuu install addom;

4) B rnaBuom meHio «Editor» BeiOpats: Debug — Run Configuration for
install_addon.m — Edit Run for install_addon.m;

5) B mnosBuBmemcs auaigoroom okHe «Edit M-File Configurationsy

MponucaTsb:

% Modify expression to add input arguments. % Example: % a=[123;4
56]; % foo(a);

install_addon(ykasaTs mosiHbIi yTh apxuBa, Hanpumep: 'C:\Documents and
Settings\student\Pabouwuit crom\Matiad\smlink31.win32.zip")

6) 3anyctuts M-File, mytém HaxaTus kHonku Run;

7) Hanee B okae Windows HaxaTh KHONKY Ilyck — BbImosHHTE — BBECTH

cmd;

8) B komanHO# 00010uKe BBecTH: matlab-regserver,

9) B okue xoncoiau MatLab Command Window Bsectu: regmatlabserver;
10) B OKHE Command Window MatLab BBECTH:

enableservice('AutomationServer',true). Oter nomken ObiTh 1, ecib ans =0, TO
HeoOXouMo eIe pa3 BBecTH enableservice('AutomationServer',true);

11) B okme Command Window MatLab Beectn: smlink_linksw. B
MOJIOKUTEIBHOM  pe3yJIbTaTe JIOJDKHO TIOSIBUTHCS COOOIICHHWE 00 YCIEIIHOM
PETHUCTpALINN.

B Simscape Multibody Link ectp Osoxu,Haxopsmmecs B OHOIHMOTEKE

Simulink (pucyHok 5), ¢ TOMOIIIBIO KOTOPBIX HAIlIa MOJIEIb MOXKET paboTaTh .
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wr . . .
nw simulink Library Browser

< |Enter search term V| '?.1 B rE | = f_"_?)

Simscape/Multibody/First Generation (1G)

SimEvents -~
SimRF F =
¥ Simscape %& ‘%1 % ﬁ
Foundation Library
Utilities Bodies Constraints &  Force Interface Joints
Driveline Dirivers Elements Elements
Electronics
Fluids F»,
¥ Multibody ﬂ /
Body Elements
Constraints Sensors & Utilities
Curves and Surfaces Actuators

Forces and Torques
Frames and Transforms
Gears and Couplings
Joints
Utilities
* First Generation (1G)
Bodies
Constraints & Drivers
Force Elements
Interface Elements
Joints
Sensors & Actuators
Utilities
Power Systems
Simulink 3D Animation
Simulink Coder
Simulink Contral Design
Simulink Design Optimization

i slimle Pmmime Meeifme

Pucynok 5 — bubnuoteka sanementoB Simulink
B tabmune 1 onucans 6aoku Simscape Multibody Link.

Tabauma 1 — Onucanue 6;10k0B Simscape Multibody Link moacuctemsr Robots

Env brox Ground, mpexacraBiasier €000  HEMOABHIKHYIO

3 | 333EMJICHHYIO TOUKY, MOJKIIOUCHHBIM K €T0 BXOay OJIOK, 3a7aeT

RooiGroond | MEXaHMYECKUE ITapaMeTphl i1 OAHOTO MEXaHU3Ma.

brnox Wade, mnpeacraBinseT HEMOABMXKHOE COCJIHHCHUE

oBHH FPD 3BCHBLCB.

Weldl
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[Iponomxenue Tabauisl 1

bnok Body, mpencraBiseTr coO00oi TBep0€ HACTpanBaeMoe

Teno. B cBolicTBax 0s10ka yka3bpIBaeTCs:

m|csafycs? —  Macca Tena 1 MOMEHT MHEPLIH;
RootPart —  Koopaunats nenrpa tsoxectu(CG);
— Onwvn niau 6ostee cuctem koopauHat tena(CSS);
—  JlomomHUTENbHAS T€OMETPHS, LIBET.
Brnok Prismatic, npencrasiser coGoM IOCTyNmaTENbHYIO
Z I Z KMHEMATHYECKYI0 Mapy. B HacTpoiikax OloKa yKa3bIBaeTcs
Prismatic

KOOpAuHAaTa, OTHOCUTCIIBHO KOTOpOﬁ BBITIOJIHACTCA ABUXKCHUC.

Biok Custom Joint, MpeACTaBIIsCT oOr1ree
[I0JIb30BATEIBCKOE COEAMHEHHE C HECKOJIBKUMH CTEHECHSIMU
cB000bI. COeUHSET /1BA TEJIa ¢ KOMOMHAITUCH MPU3MATHUCCKUX,

BpallalOMMUXCsd W/HIU CHEePUUYECKUX TMPUMHUTHUBOB. ITOT OJIOK

] :gé ¥ OTpaHUYeH MAaKCUMyM IIECThIO CTENEHSIMHU CBOOOIBI: O TpeX
Custom Joint BpallaTeIbHbIX CTETIEHEH CBOOOABI M JO TPEX MOCTYMATEeNbHBIX
creneHei cBoOoabl. [lepBhIli MPUMETHUB, MPUKPEIUICHHBIN K 0a3e
(B). Ilocnennuii mpuMeTHB, MPUKPEIJICHHBIM K IMOCIEI0BATENIO

(F).
CoenuHenue MeXIy JBYMsS TelaMH  TPECTaBISET
of & N OTHOCHUTEJIbHBIC CTEIICHH CBOOO b1, OJI0K Joint Actuator mpuBoauT

Joint Actuatorl

B ITOCTYIIATCJIbHOC IBUIKCHUC, 1100 BpalraTCJIbHOC IBHKCHHUC 3THU

TeJla C TOYKHU 3PCHUS INHENHOMW MMO3ULIAH.

<ot

Joint Sensor

biaok Join Sensor wum3MmepseT ToJOXeHWE OJoka B

POCTPAHCTBE.
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1.4 Dxcmopt 3D-moxenu B Simscape Multibody Link
[Tporiecc mepemaun monenu u3 SolidWorks B Simscape Multibody Link
OCYIIECTBIISIETCS CIEAYIOMUM 00pa3om, 6epeM monenb coopku u3 SolidWorks u

skcroptupyeM Simscape Multibody Link (pucyHox 6).

JD’SSOLJDWORKS| @aiin  Mpaska Bug  Beraska

McTpyuents | Owvo  Cnpaexa | Ab-F-B-5- - 8 &) ~ o..[® nou scrpaskenosoubwor O -| & ? - - B X

4 T Npuncskerms SOLIDWORKS »
Hoswii Vaanvr| aTh PejakTMpOBaTE 2|
npoekT nosuun NpoaykTel Xpress 4 8eneHHA O
xorTpoas nocrasukax
SOLIDWORKS Inspection ,
Céopra | P EZ [ Aosasne Simscape Multibody Link s Export » Simscape Multibody First Generation (1G)...
Settings. Simscape Multibody...
@ EICIEE i MySnimcauns pecypeos... & ¢ &
d Hel
B Ony6nucosams & 30CloudByMe.. 2 Hacrpeiika menro
- Demos

@) ocrosanue v ky6 (Mo ymonuarmio<Cact
> Vietopun

2 Barmen
3 Mpureuanig

[) Cnepean

[1] Coepry

[) Crpasa

L, Viowoanan rouxa
+ @B (&) ocnosanme<t> (o ymonsarmo
r & () ky6<1> (Mo ymonuammro<<Mo yn
» [ Conprxcerma

L

> TpasT

<
TTIIT] Monens [ Tpeeprsie sngs | Viccnesosamie &)

Marvurrioe conpsoxenine BK/V/BBIKN

©h Defeature..

$4 3ecnoprs AEC...

[E BriGpare

Cl, Beibop c ysenmuerment

BeCOp I oMo D pare
S Buibop acco

[} Bui6op Haa reomerpuest
Iy Buibpars ece

About Simscape Multibody Link..

Hacrpofica uemio

Criv A

Cpashis
Haittu/wzmenuts

Design Checker

Konuposars Gopmar..

BriBop KomnoHeHTa
KomnoHext

OBbextel 3cmsa

MHcTRymenTel 3Kz

JExport for Simscape Muttibedy First Generation (16)

Heaconpeaeneriiii  Peaakrupyerca Copia Hactpoiika  +

Pucynok 6 — Dkcmopt u3 SolidWorks B Simscape Multibody Link

CoxpansieM aiin

Bac MeCTO (PUCYHOK 7).

JD’SSDLJDWORKS‘ aiin  Mpaska Bua  Beras

B nosiBUBIIeMcs OkHe B (opmare . XML B ynobHOE m1st

ka Ucipyments  Okno  Cripaska ;\‘| 40 B-8- ~ '] & - o..[@ noncs crpaske nosouowor O -] & 2 - - @ X

B B R B kS & £
Hoglit YpanuTe  Buipate 3anycTrTe »|
npoext nowi oS pegacrop | Meton | onepaums | ceedenws o
xormpona uisbnoros _ ormpon nocrosunka

Cbopxa | Pacnonowerme | Jcxus | Amanusmposars | Aofas

-
€8 ocnosarme n 6 (Mo ymonsannio<Coar
b Vicropus
[ Baramen
» Mpumesiannn
i
[ Coepry
[1] Crpasa
L. Vooaren rouca
b @ () ocrosarmes> (Mo ymouakurro

] Crepean

v @ () y6<1> (Mo yuonuaruno< <oy
> I Conprxera

=

< > *aserprst

<« Conuggo.

> OeHoEaHME H iy6 Mot v

Touck: ocHoBaHNE U Ky6 MOA... O

Yropagoswws v Hosan nanka
& 3arpyzu

[5] Aoxymerms:

A Pma Aata namenennA Tun

HeT 3nEMEHTOR, YADBNETEOPRIOLLYI Y CIOBHAM NONCKS.
& Vsobpasern

1

Wnnraumontioe

MoMVTeNOrV

Conugsopk
& OneDrive
I Moii kownsrorep

® CD-pucrosoa(F) v €

Vitas dhaiina: | ocHoBaHME 1 kyB.xml

Tun aiina: | Simscape Multibody Link (*xmi)

e

 Cports nan

[0 Mopens | Tpexueprsie engei | Viccregosarm

e gakeng |

SOLIDWORKS Premiurn 2018 x64 Edition

Puc

Heaoonpeaenennbiii  Pesacrupyerca Céopka |

Hactpotixa

yHOK 7 — Coxpanenue ¢aiina B . XML

B nosBuBmemcs komananoMm okHe MatlLab (Pucynok 8) mumem koMaHmy

mech_import (‘nyre\ums daiima.xml’).
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JD’SSOLJDWGRKS Gsfin Mpasca Bng Brasra Uncrpymewmss Owwo Crpasca A | ab- P EB-5- . 9 @+ o..[@ Noncxs Crpaskenosoiowor P -] & 2+ o & X

@ aq 2

54 % ) Eg & R Ej

Hogeiii Yaanuts  Bubpars Sanycrims »|
npoekT nosuLM_nosnun pegaTop eTogs anepauyn cseaenna o

KaHTpONA

J MATLAB Command Window — a

To get started, type one of these: helpuin, helpdesk, or demo.
@ For product information, visit www.mathuorks.com.

T- > mech_import(’C:\Users\PC\D ts\C p W Kys MoReab W kys .xnl|

3 Vcropu
3] Aaruma
> Mpumed
1) Crepea
(1) Coepxy
(] cnpasa
L. Voxean
r @ () ocm
v @ uyed
v (1) Conpsod

T T

< ’| *rosepre

[T 11 Mopens [ Tpexuepnsie sugst | Mccneaosanne gsixerna 1 | OK Omaenia Mpvmermm:
SOLIDWORKS Premium 2018 x64 Edition Hepponpeaenen

et Pegaktupyerca CBopks Hacrpoiika = =]

Pucynok 8 — komananoe okao MatLab
[Tocie TOro Kak BBEJIM KOMaHAy M HaKald KHOIKY BBOJ, CO37alach

Simulink mozaens (prcyHOK 9) ¢ KOTOPO# MOXKHO B JalIbHEHIIIEM paboTaTh.

