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UMUTAIMOHHBIX Mojiesielt cuctem ynpabieHus ACY TII. Takasi cuctema BKIIOYAeT
B ce0s: MoAelb OOBEKTa; YIPaBISAIONIYI0 MPOrpamMMy; 3KpaH BHU3YyaJU3allWU.
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pean30BaHbl B BUJIE IPOTPaMM, Pa3HBIX KJIACCOB U TUIIOB.
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BBEAEHUE

Pazpabotka ACY COBpEMEHHBIX TEXHOJOTHUECKUX MPOIECCOB — CIOXKHAS U
OTBETCTBCHHAs 3ajia4ya, PEIICHHE KOTOPOH MPOU3BOIUTCS B HECKOJIBKO JTAIOB: OT
COCTaBJICHUS MaTeMaTHYeCKOW MOJENW J0 TPOCKTHPOBAHUS  YCIOBEKO-
MalnMHHOTO WHTepdelica. B Hamem KypcoBoM mpoekTe Oyner (UrypupoBaTh
UMUTAIMOHHOE YIPABIICHUE CUCTEM JBWKCHHS. VIMHTAIIMOHHOE MOJICTUPOBAHHE
— METOJ MCCJIeIOBaHUsI 00bEKTOB, OCHOBAaHHBIM HA TOM, YTO M3y4aeMbIi OOBEKT
3aMCHSCTCS UMUTHUPYIOIUM 00BbeKTOM. C UMHUTHPYIOIIUM OOBEKTOM TMPOBOAST
OKCIICPUMEHTHI (HE MpuOeras K SKCICPUMEHTaM Ha pealbHOM OOBCKTE) U B
pe3ynabTaTe MONydarT WHPOpManuio 00 u3ydaeMoMm oObekTe. MMuUTHpyrOmui
O0OBEKT TIpU JTOM SBISIET U3 cebs wuHboOpMaAIMOHHBIH 00bekT. llens
UMHUTAIMOHHOTO MOJCIUPOBAHUSI — TIOJNyYeHUE TPUOIMIKCHHBIX 3HAHUH O
HEKOTOPOM IapameTpe 00beKTa, He MPOU3BO/Is HEITOCPEACTBEHHOE U3MEPEHHE €T
3HayeHWi. [IOHATHO, YTO 3TO HEOOXOIMMO TOTJa W TOJNBKO TOTJa, KOTrIa
U3MEpPCHHE HEBO3MOXHO, WJIM OHO CTOHT JOPOXKE NpoBeAcHHS MUMHUTanuu. [Ipu
9TOM JUISI W3Y4YeHHsS OSTOTO TIapaMeTrpa Mbl MOXKEM TOJb30BaThCA JAPYTUMHU
U3BECTHBIMHU TapaMeTpaMu 00BbEKTa U MOJIEIBbIO €r0 KOHCTPYKIHH. Jlomyckas, 4To
MOJIeNTb KOHCTPYKIIMM JOCTATOYHO TOYHO OIKCHIBAET OOBEKT, MpeAroaraercs,
YTO TIONYYEHHBIE B XOJI€ MMUTAIIMU CTATHUCTUYECKHUE DPACTIPEICICHUS 3HAYCHHM
napaMeTpa MOACIUPYIOMIETO 00BEKTa OyIyT B TOM UM WHOM CTETICHU COBMAIATh C
pacmpeneneHueM 3HaYCHUH TTapaMeTpa pealbHOTO 00bEKTa.

3amauu KOTOPbIE HAM HYKHO PEIIUTh:

— WMHUTAIIMOHHOE  MOJICTUPOBAHUE TEXHOJOTHYECKOTO  Tpolecca B
Pa3TUYHBIX PEKUMaxX padOThl TPH BO3JACHUCTBUAX, MPOTPAMMHO (POPMUPYEMBIX

yIpaBisIoIIe annapaTypoi U CcpeICTBAMH YEJIOBEKO-MAIlIMHHOTO UHTepderica;
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— OTJIaJIKa TEXHOJIOTMYECKUX MPOrpaMM;

— BbIOOp HamboJiee yIOOHBIX ISl MOJB30BATENS CPENCTB BHU3yaIU3alNU
TEXHOJOTMYECKOI0 Ipolecca M crnocoOboB  (GOpMUPOBAHMS — YNPABISIOMIUX
BO3/ICHCTBUM.

OnepaTuBHBIM NEpCOHAN 3a4EHCTBYET IPOTPAMMHBIM KOMILJIEKC Ha JTale
Hactporiku ACY TII, a Taxxe B 11es19X 00y4eHHsl.

Kpome Toro, paspabatbiBacmasi cucrema, Oe€3ycJIOBHO, OyaeT BechbMma
nojie3Ha B y4yeOHOM  mpouecce 1o  o0Opa3oBaTelIbHBIM  IPOrpaMMam,
npeaycMaTpUBaIOLMe H3yYeHUE MAUCIMIUIMH, CBA3aHHBIX C MPOECKTHPOBAHHEM
ACY TIL

B pamkax ennHOro KomIuiekca npeajiaraeTcsi 3aeiCcTBOBAaTh MPOrpaMMHbIE
CpElICTBA Pa3HbIX MPOU3BOIUTENEH U KIIACCOB:

— CcHCTeMa MMUTAIMOHHOTO MOJEIMPOBaHUS — IS MOCTPOCHUS MOJENeH
TE€XHOJIOTHYECKOTO MPOLECCa;

— cucrtema kimacca PC-based controller — mis mporpammHboi peanu3anuu
QITOPUTMOB yIOpPaBIEHUS HA S3bIKaX MPOrPAMMHUPOBAHUS POMBIILIEHHBIX
KOHTPOJLJIEPOB;

— SCADA-cuctema (supervisory control and data acquisition — cucrema
JTUCTIETYEPCKOTO  yIpaBieHUss U cOopa MJaHHBIX) — IS BU3YyalIH3allUd
TE€XHOJIOTMYECKHUX MPOIIECCOB U ONIEPATUBHOTO YIPABICHUSI.

[lepeuucnennple  mporpaMMHBIE  CpPEACTBAa  MpPEIHA3HAYEHBl  JUIS
uccienoBanus u paspaborku kommnoHeHToB ACY TII, Ho, ucmonb3yembie IO
OTZIEJIBHOCTH, HE MOTYT PEIlaTh MEPEUNCICHHbBIC BBIIIE 3aa4H.

JUIsi 1OCTpoeHUs MPOTOTHINA OBLIO PEIIEHO MCMOJIb30BaTh CIEIYIOLIUE
IpOrpaMMHbIE POAYKTHI:

MathWorks®  MATLAB®, Simulink® (cpena UMUTAIIMOHHOTO
MOJICTUPOBAHMUS );

3S-Smart Software® CODESYS® (PC-smynsrop ITIJIK SP PLCWinN, OPC-
cepsep);



Bb160p JaHHBIX MporpaMM OO0YCIIOBIIEH ONBITOM UX MPUMEHEHHS B y4€OHOM

npoiiecce.



1 TEXHOJIOI'UA NMMUTALOMOHHOI'O MOJEJINPOBAHUA
CUCTEM VIIPABJIEHUA ABMKEHUEM

[lonsiTHE «KOMIBIOTEPHOI'O MOJEIUPOBAHUA» B cepe MHPOPMAITMOHHBIX
TEXHOJOTHH OTHOCHTEIHLHO HOBO M CBSA3aHO CO CTAHOBJIICHHMEM M BBIJICJICHUEM
OTHOCHUTEJIBHO TPAJAUIIMOHHOTO MOJIETUpPOBaHUs ¢ nmomMonisio 9BM (mocnenuue -
9TO, Kak TMpaBmio, (DYHKIMOHATHLHO-OPUEHTUPOBAHHBIE aBTOMATH3WPOBAHHbBIC
CHUCTEMbl TIOJJICPKKH MATEeMaTUYECKOTO U JPYTHX BHUJOB MOJCIUPOBAHUS,
peanuszyeMble OOBIYHO KaK CUCTEMbl OMOJMOTEYHOTO THMA) JBYX COBPEMEHHBIX
BUJIOB KOMITBIOTEPHOTO MOJICIUPOBAHUSA : - CTPYKTYPHO-(PYHKIIMOHAJIBHOTO U
uMuTaioHHoro. KowmmbioTepHoe MmojaenupoBanue — 3PEGEKTUBHBIA METOJ
pelieHrs 3aJa4 aHajdu3a U CHUHTE3a CIOXKHBIX CHCTeM. MeTOo0I0rn4ecKon
OCHOBOM KOMITBIOTEPHOT'O MOJICIMPOBAHUS SIBJISICTCS CUCTEMHBIM aHaIu3 (B TO
BpeMs, Kak y MojenupoBanuss Ha OBM — Te wim uHBIE pa3lenbl TEopUu
MaTEeMaTHYECKUX Mozenei). B MHUpe nH(OpPMaIIMOHHBIX
TEXHOJIOTUH UMHUTAIIMOHHOE MOJICIUPOBAHKE TIEPSKUBACT BTOPOE  POXKICHUE.
HNHTepec k 3TOMY BHIY KOMITBIOTEPHOTO MOJICIUPOBAHUSI OKUBHIICS B CBS3U C
CYIIIECTBEHHBIM TEXHOJIOTHYECKUM PAa3BUTHEM CHCTEM MOJCIMPOBAHUS, KOTOPHIC
HAa CCTOJHAIIHMK JI€Hb SBIAIOTCS MOIIHBIM AHAJUTUYECKUM  CPEJICTBOM,
BOOpaBIIUM B ce0s BECh apCEeHAl HOBEHIMX HWH(POPMAIMOHHBIX TEXHOJIOTHH,
BKJIFOYAs pa3BUThIe Tpadudeckue O0O0O0JIOYKHM [JIs IeJied KOHCTPYHUPOBAHUS
MOJACIEH W  HWHTEPNPETAlMM  BBIXOJHBIX  PE3YJIbTATOB  MOJICIHPOBAHMS,
MYJIBTUMEIUHHBIC CPEJICTBA U BUACO, TOICPKUBAIOIINE aHUMAIIUIO B PEAIbBHOM
MaciTabe BpeMeHU, 00bEKTHO-OPUEHTUPOBAHHOE MPOrpaMMHUPOBAHHUE.

1.1 Konnenmus

Konneniuss cocTouT B TOM, YTO Yy HAaC MMEETCS OOBEKT ,MMHUTAIMOHHYIO
MOJIeNIb JBMDKEHHS KOTOPOTO HYXKHO co3aaTh. JJiss 3Toro B Tmporpamme
SOLIDWORKS co3maem 3D-momenp KaKIoro 3JIEMEHTAa 3TOH CUCTEMBI U B
MocieayomeM o0beIUHUT, UX B cOOpky. Ilocie ¢ momolpio Simscape

9



Multiboby Link mbr skcnoptupyem 3D-monens oObekTa (B BHIE COOpKU ee
anemenToB) B MatLab wu momyuaem Simulink mopmens ,HacTpanBaem ee u B
npunoxxkennu CoDeSys nuieM 171 Hee mporpaMmy ,C TOMOIIbI0 KOTOpOil Oyaem
yIpaBIATh JBMKCHHEM HMMHTAlMOHHONW MoOJAenu o0bekTa. s Toro 4ro Obl
3actaBuTh paboTtath BmecTe Simulink momens u mnporpammy u3z CoDeSys,
ucnonszyeM OPC ceprep. Tak xxe nporpammy u3z CoDeSys nyxHo 3anectu B [1JIK
(B HameMm ciydae Mbl ucnonbdyem PC-amynsarop TIVIK SP PLCWIinN). Cxema

KOHIICTIIINY U300pa)KeHa Ha pUcyHke 1.

