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1. JIabopaTopHas padora Nel
KOMIIBIOTEPHOE MOJEJIMPOBAHUWE JIBMXXEHIMA OJIHO3BEHHOI'O 1
JIBYX3BEHHOI'O ®U3NYECKHUX MASATHHUKOB C IIOMOIIBIO ITAKETA

PACIIMUPEHUSA SIMMECHANICS CPEJIbI MATEMATHUYECKOI'O
NMUTAILMOHHOI'O BJIOYHOI'O MOJEJIMPOBAHUA SIMULINK/MATLAB

Ilenv padbomuwr:

O3HaKOMHUTBCS € TakeToM pacmupenuss SimMechanics mnporpammer
Simulink/ MATLAB s MojenvpoBaHHs MeXaHW4YecKux cucteM. OCBOHTH
OCHOBHbBIC MPUHIIMITBI KOMIIBIOTEPHOI'O MOJICIUPOBAHUS JIBMKCHUS OJHO3BECHHOTO U
JIBYX3BEHHOT'O (PU3NYCCKUX MASTHUKOB.

1.1 TEOPETUYECKAA YACTb

MO,HGJII) OJHO3BCHHOI'O MajATHHUKA C BA3SKHM COIIPOTUBJIICHUCM IIPCACTABIICHA

Ha puc.l.l, a Mogens AByX3BEHHOr0 MasiTHUKA — Ha puc. 1.2.

Puc. 1.1 Cxema 04HO3BEHHOTO MasiTHUKA C BA3KUM CONPOTHUBIICHUEM: | — CTOMKa; 2 — )KECTKUI
CTEpIKeHb; | — IIMHA CTePIKHS; Yo — HAYAIBHBIN Yr0Jl OTKIIOHEHHS MasTHUKA; | — KOI(DDHUIIUEHT
BSI3KOT'O TPEHUS

VYpaBHEHUE, ONMMUCHIBAIOIINAE TUHAMUKY PACCMAaTPUBAEMOTO MasTHUKA, UMEET
BU/I;:
[p + puep + mglsinpg =0,
rae
Iy = ml? — MOMEHT MHEpPIMM TeNa OTHOCHTEIHHO OCH BPAIEHHS
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_ u
2ml?

n — K03(pO ULMEHT 3aTyXaHUs;

,.9
p= T~ cobCTBEeHHasd 4acToTa.

C y4é€TtoM 3aMEHbI ypABHEHUE MIPUMET CIEAYIOMINN BUA:

& + 2n¢ + p2sing = 0.

Puc. 1.2. Cxema nByX3BEHHOIr0 MasiTHUKA: 1 — cTOMKa; 2 — )KECTKUM CTEpKEHb 1; 3 — mECTKUIA

CTCPKCHDb 2; - JJINHaA CTep)KHeﬁ; (P10, P20— HAYAJIbHBIC YI'JIBI OTKIIOHCHUS MassTHHUKA

Jlns MojenupoBaHWS MASTHHUKOB OYIYyT HCIOJIB30BAaHBI CICAYIOIINE BHUIBI
OJIOKOB:
1. Ground:;

2. Revolute;



Joint Sensor;

Joint Initial Condition;
Joint Actuator,

Body;

Machine Environment;

Gain;

© ® N @ O &~ W

Scope;
10.Mux.

Taxxe, Kak BCE OCTalbHBIC OMOMMOTEKM Tmakera Simulink, OuOIHOTEKa
SimMechanics mnpencrasnser coboit Habop OJ0KOB B BUAE TrpaduyecKux
NUKTOTPAaMM C OpPWUTHHAJIBHBIMH HAa3BaHWUSAMH Ha aHTJIMWCKOM s3bike. Jlimsa wx
IpOCMOTpa, BhIOOpPAa M MEPETACKMBAHMS MBIIIBIO B OKHO co3jaaBaemoil Simulink-
MOJIEJIH CIYXKHUT OKHO Opay3epa 6ubanorek makera Simulink (puc. 1.3).