" o 30xD43E0x04410x043 DOx043E 00432004300 043D 004 50x04180x * - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help

bh-=-H BE@-E-w @@ (oo | | 0| D~ |&-

x0x043E0x04410x04300x043E0x04320x04300x04300x04380x 043500 4180x%

® xDx043E0xD4410xD43DDxD43E0xD4320x04300x04300x04380x04350}(04180)( hd

Ok om o E

= #

Ready 80% VariableStepAuto

Pucynok 9 — Simulink momens
1.5 Pa3pa6orka nporpammbl CodeSys 1js BUPTYaJabHOI0 MaKeTa
CodeSys — HHCTpYMEHTAIBHBIN MPOrPaMMHBIN KOMIUIEKC MPOMBIIIIICHHON
aBromaTtu3anuu. I[lpowsBomuTcst u pacmpocTpaHseTcs Kommanuen 3S-Smart
Software Solutions GmbH.
CodeSys — oawH W3 caMbIX Pa3BUTHIX WHCTPYMEHTOB JUIsI pa3pabOTKH
nporpamm [IJIK. CodeSys nogaepxuBaer 5 si3pikoB MOK (IT, LD , FBD , SFC u

ST) u eme oaun 1361k —CFC. To ecthb eciu pa3padareiBaTh nporpamMmy B CodeSys
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MOXHO Ha JIFOOOM W3 3TUX A3bIKOB. Kpome TOoro, momyckaercsi KOMOMHUPOBAHUE
SI3IKOB MMPOTPAMMUPOBAHUS B OJTHON MTpOTrpaMMe.
[Ipexnae uem pa3pabaThiBaTh HporpamMmy, HEOOXOAUMO CO3/aTh HOBBIU

npoekT. JlemaeTcs 3To ¢ MOMOIIIBIO TJIABHOT'O MEHIO (aiii — co3aatk (pucyHok 10).

HacTpokku uenegoM naatdoprbl |

Korpurypawss | None [ o ] OriieHa |

Pucynok 10 — Hactpoiiku neneBoit miat@opmel

[IpoexT sBisieTCSs MAIIMHHO-HE3aBUCUMBIM, TO €CTh IPOrpaMMHpPOBAHHUE
MOKHO HE€ TPUBS3BIBATH K KAKOW-TMOO KOHKPETHOW Mojenu koHTposuiepa. Eciau
e BBl XOTHUTE pa3pabaThiBaTh MPOTPaMMYy JJIsi KOHKPETHOW MOJIEIH, TO B OKHE
HACTPOMKU I1IeJIEBOM IUIaTPOPMBI HYXKHO BBIOpaTh 3Ty MOJeIb B TMOJIE
KOHOUT'YPALIMA. Opnako Baiiero KOHTpOJUIEpa B CIHCKE MOXET He
okazaThcs. Torma Hy>kHO Oyner HalTu 1eneBoi Qaiin (target-file) u ycraHoBUTH
€ro, a MOTOM CO37aBaTh HOBBIM MPOEKT. B mo0oM ciiyyae BbIOpaTh MOMAEID
KOHTpPOJLJIEpa MOXKHO MO3XKE, YK€ MOCIIE CO3IaHUS MTPOEKTA.

Mp1 ke BCE ATO 3aTesyii B YYEOHBIX IENSAX, MOITOMY OCTAaBUM 3HAYCHUE
None u HaxMéM kHOnKY OK, mociie 4ero nmosiBUTCS OKHO.

JIro60if TPOEKT COCTOWT W3 OJHOTO WJIM HECKOJIbKHX Mopaylein. B
OJIHO33J]aYHOM TIPOEKTEe 00s3aTeIbHO JOJKEH MPUCYTCTBOBATH TJIaBHBIN
nporpaMMubIii Mmonyib ¢ umenem PLC PRG.

B 3TOM OKHE MBI yCTaHAaBIMBAEM CIIEIYIOLIME HACTPOUKH:

1.1ms noBoro POU — PLC_PRG

2.Tun POU — mporpamma

3.43pik  peamuzammu — ST.  S3pIKk  peanu3auuu — 3TO  SI3BIK

MPOrPaMMHUPOBAHMsI, HA KOTOPOM OyJeT HamucaH nporpamMmHbii Moaynb (POU)

(pucynok 11).
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HoBbiit nporpamsubiit komnowe HT (POU)

-
Wms Hosoro POL: |PLC_PRG
[

Tun POU Asbik peanuaaumum
* MMporpamma I
" PyrHKUMOHANBHBIN G0k C LD
" Pyrkuma " FBD
Tun pesynerara; " SFC
[ ||| For
" CFC

Pucynok 11 — HoBblii mporpaMMHbIii KOMIIOHEHT
Haxnmaem OK. Bcé€, npoekt rotoB. OcTanock TOJBKO COXpaHUTh €ro. Kak u
BO BCEX PACCMOTPEHHBIX PAHEE CIIyyasX, COXPAHSIEM €r0 B OTAEIBHOM KaTaJlore.
CoxpaHeHue BbinonHsercs uepesmento ®ANIJI- COXPAHUTD. Ipucsoum daitny
uMsa TESTu coxpaHuM MpoeKT.
[Tocne coxpanenusi B BbIOpaHHOM Katanore mosiButcs ¢aitn TEST.PRO.

I'naBHOe okHO CoDeSys ¢ HOBBIM MPOEKTOM MOKAa3aHO Ha PUCYHKeE 12.

@ CobeSys - test.pro - [PLC_PRG (PRGST)] _— 8[=%]
® Oaiin Mpaeka MpoeKT BCTaBUTL  lONOMHEMUA OHNalH OKHO  Cripaeka 1 3 x
D@ 0| @ e IS [SAR] (0] 5]
=T | VAR < ), ), bl
|8] PLC_PRG [PRG) Anpec Tun Muny,, Kommen

Il

<] >

2|

[Crp.: 1, Cron6.. 1 HNANH [3M [FGCMOTe

Pucynok 12 — I'naBnoe okao CoDeSys
1. 'maBHOE MeHio. IIpakTHUeCcKM BCe KOMAHIbI MOKHO BBINOJHUTH YEpe3
MEHIO.
2. Ilanens uHCTpyMEHTOB. JlyOnupyeT OCHOBHBIE KOMaH/Ibl MEHIO.
3. Opranuzatop 00BEKTOB. 3/1€Ch OTOOPAKAIOTCSA M CO3/IAIOTCS BCE OOBEKTHI

IIPOCKTA, TAKHMC KaK IIPOTrpaMMHBIC MOAYJIN, BU3yaJIn3allii U T.II. B HmxHen yactu
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opraHuzaTopa OOBEKTOB MOXXHO TMEPEKIIYaThCd MEXKIYy €ero CTpaHUullaMu
(Briagkamu). Becero umeercst 4eTbipe BKIAAKU:

a. POU — cnimcok nporpaMMHBIX MOIYJIEN

0. Tunsl TaHHBIX

B. Busyanuszamnuu

r. Pecypcbl — rno0anbHble nepeMeHHble, KOHPUTrypaTop 3a7ad, HaCTPOUKH
1e1eBOM MI1aTHOPMBI U T.1I.

4. OxHO 00BsIBIICHUS TIEPEMEHHBIX. B BarieM citydae oHO OyJeT BBITJISIETD,
CKOpee BCEero, Mmo-Ipyromy, TO €CThb NEpEeMEHHbIE OYyAyT OTOOpa)kaThbCsi B BUJE
criucka. YToObl TepeMeHHble OTOOpa)kaauch B BHJI€ TAaOIUIBI , HEOOXOIUMO
U3MEHUTh HACTPOWKH TIPOTpaMMbl CIEAYIOIIUM 00pa3oM: B OpraHHU3aTOpe
00BEKTOB MEpPerTH Ha

Bkianky PECYPCBI, Beiopares Tam paszaen PABOYAS OBJIACTD, B
nosiBuBIIeMcs OkHe BbIOpaTh kKateroputo PEJIAKTOP, ycranoBuTh ¢uaxkox
nanpotus Haanucu OB BIBJIEHUS TABJIMLIEN u naxats kaonky OK.

5. Penaktop ucxomHoro koja. 31ech u 0yieM mucaTh IporpaMmmy.

6. OKHO cOO0OIIeHN. 31eCh BEIBOISITCS COOOIIEHUS O XO4€ KOMITMIISAIINH.

Jnst  oObsiBieHHs T100ajdbHBIX TMEPEMEHHBIX TMepeiaéM Ha BKIAIKY
PECYPCBI, nBakap! mENKHEM

no pazaeny ['JIOBAJIBHBIE ITEPEMEHHBIE, 3atem Takxke JIBOWHBIM

merukoM BeioepeM pasnen Global Variables.

@ CoDeSys - test.pro - [Global_Variables] M=) %
s:iOaf«n Mpaska [MpoexT EBcraeute  JononHenus Oﬁnaﬁn OxHO  Cripasxa - & X]

B8] DDl TIBIEAR X [l@w] =y

/VAR_GLOBAL N b Y

a' Pecypes "~
-3 MNobansHsie nepen MM Anpec Tun MEwny,. KoMMenTapni

& V‘ 0001 |5TN_1 IBOC’L Kuonka 1

o .Vanaale_l.on'q —
£ Boprapran 0op2 [sTN_2 [poo Kmonka 2

;:!jﬂo'-uwgpammﬂﬂl 0003 |sTN_3 IBOOL Knonka 3

@ Kovowrpavn e || [GEEENT Avp 1 |poor Nawna 1

&'\Wrwwmw —

() Mevennep cusno || (0008 |Lave_2 |oow Nawna 2
7@, Menaawep npocsd 0006 [LamMP_3 BOOL NMamna 3
= an HacTpoinu uenseo
~ (8 NNK-Epaysep ~‘,i

SR s ¥

7 e R
,_.] |"3 |E|3‘.’.| < >

OHN&AH [38M [FPOCMOTP

Pucynok 13 — I'nmoGanpHBIC TEpEMEHHBIC
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B BepxHeit yacTu TaOIMIBI PACIIONOKEHBI YEThIpe BKJIAAKU (pHCYHOK 13),
MMEHA KOTOPBIX COOTBETCTBYIOT TUIaM OOBSIBISIEMbIX JaHHBIX:

1. VAR_GLOBAL — rno6anbHbie epeMeHHbIE

2. CONSTANT — rnmob6aibHble KOHCTAHThI

3. RETAIN — rno6ansubie nepemennsie, xpansiuecs B [13Y kontpomiepa.
Ecau Bbl 00BsSIBUTE MEpeMEHHYIO B JITOM paszfiene, TO €€ 3HaueHue Oyaer
COXPaHEHO JIaXKe MOCJIEC BBIKIIOUCHUS

MUTaHUS KOHTpoJUIepa (MpaBaa, At 3TOr0 HYKHO UMETh KOHTPOJUIED ).

4. INFO — undopmartiust o mporpamme

Kaxmas Bimanka tabnuisl (kpome INFO) umeer cnemyroriue cToiOmbl :

1. UM — unentudukarop nepeMeHHON

2. AIPEC — aapec mepeMeHHOU. 3a MCKJIIOUYEHHEM CJIy4aeB CBSI3bIBaAHUS
nepeMeHHbIX ¢ Bxojamu/Beixonamu [1JIK anpec yka3biBaTh HET HEOOXOJAMMOCTH.
[TpuHUMIIBI aipecaliiy B JAHHON KHHUI'€ HE pacCMaTpHUBAIOTCS.

3.TUII — Tun naHHbBIX, K KOTOPOMY MPUHAIUICKUT IEpeMeHHas

A VNHULINAJIN3ALIMAA — 3HadyeHwe, KOTOpoe OyAeT MPHUCBOCHO
nepeMmeHHor npu crtapte nporpammbl [TJIK. 9To HEe OTHOCHUTCS K NEPEMEHHBIM,
xpansuMmcs B 113V, ecnu Tonbko mporpamma He paboTaeT B peKUME IMYJIISIINN.

5. KOMMEHTAPMIA — xommenTapuit

UtoOb1 100aBUTH, B TaOJNMIy MEPEMEHHYIO, HYXKHO IIEIKHYTh IPaBOU
KHOTIKOU 1o Tabnuie u BeiOparh komanay HOBOE OBBABJIIEHUE. B tatauie
MOSIBUTCSL HOBAsl CTPOKA CO 3HAYCHUSIMU IO YMOJIYaHUI0. UTOOBI H3MEHUTH KaKoe-
160 3HaUYCHUE, HY>KHO MIENKHYTH 110 HY>KHOU sS4eiike

TaOJIUIIBI 1 BBECTH C KJIABUATYPHl HOBOE 3HAYCHUE.

Bce namm nepemenssie Oyayt umerh Tun BOOL — noruueckuil Tuim,
sKkBUBaJICHTHBIN TUITY Boolean B Ilackane. [locie BBoja Bcex MepeMEHHBIX, Y Bac
JOJKHO TIOJTYYUTHCS IPUMEPHO TaK, KaK

MOKa3aHO Ha pUCyHKe 13.