CGopxka MatLab OPC , )
MOJE/JIH H3 Simulink CceDBe CoDeSys
SOLIDWORKS PBep

ILTK

Pucynoxk 1 — Cxema koHueniuu

1.2 Pazpa6orka 3D-moneau B SolidWorks

Hecmorpss Ha Oosbmue Bo3moxkHocT — Simscape  Multibody  Link,
CMOJIENTUPOBATH CIOXKHYI0 MEXaHUYECKYIO CUCTEMY OYEHb CIIOKHO. DTO CBSI3aHO C
HEOOXOJIMMOCTBIO ~ OMPENENATh TEH30Pbl MOMEHTOB HWHEPIUU  DJIEMEHTOB,
YUUTHIBATh KOOPAMHATHI WX pacmoioxkeHus u T.0. [Jnsg  ynpormienus
MojienupoBanus B cpene Simscape Multiboby Link, komnanus MATHWORKS
pazpaborana  crnenuanuzupoBaHHbii  CAD-TpaHcnsiTop,  oOecreduBaronui
CO3/IaHME JTUHAMHYECKUX MOJeNel MexaHu3MoB B cpene Simscape Multibody Link
Ha OCHOBE UX TBEPIOTEIbHBIX Mojelnei pazpaboranusix B CAD-cucremax (Harmp.,
SolidWorks). ITpu npumenennn CAD-TpaHcasiTopa TEH30pbl MOMEHTOB UHEPIIUU
¥ TPHUCOCIAMHUTEIBbHBIE pa3Mmepbl nepenatorcss w3 CAD-cuctembl B Simscape
Multibody Link 06e3 w3meHeHmid, Tpw STOM, pPabOTOCIIOCOOHOCTH MOJCIICH
nposepsiercss B CAD-cucteme MOCpecTBOM YCTaHOBIICHHUS TPABHIBHBIX CBS3EH
MEXIy JACTAIAMH MeXaHu3Ma. Takoi MOoJXoj] 3HAYUTENHHO OOJierdaeT 3aaady u
pacmmpsieT BO3MOXXHOCTH HMMHTAIIMOHHOTO MOJEIMPOBAHUS MEXaTPOHHBIX

CHCTCM.
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Solidworks — mporpammusiii  komruiekc CAIIP mpemHa3sHaYeHHBINH s
aBTOMaTU3aluu 3TanoB NOJATOTOBKHU IPOU3BO/ICTBA. OcHoBHOI
3anaueit Solidworks siensiercss padora ¢ 3D mMozenssMu, UMEHHO O HUX U OyJer
UITH PEUb.

Jljist mprMepa npeicTaBuM, UYTO Y HAC €CTh KaKOe-TO OCHOBAaHME U Ha HEM KYO,
KOTOPBIM ABUTAETCs 1Mo ABYM ocsiM X U Y. Pa3znenuB Moienib 00BbEKTa MO YacTsM ,
UMeeM JiBa 00beKTa KyO (PUCYHOK 2) U OCHOBaHHE (PUCYHOK 3) M3 KOTOPBIX

COCTOUT MOJICIb. DT O0BEKTHI 00BEIUHICM B COOPKY(PUCYHOK 4).
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Pucynox 4 — 3D-monens coopku
1.3 IMaker Simscape Multibody Link
Simscape Multibody Link Bxogut B TPOrPaMMHBIH  KOMILIEKC

UMUTaIIMOHHOTO MojenupoBanus Simulink cucrempr MATLAB wu mo3BossieT
MOJICJTUPOBATh CJOKHBIC (PU3NYCCKHUE CUCTEMBI C TIOMOIIBIO HEHAIPaBICHHBIX
curHajbHBIX rpados. [Ipu 3ToM, B uHCTpyMeHTanpHOM 0aze Simscape Multibody
Link wuMerorcss  OJIOKH, TOCPEICTBAM  KOTOPBIX MOXHO  OpraHH30BaTh
B3aWMOJICHCTBHE pa3paboTaHHONW Mozaenu (mepegady W IMPUEM CHUTHAJOB) C
JPYTUMU  KOMIIOHeHTaMH Oubnuorekn Simulink. 3OTo maeT BO3MOXHOCTH
MOJICTHPOBATh MEXaTPOHHBIE M POOOTOTEXHHUYECKHUE CHUCTEMBI, TPAHCIIOPTHHIC
CpEICTBa, JICTATSIBHBIC amlapaThl, MPOW3BOJCTBEHHOE 00OpYAOBaHUE, JO TOTO,
Kak OyJIeT Ha4yaTO WX MPOU3BOJICTBO.

1) Heob6xomumo c¢ odumuansHoro caita MATHWORKS ckonupoBaTh
muctpuoytuB  Simscape Multibody Link — CAD tpaHcimsTtop mis CUCTEMBI
SolidWorks. Ilpu sTom Bepcusi mUCTpuOyTHBA TOJDKHA COOTBETCTBOBATH BEPCUU
Matlab. Heo6xoamumMo Takxke CKOMMPOBaTh YCTaHOBOUHBIN ¢aiin install addon.m;

2) 3amyctuth Matlab. Ecnum wucmonp3yeTcs omepandoHHAas CHCTEMa
Windows 7, To Matlab momkeH ObITH 3amyIiieH ¢ IpaBamMu aAMHUHHUCTpaTopa. Jlis
ATOTO B CBOWMCTBax (aitna (sipisika Ha paboueMm ctoie) MATLAB.exe Ha BKiIake
«COBMECTUMOCTHY» HEOOXOIUMO BHIOPATH OMITHIO «BBIMONHATE 3Ty MporpaMmy OT

MMEHU aIMUHHUCTPATOPA;
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3) U3 cucrempr MatlLab OTKpbITh YCTAaHOBOYHBIM m-(aitn —
install addon.m. Ilocne storo 3amyctutcsa nporpamma «Editor», mpeaHa3HaueHHAs
JUIsL CO3JaHMsl W pPENaKTUpoBaHUA m-QainoB cpeasl Matlab u  orkpoercs
JIMaJoroBoe OKHO peaaktupoBanus ¢pyHkiuu install addom;

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

5) B mnosBuBimiemcs auajgoroBom 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 okHe Windows HaxkaTh KHONKY Ilyck — BeImosHHTH — 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). OtBeT momkeH ObITh 1, ecib ans =0, TO
HeoOXxoauMo eIie pa3 BBecTH enableservice('AutomationServer',true);

11) B okme Command Window MatLab Beectu: smlink_linksw. B
MOJIOXKUTEIIFHOM pPe3yJbTaTe JODKHO TIOSIBUTHCA COOOIIEHHE 00 YCIHEenTHOM
pEerucTpalnuu.

B Simscape Multibody Link ectp Onoku,Haxonsmmecs B OHOIHOTEKE

Simulink (pucyHoK 5), ¢ TOMOIIIBIO KOTOPBIX HAIlIa MOJIEIH MOXKET paboTaTh .
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T .. . -
nw simulink Library Browser

< |Enter search term v| "Dﬁ{ 7 m *™\ - = (_‘_’_}

Simscape/Multibody/First Generation (1G)

SimEvents -

SimRF F», F-s
Y Simscape @‘6 %x ﬁ

Foundation Library

Utilities Bodies Constraints &  Force Interface Joints
Driveline Drivers Elements Elements
Electronics
Fluids F-,
v Multibody ﬂ /
Body Elements
Constraints Sensors & Utilities
Curves and Surfaces Actuators

Forces and Torgues
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 Control Design
Simulink Design Optimization

Cirms ilimle Pimmimem Wi B

Pucynok 5 — bubnmnoreka snementoB Simulink
B tabmune 1 onucans 6aoku Simscape Multibody Link.
Tabauma 1 — Omnmcanue OmokoB Simscape Multibody Link momcucremsr
Robots

Env brnok Ground, mpexacraBiuseT coOOH  HEMOABIKHYIO

§ | 333CMIICHHYIO TOUKY, MOJKIIOUCHHBIM K €Tro BXOoay OJIOK, 3ajaet

ReoGromnd | MEXaQHMYECKHE NTapaMeTphl )i OJHOI0 MEXaHU3Ma.

brnox Wade, mnpeacraBinseT HEMOABMXKHOE COCJIHHCHUE

OoBHH FD 3BCHLCB.

Weld1l
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m|csafgcs2

H

RootPart

i

Prismatic

bnok Body, mpencraBisieTr coO0i TBep0€ HACTpanBaeMoe

Teno. B cBolicTBax 0s10ka yka3bpIBaeTCs:

- Macca Tesra ¥ MOMEHT UHEPLIUH;

- Koopaunate! nentpa tsoxectu(CG);

— Onwun niu 6ostee cuctem koopauHat tena(CSS);

- JlomoTHUTEIbHAS TEOMETPHS, 1IBET.

brox Prismatic, npencraBiser co0oil TOCTYNATEIbHYIO
KMHEMAaTHYeCKyl0o Tmapy. B HacTpoiikax Onoka yKa3bIBaeTCs

KOOpAuHAaTa, OTHOCUTCIIBHO KOTOpOfI BBITIOJIHACTCA ABUKCHUC.

T

Custom Joint

Biok Custom Joint, MpeACTaBIIsCT oOr1ree
[I0JIb30BATEIBCKOE COEAUHEHHE C HECKOJIBKHMHU CTENECHSIMH
cB000/1bl. COeMHSIET JIBa TeJla C KOMOWHAIIUEH MPU3MATHYCCKUX,
Bpallalomuxcsa Wik chepuyecKux MPUMUTHBOB. OITOT OJIOK
OTpaHUYEH MAKCHMYM IIECThIO CTENEHSIMU CBOOOJIBI: JIO0 TpeX
BpalaTeIbHbIX CTEMeHeH CBOOOJBI U JO0 TpeX MOCTYyHaTEIbHBIX
creneHei cBoOoabl. [lepBhIli MPUMETHUB, MPUKPEIUICHHBIN K 0a3e

(B). Ilocnennuii mpuMeTHB, MPUKPEIJICHHBIM K IMOCIEI0BATENIO

(F).

f‘d&

o)

Joint Actuatorl

CoenuHeHHE  MEXIy JBYMs  TeJIaMH  IIPEACTaBIIsACT
OTHOCHUTEJIbHBIC CTEIICHH CBOOOIbI, OJI0K Joint Actuator mpuBoauT
B MOCTYIIATEIIbHOE JIBMKEHUE, INOO BpaIlaTeIbHOE JIBUKEHUE 3TH

T€JIa C TOYKHU 3pCHUS JIMHENHOU MMO3ULIHAH.

c%/’

Joint Sensor

biaok Join Sensor wm3MmepseT ToOJOXKEHWE OJIoKka B

POCTPAHCTBE.
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1.4 Jxcnopt 3D-monesan B Simscape Multibody Link
[Tportecc mepenaun monenu u3 SolidWorks B Simscape Multibody Link
OCYIIECTBIISIETCSl CJIEAYIOMUM 00pa3oM, OepeM mojaenb coopku u3 SolidWorks u

skcroptupyeM Simscape Multibody Link (pucyHok 6).
8 )+ o..[® Mouccs cnpexenosotbwor O -] § 2 - o @ X

J;?’SSOLI’DWORKS| oaiin Mpasks Bua Bersska | Mwcpywenrs | Owmo Crpasca A | Y ) - -F - & - -

B £ Mpunoxenna SOLIDWORKS »
Hogsii Yaani ot PeaakTiposaTe »
npoerr nosw]  Mpoayers: Xpress , coeacrus o
KorTRanA nocrasuKax
SOLIDWORKS Inspection I3
Coopea | P [ e | [ Aosaene Simscape Muttibody Link 3 Export » Simseape Muttibody First Generation (16)...
Setti - Si Multibedy...
@ EIED 7 Nysnwcaus pecypeos... ings. imscape Multibody
3 Hel
< 5] Ony6ankosars s 30CloudByMe.. ¢ Hacrpoiika menre
- Demos
@ ocrosarme n ky6 (Mo ymonsarnio<Coc LR TR I
» [ Mcropus B Dctest About Simscape Muttibody Link...
% Defesture.
) Beranmn B 3ecnopr s AEC.. Hacrpoiia mesio
» () Npumesarun
[] Crepean Buibpars
[ Coepry C}y Buibop c ysenuuenmens
[ cnpasa BLIBOP € NOMBLLEIO pamKki
L Vicoaran rouxa P Buibop nacco
> {8 (4) ocnosanmes1> (nnwmuwm] [} Buisop woa reomerphen
> @ () k61> (Mo ymonanmos <oy (B B o
» (i) Conprxerin
Cpasrurs
Haitmu/imenirs
Design Checker
4 Konuposats dopuar..
BLIBOp KoMROHEHTS 3
¥
Komnorent I3
64
Obwerrsi sckmsa ,
. |, ViHeTpymenTer sckisa »
TT000] Moaems | Tpeweprsiesigs | Mccneaosameai
Export for Simscape Multibody First Generation (16) Heaoonpeaeneniit  Peaakmupyerca CBopka Hacrpoiica = =3

Pucynok 6 — Dkcmopt u3 SolidWorks B Simscape Multibody Link
CoxpansieM ¢aiin B nosiBuBiiemMcs okHe B ¢popmare . XML B ymoOHOe mist

BaC MECTO (PUCYHOK 7).