Kak Bumno nHa puc. 1.3, B oubnmorexke SimMechanics (B8 MATLAB2013b)
BCETO CEMb Pa3JIeIIOB:

1.1. Bodies;

1.2.  Constraints & Drivers;

1.3. Force Elements;

1.4. Interface Elements;

1.5. Joints;

1.6. Sensors & Actuators;

1.7.  Utilities.

Kaxnpiii paszmen comepKuT OJOKM OIpeaelieHHON rpymmbl. Paccmorpum

noapoOHee Te OJIOKH, KOTOpbIe OYIyT UCIOIB30BATHCA B IaHHOM padoTe.
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Puc. 1.3. OxnHo Opaysepa 6ubimoTtek Simulink, pa3aensr nakera

SimMechanics
1.1.1 Broxu meepovix men («Bodiesy)
JanHbli  paznen OnOINOTEKHU SimMechanics MOYKHO CUUTATh
ocHoBomnojyiaratomuM. C HEro HEOOXOJMMO HAauyWHATH IPHU CO3JIAHHH JIFOOOM

MEXaHUYECKOW MOJIEIH, XOTSI OH COACPIKUT YeThIpe OJoKa!

Body;

WcsMgosz i Body

Ground;

EF Ground

Machine Environment;

Machine
Envircnment

Env O




Shared Environment.

Shared
Envircnment

Paccmotpum nosipobHee Tpu U3 HUX.

bnok «Body» mpezcrapiser co0ol TBepAOe )KECTKOE TeIO (OTASIbHOE 3BEHO
MEXaHW3Ma, JIBIDKEHUS  KOTOPOTO  MOJACITUPYIOTCS) C  ONpEeaeJICHHBIMHU
MOJIb30BaTENIeM TapaMeTPaMH.
B kauecTBe 3a7aBaeMbIX MapaMeTPOB BHICTYMAIOT:

- Macca Tena (Mass), KOTopash MOXET OBITh BBIpa)KE€HA B Pa3IUYHBIX
ennHUIAX (MMEEeTCsl BHIMAAAIOIINNA CITUCOK, TI0 YMOYAHUIO CTOSAT KUJIOTPAMMBI);

- TEH30p MHEpPLUUU Tela OTHOCHTeNbHO ero IieHTpa wMmacc (Inertia),
NPECTABIISIONINN COO0M MaTpHIly pa3MepoM 3x3:

J,. 0 0

X

]
H=l0 J, 0|

0 0 J,|
rae Jix, Jiy, Jiz, — oceBble MOMEHTHI HWHEPIMU TejJa OTHOCUTEIBHO oOcei
COOCTBEHHOH JIOKAJIBHOW CHCTEMBbI KOOPAWHAT, CBA3aHHOM C €ro IIEHTPOM Macc.
Ilns  psga  Hambosiee  paclpOCTPAHEHHBIX CHMMETPUYHBIX  TeJI  MPOCTOU
reOMETPUIECKON (OpMBI (POPMYJIIBI ISl BEIYMCICHHS 3JIEMEHTOB TEH30pa MHEPIIMHU
pUBEEHBI B Ta0. 1;

- IEKapTOBBI KOOPJAMHATHI XapaKTEPHBIX TOYEK, CBA3aHHBIX ¢ TesoMm (Origin
position vector [X Yy z]). B uactHOCTH, 00s3aTeIbHO JODKHBI OBITH YKa3aHBI
KoopauHaThl IieHTpa Tskectd Tena CG u, mpu HEOOXOJUMOCTH, KOOPJHUHATHI
MPOU3BOJIBLHOIO Ynciia Apyrux xapakrtepHoix Touek CS1, CS2, CS3, ... CSN, takux

KaK HOCHTPbI IIAPHHUPOB, CBA3AHHBIX C JAHHBIM TCJIOM, WJIM TOYKH IIPHUIIOKCHUA

BHCIIHHUX CHJI U MOMCHTOB.



Tabmn.1 - DneMeHThl TeH30pa MHEPIIUU Psiia TeI MPOCTOU (POpMBI

Dopayis! IS BEIYHCISHHS
Dopna Tena T

.l‘\ J,v'. '/J:
Toukuil crepkers UIMHON L — 2 ' .
S 1/12(m-L?) 1/12(m-L?) 0
BAO/L OCH Z
Ciepa paguycom R 2/5(mR7) 2/i5(m-R") 2/5(m-R")
/ s 0y E '
Llnnunap pagunycom R 1 BbICO- m| R +—h" | mz R +-h" | “ 3
5 _ ; 4 | 3 Jl4 | 3 1/2(m-R")
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2 e e
CTBCHHO

Jlns Toro, 4troObl N00aBUTH WM YOpaTh H300pa)KeHHE BXOJ1a/BBIXOJA
ONpe/IeJICHHOW TOYKHM Ha mHKTOrpamMme Osioka «Body» B okHe Momenw,
UCIIOJIb3YeTCs YCTaHOBKA UITM cOpocC ¢uiaskka B KooHke Show port.