Tenepb MOJXHO IICPEXOAUTDh K HAIMMCAHHUIO HCXOAHOI'O KOJa IIPOIrpaMMBbI
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1.6 3amyck OPC cepBepa u ero HacTpoiika

Ao6peBuatypa OPC (ceituac — »sto Open Platform Communications,
B3aUMO-JICHCTBUE OTKPBITHIX Iutatopm) panee o3Hadana OLE for Process
Control, OLE s ynpaBiieHust porieccam.

OPC wucnonsiyer texnonaoruro COM/DCOM pna peuienust 3ajaun oOMeHa
JAHHBIMA B CHCTEMax MpOMBINUIeHHOW aBTromatuzanuu. OPC-knueHt (mr0b6oe
npunoxkenue, Hanpumep SCADA-cucrteMa), BbI3bIBas OIpeAesieHHbIe (DYHKIHUH
oowvekta OPC-cepBepa, MOANMCHIBACTCS Ha IMOJYYEHHE ONMPEIEICHHBIX JAHHBIX C
onpenenenHon yacroroi. OPC-cepBep, MOIyuynuB KaKUM-TO 00pa3oM 3TH JaHHBIE
(vamie Bcero, onmpocuB 0OOPYIOBAHKE), BHI3bIBACT U3BECTHBIC (PYHKIIMU KIIMEHTA U
BpyuaeT eMy JaHHble. Takum 06pa3om, ucnoib3yroTcs Kak npsiMbie COM -BbI30BbI
(oT KJIMEHTA K cepBepy), Tak U oopatHbie (callback, oT cepBepa k KIHEHTY).

OPC-cepBepbl  KOHKPETHBIX  allapaTHbIX yCTPOMCTB  MOCTaBIIAIOTCS
MHOTHMHU TPOU3BOJUTENSIMU amnmapaTypbl. CBsi3b cepBepa C anmapaTypoil MOKET
OCYIIECTBIISITBCS 4epe3 Kakou-nmubo ¢u3uueckuii uHTEpPeic KOMIbIoTepa:
nocienoBarenbHblii mopT, USB, Ethernet, mmaty pacmmpenuss ¢ BBIXOAOM Ha
POMBIIIIEHHYIO CeTh U T.J. JJIs MpuiiokeHHus-KJIMeHTa nmapaMeTpbl GU3HIeCcKOro
MOJIKJIFOUYEHHSI COBEPIIEHHO HE HWHTEPECHBI, TIOCKOJIbKY TP HACTpOHKE
COCIMHEHHUS C CEPBEPOM OHHM HE 3a/IEMCTBYIOTCS (OHU MCIOJB3YIOTCS TOJBKO MPH
NEepBOHAYATBLHOM KOH(MUTYpUpPOBAaHUU CcaMOro cepBepa). HacTpolika kiueHTa
CBOJIMTCS K BEIOOPY HYXKHOI'O CEpBEpPA U3 CIIUCKA 3apETUCTPUPOBAHHBIX B CUCTEME,
COCIUHEHHsI C HHMM U BBIOOpY MEpPEeMEHHBIX JMJIi YTEHUS U 3allcH U3
MPEIOCTABIISIEMOr0 CEPBEPOM CIIUCKA MepeMeHHbIX. TakuM obpazom, OPC-cepsep
co3qaeT abCTpaKIMIo anmapaTyphl, Mo3Boss Jrod6oMy OPC-knueHTy 3amuchIBaTh
Y CUMTHIBATH JAHHBIE C YCTPOMCTBA.

CoctaB M cxeMa B3aMMOJEWUCTBHS MPOrPaMM-3JEMEHTOB HMUTALMOHHOU

CHCTEMBI ITIOKa3aHa Ha pUCYHKe 14.
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Moaenb o6wexra | CoDe
ynpasnesua kS l opcsmr

Simulink Matiab

TCP/IP
wnn
Local

e

MporpaMMHbIA K

MporpammupoBanme TCPAP ‘ maDaSye
M BHIyanu3auma unu L TCPAP ek
CoDeSys Local / CoDeSys _ SPPLCWInNT
: ) Gateway Server SMYNATOP KOKTPONNepa

Pucynok 14 — Cxema B3anMOJEHCTBUS IPOTPAMM

OOBeKkT ympaBJIeHUS TMPEACTABICH CBOEM uMUTAaMOHHOM Simulink-
MoJienblo.  ['OBOpsS ~ YOPOIIEHHO, MOJEIbh  «IIEPECUUTHIBACT»  BXOJHBIC
(yrpaBsifolue) CHrHajdbl B BBIXOJHBIC, HECylmue WHGOPMAIMIO O COCTOSHHUHU
oO0wekTa. [t BBOJa-BRIBOJIa MCTIONB3YIOTCS criennanbabie O0moku u3 makera OPC
Toolbox, Hanmuuue kotopsix B Simulink-auarpamme aBTomMaTHYeCcKu 00eCIieYrBaeT
«paboTy» MOJIENH B pealbHOM BPEMEHHU.

YacroTa nepecueTa MoJieNid, KOHEYHO, HE COBIAJAET C YACTOTOW OOMEeHa 10
nporokony OPC, — oHa CyIIeCTBEHHO BBIIIE, YTO MO3BOJIIET OOBEKTY M3MEHSTh
CBOE COCTOSIHME W B Tepuoj Mexay oomeHamu. OmHAaKO OJOKH MPENsTCTBYIOT
TOMY, 4TOOBI MOJENBFHOE BpEMs H3MEHSUIOCHh OBICTpee, YeM peaabHOe, KaK 3TO
o0brgHO uMeeT mecto B Simulink-monensx. Konednoe Bpemsi pacuera B HalIux
cUcCTeMax MBI Bcera Oy/eM yCTaHaBIMBaTh paBHBIM OeckoHeuHOCTH (B Matlab 3a
OCCKOHEYHOCTh «oTBeuyaeT» KoHcTaHTa INf — infinity, GeckoneuHocTh). Takum
0o0pa3oM, OCTAaHOBUTDH PacyeT MOXKHO OYAET TOIBKO BPYUHYIO.

VYnpasnsronias nporpaMma BbIIOJHIETCA Ha porpaMMHoM smysitope [TJIK
SP PLC WinNT, Bxomsmem B coctaB makera nporpaMmm CoDeSys.
HeoOxomuMocTh B «OTAEIBHOMY» MTPOTPAMMHOM  JIMYJSITOPE COCTOUT B
cnenytoreM. Koneuno, cama cpena mnporpammupoBaHusi CoDeSys maet
BO3MOKHOCTh 3aIllyCKa OTKPBITBIX B HeW mpoekToB 0e3 moakmtoueHus k [JIK B

pexume cumyisiiiu (Simulation Mode). OnHako B JaHHOM PeXKUME «OOIIAThCSI» C
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3alyIlIEeHHOW MpOrpaMMoOl, T.e. 3aJaBaTh BXOJHbIE U HAOIIOJATh BBIXOJHbBIC
MEepEMEHHbIC, MOXKHO TOJIBKO W3 Cpellbl MporpaMMupoBaHus. B 3Tom ciyuae
cieayet 3a0bITh 00 UCIOJIB30BAHUH, KAaKUX OBl TO HU ObLJIO BHEIIHUX MPOTrpaMM U
Bcto umutanuio ACY TII BHeaputh HemocpeacTBeHHO B mnpoekT CoDeSys. B
MPUHIIMIIE TAKOW TOAXOJ BIOJHE HMMEET MPaBO Ha CYIIECTBOBAHHUE, MOCKOJBKY
CoDeSys mpenocTaBisieT MOJHBIM HA0Op BO3MOXHOCTEH JJIsi €ro peaau3aluu:
MOXHO «O(QOpPMHTE» TPOTPAaMMHYIO MOJIeNIb O00BEKTa B BHUAEC OJHOM WU
HECKOJIbKUX MPOTPAMMHBIX euHUIl (TporpaMM Ui GyHKIIMOHAIBHBIX OJIOKOB), a
JUIST UMUTAllUM 4YeJI0BEKO-MaIIMHHOTO WHTepdeiica 3aleiicTBOBAaTh JOCTATOUYHO
pa3BuUThIE cpeacTBa Buzyanu3anuu camoi cuctembl CoDeSys. Ho, Ha Hamn B3ruis,
TaKOW «OIOKETHBINY» BapHaHT MMHUTAIMOHHOW CHCTEMBI BCE K€ IPOUTPHIBACT
BapUaHTY C UCIIOJIb30BaHUEM Pa3HBIX MTPOTPAMM.

[Togpo6HO  MOCHIEnOBAaTENIBHOCTh  JEUCTBUN,  OCYIIECTBISAEMBIX  IIPHU
NOAKIIOYEHUH KOoHTpoJuiepoB cucteMbl CoDeSys uepes3 OPC-cepep k
KOMITbIOTEpPY, onrcaHa B [6]. Huke mepeuucieHsl mmard, KOTOpble HEOOXOAMMO
clenaTh IS OpraHu3auu ooOMeHa ¢ BUPTYalbHBIM KOHTposiepoM SP PLCWiIinNT
V2.4.

1. Coznate nporpammy (mpoekt) B cpeae CoDeSys ¢ 1eneBoii margopmoit
3S CoDeSys SP PLCWinNT V2.4. IIpu HacTpoiike 11ejaeBoil miaTdhopMbl CaeayeT

yctaHOBUTH mapamerp Download symbol file Bkmagku General (pucyHoxk 15).

1~ It B
Target Settings @
Configuration:
Target F'Ia!iorm] Memory Layout Genesal lNe!wurk func!ionality] Visualization
1/0-Configuration
7 I Download as file
I No address check
2 ] ¥V Download symbol file v
™ Single task in multitasking ™ Symbol config from INI file V' Initialize inputs
™ Byte addressing mode ¥ PLC Browser ™ Load bootproject automatically
V' Initialize zero W Trace ™ SoftMotion
[V Online Change 8] | ] |
™ Update unused 1/0s

Defaut | ok | Cancel |

Pucynok 15 - Hactpoiika ueneBoii miatdopmbl
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1. O0bsBuTH nepeMensblie s oomena no OPC. B o6miem ciayyae takue
NEepEMEHHbIE MOTYT OBITh OOBSBICHBI B JIOOOW U3 NPOrpamm, OJHAKO IS

YIPOILEHUs AOCTYTa Jy4Ille BCE UX CAENaTh TI00aTbHBIMHU.

3. Hamucate mporpammy PLC PRG. B nporpamme nomkeH ObIThb, IO
MEHBIIIEH Mepe, OIMH OTEePaTOp, MOCKOIBKY 0€3 ATOro OHa HEe KOMIHINPYETCS.

4. CoxpaHUTh MPOEKT MO OCMBICIIEHHBIM UMEHEM B OTACIBHYIO TAMKYy.

5. 3amyctute PLCWinNT (Ilyck [1 Bce mporpammbr [ 3S Software []
CoDeSys SP PLCWInNT [1 CoDeSys SP PLCWinNT V2.4)(pucyHok 16),

YCTAaHOBUTDH CBA3b M 3arpy3UTH IPOrpaMmMy B «KKOHTPOJLICP.

M T ——

PLCWinNT - V2461 Build: Jun 1 2007 (DEMO) [
State Program Loaded
|STOPPED Yes
Messages

- Project Info - -

Program Name = Controller, pro

Date =5.1.15 16:44:09 E

Version =

Author = 2
TCPIP-Settings | IP-Address 192.168.1.3, Port 1200 |
RS232-Settinas |No serial interface configured

Start ‘ Reset I l J-List Shutdown

Pucynok 16 - Okno PLCWINNT

B ciyuae, eciin CBSI3b ¢ KOHTPOJUIEPOM YCTAaHOBHUTBH HE yAAJIOCh, CIEAYET

HACTPOWTHh KOMMYHHUKAITMOHHBIE TapamMeTpbl B MeHI0 Online (pucynke 17).