JD’S SOLIDWORKS‘ ©siin Mpaska Bua Beraska  Mncrpywerms  Oxwo  Crpasca | Aab-F-B-5- v @ B & - 0. |® noncsCnpascenosotowor O -] & 2 - - & X
4 % @R g k3 & £

Hoeeiit YaanuTs  BHEpATE 3anyerute »|
npoexT nosUWAM  nozMUM peaakTop neToge onepaun ceegenun 0
KorTpons wabaonos _ kerpona nocrasukax

Céopxa | Pacnonoxenme | Jcxus | Awanusupoears | Joos

- « v < CONMAEo... > OCHOBZHNE W KyB MOAENE v © | Mouck ocHoBaHME U Ky MOA... O
@ EIILD
- Ynopagouuts ¥ Hosan nanka =~ @
3 al X . 3M

[ R ———— & 3arpyzeu Vima Jata vsmerenun Tun

B ) Hoxymenta
' Vicopel & HET 37IEMEHTOE, YAOBNETEOPAIDLLAK YCTIOBMAM NOUCKA.

) Aeraman = Visobpazxenn
» Mpumesanng 1

[1] Crepean Vimaunonroe

[1] Coepry oANTONOMMS

[}) cpaea Conmgsope

L, Ncxoaren touka
b @ (¢} ocrosarmes> (Mo wunummﬂ @ OneDrive

» @ () k<> (Mo yuonuanmo<<Tlo yu [ Mosi komnsrotep

» () Conprxenun

@ CD-pucromoa (F) ¥ € >
Vinan cpaiina: | ocHoBaHME 1 kyBml o
Thn arina: | Simscape Multibody Link (*xmi) v

5 G Oens
. ||
~
< >| *Ppmserpust

TITTT0] Monens [ Tpexeprsie snas | Hccnedosanne asvowerna 1|

SOLIDWORKS Premium 2018 x64 Edition Hegoonpeaenennsiii  Pegaxtupyerca Coopra Hactpoiica = )|

Pucynok 7 — Coxpanenue ¢aiina B . XML
B nosiBuBIIeMcs koMaHIHOM OKHe MatLab mumem komanmy mech_import

(‘mmyTe\ums daitra. xml’)(PucyHok 8).
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JD’SSOLIDWORKS ®aiin  Mpaska Bug Boraska Mncrpymertei  Oxkwo  Cpaska o | an-FE-8- v (] & - o

(@ Nonos Copaske no soLDWOF O -| & 2 - _ @ X
@ @ -
B g 7 g & & E3
Hoseii VaaauTs  Beibpath 3anyauTs »|
npoext 03U nosuum peakrap neTogel onepaunm __coegering o
KoHTROMR -
J MATLAB Command Window — o

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

-

@@ ocrosanme
Uctopn
@ Aerima
Mpunac]

» mech_inport('€:\Users\PE\D ts\C p W KYS MoReAw W kye.xnl|

[H] crepen
[} coepry
[1] Crpasa
1, vooan
> & @) oen
» @ e

v [ Conpad

T
< N
[T 0] Mogens | Tpexmeproie Bugsl | Viccnegosanme gsikenma 1 | oK Omera Mpimvermms
SOLIDWORKS Premium 2018 164 Edition

HeoonpeaenenHblii  PenakTupyercn CSopka Hactpoiika  ~ 2]

Pucynok 8 — komananoe okao MatLab
[Tocie TOro Kak BBEIM KOMaHIy M HaKajdd KHOIIKY BBOJ ,CO37alach

Simulink mozaens ( pucyHOK 9) ¢ KOTOPOH MOYKHO B JajibHEHIIIEM PabOTaTh.

" o x0x043E0x04410x043D0x043E0x04320x04300x043 50x04180x * - Simulink
File Edit View Display Disgram Simulation Analysic Code Tools Help
sl = (M iid
B-=5-8 BEeg-E-@@G®b = (00 | e - @&
x0x043E0x04410x043D0x043E0x04320x04300x04300x04380x04350x04180x
® xDxU43EDx044lﬂxD43DDxD43EUx04320)(04300)(04300)(04380)(04350!04180)1 hd
@
E3
=
[E]
O
»
Ready 80% VariableStepAuto

Pucynok 9 — Simulink momens
1.5 Pa3pa6oTka nmporpammbl CodeSys ajist BUPTYaaIbHOT0 MaKeTa
CodeSys — HHCTpYMEHTAIBHBIN MPOrPaMMHBIN KOMIUIEKC MPOMBIIIIICHHON
apromatu3anuu. I[lpowsBommTcst ®w pacmpocTpaHseTcs Kommanued 3S-Smart
Software Solutions GmbH
CodeSys — oauH W3 caMbIX Pa3BHTBIX HWHCTPYMEHTOB JUIsI pa3paObOTKH
nporpamm [TJIK. CodeSys nomnepxkusaet 5 si3pikoB MOK (IT , LD , FBD , SFC u

ST) u eme onun 1361k —CFC. To ecth ecnu pa3pabateiBaTh mporpammy B CodeSys
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MOXHO Ha JI0O0OM M3 3THUX SI3bIKOB. KpoMme Toro ,momyckaercs KOMOMHHpPOBAHUE
SI3bIKOB MMPOTPAMMUPOBAHUS B OJTHON MTPOTrpaMMe.
[Ipexne uyeM pa3pabaThiBaTh MNpOrpamMMmy ,HEOOXOJMMO CO3/JaTh HOBBIU

npoekT. JlemaeTcs 3TO ¢ MOMOIIIBIO TJIABHOT'O MeHIO (aiiin — co3aath (pucyHok 10)

HacTpoikm ue ne gol nnatdoprb |

Kompurypauus. | Mone | | ok I OrtieHa |

Pucynok 10 — Hactpoiiku neneBoit miat@opmel

[TpoekT sIBIsETCS MAaIIMHHO-HE3aBUCHUMBIM, TO €CTh MPOTPAaMMHPOBAHUC
MOKHO HE TPUBS3BIBATH K KAKOW-TMOO KOHKPETHOW MoJieNn KOHTpoJuiepa. Eciu
e BBl XOTUTE pa3pabaThiBaTh MPOTpaMMy IS KOHKPETHOW MOJEIH, TO B OKHE
HACTPOMKM I1I€JICBOM TUIATPOPMBI HYXKHO BBIOpaTh 3Ty MOJIeNb B TIOJIE
koH(urypanus. OJHAKO Ballero KOHTPOJUJIEpAa B CIHCKE MOXKET HE OKa3aThCsl.
Torna Hy>kHO OyzeT HailTH 1ieneBoi daiin (target-file) m yctaHOBUTH ero, a MOTOM
co3aBaTh HOBBIN MPoeKT. B mo0om citydae BbIOpaTh MO/I€NIb KOHTPOJIIIEPA MOKHO
Mo3XKe, yKe MOocie Co3AaHus MPOeKTa.

Mp1 ke BCE ATO 3aTesyii B YYEOHBIX IENSAX, MOITOMY OCTAaBUM 3HAYCHUE
None 1 HAKMEM KHOTIKY «OK», TIOCIIE YeTO TOSIBUTCSI OKHO.

JIro60if TPOEKT COCTOWT W3 OJHOTO WJIM HECKOJIbKHX Mopaylein. B
OJIHO33JIJaYHOM  TPOEKTEe 0053aTeTbHO JOJDKEH TMPUCYTCTBOBATH  TJIaBHBIM
nporpaMMubiid Moy ¢ umeHeM 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

IpOorpaMMHpPOBaHUS, HA KOTOPOM OyAET HamucaH mporpammHbiil moayibs (POU)

(pucyHok 11).
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HoBbi nporpamubiil koMnoke T (POU) B X |

Wma Hosoro POL: [PLC_PFIG | 0K I

Tun POU Asbik peanusaumm Ormena |

* Mporpamma | &
" PyHKUMOHaNEHBIA B0k " LD
" Pyrkumn " FBD
Tun pesynetara: " SFC

| I N ey
" CFC

Pucynok 11 — HoBblii mporpaMMHbIii KOMIIOHEHT

Haxxumaem «ox». Bc€, mpoekT rotoB. OcTanock TOIBKO COXpaHHUTh ero. Kak
¥ BO BCEX PACCMOTPEHHBIX paHee CIy4asiX, COXpaHsIeM €Tro B OTIEIHLHOM KaTajore.
CoxpaHeHHE BBIMOJTHACTCS Yepe3 MeHIo (aia— coxpaHuTh. [IpucBoum dainy ums
TEST u coxpaHuM MPOEKT.

ITocne coxpanenusi B BbIOpaHHOM Katanore mnosisutcs (aitn TEST.PRO.

I'naBHoe okHO CoDeSys ¢ HOBBIM IPOEKTOM MOKAa3aHO Ha PUCYHKeE 12.

® CaDeSys - test.pro - [PLC_PRG (PRG-ST)] — (=%
® Oalin Mpaeka (POEKT BCTABWTL  /IONONHEHUA OWNaiH OKHO  Chpaeka 1 3 x

D@ 0@ et OIS SAR [ 50]]
/- waR N

S S

Mms Azpec Tun Mrnx, Kommen

® | ]

3 POU |
() PUCIPRG PRGN

P2 (— [2]

Crp.: 1, Cron6. 1 THNANH |30 [POCMOTE

Pucynok 12 — I'naBnoe okao CoDeSys
1. I'maBHoe meHto. IIpakTnyeckn Bce KOMAaHIbI MOXHO BBITIOJHUTH Ye€pe3
MEHIO.
2. Ilanens uHCTpyMEHTOB. JlyOnupyeT OCHOBHBIE KOMaH bl MEHIO.
3. Opranuzatop 00BEKTOB. 3/1€Ch OTOOPAKAIOTCSA M CO3/IAIOTCS BCE OOBEKTHI

MIPOEKTA, TAKKE KaK MMPOrpaMMHbIE MOJYJIM, BU3yaJlu3alu U T.11. B HUXKHEN yactu
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opraHu3atopa OOBEKTOB MOYKHO MEPEKII0YaTbCsd MEXIy €ro CTpaHHULAMH
(Bkiagkamu). Beero umeercst 4eTbipe BKIAAKU:

a. POU — cnimcok nporpaMMHBIX MOIYJIEN

0. Tunsl TaHHBIX

B. Buzyanuszamnuu

r. Pecypcbl — riiobasibHble MepeMEHHbIE, KOHPUTrypaTop 3a7ad, HACTPOUKH
1eJ1eBOM MmIaTdOpMbl U T.1.

4. OkHO OOBsIBNICHUS MIEPEMEHHBIX. B Bamiem ciyyae oHO Oy/eT BBITJISICTb,
CKOpee BCero, mo-Ipyromy, TO €CTb NEpEeMEHHbIE OYyAyT OTOOpa)kaThbCsi B BUJEC
cinucka. YtoObl mepeMeHHble OTOOpa)kaduch B BHJIE TaONHIBI , HEOOXOIUMO
U3MEHHUTh HACTPOMKM MPOrpamMMbl CIEAYIOIMM 00pa3oM: B OpraHu3arope
00BEKTOB MEPEUTH Ha BKJIAJKY PECYPCHI, BBHIOpaTh TaM pasjein padodasi 00J1acTh, B
NOSIBUBLIEMCSI OKHE BBIOpaTh KaTEropui0 peAakTop, YCTAaHOBUTH (DIIAXKOK
HAIIPOTUB HAJMUCU OOBIBICHUS TAOTUIEH U HAXKATh KHOTIKY «OK».