B xononke Translated from origin of yka3siBaeTcs UMsI CUCTEMBI KOOPAMHAT
(xapakTepHOI TOYKH), OT Hayaja KOTOPOW OTCUUTHIBAIOTCS KOOPIUHATHI TEKYILEH
XapakTepHol Touku. Kak MUHUMYM OflHa XapakTepHas Touka (Jt00asi, B TOM YHUCIIe
9TO MOXeT OBbITh M IeHTp TskecTH Tena CG) momkHa OBITH 3ajjlaHa B CHCTEME
koopauHaT WORLD 1160 B cucreme koopaunat ADJOINING. Dto Heobxoaumo,
9YTOOBI CBS3aTh JAHHOE TEJIO C COCEIHHMMHU HEMOABMKHBIMH WM TOJBHKHBIMH
TEJIaMH.

Cuctema koopauHat WORLD — 310 mHepuuanbHasi HEMOJBUXKHAS CHCTEMA,
cBs3aHHasg ¢ 3emuieit, a cucrema koopauHaT ADJOINING cBsizaHa ¢ HIapHHUPOM,
MPUCOCTUHEHHBIM K Tely (C TOW YacThi0 HIAPHUPHOTO COWICHEHHS, KOTOpas

JKCCTKO CBsA3aHa C paCCMaTpUBACMbIM TGJ'IOM).



Body

customized body geometry and color.

Mass properties

Represents a user-defined rigid body. Body defined by mass m, inertia tensor I, and coordinate origins and axes for
center of gravity (CG) and other user-specified Body coordinate systems. This dialog sets Body initial position and
orientation, unless Body and/or connected Joints are actuated separately. This dialog also provides optional settings for

Mass: |1| kg -
Inertia: | eye(3) kg*m~2 -
Position Orientation Visualization
Show Port Hame Origin Position Units Translated from Components in
Port Side Vector [x y z] Origin of Axes of
] left v cc [000] m v |World ~ | world - | B
v Left ~/cs1  [000] m v |CG v |ce -
] Right ¥ 52 [000] m v | CG -~ | CG hd
Cancel Help Apply

Puc. 1.4 Hactpoiika mapameTpoB Oiioka «Body»

Kaxmoii Touke, e Teno yepe3 MIAPHUP COCAMHSIETCS C JPYTUM TelloM,
JI0JIKHA OBITH MOCTaBJIeHa B COOTBETCTBUE CBOS OT/eNbHAsA cructeMa KoopAauHat CS.

DTO K€ KacaeTcs U TOUYEK IMPUJIOKCHHUA K TCJIY BHCINHUX CHUJI U MOMCHTOB (HpH nX

HAJTUYHH ).

- BEKTOPHI YTJIOB MOBOPOTA CUCTEM KoopAuHaT (Ha Bkiajake Orientation). Ilo

YMOJI4YaHHUIO BCC YIJIBI IIOBOPOTAa BCCX CHCTCM IIPHUHATHI HYJICBBIMU. N3menenue

WX B OOJIBIIMHCTBE CIydaeB HE TpeOyeTcs.