6. Otkmounts CoDeSys or PLCWInNT u nepetitu B Onmum (Options) B

meHio Project. Beiopars Symbol Configuration n ycranoButs ramouxy Dump

symbol entries (pucynke 18).
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Communication Parameters

—Channels
QK
= Local cpllp ontrollerpro
'localhost via Tepflp_ ‘T IC
m Name | value | Comment | Lancel
Address localhost P address or hostname
Pont 1200

Motorola byteorder No

Communication Parameters: Gateway o e Bermove

Comecion [ ESENNN

addrest Cancel |
Ill;u:':\llwcm ;I

g e

Pucynok 17 - HacTpoiika KOMMyTallMOHHBIX IAPAMETPOB

Oion: — e Y [=X=)

Categony:

| [food Sove

Uzer Informaban :
E ditor |W Dump spmbol enties |

Desklop

Cokii I Dump ML symbol table
Directonies
Log

Buid
Passwords Corfigure symbolfie .. |
Source dowrload
Symbol configuiats |r

M acros

Pucynok 18 - YcranoBka oniuit

7. CxoHGUTYpUPOBATh «CHUMBOJBHBIN (paili», BbIOpaB TMEepeMEHHBIC IS
oomena o OPC (pucyHok 19).
8. Hactpouts mapametrpsr OPC-cepBepa. Jlyis 5T0ro He0OX0IMMO 3aITyCTUTh
koHpuryparop OPC-cepepa (Ilyck [ Bce mnporpammsl [ 3S Software [
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Communication [ CoDeSys OPC Configurator). B oxne konduryparopa
tpedyetcs nodaButh PLC (Append PLC) u Hactpouts coenunenue (Connection).
[lo cymecTBy a0CTaTOYHO BBHIOpAaTh W3 CHHCKA COEAUHEHHE, HACTPOCHHOE B

npoekte CoDeSys (pucynox 20) .

. -] PLC_PRG (PRG)
B- £, Resources
B~ Global Variables
& @ Global_Variables

- @ Appr_Floors_Down (BYTE)
@ &ppr_Floors_Up (BYTE)
P 0 C_5||5;[]own[El\’:'TE]
..... 73 CallsDovwnFarm BYTE]
i J CalisUp (BYTE]
a4 CallsUpFom [BYTE)
----- 7Y Clase (BOOL)
w4 Closed (BOOL
ol 3 Covnfloor (BOOL)
----- 73 DownFloor2 (BOOL)
U ownFloor3 (BOOL)
s ¥ Floor! (E00L)
..... 7Y Flooi2 (B00L)
l” J Floor3 (EOOL)
""" 74 Floard (BO0L)
~ @ Floors (BYTE)
2 ] LowSpeed {BO0L)
..... 7Y Open (BOOL)
wl ] Opened (BOOL)

LN

[V Export variables of object
[T Export data entries
[V Export structure components

IV Export arrap entries
n IV Wiite access I

Pucynoxk 19 - BeiGop nepemennsix s oomena mo OPC
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'Eomoler po

oS
e
| Vabe | Comment ]| Cencol |
B |

 addes: o hosinsme

Pucynoxk 20 - Hacrtpoiika OPC ceprepa

9. «Ilepectpouth» mnporpammy (mpoekr) CoDeSys, BKIIOUMB B Hee BCe
M3MEHEHUs], CJeJIaHHbIe Tociie 3arpy3ku B KoHTpoiuiep. [ns atoro Tpebyercs
BbI3BaTh koMaHny Clean all u3 mento Project, 3atem xomanay Rebuild all u3 Toro
xe MeHr. CoDeSys nepekoMnuiInpyeT nporpaMMy U HEpe3arpy3uT MPOEKT MpH
caenyromem noakiaodeHnu kK [IJIK.

10. Tlogxmroumthcss k PLCWInNNT, cornacuBmmch Ha Tepe3arpy3ky
npoekTa. C momotisto 11000 nporpammbl OPC-kiineHTa, IpoBEpUTh TOCTYITHOCTh
OPC cepBepa CoDeSys u nepeMeHHBIX uisi 0OMeHa. PekoMeHanuu 1o penieHuto

BO3MOXHBIX MTPOOJIEM IPUBEICHBI B TIPEABITYIIEM ITyHKTE.
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2 NMUTALOMOHHOE MOJEJIMPOBAHUE CUCTEMBbI
YIIPABJIEHUA IBKEHUEM KO3JIOBOI'O KPAHA

JlJist KypcoBOTo npoekTa 0yneM MOJEIUpPOBaTh KO3JIOBOTO KpaHa (PUCYHOK

21).

)

% R T1T1]
)i & E i‘.,...‘:ﬁu%-ﬁ
il L | — > 2
= —= -

o i

e .
S L
j
¢
.';L‘
<7
>
Pucynok 21 — KosnoBo#i kpaH
Kosnosoii kpan (KK) — wmHOrodyHkimoHnansHoe 0O0OpyIOBaHHE IS

pPa3IUYHBIX TUJIOMIAIOK U OOBEKTOB, TAE€ TPy30MOJABEMHBIE pPaOOTHI BEIyTCS
nocTostHHO. KO03JI0BOM KpaH — 3TO arperaT MOCTOBOTO THIIA. [ OpHU3OHTaIBHAS
OaJika, M0 KOTOPO# MepeMeIaeTcs rpy3 — KOHCTPYKTUBHO OTHOCHUTCSI K MOCTOBOM
IpyIIe MNOABEMHBIX MeXaHU3MOB. OCHOBHBIM OTIIMUMEM siBisieTcsl TO, uTo KK
MOXET CaM MEePE/IBUTaThCs 0 pelibcaM.  YCPEIHEHHBIM CPOK  3KCIUTyaTaluu
KO3JIOBBIX KpaHOB — okojo 20 mer, Hapabotka Ha oTka3 ~ 3 000 muKIOB.
Ko3n0Bol KpaH cOCTOUT H3:

1. purenb (bepma, 0anka) — MPOJETHOE CTpoeHHE. MOCT JETKHX |

cpenanx KK — o1HOOIOUHBIHN, TSKEIBIX — ABYXOJIOYHBIN.
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banka ObiBaeT pemreryaTas WM CIUIOIIHOCTEHHas pa3Horo cedeHus. OHa
MOXXET UMeTh | WM 2 KOHCONM, WIM HE HMETh HUX COBCEM (KOHCOJIbHBIE H
OECKOHCOJIbHBIE KPAHbI);

2. OMOPBI — KECTKUE, MPOCTPAHCTBEHHbIE, THOKUE WM Tuiockue. Ecnu
npoJeTsl <25M, TO BCE ONOpPbI — JKECTKUE, BHU3Y KaXI0W 3aUKCHpPOBaHbI

XOOOBBIC TCIICKKH. HpI/I 0O0JIBIINX paCCTOSAHUAX MCKAY PEJIbCaMH — OJIHa HOra

(dukcupyercst xKecTko, a 2-1 — mapHupHo. Kaxnas onopa BkitoyaeT 1 wim 2
CTOMKU;
3. KpaHOBbIE (TPY30BBI€) TEJEKKH (WJIM DJIEKTPOTalb), 00OpYAOBaHHBIE

IPY30MOIbEMHBIM MEXAaHU3MOM, Ha KOTOPBIM KpenuTcs rpy3. I'py30BbIE TENEKKU
OBIBAIOT MOHOPEIBCOBBIMU WJIM JIBYXPEIbCOBBIMHU. JIByXpenbCOBBIE TEIIEKKH
NEPEIBUTaloTCs M0 000UM MOsACaM — BEPXHEMY M HHKHEMY, a OJJHOPEIbCOBbIE —
TOJIBKO TIO HUKHEMY;

4. anekTpoobopynoBanue. JHeprocHabxkenne KK — ot BHemHel cetu
0 TpOJJIEIM WIM C MoMoulplo TruOkoro kaOens. Kabenp HakpyuuBaeTcs Ha

kabenbHBIN OapabaH, 3aUKCUPOBAHHBIN HA OJTHOW U3 OTIOP KpaHa,

d. MOIKPAHOBBIE PEIBCOBBIC MyTH —  Ha3eMHBbIe, penbchl  P43/P24
(P50/P65) ycranaBnuBarOTCS Ha JepeBsHHbIe (&/0) IMmansl HAa TpPaBUWHOU
noxymke. Penbchbl MOMKHBI OBITh C 3a3€MJIGHHEM W TYNUKOBBIMHU YIIOPAMH.
JIBuKeHNE TPOUCXOIUT OJarojapsi AByXpeOOpIHBIM KOJiecaM, YCTAHOBICHHBIM Ha
onopax. Pa3Mep koneum paBeH mposieTy KpaHa. [IoMUMO KOHCTPYKTHMBHBIX
AJIEMEHTOB B YCTPONCTBO KO3JIOBOI'O KpaHa BXOISAT MEXAHU3MBbI MEpPEIBHKEHUS
BCEr0 KpaHa M TEJNEXKH, IPy30NOAbEMHBIN MEXaHU3M. YTPaBISATh MOABEMOM U
nepeMelnienrem rpy30B KK MoxxHO ¢ 3eMiu uin u3 KaOUHBI.

DNEeKTpUIEeCKuil Crmocod — u3 KaOWHBI KpaHOBIIMKAa. C BBICOTBI YETKO
BHJIHO TPy3 JIOOBIX pa3sMepoB, KaOMHAa MOXET OBITh 00OpymoBaHa OOPTOBBIM

KOMITBIOTEPOM 17151 00J1ee TOUYHOT'O pa3MEICHUs TPY30B.

29



2.1 Co3znanue 3D-monenn kpana

Jns Ttoro utoObl co3nath 3D-monens k03710BOrO KpaHa, HEOOXOIUMO
OTIPEIETUTh €T0 OCHOBHBIE TOJBMKHBIE YACTH. BCero mx moaydymsioch TpH: HOTH
KpaHa (pucyHoK 22), kabuHa (pucyHok 23) u Kprok (pucyHok 24). Jlnsa kaxaon u3
Hux B SolidWorks co3maem Mozeins U mociie coorpaeM X BMECTe B cOOpKe.

Mopenb HOr KpaHa Oyner nepemeniaTbcsi mo ocu Z U BMECTE C HEW Bce

OCTaJIBHBIC 4aCTH.

Pucynok 22 — TpexmepHast MozielIb HOT KpaHa
Tak kax kaOuHa OyzmeT pacHojio)keHa Ha Horax KpaHa, €€ IepeMelIeHHe

OCYILIECTBIATHCA MO ABYM OCsAM X U Z.

O

Pucynok 23 - TpexmepHast Mojie)Ib KAOMHBI KpaHa

[TepemernieHne Kproka B CBOIO Ouepe/ib OCYIIECTBISETCS MO BCEM OCSIM, TaK

KaK €TI0 IMOJOKXCHUC BINIOTHYIO 3aBUCHUT OT HepeMeHIGHI/Iﬁ HOT ¥ KaOMHBI KpaHa.

=g

Pucynok 24 - TpexmepHast MOJENIb KPIOK
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[lToMUMO OCHOBHBIX 3JIEMEHTOB HaM HEOOXOAMMO KaKO€-TO OCHOBAaHME
(pucyHok 25), 1o KOTOpoMYy KpaH OyZeT coBepliaTh ABMkKEeHUE. B kauecTBe ero
BO3bMEM ILJIOCKYIO MOBEPXHOCTh M PACIHOJIOKMM Ha HEW PEJbChl, M0 KOTOPBIM

OyJeT IBUraThbCs KpaH.

Pucynok 25 — Mogenb oCHOBaHUSA
Jnst nemoHcTpaiuu pa®oTel kpaHa co3gaauMm 3D-monens KoHTeitHepa
(pucyHOK 26), Wrparouiero poiib rpy3a, KOTOPbIA TNEpeMellaeT KpaH C OJHOTO

MecTa Ha JApyToe.

Pucynok 26 - 3D-Mozenb KOHTelHEepa
CoOpaB Bce DJIEMEHTBHI BMECTE, TIOJTYYUM IOJTHYIO MOJICNIh KO3JI0BOTO KpaHa
(pucynok 27), KOTOPYIO SKCIOPTHPYEM ¢ momorisio Simscape Multibody Link B
MatLab Simulink.

Pucynok 27 — TpexmepHast MO€Nb KO3JI0BOTO KpaHa
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2.2 Cozpanue Simulink moxesn

[Tocne mepenoca tpexmepnor moxenu u3 SolodWorks B Simulink, Oputa
MoJlydeHa MOJIETb KOTOPYIO HYXHO J0palaThiBaTh IJsl TOTO YTOOBI €l MOKHO
OBLJIO 3a/1aBaTh NO3UIMU OOBEKTAM CUCTEMBI (TEM CaMbIM YNpPaBIATh €10). ['oToBas

cucTeMa U300pakeHa Ha pUCYHKe 28.

T g

rTTTTm

......

AR,

Pucynok 28 — Simulink momes

Camy cucteMy MOKHO TOJIETTUTh HAa YETHIPE OCHOBHBIC YACTH, TaKWE KaK:
050K yrpaBieHHe 1Mo ocu X; OJIOK yMpaBleHUs MO OCU Y; OJOK YIpaBJICHHS IO
ocu Z; O6JI0K 3a1aHHS MTOJIOKECHUS KOHTeHepam (Subsystem).