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

6. OkHO cooO1IeHUH. 3/1eCh BEIBOASTCS COOOIIEHUS O XOA€ KOMITMIISIIIIH.

Jnst  oObsiBieHHs TJ100ajdbHBIX TMEPEMEHHBIX TMepeiaéM Ha BKIAIKY
PECYPCBI, nBakapl MENTKHEM

o pasfieny TJIo0anbHbIE TEPEeMEHHBIC, 3aTEM TaKXKE JBOWHBIM IICITYKOM

BeIOepem pasaen Global Variables.

@ CoDeSys - test.pro - [Global_Variables] =) %
® dain Mpaska MpoexT Boraeute AONOMHEHMA OWnalid OkHO  Cnpasxa - B %
B|=|E| £]|D]|ed IS [2AR % |%]@||

/ / NS / A\,

. N - /VAR_GLOBAL Y Y >__ el o

-3 MNobBaneHsie nepen Mma Anpec Tun MEny,. KomMmenTapni
- @EkkvaSs || 5557 Tern BooL Kuonne 1
~ . Vanable_Conhg —

..msm“mn 0002 |BTN_2 BOOL Kuonka 2
@lwwrw&W4aIWIll 0003 |sTN_3 BOOL Knonka 3
g:wwrwwnw 0004 LAMP_1 BOOL Jlamna 1

LOM@PUIYDAUMA TDe
() M evennep S 0005 |LamP_2 BOOL Jlamna 2

r~ J,Menmwennpnf?-hﬂ 0006 |LAMP_3 BOOL Namuna 3

" ap HacTpodinu ueneeo

~ (g K6 (

- Shndill

[ T

BE S : f
= o ol <] >
S = — — [OAA&AH [38M [fPOCMGTP

Pucynox 13 — I'moGanpHBIC TIEpEMEHHBIC
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B BepxHeit yacTu TaOIMIBI PACIONOKEHBI YEThIpe BKJIAIAKU (PUCYHOK 13),
MMEHA KOTOPBIX COOTBETCTBYIOTTUIIAM OOBSIBISIEMbIXTaHHBIX:

1. VAR_GLOBAL — rno6anbHbie epeMeHHbIE

2. CONSTANT — rnmob6aibHble KOHCTAHThI

3. RETAIN — rnoGansHble nepemenHsle, xpansimuecs B 113V konrpomnepa.
Ecau Bbl 00BsSIBUTE MEpeMEHHYIO B JITOM paszfene, TO €€ 3HaueHue Oyaer
COXPaHEHO JIaXKe MOCJIEe BBIKIIOUCHUS

MUTaHUS KOHTpoJuIepa (TpaBaa, A 3TOr0 HYKHO UMETh KOHTPOJIIED ).

4. INFO — undopmartiust o mporpamme

Kaxmas Bximanka tabnuiiel (kpome INFO) umeer cremyrorue cTonOIbl:

1. Umst — uneHTrdukaTop nepeMeHHOM

2. Anpec — aapec NepeMEHHOH. 3a MCKIIOYEHUEM CJIy4YaeB CBSI3bIBAHMS
nepeMeHHbIX ¢ Bxojamu/Beixogamu [1JIK anpec yka3biBath HET HEOOXOAMMOCTH.
[TpuHUMIIBI aipecaliiy B JAHHON KHUI'€ HE pacCMaTpHUBAIOTCS.

3.Tum — Tin JaHHBIX, K KOTOPOMY MIPUHAJICKUT TIEpeMEHHAs

4 VIaunmanuzamus — 3HaueHue, KoTopoe OyAeT IPUCBOCHO MEPEMEHHOMN TpH
crapte nporpammbl [IJIK. D10 He oTHOCUTCS K IepeMeHHbIM, xpaHsumuMmcd B [13Y,
€CJIM TOJIBKO TPOTpaMMa He paboTaeT B PEKUME dMYIISIITIH.

5. KommeHTapuii — KoMMeHTapuid

UtoOb1 100aBUTH B TaOMWIy TEPEMEHHYIO, HY)KHO IIEIKHYTh IPaBOU
KHONKOM 1o Tabnmie u BeiOpath komanny HOBOE OBBABJIIEHUE. B tataure
TIOSIBUTCSI HOBAsl CTPOKA CO 3HAYCHHUSAMU 10 yMOJT4YaHUI0. YTOOBI U3MEHUTH KaKoe-
1100 3HaYEHUE, HY)KHO IMETKHYTh IO HYKHOU sTYeiKe

TaOJIUIIBI M BBECTH C KJIABUATYPHl HOBOE 3HAUCHHE.

Bce namm nepemenssie Oyayt umerh Tun BOOL — noruueckuil Tuim,
sKBUBaJICHTHBIM TUITY Boolean B Ilackane. Ilocine BBoja BceX MepeMEHHBIX, Y Bac
JOJKHO TOJTYYUThCSI IPUMEPHO TaK, KaK

MOKa3aHO Ha pUCyHKe 13.

Tenepb MOJXHO IICPEXOAUTDh K HAITMCAHNIO HCXOAHOI'O KOJa IIPOrpaMMBbI
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1.6 3amyck OPC cepBepa u ero HacTpoiiKa

Ao6peBuatypa OPC (ceiiuac — asto Open Platform Communications,
B3aUMO-JICUCTBUE OTKPBITHIX IuiatdopMm) panee o3nHadanma OLE for Process
Control, OLE s ynpaBiieHus: Iporieccam.

OPC wucnonssyer texnongornro COM/DCOM nns pemieHus 3agayun oOMeHa
JAHHBIMA B CHCTEMaXx MpOMBINUICHHOW aBTromatuzanuu. OPC-knueHt (mroboe
npunoxxenune, Hanpumep SCADA-cucteMa), BbI3bIBas OIpeAesieHHbIe (DYHKIHMU
o0wvekra OPC-cepBepa, MOANKMCHIBACTCS Ha MOJYYEHHE ONMPENIEICHHBIX JAHHBIX C
onpenenenHon yactoroi. OPC-cepBep, MOTyUYHuB KaKUM-TO 00pa3oM 3TH JaHHBIE
(yamie BCero,onpocuB 000OPYAOBaHUE), BHI3BIBAET U3BECTHBIC (PDYHKIIMH KIMEHTA U
Bpy4aeT eMy JaHHble. Takum 006pa3om, ucnoib3yroTcs Kak npsiMbie COM -BbI30BbI
(oT KIIMEHTa K cepBepy), Tak u oopatHbie (callback, ot cepBepa k KiueHTY).

OPC-cepBepbl  KOHKPETHBIX  allapaTHbIX yCTPOMCTB  MOCTaBIIAIOTCS
MHOTUMH IPOU3BOAUTENSAMHU anmapatypbl. CBsi3b cepBepa C anmnaparypoil Moer
OCYILECTBIIATHCS 4epe3 KakoW-mubo ¢uiznyeckuil uHTEpdelc KOMIbIoTepa:
nocienoBarenbHblii opT, USB, Ethernet, mmaty pacmmpenuss ¢ BBIXOAOM Ha
IPOMBILIUIEHHYIO CeTh U T.A. JJIl MpuIoKEeHUA-KIMEHTa MapamMeTpsl (PU3HYECKOro
HNOJKIIOYEHHUS] COBEPILIEHHO HE HHTEPECHbI, IIOCKOJIbKY IpPH HACTPOMKE
COEMHEHMSI C CEPBEPOM OHHM HE 3aJeHCTBYIOTCA (OHU HCIOJB3YIOTCA TOJIBKO
HpUIlepBOHAYAIbBHOM KOH(UTYpUPOBAaHUU caMoro cepepa). Hacrpoiika kiaueHTta
CBOJIUTCS K BBIOOPY HY>KHOT'O CepBepa M3 CIHCKa 3apETUCTPUPOBAHHBIX B CUCTEME,
COCIUMHEHHs] C HUM M BBIOOpDY MEpEMEHHBIX [UIsI YTEHHs W 3alUCH U3
IPEOCTaBISIEMOTO CEPBEPOM CIUCKa nepeMeHHbIX. Takum obpazom, OPC-cepsep
co3/1aeT aOCTpaKIMIO anmapaTypsl, mo3BoJsis JroooMy OPC-KIMEHTY 3aluchiBaTh
U CUMTHIBATh JaHHBIE C YCTPOICTBA.

CoctaB W cxema B3aUMOJICHCTBUS MPOTPAMM-3JIEMEHTOB HMHUTAI[MOHHOM

CHCTEMBI ITIOKa3aHa Ha pUCYHKe 14.
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Moaens oGnexrTa

OPC I CoDeSys
ynpasneHus >
Simulink Matlab l OPC Server
E.
=
oY
o =3
MporpammupoBasve | TCP/P ' MporpaMMHbIn ; ?m( »
W BHIyanu3auna unm Lol TCPIP B o L
CoDeSys Local | _ CoDeSys _ SPPLCWIANT
’ / Gateway Server IMYNATOP KOKTpONNEpa

Pucynok 14 — Cxema B3anMOJEHCTBUS IPOTPAMM

OOBeKkT ympaBJIeHUS TMPEACTABICH CBOeM uMHUTAaMOHHOW Simulink-
Mozenblo.  ['OBOpsS  ympoUIEHHO, MOJENb  «IEPECUUTHIBACTY  BXOJHBIC
(YIpaBIISIIOIIME) CHUTHAIBI B BBIXOAHBIC, HECYIIUE HHGOPMAIMIO O COCTOSHHUH
oOwekTa. [yt BBO/Aa-BBIBOJIa UCTIOJIB3YIOTCS creluanbHble 010k U3 nmakera OPC
Toolbox, Hanuuue kotopsix B Simulink-auarpamMmme aBTOMaTHYECKH 00ECIIEYMBAET
«paboTy» MOJIEH B pealbHOM BPEMEHHU.

Yacrora nepecyeTa MOJieNid, KOHEYHO, HE COBIIAJIAET C YaCTOTONH OOMEHa 10
npotokosnry OPC, — oHa CYIIECTBEHHO BBIIIE, YTO MO3BOJISIET OOBEKTY HU3MEHATH
CBOE COCTOSIHME W B Tepuoj Mexay oomeHamu. OmHAaKO OJOKH MPENSTCTBYIOT
TOMY, 4TOOBI MOJENFHOE BpeMs H3MEHSUIOCHh OBICTpee, YeM peaabHOe, KaK 3TO
o0br4HO uMeeT mecto B Simulink-monensx. Konednoe Bpemsi pacuera B HalImx
cuUcTeMax MBI Bcerja Oy/leM yCTaHaBIMBaTh paBHBIM OeckoHeuHOCTH (B Matlab 3a
OCCKOHEYHOCTh «oTBeuyaeT» KoHcTaHTa INf — infinity, GeckoneuHocTh). Takum
0o0pa3oM, OCTAaHOBUTDH PacUYeT MOXKHO OYAET TOIBKO BPYUHYIO.