Koopaunatueie ocu mro0oi cuctembl KoopauHaT B SimMechanics 1o

YMOJIYaHUIO PACTOJOKEHBl TaK, KaK IMOKa3aHO Ha puc.l.5, 4To cooTBeTcTBYET

[IpaBou DitlnepoBoit

CHCTCMC

KOOpJIHHAT (Euler




-

Z X
Puc. 1.5 Pacnonoxxenue oceir KOOpAMHAT

bnok «Ground» mpezacTaBiser coOOW HEMOABMKHYIO CTOMKY (OCHOBaHHE),
KECTKO CBSI3aHHYIO C a0COJIOTHOW WHEPUUAIBHOW CHUCTEMOW KOOpPAWMHAT 3E€MIIH.
Hanuuue xorss Ol omHOrO 3TOrO OJIOKa 0053aTENIBHO B JIFOOOW MEXaHUUYECKOM
MOJICJTH OTJCIBHOTO MEXaHW3Ma (MHAYe MpU 3alyCcKe MOJICTUPOBaHUS OyaeT
BbIJIaHa OIMOKa). B OKHE HAcTpOWKHM 3TOro OJIoKa 3a7acTCs BEKTOP KOOPIWHAT
OJTHOHM HEIOJBMKHOW TOYKH MEXaHM3Ma OTHOCUTEIIBHO II100aIbHOW WHEPIMATBHON
cuctembl koopauHaT WORLD. K mexanundyeckoMmy Bxoay/Beixonay 6soka Ground,
COOTBETCTBYIOIIEMY 3aJJaHHOM HEIMOJABUKHOM TOYKE, JOJIKEH ObITh MPUCOCIUHCH B
OKHE MOJIeN OJIOK IIapHUPHOTO cowleHeHus (W3 pasjaena Joints), a 3aTeM OJIOK
«Body», onsate 050k u3 pasaena Joint, 6ok «Body» u T.4., 115 TOro, 4ToOBI CTAIO
BO3MOXKHBIM JIBIKEHHUE TTocienytonmx ten Body.

Block Parameters: Ground

Ground

Grounds one side of a Joint to a fixed location in the World
coordinate system.

Parameters
Location [xy,z]: [00 0] m -

[[] Show Machine Environment port

Cancel Help Apply

Puc.1.6. Hactpoiika napamerpos 6ioka Ground

bnok «Machine Environment» npencraBisier co0OW HACTPOSYHBIA OJIOK
apaMeTpoB MEXaHUYECKOW Cpelbl MOJCIMPOBAHMS I MAIIUHBI (MEXaHH3MA).
biox «Machine Environment» cBsizan ¢ Mexanuueckum 01okoM «Groundy.

[Ipy MBOWHOM MIETYKE MBIMIBIO TI0 JAHHOMY OJIOKY OTKPBIBAe€TCS OKHO

YCTAaHOBKH MTapaMeTPOB MEXaHUIECKOTO MojaeupoBanus (puc. 1.7).



Cpenn 3amaBaeMbIX MapaMeTPOB Ha YEThIpEX BKIAJKaxX JaHHOTO OJoka
HMMEIOTCS: BEKTOp cuil TspkecT Buaa [X Y Z], pa3MepHOCTh MexaHu3Ma (2-mepHas
6o 3-MepHas cxema), crmoco0 aHaiau3a, THUI pelIalollero  yCcTpoucTBa
OrpaHUYEHHUs,  JOMYCKM  JIMHEApU3allUM, YCTAHOBKA/CHATHE  BHU3YaJbHOTO
HaOJII0ICHMUSL.

[lo ymonyaHHiO BEKTOp CHJI TSDKECTH YCTAHOBJEH Kak JUIsi MEXaHHM3Ma,
PacnoIOXKEHHOT'O0 Ha TOPU30HTAJIBbHON OMOPHON MOBEPXHOCTU C HYJIEBBIMU YIJIaMU

HAKJIOHA OTHOCHUTEJIbHO IPABUTALIMOHHON BepTHKaiu, 1 uMeeT Bua [0 —9.81 0].

x
Description

Defines the mechanical simulation environment for the machine to which
the block is connected: gravity, dimensionality, analysis mode, constraint
solver type, tolerances, linearization, and visualization.

Parameters Constraints Linearization Visualization

Analysis mode: Type of solution for machine's motion.
Tolerances: Maximum permissible misalignment of machine's joints.

Gravity vector: [0-9.81 0] mf{s™2 -
O Input gravity as signal

Machine dimensionality: Auto-detect -
Analysis mode: Forward dynamics -
Linear assembly tolerance: |le-3 m -

Angular assembly tolerance: |1e-3 rad -

Configuration Parameters...