2.2.1 OcHOBHBIE 0JIOKM ¥ UX OMUCAHNE

Bce Omoxu mexmy coboil mpakTWdeckd HACHTHYHBI. Hekotopeie Oi0ku
MJIOTHO B3aUMOJIEUCTBYIOT APYT C APYTOM, HO MPHU 3TOM y KaXKIOTO CBOS 3aj1a4a U
O00BEKT yIIPABIICHHUSI.

brnok ymnpaBnenne mo ocu X (pucyHok 29) oTBewaeT 3a Imepeaady

MOJIO’KEHUSI OCHOBAHUIO KaOWHBI KpaHa, KOTOPOE COBEPIIAET ABUKEHHE MO ocu X.
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speed

Out1 osnkab_pravo

(D

speed

osnkab_levo j—
Subsystemd 1
P IN _n.{ 3 )
OUT 2
( 2 } #{ osnkab_pravo_IN
osnkab_prav N
osnkab_pravo OUT H——
— sign_x_R{auto} I
pravo_DOWRN
’—P IN2 ouT
» IN
OUT
@ P osnkab_levo_IN sign_x R(auto)
(C4) osnkab_lev o
" osnkab_levo OUT [ Subsystem
poz_x ( [ } | sign_x_L (auto)
agn_x L{autp) levo_UP
D
sign_x_R(auto)

const

Joint Actuatori

\.&@

PA(IN) P1(OUT)

Pucynok 29 — bioxk ynpasienue mo ocu X

o

Joint Sensort

X

Display1

CocTtouT OH W3 cieayrommx asneMeHToB: Subsystem4 (pucynox 30) — B

JaHHOM 0J0KE B OCHOBE JIEKHT HHTCIpaTop, B KOTOPOM YBCINYHUBACTCA WIIH

YMCHBIIACTCA YHCIIO (B 3aBUCUMOCTH OT TOIO KaKOi CHTrHaJl ObLI IIoJaH,

osnkab_pravo wim osnkab_levo), Tem caMbIM 3TO 4KCII0 OYACT CITY)KUTh TO3HUIIUCH

s ocHOoBaHHS Kkabuubel mo ocu X; pravo DOWN (pucynox 31), levo UP

(pucynok 32) u Subsystem (pucysnok 33) — cayKaT I TOr0 4TOOBI MOKHO OBLIO

3a1aThb ITOJIOKCHUC U 3aHATb UMCHHO €0, HC3aBUCUMO OT CKOPOCTH.

O

speed

csnkab pravo

@—»:—f

e
|—.'—| = ;\‘
: W
SwitchZ
Zaind
Zainb
|—b—| =0 ™
a e a
Switchd
Zaind

osnkab_levo

i

egrator

Pucynok 30 — Bitok Subsystem4
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—
— >0
1 »— ouT
I » Switch21
— »Hi=0
Switch17
w  |Product2
L A
> \_ (1)
poz_x o——4{0] sign_x_R(auto)
Switch19Constant20
[ I
consonts- = x
[Ort— |—>—|>U osmhab—pravo—th
Constant2%®witch18 ) — Products osnkab_prava_OUT
Constant@witch20
Pucynox 31— bnok pravo_DOWN
—»
- L0
1 »— ouT
M » Switch16
— > 0
M —
Switch12
»*  |Product3
A A
b |
amiil
DS 7> 01dapsantiz 4 (1)
poz_x o—4—{0] sign_x_L (auto)
Switch14Constant19
iy |
cansiants> 0 — U
O |—P—|3‘U osmiab—tevo—th
ConstantSwitch13 D — Productd osnkab_leva_OUT
Constant1Bwitch15

(3 ) I
sign_x_R({auto)

Pucynok 32 — biiok levo_UP

|
I

o0

P

[
LK

IN2

——0

Switch1

Pucynok 33 — Bitok Subsystem
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AHANOTUYHO YCTPOSHBI M OCTAJbHBIC AIEMEHThl CHCTEMbI, Pa3HUIIA JIUIIb B
TOM, YTO OJIOK YIpaBJIeHHS 10 OCH Y OTBEYAeT 3a KPIOK, OJIOK YIPaBJICHUS 110 OCH
Z OoTBeyaeT 3a OCHOBAHME KpaHa, a OJIOK 3aJaHusl MOJOKEHHEM KOHTEHHepam
(Subsystem) oTBedaeT 3a ynpaBieHHE MTOJOKECHUEM KOHTEHHEPOB B IPOCTPAHCTBE.

2.3 Co3paHue ynpasJjsiolleil IporpaMmmbl

[Tocne Toro kak paspaboramu Simulink monens kpaHa, mepexomum K
pa3paboTKe yIpaBiIsSIFOIIECH MPOrpaMMBbl:

1) Omnucanne BHU3YyaJIN3allUU ITAHCIN YIIPABJICHUS ABUKCHUCM MOICIIN.

4 CoDeSys - kran.pro - [pupr]

&= Gaiin Mpaska Mpoexr Bcraska [lononwenms Ornaiin OkHo  Cnpaska RE”
BSE| B D)|eeE| S S8
[ — 1
. P
3 x? y 10 z-
B o J[ > J[ o ]
4 13 12 148 o 5010 j
21 8
247 2
oo
Bl ® ®
[ [OHAARAH: localhast' via Topdp_ [GMY71. [ZAMYWEHD [TO (4

Pucynok 34 - ma"enb py4HOTO U aBTOMaTHYECKOTO YIPABICHUS
1 — KHOMKA PYYHOTO peKUMa yIpPaBICHUS;
2 — KHOTIKa aBTOMATUYECKOTO PEKUMA YIIPaBICHUS;
3 — KHOTKa yOpaTh Bce KOHTEHHEPHI;
4 — KHOTIKA MOSABJICHUS TPY3a,;
5 — KHOTIKa BKJTFOYECHHS BHICOKOW CKOPOCTH JBMXKCHHSI MOJICTIH;
6 — KHOTIKA BKJIFOUCHHSI CPETHEH CKOPOCTH JBMIKEHUS MOJICIIH;
7 — KHOTIKA BKJTFOUCHHSI OOBIYHOM CKOPOCTH JBMKEHUS MOJICIIN;

8 — xHomKa 3aJaHus Ha4aJIbHOI'O ITOJIOKCHU A,
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9 — KoopAMHATHI KpaHa Mo ocu X;

10 — koopAMHATHI KpaHa 1O OCH Y

11 — koopAMHATHI KpaHa 1Mo OcH Z;

12 — kHOIKa yrpaBieHUs: KpaHOM MO ocu Z (OCHOBaHUE KpaHa) BIIEBO;
13 — kHOMNKa QpuKcauyu KHOMKH 12;

14 — kHOMKa yrpaBieHUs! KpaHOM MO ocu Z (OCHOBaHUE KpaHa) BIPABO;
15 — xkHomnKa (ukcanuu KHONKHU 14;

16 — kHOIKa yrpaBieHUs: KpaHOM 1O ocH Y (KPIOK KpaHa) BBEpX;

17 — kHOMnKa QuKcanuu KHONKH 16;

18 — kHOIKa yrpaBieHus: KpaHOM 1O ocH Y (KPIOK KpaHa) BHU3;

19 — xkHomnKa uKcaruu KHOMKHU 18;

20 — KHOMKa YyIpaBJIeHHUs KpaHOM 110 ocu X (kaOHuHa KpaHa) BJIEBO;

21 — xHomka ¢ukcaruu kHonku 20);

22 — KHOIIKa yIpaBJICHUS KpaHOM 110 ocu X (kabuHa KpaHa) BIIPABO;
23 — xHOMKa (pUKCaIy KHOTIKU 22;

24 — xHOTKA 3aJaHusl IO3ULIUY JJISl B3SITUS IPy3a;

25 — KHOTIKa Havaja aBTOMaTHIEeCKON paboThI;

26 — KHOTIKa 3aXBaTa Tpy3a KPIOKOM.
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2)  Omnwucanune nporpammel PLC_PRG(ST):

A Co - kran.pro - C_PRG (PRG-5T)]

B Daiin Mpaeka [poexr Beraewte fJoncondenwa  Ownaitn Owde  Cnpaeka -

2|8 @005 S| * [E| 6| W

0001[FROGRAM PLC_PRG

3 POU 0002|VR
e a_upr [PRG) DOD3|END_VAR
- [E] Kont_i [PRG) posadl N
SENFLC_PRG (PRG) |l=——
“IEl Sker [PRG) 0003|Kont._ri;
0004{a_upr;

0005|IF R_U = TRLUE THEM
0006 upr:=FALSE,
000F|ELSIF A_U=TRUE THEN

upr = TRUE;
0008|END_IF v

< >

Pasmep kopa: 21405 Gait
EVERERER NI 5

| [Crp. 1, Cran6.: 1 [OHNAAH [3&M [MPOCMOTE

Pucynok 35 — ocroBHas nporpamma PLC_PRG

B nannHo#l mporpamMme OCYIECTBISIETCS 3aMyCK MOJNPOrpamMmM st paboThl
CUCTEMBI U peain3oBaHa paboTa KHOMOK ISl TEPEKIIOYCHHS MEXIY PYYHBIM H

ABTOMATUYECKUM PEKUMOM YIIPABJICHUS.
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3)  Omnwucanue nognporpammser SKor (ST):

4 CoDeSys - kran.pro - [Skor (PRG-5T]]

&y Daiin Mpaeka [poerkr Beraewte Jonondedwa  Ownafin Owno Cnpaeka - 8 %

SR RE R T e s
D001 PROGRAN Skor

A POU 0002VAR
2] aupr (PRG)|| (0003  state:BYTE:
kont_iPRG| [0004END VAR

FLC_PRG [F| pooc
_upr [PRG]
Skor [FRG]

< >

0001|IF BTM_speed = FALSE AMD BTH_speedi=FALSE AND BTH_speed2= FALSE THEN ~
0002 BTH_speed:=TRLE;

0003 BTH_speed1:= FALSE;

0004 BTH_speed2:= FALSE;

0005 state:=0;

0006/END_IF|

0007|
D008 CASE state OF
0009
0010)0:
0011
D013IF BTM_speed = TRLE AND speed == 1 THEN
0013 state:=1;

DO014EMD_IF

0015
D016(IF BTM_speed1 =TRUE AMD speed ==5THEM
0017 state:=2;

D018 EMD_IF

0019
D020IF BTM_speed2 = TRUE AMD speed == 10 THEN
0021 state:=3;

D022 EMD_IF

0023
00241

0025 speed =1,

0026 BTM_speedl.=FALSE,;
0027 BTM_speedZ=FALSE,
0028  state:=0;

0029
0030|2:

0031 speed =5;

0032 BTM_speed=FALSE;
0033 BTM_speed2=FALSE;
0034 state:=0;

0035
0036(3:

0037 speed =10;

0038 BTM_speed1:=FALSE;
0039 BTM_speed=FALSE;
0040, state:=0;

0041
| < > || [o0azlenD_case 5
l-[: % nn 49 < N
| [Crp.: 6, Cron: 7 [OHAAMH [22M [MPOCMOTE

Pucynok 36 — kox nmogmporpamMmsl SKOr
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B nanHOl moxamporpamme peajau3oBaH BbIOOpP CKOPOCTH JABHKEHUS
00BbekTOB cucTteMbl. [lo TIaBHOMY yCIIOBHE €CIM HM OJIHa M3 KHOIOK HE ObLia
HaXkaTa, TO BKJIIOYAETCS MUHUMAJBHBIA PEXUM CKOPOCTH. A JaiblIie B CKOPOCTh
3aBUCUT OT TOrO Kakas KHONKa Obla HaxaTta (Majas CKOpPOCTb, CPEAHsS WIH

OoJibias).