VYnpasnsronias nporpaMma BbIIIOJHIETCA Ha porpaMMHoM smyusitope [TJIK
SP  PLC WinNT, Bxomsmem B coctaB makera mporpamm CoDeSys.
HeoOxomuMocTh B «OTOEIBHOMY» TPOTPAMMHOM  OMYJISATOPE COCTOWT B
caenytomeMm. Konewno, cama cpena nporpammupoBanus CoDeSys naer
BO3MOKHOCTh 3allyCKa OTKPBITBIX B Hel mpoekToB 0e3 moakmtoueHus k [IJIK B

pexxume cumyssiinu (Simulation Mode). OnHako B JaHHOM PEXKUME «OOIIAThCS» C
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3alyIlIeHHOW MpOTrpaMMoi, T.e. 3aJaBaTb BXOJHbIE U HAOIIOJATh BBIXOJHbBIC
MepEMEHHbIC, MOXKHO TOJIBKO W3 Cpelbl MporpaMMupoBaHusi. B sTom ciyuae
cienyet 3a0bITh 00 MCIOJIB30BAHUM KaKUX Obl TO HU OBLIO BHEIIHUX IMPOrpaMM U
Bcto umutanuio ACY TII BHenputs HemocpeacTBeHHO B mpoekT CoDeSys. B
OPUHIMIIE TaKOW TOJAXOJ BIIOJIHE HMMEET IMPaBO Ha CYIIECTBOBAHUE, MOCKOJIBKY
CoDeSys mpenocTaBisieT MOJHBIM HA0Op BO3MOXHOCTEH [JIsi €ro peaau3aluu:
MOXHO «O(OpPMUTHY» TPOrpaMMHYIO MOJIeIh OOBEKTa B BHJIEC OJHOU WIH
HECKOJIbKUX MPOTPAMMHBIX e€AuHUIL (TTporpaMmM Wiu (GyHKIIMOHAJIBHBIX OJIOKOB), a
JUIST UMUTAIMM 4YeJIOBEKO-MaIlIMHHOTO HWHTep(eiica 3aleiicTBOBATh JTOCTATOUYHO
pa3BuTHIE cpeacTBa Buzyanu3anuu camoi cucteMbl CoDeSys. Ho, Ha Ham B3z,
TaKOW «OIO/KETHBINY» BapHaHT MMUTAIMOHHONW CHCTEMBI BCE K€ IMPOUTPHIBACT
BapUaHTY C UCIIOJIB30BAaHUEM PA3HBIX MTPOTPAMM.

[Togpo6HO  MOCHIENOBATENIBHOCTh  JICUCTBUM,  OCYIIECTBISEMBIX  IPHU
NOAKIIOYEHUH KOHTpoJuiepoB cucteMbl CoDeSys uepe3 OPC-cepep k
KOMITbIOTEpY, onucaHa B [6]. Huwxke mepeuucieHspl 1mard, KOTOpble HEOOXOIUMO
clenaTh sl OpraHu3aIii oOMeHa ¢ BUPTyalbHbIM KOHTpoJiepoM SP PLCWiIinNT
V2.4.

1. Co3znmarp mporpammy (mpoekt) B cpene CoDeSys ¢ neneBoit miathopmoit
3S CoDeSys SP PLCWiInNT V2.4. Ilpu HacTpoiike 11e1eBoil maaTdopMbl CenyeT

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

r i M
Target Settings &
Configuration:
Target Platiorm | Memory Layout General ‘Network functionality | Visualization |
1/0-Configuration
2 ™ Download as file
™ No address check
v \ V' Download symbol file v
[™ Single task in multitasking ™ Symbol config from INI file V' Initialize inputs
™ Byte addressing mode V' PLC Browser I Load bootproject automatically
IV Initialize zero W Tiace I SoftMotion
IV Online Change ] | I J5
I Update unused 1/0s

Default | ok | Cancel |

Pucynok 15 - Hactpoiika ueneBoii miatopmbl
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1. O0bsBuTH nepeMennble st oomena no OPC. B o6miem ciayyae Takue
NepeMEHHbIE MOTYT OBbITh OOBSBICHBI B JIOOOW U3 OPOrpamMm, OAHAKO IS
YIOPOUIEHUS AOCTYyIA JIyYIlle BCE UX CENaTh INI00AbHBIMHU.

3. Hamucate mporpammy PLC PRG. B nporpamme nomkeH ObIThb, IO
MEHbIIEH Mepe, OJJUH OIepaTop, MOCKOJIbKY 0€3 3TOro OHa HE KOMITHIIUPYETCS.

4. CoxpaHUTh NPOEKT MO/ OCMBICICHHBIM UMEHEM B OT/AEJIbHYIO MaIlKYy.

5. 3anmyctute PLCWinNT (Ilyck [ Bce mporpammer [ 3S Software [
CoDeSys SP PLCWINNT [1 CoDeSys SP PLCWIinNT V2.4)(pucynok 16)

,YCTAHOBUTH CBS3b U 3arPy3UTh IPOIPAMMY B «KOHTPOJLIEPY.

r ———
PLCWInNT - V2.4.6.1 Build: Jun 1 2007 O}

State Program Loaded
|STOPPED Yes

Messages

|- Project Info R

Program Name = Controller, pro
Date =5.1.1516:44:09
Version =

Suthor =

m

‘

TCPIP-Settings | IP-Address 192.168.1.3, Port 1200 |

RS5232-Settings INo serial interface configured

Start | Reset I i 3-List Shutdown

Pucynok 16 - Oxno nporpammsl PLCWinNT
B ciyuae, ecnu CBSI3b ¢ KOHTPOJUIEPOM YCTAaHOBUTH HE yNAlOCh, 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 m ycranoButs ramoduxy Dump

symbol entries (pucynke 18).
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Communication Parameters
—Channels
= Local cpllp ntroller pro
'localhost' via Tcpfip_ [T ICo
w Name | value | Comment
Address localhost P address or hosthame
Pon 1200

Motorola byteorder No

h Remove

Communication Parameters: Gateway

g

Camecior S <
address Cancel |
I|u«:f:\ll‘|05' ZI

Pucynok 17 - HacTpoiika KOMMyTallMOHHBIX IAPAMETPOB

‘I‘I‘

Options - ——— [==)

Categon:
' Load % Save
Uszer Informaban :
E dacr |W Du'r'p:wblimtrml

Desklop
Colors I Dump #ML symbol table

[Directories

Log

Build

Passwoids
Source dowrload

Sumbiol configuiatior

Coriigure syrbol e . |

W acros

Pucynok 18 - YcranoBka oniuit

7. CxoH(GUTYpUPOBATh «CHUMBOJBHBIN (ailm», BeIOpaB MEpPeMEHHBIC IS
oomena o OPC, pucynoxk 19.
8. Hactpouts napamerpst OPC-cepBepa. Jlist 3Toro Heo0X0AMMO 3aMyCTUTh
koHduryparop OPC-cepsepa (Ilyck [ Bce mporpammer [J 3S Software [
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Communication [J CoDeSys OPC Configurator). B oxHe KoH}uUryparopa
tpebyercsa nob6asuts PLC (Append PLC) u nactpouts coenunenue (Connection).
[lo cymecTBy a0CTaTOYHO BBIOpPATh M3 CIHCKAa COEAMHEHHE, HACTPOCHHOE B

npoekte CoDeSys (pucynox 20)

St

. “~|§] PLC_PRG (PRG) i
B2, Resources
B~ Global Variables
& @ Global_Variables

- @ Appr_Floors_Down (BYTE)
@ Appr_Floors_Up (BYTE)
2 ] CallsDown BYTE)
..... 73 CallsDownForm [BYTE]
ol 3 CallsUp (BYTE]
g’ A ClisUpFom (BYTE)
----- 7] Clase (BOOL)
w4 Closed (BOOL)
a4 CownFloor] (BOOL)
----- 71 DownFloor2 (BOOL)
a2 UownFloor3 (BO0OL)
= ¥ Floor! (E00L)
..... 7 Flooi2 (B00L)
2 ) Floor3 (BO0L)
----- 72 Floaed (BOOL)
- @ Floors (BYTE)
A LovwiSpeed (BOOL)
..... 7Y Open (BOOL)
w ] Opened (BODL)

AL

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

IV Export array entries

l! IV ‘Wiite access I

Pucynoxk 19 - BeiGop nepemennsix s oomena mo OPC
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B OPtConiy Mun ACConfiuaton IR S o8] B |

& Server IS etings for conmecton to PLC1
& Pa
Connect e
+ o es |
Gateway. Local

Communication Parameters

[Tcphp ’Eomoler po

o o]
- |
Yocahot vis Too/) — I V,ll,, l I T ] Cancel l
pesi i
LB |

P addes: o) hosineme

Pucynoxk 20 - Hacrtpoiika OPC ceprepa

9. «Ilepectpouth» mnporpammy (mpoektr) CoDeSys, BKIIOYHMB B Hee BCE
U3MEHEHHMsI, CJEJIaHHbIE TOoClie 3arpy3ku B KoHTpoJuiep. [ns storo Tpelyercs
BbI3BaTh koMaHay Clean all u3 mento Project, 3atem komanny Rebuild all u3 Toro
xe MeHro. CoDeSys nepekoMnuianpyeT mporpaMMmy M IMepe3arpy3uT MPOEKT MpHU
caenyromem nogkiaoueHuu k TIJIK.

10. Tlogxmroumthcss k PLCWInNNT, cornacuBmmch Ha Tepe3arpy3ky
mpoekta. C momortisto 11000 nporpammbl OPC-kineHTa, mpoBEpUTh TOCTYITHOCTh
OPCcepBepa CoDeSys u nepeMeHHBIX Il 0OMeHa. PekoMeHganum 1mo perneHuto

BO3MOXXHBIX HpO6J’I€M IMPUBCACHLI B IIPCABIAYIIICM ITYHKTC.
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2 IMUTALIMOHHOE MOIEJIMPOBAHUE CUCTEM VYIIPABJIEHUA
JABXEHHMA KO3JIOBOI'O KPAHA

J71st KypcoBOTro npoekTa O0yieM MOJEIUPOBaTh KO3JIOBOM KpaH.

Mopenb KO3JI0BOTO KpaHa MoKa3aHa Ha pucyHke 21.

- P D17
e R

T e i %g.-“:“'y

i Q..e_--u—-“-'_,' ¥ 3

e e A B - " |

L

oy

€=
Q=

Yy

Pucynok 21 — ®uzuyeckas Mojeib KO3JI0BOIO KpaHa

Kosnosoii kpan (KK) — wmHOrodyHkimoHnansHoe 0O0OpyIOBaHHE IS
Pa3TUYHBIX TUJIOMIAJIOK U OOBEKTOB, TAE€ TPy30NOIABEMHBIE PaOOTHI BETyTCS
ocTostHHO. KO03JI0BOM KpaH — 3TO arperaT MOCTOBOTO THIIA. [ OpHU3OHTaIBHAS
OaJika, M0 KOTOPO# MEpeMeIaeTcsi rpy3 — KOHCTPYKTUBHO OTHOCHUTCSI K MOCTOBOM
IpyIIe MNOABEMHBIX MEXaHU3MOB. OCHOBHBIM OTJIIMUMEM siBisieTcsl TO, 4To KK
MOKET CaM IMEepPEIBUraThCs MO pelibcaM.  YCPEIHEHHBIM CPOK  3KCIUTyaTalluu
KO3JIOBBIX KpaHOB — oOKoio 20 mer, HapaboTka Ha oTka3 ~ 3 000 muKIoB.
Ko3noBoli kpaH cOCTOUT H3:

1. purens (bepma, 6amka) — TPOJETHOE CTpoeHHe. MoCT JEeTKuX |

cpenanx KK — o1HOOIOUHBIHN, TSKEITBIX — JABYXOJIOYHBIN.
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banka ObiBaeT pemreryaTas WM CIUIOIIHOCTEHHas pa3Horo cedeHus. OHa
MOXET UMeTh | WM 2 KOHCONM, WIM HE MMETh HUX COBCEM (KOHCOJIbHBIE H
OECKOHCOJIbHBIE KPAHbI);

2. OMOPBI — KECTKUE, MPOCTPAHCTBEHHbIE, THOKUE WM Tuiockue. Ecnu
npojieTsl <25M, TO BCE ONOpbl — JKECTKHE, BHU3Y KaxJoW 3aUKCHpPOBAHBI

XOOOBBIC TCIICKKH. HpI/I 0O0IBIINX PaCCTOAHUAX MCKAY PEJIbCaMHM — OJlHa HOra

dukcupyercst #ectko, a 2-1 — mapHupHo. Kaxnas omopa Bkiouaer 1 unm 2
CTOMKH;
3. KpaHOBbIE (TPY30BBI€) TEJEKKH (WJIM DJIEKTPOTalb), 00OpYAOBaHHBIE