Cancel Help Apply

Puc. 1.7 Hacrpoiika mapamerpos 61oka Machine Environment

[Mpenmonaraercss, 4to K Kaxaomy Omoky «Ground», cBsi3aHHOMY C
OTJICTHbHBIM MEXaHW3MOM MOJIENH, TOJKEH OBITh MPUCOCIMHEH CBOM COOCTBEHHBIM
ook «Machine Environment». [ns toro, utoObl 60k «Machine Environmenty
MOXXHO OBUIO TPUCOENUHUTH K 070Ky Ground, B OKHE HACTPOWKH TIOCIIEIHETO

JOJKEH CTOATH (hraxkok B mosie Show Machine Environment port.
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1.1.2 Baoxu wmapnupuuix counenenuit (Joints)

Pasnen Joints (puc. 1.8) 6ubmmoreku SimMechanics— BTOpoi 1Mo 3HAYMMOCTH
nociie pasaena Bodies. OH coaepXUT OJI0KH MAPHUPHBIX COWICHEHHUH C pa3InYHbIM
YHCIIOM CTeNeHeN cBOOObI, KOTOPHIE COCIUHAIOT MEXYy CO00il OTAeNbHbIE OJIOKH
«Body» (a Taxxe 010k «Groundy» ¢ 6;1okoM Body). biaaromapst aTomy, Tena (3BeHbs
MEXaHH3Ma) MOJIY9at0T BO3MOKHOCTh OTHOCUTEIIBHOTO JIBHYKCHUS.

Paznen Joints comepkuT MATHAALATH OCHOBHBIX OJOKOB, MMUTHUPYIOIIMX
BCEBO3MOJKHBIC BHJIbI MIAPHUPHBIX cowieHenuid: 1. Prismatic; 2. Revolute; 3. In-
plane; 4. Universal; 5. Gimbal; 6. Spherical; 7. Planar; 8. Cylindrical; 9. Bearing;
10. Telescoping; 11. Bushing; 12. Six-DoF; 13. Screw; 14. Weld; 15. Custom Joint.
[TukTorpamMmmsl Ha Oyiokax paszzgena Joints garoT HariasgHy0 HHGOpPMAIUIO 00 HUX
Ha3HAYCHUU Jake 0e3 ONMCaHMUs.

Kpome Toro, B paszmene Joints NpHCYTCTBYIOT JBa JIONMOJHUTEIBHBIX
noapazaena: Disassembled Joints (pazoOpanHble cowieHeHus) U Massless

Connectors (6€31HEPIIMOHHBIE COSTUHUTEIN),

12



File Edit View Help

Pl 3 > | ground v i G
Libraries thanics/First Generation/Joints |43 b
> Simulink
£ Disassembled
3
» Aerospace Blockset P =
> Communications System Toolbox
> Computer Vision System Toolbox ) IMassless
Control System Toolbox ’ < Connectors
> DSP System Toolbox
> Embedded Coder .
X Bearing
> Fuzzy Logic Toolbox
> HDL Verifier
Image Acquisition Toolbox Bushing

Instrument Control Toolbox %
Model Predictive Control Toolbox
Meural Metwork Toolbox Custom Joint
OPC Toolbox
Eeal—Tlme Windows Target _' Cylindrical
eport Generator
Robust Control Toolbox
SimEvents
SimRF
Simscape
Foundation Library
SimDriveling
SimElectronics
SimHydraulics
SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
= Joints
Sensors & Actuators
Utilities.
> Second Generation

Gimbal

o
o

In-plane

Planar

D P P e e

Prismatic

Revolute

DR

3 lSimPn werSystems _' Six-DoF
Utilities L
s+ [*a| Simulink 30 Animation
> [Pl simuiink Coder Spherical
> [*&| Simulink Control Design
> [*&| Simulink Design Optimization
> [Pa| Simulink Design Verifier Telescoping
> |Py| Simulink Extras
3| Simulink Verification and Validation
| Stateflow Universal
1| System identification Toolbox
» [#a| Vehicle Network Toolbox Weld
» [®a| xPC Target

Puc. 1.8 biioku mapHupHBIX coueHeHuH Joints

T.k. B manHoi paboTe OyJeT MCMONIB30BaThCS TOJNBKO 00k «Revolute», To
pPaccMOTpPUM MOAPOOHEE TOIBKO ITOT OJIOK.

braok «Revolute» obecrneunBaeT OJHY BpAaIIaTEIbHYH CTEHNCHb CBOOOBI
Telna, cieayomero 3a 06jJokom «Revolute» Bokpyr ocH, 3aaHHON Ha BKIaake AXES
okHa HacTpoiku Omoka (puc. 1.9) B Bume Bektopa [X Y Z], aHanoruyHo OJOKY

«Prismaticy.
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Revolute
Represents one rotational degree of freedom. The follower (F) Body rotates relative to the base
{B) Body about a single rotational axds qoing through coliocated Body coordinate systém origins.