4)  Omnwucanue noamnporpammbel Kont_ri (ST):

-, CoDeSys - kran.pro - [Kont_ri (PRG-5T]]

ﬁ ©aiin Mpaeka [poekr Beraewte  [JononneHua  Ownalin Owno  Cnpaexa - &8 x

2|2(E| B|@|enBIS|SAWR * |E|w|5|w

0001PROGRAM Kont_ri
3 POU 0002VAR

/2] a_up [PRG]|| [000F  state1:BYTE

0004 END_VAR

~[5] PLC_PRG (F| [*59 >

H £
..... PHG —
ISl e PRG) e S BTN, gruz = TRUE THEN ~

- Sker PRG] || F5gpal kon_1:=TRUE;
QO03EMD_IF

0005|IF BTM_gruz = FALSE AMD kon_1 = TRLUE THEM
0006 kon_2 =TRLUE;
D00F|EMD_IF

D009/IF kon_1=TRUE AND kon_2 = TRLIE THEM
0010 kon = kon+1;

0011 kon_1:=FALZE;

0012 kon_2 .= FALSE,

D013 EMD_IF

< >

' Djj._[: E F‘("\l—n T T ——— AT mrn e Ml n AAS WA Do en bl O O LS A o ..ru.-..-.-.._..._.;,

[ [Crp.: 1, Crong.: 1 [OHMAAH [3&M [TPOCMOTE

Pucynok 37 — moamporpammsr Kont_ri (ToJtHBIH KO ITOAPOTPaMMBbI B

NPUIIOKEHUH b)

JlanHass nmoamporpaMma OTBEYAeT 3a MOSBICHHE TIpy3a M €ro
B3aMMOJICHCTBHE C KpPaHOM, a WMEHHO MoAOOp KOoHTelHepa. B Hamem ciydae
KOHTEWHEPOB IIECTh, KAXKIbIA HMMeeT CBOM HoMep. [lo ycinoBHiO KOHTEHHED
MOXHO MOJ00paTh TOJILKO B TOM CJy4dae, KOrja KPIOK HaXOJAUTCS MPsIMO HaJ HUM

U KacaeTcs ero CBepXy.
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5)

Onwucanue moanporpaMmsl I_upr (ST):

<+ CoDeSys - kran.pro - [r_upr (PRG-5T)]

ﬁ ®aiin  [paeka [lpoext Beoraswme [Jononnenns  Ownaitn Owkne  Cnpaeka - 8 X
el e el e e e
0001[PROGRAM r_upr
3 FoU 0002/VAR
=[5 a_upr (PRG)|| [BO0ZEND_vaR
-[E] Kont_ri[PRG)| pAaas N
~[E] PLC_PRG F]| == _
] FRG) m”: upr = FALSE THEN ~
~[8 sker PRE) | 1500gInp:=TRUE;
0004G0O = FALSE;
0005
0006|IF BTN_kran_levo = TRUE THEM
0007 kran_levo:=TRUE;
000BELSE
0009| kran_levo:=FALZE;
O010END_IF
0011
0012|IF BTN_kran_pravo = TRLE THEN
0013 kran_pravo:=TRLE;
0014{ELSE
004 kran nrawvn=FAl SF <
< >
< >
aFEE [ > |
| [Crp.: 1, Crand. 1 [DHN&RAH [3&M [MPOCMOTR

Pucynox 38 — mogmporpamma I_Upr (IOJHBIN KO MOIIPOrpaMMbl B PUIIOKEHUU

B)

B panHOM moamporpaMme peaaM30BAHO PYYHOE YIPABJICHHUE CHUCTEMOM,
€CJIM JTaHHBIN pexxuM BbiOpaH. C ero MmoMoIIbi0 MOKHO JIMYHO HAMPaBUTh KPaH B
TO MECTO, KOTOpO€ HEOOXOAMMO, a TaKkKe MOoM00paTh Ipy3 M MOCTABUTH €TI0 TaM,
rae HeoOxoammo. Tak ke 3Ta MOANpOTrpaMMa COACPNKUT KOJ JUIsl YIpPaBIICHHS

KHOIIKaMHM 3aJaHHs HA4YaJbHOI'O IIOJOXCHHUA M 3aJaHHA IIOJTOXKCHUA OJIA B3ATHA

rpys3a.
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6) Ilognporpamma a_upr (ST):

ﬁ Paiin [paska [poekr Beraswte  Jonondenws  Onnalin Okno Cnpaexa - 8 X

Bl=|E] B0 BS (SR (8]0

Q00|PROGRAM a_upr
‘3 POU 0002)AR
- 0003 state2BYTE;
- Kont_ri [PRG %END_‘W«R
(5] PLC_PRG [F < s
(El e PRST | FooRaiE upr = TRUE THEN ~

& sker PRE) || 5503

0003(IF np =TRLUE THEM
0004  kruk_up=TELE;
Q005 kruk_down:=FALSE;
0006( IF Y=0THEM

0007 kruk_up:=FALSE;

0008 kruk_down:=FALSE;

Q008| kran_levo:=TRLIE;

0010 kran_pravo:=FALSE;

0011 osnkab_levo=TRLE;

0012 osnkab_pravo=FALSE;

0013 EMD_IF

%END_IF ~

< >

< >
- = B < >

| [Crp. 1. Cront: 1 [OHNAAR [3&M [MPOCMOTE

Pucynox 39 — mognporpamMmsl &_UPK (OJTHBIN KO MOATPOTPAMMBI B TIPHIIOKEHU U

I)

[lonmporpamMmma peanu3yeT aBTOMAaTUYECKOE YIPABICHUE CUCTEMOM, €Clu
JAHHBIA peXuM BHIOpaH. B aBTOMaTWMueckoM peXuMe KpaH CaMOCTOSTEIHHO
paccTaBliieT BCE Tpy3bl 0 CBOMM MECTaM MpPHU Ha)KaTHMM Ha KHOMNKY 25 (Hadaio
aBToMaTu4eckoi padotsl). [locie HaxkaThsi Ha KHOMKY (€CIM MMeeTCs TPy3) KpaH
3aHUMAaeT MO3ULHIO JIJIsl MOJIbeMa KOHTEIHepa, MOAUEIUISET €ro U MEePEeHOCUT Ha
OMpENICICHHOE €MY MECTO, MOCTaBUB Ipy3 Ha MECTO, OH OTHYCKAaeT €ro M
BO3BpAIlA€TCS B HAYallbHOE MOJIOKEHHE, B KOTOPOM OXHJAET HOBOrO rpy3a U

IIOBTOPHOI'O HAKAaTHs Ha KHOIIKY.
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2.4 3amyck u npoBepKa padoTbl CHCTEMbI

B mepByro ouepenr OTKpeiBaeM Bce NporpaMmbl, a umenHo MatlLab wu
Simulink Mozmens onucannyro myHkToMm Bbeimie, CODeSys u ero mporpammy s
yrpasiieHus nBmxkeHueM cuctemsl, PC-amyssitop I[TJIK SP PLCWInN.

3arpyxxaeMm nporpammy u3 CoDeSys B PC-smynsarop IIJIK u 3anyckaem e€.
B Simulink, Bo Bxmanke simulation stop time mumewm inf ams Toro yToObl Haina
MojieNib paboTana 0e3 OCTaHOBKH, MOCIE 3alycKaeM MOJENb U €CJIM BCe CAelIaHO
MpaBUJIbHO W HE BO3HMKJIA mpobiema c¢ moakiatoueHuem OPC — cepsepa, TO

OTKPOETCSI OKHO C TPEXMEPHOHM MOelb Halero kpaHa (pucyHok 40).

KRANZ

View  Simulation Model Help o
Hee2e0edel *»94X n e BN
EEE LB

A~

T=10.3

Pucynok 40 — TpexmepHast MoJielb KO3JIOBOTO KpaHa
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HpOBepI/IM YHOpaBJICHUC ABUKCHHUECM CHUCTEMBbI C IIOMOIIbBIO BU3YyaJIn3allu B

CoDeSys (pucynok 41).

4 CoDeSys - kran.pro - [pupr]
& oaiin Mpaeka [lpoekr Beraeka [Jonondedwa  Odnadd Okno Cnpaeea - 8 X

2|2|E| B|©)|eeE]|Ss SR

L= Buzyansamm
b

L]
o
JEI =)

| [OHN&RAH: localhost’ via Tepdp [AY0 [3aNYWEHD [TO}

Pucynok 41 — Buzyanuzanus nanens ynpasieHus B CoDeSys
Ecnn Bce KHONMKU W PEeXMMBI pa0OTalOT, KaK 3aJyMBIBAJIOCh, TO MOYHO
clelaTh BBIBOJ UYTO MMHUTAI[MOHHAS MOJIETh CUCTEMBl YIIPABICHUEM JIBMKCHUS

KO3JIOBOI'O KpaHa pa60TaeT IMpaBUJIBHO.
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SAKJIIOYEHUE

B 1aHHOM KypcOBOM MpOCKTe MOAPOOHO U3YYHIM HMHTAIIMOHHOE
MOJICTUPOBAHKE CHUCTEM YIpABJICHUs ABWKCHHEM. bBbUTa mpoBegeHa paboTa B
Takux nporpammax kak SolodWorks, MatLab Simulink u CoDeSys. B kauectBe
npuMepa cjienaHa pabodas MOIENb KO3JIOBOTO KpaHa, KOTOpas I0X0Xa Ha
OpPHUTMHAI U B TOYHOCTH TOBTOPSIET €0 JBUKEHUS, a TAKXKE CO3[aHa mporpaMma
YIOpaBJICHUS MM B pPYYHOM U aBTOMAaTHYCCKOM pexume. VIMUTAIMOHHOE
MOJICJTMPOBAHKE MOXKHO HCIOJIBb30BaTh B pasHbIX cepax, 4YTO IMOMOXKET He
MCIIOJIb30BaTh KaKOW-HUOY/Ab CTEH] WM O0OpY/JOBaHHE, a CHavaua MPOBEPHTH

nporpaMMy Ha MOJENH.
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[MTPUJIOXEHHUE A

Texnuueckoe 3ajaHue Ha pa3padoTKy

Texnuueckoe 3amanue paspabarbiBaetcs cornmacHo TpeboaHusm ['OCT
34.602-89 «MudopmanmonHas TEXHOIOTHSI».

TexHuuyeckoe 3alaHue COACPKUT CIEYIONIUE Pa3/AeIIbl:

1) BBEJICHUE;

2)  Ha3HAYCHHE W EJIH CO3MaHMs (PA3BUTHUS) CUCTEMBIL;

3)  xapakTepucTHKa 00BEKTOB aBTOMATH3AIlUH;

4) TpebOoBaHUS K CUCTEME;

5) cocTtaB u cogepkaHue padboT Mo CO3JJaHUIO CUCTEMBI;

6) MOPSIIOK KOHTPOJIS U MPUEMKHU CUCTEMBI;

7) TpeOOBaHMS K COCTaBY M COJAEPKaHHUIO pabOT MO MOATOTOBKE OOBEKTa
aBTOMAaTHU3AIMU K BBOJY CUCTEMBI B JICHCTBHE;

8) TpeOoBaHMs K IOKYMEHTHPOBAHUIO;

9) HCTOYHUKH Pa3pabOTKH.

1)  Bsenenue

JlaHHBIE ~ KypCOBOM  MPOEKT  OyAeT  TOCBSIIEH  HMHUTAllHOHHOMY

MOJICIMPOBAHUIO YIIPABICHUS JIBH)KCHUS CHCTEM.
OOBEeKTOM TaHHOM Pa3pabOTKU ABIAETCS KO3JIOBOW KpaH.

Mogens — 3TO 00BEKT, KOTOpPHIH OBUI CO374aH HCKYCCTBEHHO C IICJIBIO
VIPOILIEHHOTO MPEJCTABICHUS O pealbHOM OOBEKTE, MpOIlecce WU SBICHUHM W
OTpaykaeT CYIIECTBEHHBIC CTOPOHBI 00BEKTA, KOTOPBIA U3Y4aeTCs, C TOUYKHA 3PSHHUS

OeJIn MOICIIMPOBAHUS.

MOI[GJ'H/IpOBaHI/Ie — HCCJICAOBAHHUC 00BEKTOB IIO3HaHUA Ha  HUX MOACIIAX,

MIOCTPOEHUE U U3YUEHHE MOJENIEH PEAIbHO CYIIECTBYIOIINX OOBEKTOB, MPOLIECCOB
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WJIU SIBICHUM C 1IENIbI0 TOJYyYeHHUs OOBSCHEHUM STUX SBICHHUM, a Takke s

MMpCACKa3aHUA SIBJICHI/Ifl, HHTCPCCYIOMINX UCCIICA0BATCIIA.

OOBeKT, I KOTOPOTO CO3JAI0T €r0 MOJEIb, Ha3bIBAlOT OPUTMHAIOM WM
nporoTunoM. Monenb He sBisieTcss aOCOJMIOTHOM KOMHMEH CBOEro MpOTOTHUIIA, a
JUIIb OTPa)XaeT OCHOBHBIE €ro KadyecTBa M CBOMCTBA, KOTOPBIE SBIISIOTCA
HanOoJiee CyIIeCTBEHHBIMH JUIsl BHIOpaHHOM 1ienu uccienoBanus. [lpu co3panuu
MOJENHM BCETa HMEIOT MECTO OIpEIC/ICHHbIE AOMyIIeHuss W rumnore3sl. C
IOMOIIBI0 CUCTEMHOTO IOJAXOJa MOYKHO CO3/1aBaTh IIOJIHOLEHHBIE MOJEIH.

Ucnonnurenu: Anexko M.A , Jlopodeepa T.A.