IPY30M0IbEMHBIM MEXAaHU3MOM, Ha KOTOPBII KpenuTcs rpy3. I'py30BbIE TENEkKKU
OBIBAIOT MOHOPEIBCOBBIMU HWJIM JIBYXPEIbCOBBIMHU. JIByXpenbCOBBIE TEJIEKKH
NEPEeIBUTaloTCs 0 000UM MoscaM — BEPXHEMY U HIKHEMY, a OJJHOPEIbCOBbIE —
TOJIBKO TIO HU>KHEMY;

4. anekTpoobopynoBanue. JHeprocHaOxkenne KK — ot BHemHel cetu
IO TPOJUIESIM WM C TNOMOIIbI0 TuOkoro kabens. Kabenb HakpyuuBaeTcsi Ha

ka0OenbHbBIN OapabaH, 3a)UKCUPOBAHHBIN HA OJTHOW U3 OTIOp KpaHa;

d. MOJIKPAHOBBIE PEIBCOBBIC MyTH —  Ha3eMHBIC, peiabchl  P43/P24
(P50/P65) ycranaBimuBaroTCsS Ha JepeBsHHbIE (k/0) ImMaibpl HAa TPABUHHOM
noxymke. Penbchl  JOMKHBI  OBITh C  3a3€MJIGHHEM W TYNHUKOBBIMH
yrmopamu.JI[BukeHre  MPOUCXOAMT  Oyiaromaps  JBYXpeOOpIHBIM  KOJecam,
YCTAaHOBJIEHHBIM Ha omnopax. Pa3mep koiiem paBeH mpojery Kpana. [lomumo
KOHCTPYKTHUBHBIX 3JIEMEHTOB B YCTPOWCTBO KO3JIOBOI'O KpaHa BXOMST MEXaHU3MBI
NEepEeABUKEHUS] BCErO KpaHa U TEJEKKH, TPy30NOIbEMHBIN MEXaHU3M. YTIPABISAThH
noabeMoM U nepemenienneM rpy3oB KK MoxHO ¢ 3emin win U3 KaOUHBI.

DNEeKTpUIEeCKuil Crmocod — u3 KaOWHBI KpaHOBIIMKAa. C BBICOTBI YETKO
BUJIHO TPy3 JIOOBIX pa3MepoB, KaOMHA MOXKET OBITh 00OpyJ0BaHA OOPTOBBIM

KOMITBIOTEPOM 17151 00JIee TOUYHOTO pa3MEIIeHUs TPY30B.

30



2.1 3D-moe4b K03J10BOT0 KpaHa

W3HayanbHO HAM HY)KHO CO3/1aTh TPEXMEPHYIO MOJIEIb KO3JIOBOTO KpaHa.
Paznenaem mo gactsam u moouepenHo n3obpaxaem. [lepBoe, uTo HY)KHO clenaTh,
3TO CO3/IaTh MOJKPAHOBBIE PEIILCOBHIE ITYTH, IO KOTOPBIM KpaH OyaeT

nepeMenaTbest (pUCyHoK 22).

Pucynok 22 - mojgkpaHOBBIE peIbCOBBIC MY TH.

[Torom u300pakaroTCst Oropsl (PUCYHOK 23).

Pucynok 23 - onopsl.

Jlanee Mbl 1enaeM KaOWHY U KPIOK M KOHTEHHEP, N300pa’KeHHBIE Ha

pucyHke 24, pucyHke 25 u pucyHke 26.
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Pucynox 24 — xabuna.

PucyHok 25 — kprok.
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PucyHok 26 — xoHTElHED.
Korza Bce yacTu KO3710BOTr0 KpaHa TOTOBBI COEJIUHSIEM UX B COOPKY U

nonydaem 3D-Mozensb kpaHa.

Pucynox 27 — 3D-Mozenb KO3JI0BOTO KpaHa.

2.2 Cozpanme Simulink moxenn

ITocne mepenoca tpexmepnoit moxenu u3 SolodWorks B Simulink, Obuta
oJiydeHa MOJEIb KOTOPYIO HYXKHO J0pabaThiBaTh A TOrO 4YTOOBI €d MOXKHO
OBLIIO 3a1aBaTh MO3MIIMKA 00BEKTAM CHCTEMBI (TEM CaMBIM YIIPABIATH €10). ['oToBas

cucTemMa u300pakeHa Ha PUCYHKE 28.
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Pucynok 28 — Simulink moes

Camy cucteMy MOKHO TOJIETTUTh HAa YETHIPE OCHOBHBIE YACTH, TaKWE KaK:
0510k yrpaBieHue 1Mo ocu X; OJIOK ympaBiieHHs TO ocH Y; OJOK YIpaBJICHHS IO
ocu Z; 010K 3aaHus MTOJIOKEHUsT KOHTeHepam (Subsystem).

2.2.1 OcHoBHbIE 0JIOKM U UX ONUCAHUE

Bce Omoku Mexay co0oil mMpakTHYECKH HMICHTHYHBL. Hekoropwle O10Ku
IUIOTHO B3aUMOJICUCTBYIOT APYT C APYTOM, HO MPHU 3TOM y KaXKIOTO CBOS 3aja4a
O00BEKT yIpaBJICHHUS.

brnok ynpaBnenne mno ocu X (pucyHok 29) oTBeyaeT 3a Iepenauvy

MTOJIOKEHUS OCHOBAHMIO KaOWHBI KpaHa, KOTOPOC COBCPIIACT ABMIKCHHC 110 OCHU X.
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speed 1

speed
Out! osnkab_pravo

osnkab_levo | .
Subsystermd 1
P 1N »{ 3
s
(2 ) P osnkab_pravo_IN
osnkab_pravo B poz x
osnkab_prave_OUT H——
— P sign_x R(auto) [
ravo_DOWN .1
prav. ’—p IN2 out X
P IN
ouTH
(3} »{ osnkab_levo_IN sign_x_R(auto) \-& —<I> @—%/‘ E
(7 )—osniab Jey > P1(IN) P1{OUT) :
& pos_* osnkab_levo_OUTH Subsystem Joint Actuator1 Joint Sensor1 Display?
poz_x (6 } P sign_x_L (@uto} const
sign x L{autb) leva_UP
G

sign X Fso)
Pucynok 29 — bioxk ynpasienue mo ocu X

Cocroutr OH W3 cleayrmuUxX 3ieMeHToB: Subsystem4 (pucyHok 24) — B
JaHHOM OJIOKE B OCHOBE JIS)KHT HHTETPATOp, B KOTOPOM YBEIMYMBACTCS WIIH
YMEHBINAETCSI YHUCIO0 (B 3aBUCHMOCTH OT TOTO KaKOW CHTHal OBLI IOJaH,
osnkab_pravo wiu osnkab_levo), Tem caMbIM 3TO 4HCII0 OYACT CITY)KUTh O3HUIIUCH
JUIs  OCHOBaHMS Kabuuel mo ocu X; pravo DOWN (pucynok 30),
levo_UP(pucynok 31) u Subsystem(pucynok 32) — ciuykaT IS TOTO YTOOBI

MOKHO OBIIIO 3a1aThb ITOJIOKCHUC U 3aHATH HMCHHO €TI0, HC3aBUCHUMO OT CKOPOCTH.

.
- .
Switch2
Gain3
5 1
@ — e
inS
osrkab pravo Ot 1
Integrator
0 e ]
Switchd
Gaing
D
osnkab_levo

Pucynok 30 — Bitok Subsystem4
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> (D)
g — ouT
M » Switch21
E— |
Switch17
% |Product2
L A
B L <{1]
poz_x o—4-{0] sign_x_R(auto)
Switch19Constant20
Ly |
consamid- — x
C»t—s LP—| =0 ersmheab—pravo—H
Constant28witch18 [t——o Products  2Snkab_prave_OUT
ConstantSwitch20
Pucynox 31 — bnok pravo_DOWN
—>|
LD
O g m— ouT
M I » Switch16
- >0
—
Switch12
% |Product3
A A
amil
C O | oidwpsands (7))
poz_x o——4—{0] sign_x _L(auto)
Switch14Constant19
[ | e
| Constagfif= 0 » 2
— Lot U\‘—-trsrrkab:hvn:ﬂ* *
ConstantBwitch13 [{t—s Producty  °snkab_levo_OUT
Constant1Bwitch15

D

sign_x_R{auto)

Pucynox 32 — bn

ok levo_UP

o0

IMN2

HH—

—0

Switch

ouT

Pucynok 33 — Biiok Subsystem
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AHAJIOTHYHO YCTPOCHBI M OCTAJIbHBIC AJIEMEHTHI CUCTEMBI, Pa3HHIIA JIHIIb B
TOM, 4TO OJIOK YHpaBJE€HHUS MO OCH Y OTBEYAET 3a KPIOK, OJIOK yNpaBJIeHUs 0 OCH
Z OoTBEYaeT 3a OCHOBaHWE KpaHa, a OJOK 3aJaHus MOJIOKEHHUEM KOHTEHHepam
(Subsystem) oTBedaeT 3a ynpaBJieHHUE MTOJOKEHUEM KOHTEHHEPOB B TIPOCTPAHCTBE.

2.3 Co3nanue ynpapJ/siionmeil nmporpaMmmabl

[Tocne Toro kak pazpaboTany CUMYJIMHK MOJIEIb KpaHa, EPEeXoauM K
pa3paboTKe YIpaBisIoUiel MporpamMmsl :

1. Omnucanne BHU3YyaJIN3allUU ITAHCIN YIIPABJICHUS ABUKCHUCM MOICIIN.

# CoDeSys - kran.pro - [pupr]

5 daiin Mpaeka Mpoekr Bcraska [ononHenma Ownaiin  Okwo  Cnpaska -8 x
2= B D)|eeE| S S5
[=— 1
e P
3 x-° y 10 z
--- | I I O
4 13 12 18 4o 5 g 18 g
tj 21@ &19 8
247 227055
oo
TEE 25 26
[ [OHMARH: lacalhast' via Tepdp_ [FMU1. [ZAMYWERD [T0 (4

Pucynok 34 - naHeslb py4HOI'0 ¥ aBTOMaTHYECKOI'O YIPABICHUS
1 — KHOMKa PYYHOTO peXrUMa yIpaBICHUS;
2 — KHOTIKa aBTOMaTUYECKOTO PEeKUMA YIIPaABICHHUS;
3 — KHOTKa yOpaTh Bce KOHTEHHEPHI;

4 — KHOMKa MOSABJIEHUS rpy3a (MO0 HAXKATUIO MOSIBISETCA TPy3, €CIH €CTh

Wjies moyulle, Kak Ha3BaTh €€, TO Ha30BHU);
S — KHOIIKa BKJIIOYEHHUS BHICOKOW CKOPOCTH JIBUKESHUS MO/ICIIH;
6 — KHOIIKa BKJIFOUCHUS CPETHCH CKOPOCTH JIBFXKCHHS MOJICIIH;

7 — KHOTIKA BKJTIOUCHHSI OOBIYHON CKOPOCTH JABUKCHUS MOJICIIH;
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8 — KHOTIKa 33/1aHNs HAYaJILHOTO TOJIOKCHHS,;

9 — KoopAMHATHI KpaHa Mo ocu X;

10 — koopIMHATHI KpaHa 1Mo OcH Y

11 — koopIMHATHI KpaHa 1Mo ocH Z;

12 — kHOmKa yrpaBieHus: KpaHOM MO ocu Z (OCHOBaHUE KpaHa) BIIEBO;
13 — kHOmnKa QuKcauu KHOMKHU 12;

14 — kHOIKa yrpaBieHUs! KpaHOM MO ocu Z (OCHOBaHUE KpaHa) BIPABO;
15 — kHomnKka ¢ukcanuu KHONKHU 14;

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

17 — kHOmnKa QuKcanuu KHOMKH 16;

18 — kHomKa ynpaBiieHUs1 KpaHOM 10 ocH Y (KpIOK KpaHa) BHU3;

19 — kHomKa ¢uKkcaruu KHOMKHU 18;

20 — xHOTIKa yrpaBlIeHUsI KpaHOM 110 ocu X (kabuHa KpaHa) BIICBO;

21 — xHomka ¢ukcaruu kHonku 20);

22 — KHOIIKa yIpaBJICHUS KpaHOM 110 ocu X (kabuHa KpaHa) BIIPARBO;
23 — KHOTKa (pUKCAIX KHOTIKU 22;

24 — xHOTKA 3aJaHusl IO3ULIUY JJISl B3SITUS IPy3a;

25 — KHOTIKa Havaja aBTOMaTHIEeCKON paboThI;

26 — KHOTIKa 3aXBaTa Tpy3a KPIOKOM;
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2. Onwucanue nporpammbl PLC_PRG(ST):

- kran.pro - [PLC_PRG (PRG-5T)]

% ®ain [paeka [Mpeoext Beraewte  Jonondenwa  Odnaidn Okno  Cnpaska =l
PECE e e e
D001PROGRAM PLC_PRG
Q oy 0002VAR
OD03EMD_VAR
NnnAd
: »
2] _upr [FRG) DO0AIr_upr, -
2] Skor [PRG] 0002iskor;
0003)Kont_ri;
0004)a_upr,

D005|IF R_U = TRUE THEN
0006 upr=FALSE
D007|ELSIF A_U = TRUE THEN

upr:=TRLUE;
0009 EMD_IF W

£ >

Pasmep kopa: 21405 Gait
EVE =R NI >

| [Crp. 1, CronG.: 1 [OHMAAH [3&M [MPOCMOTR

Pucynok 35 — ocroBHas nporpamma PLC_PRG

B nannHo#l mporpamMme OCYIECTBISIETCS 3aMyCK MOJNPOrpamMmM st paboThl
CUCTEMBI M peajn3oBaHa paboTa KHOMOK ISl MEPEKITIOUYCHHS] MEXAY PYYHBIM H

ABTOMAaTHUYECKUM PEKUMOM YIIPABJICHUS.
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3. Omwucanue nognporpammer Skor (ST):

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

ﬁ Daiin [lpaeka [lpoekt Betaewte  [JdononnedHus  Ownnadn Owkno  Cnpaeka - & %

=== el e R L A R = Y
D001|PROGRAM Skor

3 POU 0002/VAR

a upr (PRG]|| 0003  state:BYTE;
Kont_ri [PRG|| |O004END_VAR

PLC_PRG (A <
1_upr [FRG]
Skor [FRG]

D001(IF BTN_speed = FALSE AMD BTH_speedi=FALSE AMD BTH_speed2= FALSE THEN A
0002 BTM_speed=TRLE;

0003 BTM_speedt:= FALSE;

0004 BTH_speed2:= FALSE;

Q005 state:=0;

0006|END_IF|

0007
D00B[CASE state OF
0008
0010(0:
0011
D012(IF BTM_speed = TRLUE AND speed == 1 THEN
Q013 state:=1;

D014{EMND_IF

0015
D016(IF BTM_speed1 = TRUE AMD speed == 5 THEM
Q017 state:=2;

D018[EMD_IF

0018
D020(IF BTM_speed2 = TRUE AMD speed == 10 THEN
0021 state:=3;

D022EMD_IF

0023
0024{1:

0025 speed =1;

0026 BTH_speed1:=FALSE;
0027 BTH_speedZ:=FALSE;
0028| state:=0;

0028
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

| € > || [o042lenD_casE "
l-[: % anda ‘ N

| [Crp.. 6, Cron: 7 [OHNAMH [2&M [MPOCMOTE

Pucynok 36 — kox nmogmporpamMmsl SKOr
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B nanHOl moxamporpamme peajau3oBaH BbIOOpP CKOPOCTH JABHKEHUS
00BbeKkTOB cHucTeMbl. [lo TIIaBHOMY yCJIOBHE €CIM HM OJIHa M3 KHOIOK HE ObLia
Ha)kaTa, TO BKJIIOYAETCS MUHUMAJIbHBIA PEXHM CKOPOCTU. A Jajbllie B CKOPOCTb
3aBUCUT OT TOrO Kakasi KHONKa OblUla HaxkaTa (Mayasi CKOPOCTb, CPEIHSS WU

OoJsibias).

4, Onwucanue moanporpamMmbl Kont_ri (ST):

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

W oaiin Mpaeka [poekr Beraeute Jononnenns  Ownafin Owno  Cnpaeka - 5| %

2|28 B|@|eeBlS|SAW » B85 W

DODA|PROGRAN Kont_ri
A FOU 0002|VAR
0003  state1BYTE:

%END_‘MR

-~[E] PLC_PRG P = >
- TN  —
3 :3—}:‘”[ [F_HG] 0001|IF BTN_gruz = TRUE THEN ~
o FRGI || Toppg  kon 1:= TRUE:
D003/END_IF
0004]

Q005|IF BTM_gruz = FALZE AMD Eon_1=TRLUE THEM
0006 kon_2 =TRLE;

QDOF|IEMD_IF

0008
Q009)IF kon_1=TRLUE AND kon_2 = TRUE THEN
0010 kon = kon+1;

0011 kon_1 = FALSE;

0012 kon_2 .= FALSE;

O013(EMD_IF
[nn4] b
£ >
£ >
= =) Fr— Py — e e

| [Crp.: 1, Croné. 1 [OHMAAH [32M [MPOCMOTE

Pucynok 37 — moamporpammsr Kont_ri (ToJTHBIH KO IOAIPOTPaMMBbI B

NPUIIOKEHUH b)

JlanHass nmoamporpaMma OTBEYaeT 3a MOSBJICHHE TIpy3a M €ro
B3aMMOJICHCTBUE C KPAaHOM, a MMEHHO MOJ00p KOHTelHepa. B Hamem ciyuae
KOHTEMHEPOB IIECTh, KAXKIbIA HMMEeT CBOM HoMep. [lo ycrnoBHIO KOHTEHHED
MOXHO MOJ00paTh TOJBKO B TOM CIy4ae, KOTJa KPIOK HAXOJUTCSA MPsIMO HaJ HUM

Y KacaeTcs ero CBepXy.
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5. Onwucanue moamnporpaMmsel I_upr (ST):

# CoDeSys - kran.pro - [r_upr (PRG-5T]]

ﬁ Dain

Mpaeka

Mpoekr  Beraeute  JononHenwa

OHnaidx

OkHo Cnpaeka

2|8 15| 0etF| S R 4 [Bo] B[]

A POU

- [E] a_upr [PRE]
2] Kont_ri [PRG
-] PLC_PRG (P
-2 IEGE
t-[Z] Skor [PRG)

noo1

[PROGRAM r_upr

0002
0003

Halalul.|

VAR
END_VAR

L4

0007
0008|
noog|
0010
0o
0012
0013
o014
nn4

IF upr = FALSE THEM

np:=TRUE;
GO =FALSE,

|IF BTM_kran_levo = TRUE THEM
kran_levo=TELE;

ELSE
kran_levo:=FALSE;

EMD_IF

IF BTM_kran_prava = TRLIE THEM
kran_pravo:=TRLIE;
ELSE

kran nrawvn=F4l SF-

>

WA D e sm e SO O LT A e

>

A Ao 1L |

[Crp: 1, Crond 1

[OHNARH [34K [MPOCMOTF

Pucynox 38 — mogmporpamma I_Upr (IOJHBIN KO MOIIPOrpaMMbl B PUIIOKEHUU

B)

B nmanHol mopmporpaMme peaqrd30BaHO PYYHOE YIPABJIECHHE CHUCTEMOM, €CIHU
JaHHBIA pekuM BeIOpaH. C ee MOMOIIBI0 MOKHO JIMYHO HANpPaBUTh KpaH B TO
MECTO, KOTOpPOE HEOOXO0UMO, a TaKkKe MOoJ00paTh TPy3 U MOCTaBUTH €ro TaM, IIe
HeoOxonmumo. Tak e 93Ta MoAmporpamMma COACPKUT KOJ [JIsl  YIpPaBIICHUS

KHOIIKaMHK 3aJaHHs HA4YaJbHOI'O IIOJOXCHHA M 3aJaHUA ITOJIOKCHHA AJIA B3ATHA

rpys3a.
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6. [Toxmporpamma a_upr (ST):

eSys - kran.pro - [a_upr (PRG-5T]]

B Daiin Mpaeka [poekr Beragute  [Jdononnedwa  Ownaitn Owno  Cnpaeka -

Bl=|E| 1B)|S]ad 5SS |55
D0M|PROGRAM a_upr

3 POU 0002|VAR

- 0003  state2BYTE;

= Kont_ri [PRG|| |ODD4END_VAR

5] PLC_PRG [F| (2008

2] LuprPRG) || P

; 0007|IF upr = TRUE THEM ~
skor (FRE) || 590z
0003|IF np = TRUE THEN
0004|  kruk_up=TRLE:
0005  kruk_down'=FALSE:
DO0B| IF Y=0THEN

0007 kruk_up=FALSE;

000g| kruk_down:=FALSE;

0009 kran_levo:=TRLE;

0010 kran_pravo=FALSE;

0011 osnkab_levo=TRLE;

0012 osnkab_pravo:=FALSE;

0013 EMND_IF

D014{EMD_IF o

o < >
< b3
I.[jllﬁj ( nnnnnn Frammia e AMrmmrmms Dilaa HSeAOSWAD O afaemea O OWO 180 i oikr~e .i.'\lh-\..-\.-.,-\..--.;_.

| [Crp. 1, Cran6.: 1 [OHNAAH [32M [MPOCMOTR

Pucynox 39 — mognporpammsl &_UPK (MOTHBIN KO MOATPOTPAMMBI B TIPUIIOKEHU U

I)

[lonmporpamMmma peanu3yeT aBTOMAaTUYECKOE YIPABICHUE CUCTEMOM, €Clu
JAHHBIA pEeXKUM BBIOpaH. B aBTOMaTHMueckoM peXHUMeE KpaH CaMOCTOSITEIBHO
paccTaBliieT BCE IPy3bl MO CBOMM MECTaM IpPU HAXKATHM HA KHOMNKY 25 (Hadasio
aBTomMaTudeckoil padbotsl). [locie HaxkaTusi Ha KHOMKY (€CIM MMEeTCs TPy3) KpaH
3aHUMAaeT MO3ULHI0 IJI1 MOoAbeMa KOHTEHEepa, MOJAUECIUIAET €ro U MePeHOCUT Ha
OMpENICICHHOE €MY MECTO, IOCTaBUB Ipy3 Ha MECTO, OH OTIIYCKAeT €ro u
BO3BpAIlA€TCS B HAYallbHOE MOJIOKEHHE, B KOTOPOM OXHUJAET HOBOT'O Ipy3a U

IIOBTOPHOI'O HAXKAaTHU Ha KHOIIKY.
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2.4 3anmyck u npoBepKa padoTbl CHCTEMbI

B mepByro ouepenr OTKphIBaeM Bce HporpaMmbl, a umeHHo MatlLab wu
Simulink Moxmens onucannyro myHkroMm Bbimie, CoDeSys u ero mporpammy s
yIpaBiieHust [BuxkeHneM cucrembl, PC-amymsrop TTJIK SP PLCWIinN.