2) Ha3znavyeHue n nesu co3nanus (Pa3BUTHA) CUCTEMbI

NmuTtainmoHHoe MOAEIUPOBAHUE YIMPABICHUS CHUCTEM JIBUXKEHUS HYXKHO
JUISL TOTO 4TO OBl U3YYHTH JBH)KEHHE 00BEKTa, KaKk OH pab0TaeT, U3 4Yero COCTOUT.
Pa3paboTka mpoToTMHAa Ha OCHOBE KOTOpPOro OyIyT CO3/1aBaThCid peabHbIC
MOJIeNId 00BEKTOB, KOTOpPbIE OYIyT 3aMEHSTh peaibHble O0OBEKTHI.

3) XapakTepuCTHKA 00b€KTOB aBTOMATH3AINHU

Kosnosoii kpan (KK) — wmHOrodyHkimoHansHoe 0O0OpyIOBaHHE IS
Pa3TUYHBIX TUIOMAJIOK U OOBEKTOB, TJ€ TPY30MOIBEMHBIE PabOTHI BEIyTCS
nocTostHHO. K03JI0BOM KpaH — 3TO arperaT MOCTOBOI'O THIA. ['OpU30HTaiIbHAs
OaJika, M0 KOTOPO# MepeMeIaeTcs rpy3 — KOHCTPYKTUBHO OTHOCHUTCSI K MOCTOBOM
IpyIIe MNOABEMHBIX MeXaHU3MOB. OCHOBHBIM OTJIMUMEM siBisieTcsl TO, 4To KK
MOXET CaM MEePE/IBUTaThCs 0 pelibcaM.  YCPEIHEHHBIM CpPOK  3KCIUTyaTaluu
KO3JIOBBIX KpaHOB — 0Ko0J10 20 neT, HapaOoTka Ha oTka3 =~ 3 000 muKIioB.

4)  TpeOGoBaHHe K CHCTEMe

Hyxno dro OBl Monmenmupyemas cuctemMa ObUla TIpOCTa W TIOHATHA,
MaKCHUMaJIbHO COOTBETCTBOBAJIa IBIDKEHHUSIM M Bena ce0s, Tak Kak OOBEeKT,
KOTOpbI MBI  MogenupyeM. C(Cucrema JOODKHA peann30oBaTb pPY4YHOE U

ABTOMATHYCCKOC YIIPAaBJICHHC.
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5)  CocraB u coaep:kaHue padoT Mo CO3TAHNI0 CHCTEMbI

Paspabotka tpexmepHoit monenmu B Solidworks, mepeHoc 3Todi Moaenu u
pa3paboTka ympapisitomed mnporpammel B Simulink, paspa®oTka mnporpamMmbl

BU3YyalIM3allNM, anpoOaliu, HaCTPOMKa.
6) IlopsinoKk KOHTPOJISI H MPUEMKH CHCTEMBI

MOI[QJIB KO3JIOBOT'O KpaHa, KOTOpasAa HOOJKHA ABUTATHCA IO TPCX OCIAM,
MMOAHUMATL TPCAMCTHI. MOI[GJ'[B OOJIKHA JABUTATBCA TIpU TOMOIOWM KOMAHI,
KOTOPbIC 6YI[YT 3a1aBaTbCA. PYKOBOI[I/ITG.HB IMPpOCKTa pa3 B HCIACIIO IPOBOAUT

KOHTPOJIb CUCTEMBI, a4 IPUCMKA CUCTCMbI 6YZ[€T HCIIOCPCACTBCHHO HaA 3aIIUTC.

7)  TpeOoBaHHsI K COCTABY H COAEPKAHHUIO PadoOT IO TOATOTOBKE

o0beKTa ABTOMATHU3AllUM K BBOJ1y CUCTEMbBI B HeﬁCTBHe

YcranoBka nporpammuoro obecrnedenus (MatLab (¢ maketom Simscape
Multiboby Link),Codesys), wnactpoiika cBs3uM, K COCTaBy MOJEIH €CTh

Solidworks.
8) TpeGoBaHMsi K JOKYMEHTHUPOBAHUIO

Onucanue KOMIIOHEHTOB CHCTEM VIPABJICHHS, HHCTPYKIUS K 3aIyCKy
Mojaenau, o0Iiee  OmuCaHWe, ONHCaHWEe  PEKUMOB  pabor  (pydyHOro,

ABTOMATHUYECKOTO0).

9) HcToYHHKH pa3padoTKu

1. PeibaneB, A.H. Paspaborka wu oswmynupoBanue ACY TII ¢
MCIIOJIb30BAaHUEM TIPOTPAMM pa3HbIX MpousBojautTeneit u tunoB / A.H. PriGanes,
®.A. Huxomaern / BectHuk AMypcKoro rocynapcTBeHHOTo yHuBepcuteTa. — 2014.
— Berm. 65: Cep. EctecTB. u 5koH. Hayku. — C. 73-82,

2. Anydppues, 1.A. MATLAB7 Haubonee monHoe pykoBoacTBo [Tekcr] /
N.A. Anydpues, A.b. Cmupuos, E.H. Cmupuosa // Cn6.: BXB-Iletepoypr, 2005.
— 1104 c.
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3. PykoBoacTBo nonb3oBarens no nporpammupoBanuio [IJIK B CoDeSys 2.3
[Onextponnsiidi  pecypc], —2006. - 158 c¢c. Pexum = jgocryna:
http://www.kipshop.ru/CoDeSys/steps/codesys v23 ru.pdf, cBoGoanslii. — 3ari. ¢

JKpaHa.
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[TPUJIOXXEHUE b

Kont_ri
IF BTN _gruz = TRUE THEN
kon 1 := TRUE;
END_IF
IF BTN _gruz = FALSE AND kon_1 = TRUE THEN
kon 2 := TRUE;
END_IF
IF kon_1 = TRUE AND kon 2 = TRUE THEN
kon := kon+1;
kon 1 := FALSE;
kon 2 := FALSE;
END_IF
IF kon=7 THEN
kon :=0;
END_IF

IF BTN _clear THEN
gruz := FALSE;
gruzl := FALSE;
gruz?2 := FALSE;
gruz3 := FALSE;
gruz4d := FALSE;
gruz5 := FALSE;
p := FALSE;
pl := FALSE;
p2 := FALSE;
p3 ;= FALSE;
p4 .= FALSE;
p5 = FALSE;
kon :=0;

END_IF

IF kon=0 THEN
statel := 0;

END_IF

IF kon=1THEN
statel :=1;

END_IF

IF kon =2 THEN
statel := 2;

END_IF

IF kon =3 THEN
statel := 3;

50



END_IF

IF kon =4 THEN
statel :=4;

END_IF

IF kon =5 THEN
statel :=5;

END _IF

IF kon =6 THEN
statel := 6;

END _IF

CASE statel OF

1:(* --1 *)
IF kon=1THEN

gruz := TRUE;
END _IF

IF (kon =1 AND v = TRUE AND BTN _vziat) OR (upr = TRUE AND vziat = TRUE) THEN
vziat := TRUE;
p := TRUE;

ELSE
vziat := FALSE;

END _IF

IFX=15AND Y =145 AND Z=0 AND kon=1 THEN
v .= TRUE;

ELSIF vziat = FALSE AND kon =1 AND NOT (X =15 AND Y =145 AND Z =0) THEN
v .= FALSE;

END_IF

2:(* ---2 *)
IF kon =2 THEN

gruzl := TRUE;
END_IF

IF (kon =2 AND v1 = TRUE AND BTN_vziat) OR (upr = TRUE AND vziatl = TRUE) THEN
vziatl := TRUE;
pl = TRUE;

ELSE
vziatl := FALSE;

END_IF

IFX=15AND Y =145 AND Z =0 AND kon =2 THEN
vl ;= TRUE;

ELSIF vziatl = FALSE AND kon =2 AND NOT (X =15AND Y =145 AND Z =0) THEN
vl := FALSE;

END_IF

(. x)
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IF kon =3 THEN
gruz2 := TRUE;
END_IF

IF (kon =3 AND v2 = TRUE AND BTN_vziat) OR (upr = TRUE AND vziat2 = TRUE) THEN
vziat2 := TRUE;
p2 := TRUE;

ELSE
vziat2 := FALSE;

END_IF

IFX=15AND Y =145 AND Z =0 AND kon =3 THEN
v2 := TRUE;

ELSIF vziat2 = FALSE AND kon =3 AND NOT (X =15 AND Y =14.5 AND Z =0) THEN
v2 := FALSE;

END_IF

4:(* -4 *)
IF kon =4 THEN

gruz3 := TRUE;
END_IF

IF (kon =4 AND v3 = TRUE AND BTN_vziat) OR (upr = TRUE AND vziat3 = TRUE) THEN
vziat3 := TRUE;
p3 := TRUE;

ELSE
vziat3 := FALSE;

END_IF

IFX=15AND Y =145 AND Z =0 AND kon =4 THEN
v3 .= TRUE;

ELSIF vziat3 = FALSE AND kon =4 AND NOT (X =15 AND Y =14.5 AND Z =0) THEN
v3 .= FALSE;

END_IF

5:(* ---5 *)
IF kon =5 THEN

gruzd .= TRUE;
END_IF

IF (kon =5 AND v4 = TRUE AND BTN_vziat) OR (upr = TRUE AND vziat4 = TRUE) THEN
vziat4 := TRUE;
p4 .= TRUE;

ELSE
vziat4 := FALSE;

END_IF

IFX=15AND Y =145 AND Z =0 AND kon =5 THEN
v4 .= TRUE;
ELSIF vziat4 = FALSE AND kon =5 AND NOT (X =15AND Y =14.5 AND Z =0) THEN
v4 .= FALSE;
END_IF
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6:(* ---6 *)
IF kon =6 THEN

gruz5 := TRUE;
END_IF

IF (kon =6 AND v5 = TRUE AND BTN_vziat) OR (upr = TRUE AND vziat5 = TRUE) THEN
vziats := TRUE;
p5 := TRUE;

ELSE
vziats := FALSE;

END_IF

IFX=15AND Y =145 AND Z =0 AND kon =6 THEN
v5 := TRUE;

ELSIF vziat5 = FALSE AND kon =6 AND NOT (X =15 AND Y =14.5 AND Z =0) THEN
v5 := FALSE;

END _IF

END_CASE
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[NPMJIOXEHUE B

r_upr
IF upr = FALSE THEN

np:=TRUE;
GO := FALSE;

IF BTN kran_levo = TRUE THEN
kran_levo:=TRUE;
ELSE
kran_levo:=FALSE;
END_IF

IF BTN_kran_pravo = TRUE THEN
kran_pravo:=TRUE;
ELSE
kran_pravo:=FALSE;
END_IF

IF BTN _osnkab_levo = TRUE THEN
osnkab_levo:=TRUE;
ELSE
osnkab_levo:=FALSE;
END_IF

IF BTN_osnkab_pravo = TRUE THEN
osnkab_pravo:=TRUE;
ELSE
osnkab_pravo:=FALSE;
END_IF

IF BTN_kruk_up = TRUE THEN
kruk_up:=TRUE;
ELSE
kruk_up:=FALSE;
END_IF

IF BTN_kruk_down = TRUE THEN
kruk_down:=TRUE;
ELSE
kruk_down:=FALSE;
END_IF

IF X=0 THEN
BTN _osnkab_levo:=FALSE;
ELSIF X=30 THEN
BTN_osnkab_pravo:=FALSE;
END_IF
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IF Y=0 THEN
BTN_kruk_up:=FALSE;
ELSIF Y=14.5 THEN
BTN_kruk_down:=FALSE;
END_IF

IF Z=0 THEN
BTN_kran_levo:=FALSE;
ELSIF Z=-60 THEN
BTN_kran_pravo:=FALSE;
END_IF

ST e

IF BTN_npol = TRUE THEN
kruk_up:=TRUE;
kruk_down:=FALSE;

IF BTN _npol = TRUE AND Y=0 THEN
kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;
osnkab_levo:=TRUE;
osnkab_pravo:=FALSE;

END_IF

END_IF

IF X=0 AND Y=0 AND Z=0 AND BTN_npol = TRUE THEN
kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=FALSE;
kran_pravo:=FALSE;
osnkab_levo:=TRUE;
osnkab_pravo:=FALSE;
BTN_npol := FALSE;

END_IF
CNMTMTHTr-
IF BTN_pol = TRUE THEN

poz_x:=15;

poz_z :=0;

poz_y :=14.5;

kruk_up := TRUE;

kruk_down:=FALSE;

IF Y=0 AND BTN_pol =TRUE THEN
kruk_up := FALSE;
kruk_down:=FALSE;