3arpyxxaeM nporpammy u3 CoDeSys B PC-smynsarop IIJIK u 3anyckaem e€.
B Simulink Bo Bkmaake simulation stop time mumem inf a1 Toro 4ToOBI Haia
MozieNb paboTana 0e3 OCTaHOBKHM, MOCJE 3allyCKaeM MOJENb U €CJIM BCEe ClIelaHo
NpaBUJIBHO M HE BO3HUKIA mpobiema c¢ moxakimtoueHuem OPC — cepsepa, TO

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

View  Simulation Model Help u
H o2 edeE »H4+ X u = DLW
B SE =

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]
&= ®aiin Mpaeka [poexr Beraeka Joncnnenna  Odnalin OkHe  Cnpaexa - [ & %

2|2|E| B S|eeE S SR

£ Busyanuzaumm
b

]
oo
EEEE]

| [OHNARH: localhost' via Tepddp_ [FMYN. [34NYWEHD lﬁ

Pucynok 41 — Buzyanuzanus nanens ynpasieHus B CoDeSys
Ecnn Bce KHOMKH M pexXUMBl pabOTArOT, KaK 3aAyMBIBAIIOCh, TO MOYKHO
cAeNaTh BBIBOJ YTO MMUTAIIMOHHAS MOJETh CHUCTEMBI YIPABICHUEM JIBUKCHUS

KO3JIOBOI'O KpaHa pa60TaeT IMpaBUJIBHO.
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SAKJIIOYEHUE

B 1aHHOM KypcOBOM MpOCKTe MOAPOOHO U3YYHIM HMHTAIIHOHHOE
MOJICTTMPOBAHME CHUCTEM YIIPaBJICHHs JBIXKCHHEM. bBbula mpoBeieHa paboTa B
takux nporpammax kak MatLab, SolodWorks, Simulink u CoDeSys. B kauectBe
npuMepa clelaid pabodyyr MOJeNb KO3JI0OBOTO KpaHa, KOTOpas MOXOkKa Ha
OPUTMHAT ¥ B TOYHOCTH [OBTOPSCT €ro JABMXKCHUSA. VIMHTAIHOHHOE
MOJICJTMPOBAHME MOXKHO HCIOJBb30BaTh B pasHbIX cdepax, 4YTO IMOMOXKET He
MCIIOJIb30BaTh KaKoOW HU OyIb CTEH/A WM OOOpYJOBaHHE,a CHa4yajla MPOBEPHTH

nporpaMMy Ha MOJEJH.
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[MTPUJIOXEHHUE A

Texnnueckoe 3ajanue Ha pa3padoTKy

Texnuueckoe 3amanue paspabarbiBaeTcs cornacHo TpeboaHusm ['OCT
34.602-89 «MudpopmanoHHasi TEXHOIOTUS.

TexHuuyeckoe 3a1anue COACPKUT CIEYIOIIUE Pa3AeIibl:

1) BBEJICHUE;

2)  Ha3HAYCHHE W IEJIM CO3MaHMs (PA3BUTHUS) CUCTEMBI;

3)  xapakTepuCTHKa 00BEKTOB aBTOMAaTH3AIlUH;

4) TpebOBaHUS K CUCTEME;

5) cocTtaB u cofepkaHue padboT MO CO3JaHUIO CUCTEMBI;

6) MOpPsIIOK KOHTPOJISI ¥ TPUEMKH CHCTEMBI;

7) TpeOOBaHMS K COCTaBY M COJAEP)KaHUIO pabOT MO MOATOTOBKE OOBEKTa
aBTOMATHU3allMH K BBOAY CUCTEMBI B ICHCTBUE;

8) TpeOoBaHMs K IOKYMEHTHPOBAHUIO;

9) HCTOYHUKH Pa3pabOTKH.

1)  Bsenenue

JlaHHBIE ~ KypCOBOM  MPOEKT  OyAeT  TMOCBSIIEH  MMHUTAllHOHHOMY

MO/ICITHPOBAHHIO YIIPABICHUS IBUKCHUS CUCTEM.
OOBEeKTOM TaHHOM Pa3pabOTKU ABIAETCS KO3JIOBOW KpaH.

Mogens — 3TO 00BEKT, KOTOPHIH OBbUI CO34aH HCKYCCTBEHHO C IICJIBIO
YIPOIIEHHOTO MPEJCTABICHUS O pealbHOM OOBEKTE, Mpollecce WM SBICHUHM U
OTpakaeT CYIIECTBEHHBIC CTOPOHBI 00BEKTa, KOTOPBIM M3ydaeTcs, C TOUKH 3PCHUS

e MOACIINPOBAaHMAA.

MoaenupoBaHue — ucCCleIoBaHWE OOBEKTOB  MO3HAHMUS HA WX MOJCISX;
MOCTPOCHUE W U3yUYECHHUE MOJIEel peaabHO CYIIECTBYIOIIMX O0OBEKTOB, MPOIECCOB
WJIW SIBJICHUM C TIENbI0 TOJYYCHUs] OOBACHEHMM OSTUX SBJICHUM, a TaKxke It

npcacKa3aHu:d HBJ’ICHHﬁ, HHTCPCCYIOIIUX UCCICA0BATCIIA.
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OOBeKT, I KOTOPOTO CO3JAI0T €r0 MOJAEIb, Ha3bIBAlOT OPUTMHAIOM WM
npoToTUNOM. Mojenb He sBiseTcs a0COMIOTHOM KONMEH CBOEro MpOTOTUIIA, a
JUIIb OTPAXKaeT OCHOBHBIE €ro KadecTBa M CBOMCTBA, KOTOPBIE SBISIOTCS
HauOoJee CyleCTBEHHbIMM ISl BEIOpaHHOM 1ienu uccienoBanus. [lpu co3mpanuu
MOJENHM BCErJa HMMEIOT MECTO ONpENENICHHbIE JOMYyIIEeHHs W rumnore3sl. C
IIOMOIIBIO CHCTEMHOIO IIOJAXO0Ja MOXKHO CO3/1aBaTh IIOJTHOLICHHBIE MOJEIN.

Ucnonnurenu: Anexo M.A , Jlopodeena T.A.

2) Ha3znayenue u nesiu co3ganus (Pa3sBUTHS) CUCTEMbI

NmuTtainmoHHoe MOAEIUPOBAHUE YINPABICHUS CHCTEM JIBUXKEHUS HYKHO
JUISL TOTO 4TO ObI U3YYHTH JBH)KEHHE 00BEKTa, KaK OH pab0TaeT, U3 4Yero COCTOUT.
Pa3paboTka mpoToTMHa Ha OCHOBE KOTOPOro OyIyT CO3/1aBaThCi peabHbIC
MOJIEIN 00BEKTOB, KOTOPBIE OYAYT 3aMEHSTh peabHbIE 0OBEKTHI.

3) XapakTepucTUKa 00bEKTOB aBTOMATU3ALNM

Kosnosoii kpan (KK) — wmHOrodyHkimoHnansHoe 0OOpyIOBaHHE IS
pPa3TUYHBIX TUJIOIMAJOK U OOBEKTOB, TA€ TPYy30MOIbEMHBIE PabOThI BEIyTCS
nocTostHHO. KO03JI0BOM KpaH — 3TO arperaT MOCTOBOIO THIA. ['OpH30HTaIbHAs
OaJika, M0 KOTOPO# MepeMeIaeTcs rpy3 — KOHCTPYKTUBHO OTHOCHUTCSI K MOCTOBOM
IpYIIE MOABEMHBIX MEXaHU3MOB. OCHOBHBIM OTJIMUMEM siBIsieTcsl TO, 4To KK
MOKET CaM MEpPEBUraThCs MO pelibcaM.  YCPEIHEHHBIM CPOK  3KCIUTyaTaluu
KO3JIOBBIX KpaHOB — 0Kou1o 20 jeT, HapaboTka Ha oTka3 = 3 000 nuKIIoB.

4)  TpeOGoBaHHe K CHCTEMe

Hyxno d4ro Oml MomenupyeMas cucTtemMa ObUIa TIpOCTa U TIOHSTHA,
MaKCHMaJIbHO COOTBETCTBOBAJa JBIDKEHUSAM H Bena cels, Tak Kak OOBEKT,
KOTOpbIA MBI  MonenupyeMm. (CucremMa JOJDKHA peanu3oBaTb pPYy4dyHOE W

ABTOMATHYCCKOC YIIPABJIICHHC.

5) CocraB u cogep:kaHue padoT Mo CO3TAHNI) CHCTEMbI
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Paspaborka tpexmepHoit monenu B Solidworks ,mepeHoc 3Tod Moxenu u
pa3paboTka ympapistomed nporpammel B Simulink, paspaGoTka mporpaMMel

BU3YyaJIM3alNH, anpoOaliK, HACTPOUKa.
6) IlopsimoK KOHTPOJISI H MPHEMKH CHCTEMBI

MOI[eJIB KO3JIOBOT'O KpaHa, KOTOpasAa HOOJKHA ABUTATHCA IO TPCX OCIAM,
MOAHUMATL MPCAMCTHI. MOI[GJ'IB OOJIKHA JOBUTATBCA TIpU TIOMOIOIWM KOMAHI,
KOTOPbIC 6YI[YT 3a1aBaThbCA. PYKOBOI[I/ITG.HB IMPpOCKTAa pa3 B HCACIIO IPOBOIUT

KOHTPOJIb CUCTCMBI , 4 IPUCMKA CUCTCMbI 6YI[GT HC IMOCPCACTBCHHO HA 3alllUTC

7)  TpebOoBaHHsI K COCTABY H COAEPKAHHMIO PadoOT IO TMOATOTOBKE

00beKTa aBTOMaTHU3AllMd K BBOAY CUCTEMBI B HeﬁCTBI/Ie

YcranoBka nporpammuoro obecnedenus (MatLab (¢ maketom Simscape
Multiboby Link),Codesys), wnactpoiika cBs3M, K COCTaBy MOJEIH €CTh

Solidworks.
8) TpeboBaHusi K JOKYMEHTHPOBAHHUIO

Onucanue KOMIIOHEHTOB CHCTEM VIPABJICHHS, HHCTPYKIUS K 3aIyCKy
Mojeau, o0Iiee  OmWCaHWe, ONHCaHWEe  PEKUMOB  paboT  (pydyHOro,

ABTOMATHUYECKOTO0).

9) HcTOoYHHKH pa3padoTKu

1. PeibaneB, A.H. Paspaborka wu osmynupoBanue ACY TII ¢
MCIIOJIb30BAaHUEM TIPOTPpaMM pa3HbIX mpousBogutenei u tunoB / A.H. Pribanes,
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[MTPUJIOXEHUE b
KOJI rmoanporpaMMbl 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;

END_IF

IF kon =4 THEN
statel :=4;
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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 =15 AND Y =14.5 AND Z =0) THEN
vl ;= FALSE;

END_IF

3:(* ---3 *)
IF kon =3 THEN

gruz?2 := TRUE;
END_IF
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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 =145 AND Z =0) THEN
v4 .= FALSE;

END_IF

(] (— *)
IF kon = 6 THEN
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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
vziat5 := 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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ITPUJIOXEHUE B
KOJI MOJporpaMmMsl I_UPrF

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
ST
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_Xx_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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I[TPUJIOXXEHUE T’
KOJI MOJIporpaMmMbl a_Upr

IF upr = TRUE THEN

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

IF 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 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
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IF kon =6 AND GO = TRUE AND np = FALSE THEN

state2 := 60;
END_IF
CASE state2 OF
10:

poz_x := 15;

state2 :=11;
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
state2 := 12;

END_IF

12:

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

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

END_IF

13:

vziat := TRUE;

kruk_down := FALSE;

kruk_up := TRUE;

IFY=0THEN
kruk_down := FALSE;
kruk_up := FALSE;
state2 := 14,

END_IF

14:
poz_x:=5;

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

osnkab_levo := TRUE;
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 =5 AND Y=0 AND Z=-60 THEN

kruk_down := TRUE;
kruk_up := FALSE;
END _IF

IFY =14.5THEN
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
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20:

21:

22:

23:

24:

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

poz_x := 15;
state?2 :=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;
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25:

30:

31:

kran_pravo := FALSE;
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;
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32:

33:

34:

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
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;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

kran_levo := FALSE;
kran_pravo := TRUE;

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

40:

41:

END_IF

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;
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
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
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42:

43:

44

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 :=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;
sign_x_L := FALSE;
sigh_X_R := FALSE;

END_IF

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

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 =145 THEN
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;
67



52:

53:

54:

osnkab_levo := FALSE;
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
state? := 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;
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END_IF

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 =0 THEN
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;
state2 .= 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;

ELSIFpoz z+Z=0THEN
kran_levo := FALSE;
kran_pravo := FALSE;
sigh_z_R := FALSE;
sign_z L := FALSE;

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

END_IF

IFY =145 THEN
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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