IF BTN_pol =TRUE AND poz_x - X >0 THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X R := TRUE;
sign_x_L := FALSE;
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ELSIF BTN_pol =TRUE AND poz_x - X <0 THEN
osnkab_pravo := FALSE;
osnkab_levo := TRUE;
sign_x_L := TRUE;
sigh_x_R := FALSE;
ELSIF BTN_pol =TRUE AND poz_x - X =0 THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_Xx_R := FALSE;
END _IF

IF BTN_pol =TRUE AND Z<> 0 THEN
kran_levo := TRUE;
kran_pravo := FALSE;
sign_z_R := TRUE;
sign_z_L := FALSE;

ELSIF BTN_pol =TRUE AND Z =0 THEN
kran_levo := FALSE;
kran_pravo := FALSE;
sign_z_R := FALSE;
sign_z_L := FALSE;

END_IF

END_IF

END_IF

IF BTN_pol = TRUE AND X = 15 AND Y=0 AND Z=0 THEN

kran_levo := FALSE;
kran_pravo := FALSE;
sigh_z R := FALSE;
sign_z_L := FALSE;
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;
kruk_up := FALSE;
kruk_down := FALSE;
sign_y UP := FALSE;
sign_y DOWN := FALSE;
BTN_pol := FALSE;

END_IF

END_IF
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IF upr = TRUE THEN

IF np = TRUE THEN
kruk_up:=TRUE;
kruk_down:=FALSE;
IF Y=0 THEN

END_IF

kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;
osnkab_levo:=TRUE;

[NPMJIOXEHUE T’

a_upr

osnkab_pravo:=FALSE;
END_IF

IF X=0 AND Y=0 AND Z=0 AND np = TRUE THEN

kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=FALSE;
kran_pravo:=FALSE;

osnkab_levo:=FALSE;

osnkab_pravo:=FALSE;

np := FALSE;

END _IF

END_IF

IF kon =1 AND GO = TRUE AND np = FALSE THEN
state? := 10;

END_IF

IF kon =2 AND GO = TRUE AND np = FALSE THEN
state? := 20;

END_IF

IF kon =3 AND GO = TRUE AND np = FALSE THEN
state? := 30;

END_IF

IF kon =4 AND GO = TRUE AND np = FALSE THEN
state? := 40;

END_IF

IF kon =5 AND GO = TRUE AND np = FALSE THEN
state2 := 50;

END_IF

IF kon =6 AND GO = TRUE AND np = FALSE THEN
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state2 := 60;

END_IF

CASE state2 OF

10:

11:

12:

13:

14:

poz_x := 15;
state? :=11;

IF poz_x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sign_X_R := TRUE;
sign_x_L := FALSE;

ELSIF poz x- X =0 THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

IF X =15 AND Y=0 AND Z=0 THEN
State? := 12;
END _IF

IF Y<>14.5 THEN
kruk_down := TRUE;
kruk_up := FALSE;

ELSE
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 13;

END_IF

vziat := TRUE;
kruk_down := FALSE;
kruk_up := TRUE;
IFY=0THEN
kruk_down := FALSE;
kruk_up := FALSE;
state? := 14,
END_IF

poz_x:=5;

IF poz_ x- X<0THEN
osnkab_pravo := FALSE;
osnkab_levo := TRUE;
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15:

sigh_x_R := FALSE;

sign_x_L := TRUE;
ELSIF poz_ x- X =0 THEN

osnkab_pravo := FALSE;

osnkab_levo := FALSE;

sign_x_L := FALSE;

sigh_Xx_R := FALSE;
END_IF

kran_levo := FALSE;
kran_pravo := TRUE;

IFZ=-60 THEN
kran_levo := FALSE;
kran_pravo := FALSE;
END_IF

IF X=5AND Y=0 AND Z=-60 THEN
kruk_down := TRUE;
kruk_up := FALSE;

END _IF

IFY =145THEN
kruk_down := FALSE;
kruk_up := TRUE;

vziat := FALSE;
state? := 15;
END _IF
IF Y=0 THEN

kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;

poz_x:=15;

IF poz_ x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X_R := TRUE;
sign_x_L := FALSE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

IF X =15 AND Y=0 AND Z=0 THEN
59



20:

21:

22:

23:

24:

state2 :=0;
END _IF
END_IF

poz_x := 15;
state2 :=21;

IF poz_x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sign_X_R := TRUE;
sign_x_L := FALSE;

ELSIF poz x- X =0 THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

IF X =15 AND Y=0 AND Z=0 THEN

state? := 22;
END_IF
IF Y<>14.5 THEN

kruk_down := TRUE;
kruk_up := FALSE;
ELSE
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 23;
END_IF

vziatl := TRUE;

kruk_down := FALSE;

kruk_up := TRUE;

IFY =0THEN
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 24,

END_IF

kran_levo := FALSE;
kran_pravo := TRUE;

IFZ=-60THEN
kran_levo := FALSE;
kran_pravo := FALSE;
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25:

30:

31:

END_IF

IF X =15 AND Y=0 AND Z=-60 THEN
kruk_down := TRUE;
kruk_up := FALSE;

END_IF

IFY =145 THEN
kruk_down := FALSE;
kruk_up := TRUE;
vziatl := FALSE;
state2 := 25;

END_IF

IF Y=0 THEN
kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;

poz_x:=15;

IF poz_x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X_R := TRUE;
sign_x_L := FALSE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF
IF X =15 AND Y=0 AND Z=0 THEN
state? := 0;
END_IF
END_IF
poz_x:=15;
state? :=31;

IF poz_ x- X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X R := TRUE;
sign_x_L := FALSE;
ELSIF poz_x- X=0THEN
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32:

33:

34:

osnkab_pravo := FALSE;

osnkab_levo := FALSE;

sign_x_L := FALSE;

sigh_x_R := FALSE;
END_IF

IF X =15 AND Y=0 AND Z=0 THEN

state? := 32;
END_IF
IF Y<>14.5 THEN

kruk_down := TRUE;
kruk_up := FALSE;
ELSE
kruk_down := FALSE;
kruk_up := FALSE;
state? := 33;
END _IF

vziat2 := TRUE;

kruk_down := FALSE;

kruk_up := TRUE;

IFY =0THEN
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 34,

END_IF

poz_x := 25;

IF poz_x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X R := TRUE;
sign_x_L := FALSE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sigh_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

kran_levo := FALSE;
kran_pravo := TRUE;

IFZ=-60THEN
kran_levo := FALSE;
kran_pravo := FALSE;
END_IF
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35:

40:

41:

IF X =25 AND Y=0 AND Z=-60 THEN
kruk_down := TRUE;
kruk_up := FALSE;

END_IF

IFY =145 THEN
kruk_down := FALSE;
kruk_up := TRUE;
vziat2 := FALSE;
state2 := 35;

END_IF

IF Y=0 THEN
kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;

poz_x:=15;

IF poz_ x-X<0THEN
osnkab_pravo := FALSE;
osnkab levo := TRUE;
sign_x_R := FALSE;
sign_x_L := TRUE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF
IF X =15 AND Y=0 AND Z=0 THEN
state? := 0;
END_IF
END_IF
poz_x:=15;
state? :=41;

IF poz_ x- X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X R := TRUE;
sign_x_L := FALSE;
ELSIF poz_x - X=0THEN
osnkab_pravo := FALSE;
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42:

43:

44

osnkab_levo := FALSE;

sign_x_L := FALSE;

sigh_x_R := FALSE;
END_IF

IF X =15 AND Y=0 AND Z=0 THEN

state2 :=42;
END_IF

IF Y<>14.5 THEN
kruk_down := TRUE;
kruk_up := FALSE;

ELSE
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 43;

END _IF

vziat3 := TRUE;

kruk_down := FALSE;

kruk_up := TRUE;

IFY =0THEN
kruk_down := FALSE;
kruk_up := FALSE;
state2 .= 44,

END_IF

poz_x:=5;
poz_z :=40;

IF poz_ x- X<0THEN
osnkab_pravo := FALSE;
osnkab_levo := TRUE;
sigh_X_R := FALSE;
sign_x_L := TRUE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sigh_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

IF poz z+Z>0THEN
kran_levo := FALSE;
kran_pravo := TRUE;
sigh_z_R := TRUE;
sign_z L := FALSE;
ELSIFpoz z+Z=0THEN
kran_levo := FALSE;
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kran_pravo := FALSE;

sign_z_R := FALSE;

sign_z_L := FALSE;
END _IF

IF X=5AND Y=0 AND Z=-40 THEN
kruk_down := TRUE;
kruk_up := FALSE;

END_IF

IFY =145THEN
kruk_down := FALSE;
kruk_up := TRUE;
vziat3 := FALSE;
state2 :=45;

END_IF

IF Y=0 THEN
kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;

poz_x:=15;

IF poz_x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X_R := TRUE;
sign_x_L := FALSE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF
IF X =15 AND Y=0 AND Z=0 THEN
state? := 0;
END_IF
END_IF
poz_x:=15;
state? :=51;

IF poz_ x- X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
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52:

53:

54:

sigh_X_R := TRUE;

sign_x_L := FALSE;
ELSIF poz_ x- X =0 THEN

osnkab_pravo := FALSE;

osnkab_levo := FALSE;

sign_x_L := FALSE;

sigh_Xx_R := FALSE;
END_IF

IF X =15 AND Y=0 AND Z=0 THEN
state2 := 52;
END_IF

IF Y<>14.5 THEN
kruk_down := TRUE;
kruk_up := FALSE;

ELSE
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 53;

END _IF

vziat4 := TRUE;

kruk_down := FALSE;

kruk_up := TRUE;

IFY =0THEN
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 54,

END_IF

poz_z :=40;

IF poz z+Z>0THEN

kran_levo := FALSE;
kran_pravo := TRUE;
sigh_z R := TRUE;
sign_z_L := FALSE;

ELSIF poz_z+Z =0THEN
kran_levo := FALSE;
kran_pravo := FALSE;
sigh_z R := FALSE;
sign_z_L := FALSE;

END_IF

IF X =15 AND Y=0 AND Z=-40 THEN

kruk_down := TRUE;
kruk _up := FALSE;
END_IF
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55:

60:

61:

IFY =145THEN
kruk_down := FALSE;
kruk_up := TRUE;
vziat4 := FALSE;
state2 := 55;

END _IF

IF Y=0 THEN
kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;

poz_x:=15;

IF poz_x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_x_R := TRUE;
sign_x_L := FALSE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END _IF
IF X =15 AND Y=0 AND Z=0 THEN
state? := 0;
END_IF
END_IF
poz_x:=15;
state? :=61;

IF poz_ x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X R := TRUE;
sign_x_L := FALSE;

ELSIF poz_x- X =0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF
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62:

63:

64:

IF X =15 AND Y=0 AND Z=0 THEN

state? := 62;
END_IF
IF Y<>14.5 THEN

kruk_down := TRUE;
kruk_up := FALSE;
ELSE
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 63;
END_IF

vziats := TRUE;

kruk_down := FALSE;

kruk_up := TRUE;

IFY =0THEN
kruk_down := FALSE;
kruk_up := FALSE;
state? := 64;

END _IF

poz_x := 25;
poz_z :=40;

IF poz_x-X>0THEN
osnkab_pravo := TRUE;
osnkab_levo := FALSE;
sigh_X R := TRUE;
sign_x_L := FALSE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

IF poz z+Z>0THEN

kran_levo := FALSE;
kran_pravo := TRUE;
sigh_z R := TRUE;
sign_z_L := FALSE;

ELSIF poz_z+Z =0THEN
kran_levo := FALSE;
kran_pravo := FALSE;
sigh_z_R := FALSE;
sign_z L := FALSE;

END_IF



IF X =25 AND Y=0 AND Z=-40 THEN
kruk_down := TRUE;
kruk_up := FALSE;

END_IF

IFY =145THEN
kruk_down := FALSE;
kruk_up := TRUE;
vziat5 := FALSE;
state2 := 65;

END_IF

65:

IF Y=0 THEN
kruk_up:=FALSE;
kruk_down:=FALSE;
kran_levo:=TRUE;
kran_pravo:=FALSE;

poz_x:=15;

IF poz_x- X<0THEN
osnkab_pravo := FALSE;
osnkab levo := TRUE;
sigh_X_R := FALSE;
sign_x_L := TRUE;

ELSIF poz_x- X=0THEN
osnkab_pravo := FALSE;
osnkab_levo := FALSE;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

IF X =15 AND Y=0 AND Z=0 THEN
state2 := 0;

END_IF

END_IF

END_CASE
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