Sensor and actuator ports can be added. Base-follower sequence and axis direction determine
=gn of forward mobon by tha right-hand rule,

Connection parameters

Current basa: GNO@Ground
Current follower: CS188ody

-
Humber of sensor / actuator ports: o

Paramaters
Axes | Advanced

Name Primitwve Axis of Action [xy 2] Reference CS
R1 revolute [001] World v

0K Cancel Help Agply

Puc. 1.9 Hacrpoiika mapamerpoB 61oka «Revolute

BexTop ocu BpaleHusi Takke MOXKET ObITh 33aJlaH B MHEPLUHUAJIBLHON cUCTeMe
koopauHatr WORLD, B cucteMe KOOpAMHAT, CBSI3aHHOW C TMEpBbIM TejioM Base
(pekoMeHIyeTcs1), TM00 B CUCTeME KOOPAMHAT, CBSI3aHHOW C MOCHEAYIOIIUM TEJIOM
Follower.

B omnmmune ot Omoka «Prismatinc, y KOTOpPOro oCh MNPSAMOJHHEHHOTO
JIBUKEHUS W CBSI3aHHAs C HEW CTemeHb CBOOOJbI Ha3BaHa uMeHeMm Pl, B okHe
HACTPOWKHM mapameTpoB Oyioka «Revolute» och BpallieHHss aBTOMAaTHYSCKH Ha3BaHa
umeneM R1, u 310 He cayuaitno. B SimMechanics Bce moctynaTenbHbie CTEICHU
cBO0OOIBI TIOOBIX OJIOKOB pazfena Joints 0003HAYAIOTCSI CUMBOJIOM P ¢ TTOPSIAKOBBIM
HOMEPOM TIOCTIE HETO, a BCE BpallaTeIbHBIE CTENEHU CBOOOABI — AHAIOTHYHO
cuMBOJIOM R.

broku cBsizm mexannveckux 010koB SimMechanics ¢ 0ObI9HBIMU S-O510KaMu
Simulink (BUpTyaslbHBIE PETUCTPATOPHI W BO3OYIUTENHM IBWIKEHHUS Sensors &
Actuators).

Jsist Tor0, 4TOOBI MOYKHO OBLTO U3MEPUTH OTHOCUTEIIBHBIE JBVIKEHUS TEI MIPHU

MOACIUMPOBAHMM MAlllMH U MCXAaHHW3MOB, a TAKXC COO6IHI/ITB 3BCHBAM MCXAaHHN3MOB
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OTHOCHUTEJIbHBIC IBUKEHUSI, HEJOCTATOUHO OJIOKOB Tel u3 pasnena Bodies u 6510koB
IapHUPOB M3 pazfena Joints. DT OJOKU OMHUCHIBAIOT TOJBKO CTPYKTYPY
MEXaHW3Ma, HO HE COOOMIAI0T €My HUKAaKuX JBrkKeHui. CregoBaTenbHoO,
HEOOXOIMMO TOJKIIFOYCHHE K JaHHBIM OJIOKaM APYTUX, MOACIHUPYIONINX KaKhe-
100 BO3/ICHCTBUS M CHUMAFOIIMX MTOKa3aHUS.

OnHako MOAKIIOUEHHE MexaHuueckux 01oxoB SimMechanics u3 pasmenos
Bodies u Joints k oObraHBIM S-6510kamM Simulink BO3MOXXHO TOJIBKO uepe3
CIICIMAIbHBIC CBA3YIOMINE OJIOKM MEXaHUYCCKUX BUPTYAJIbHBIX PETUCTPATOPOB TEI

U mapHUpoB (Sensors) U Bo30yauTesneit Ten u mapHupoB (Actuators).

W= x
L
File Edit View Help
[P, 3 | | ground w “ A
Librarigs. neration/Sensors & Actuators (47 P
> P& Simulink
» |Pa| Aerespace Blockset o Body Actuator
> |Pau| Communications System Toolbox
> |*a| Computer Vision System Toolbox
®a| Control System Toolbox Body Senser
> |*a| DSP System Toolbox
> |*a| Embedded Coder .H. Constraint &
> |*a| Fuzzy Legic Toolbex i) Driver Sensor
> P& HDL Verifier _
®3| Image Acguisition Teolbox Criver Actuator
®a| Instrument Contrel Teolbox Ll
®a| Model Predictive Control Toolbox
> [*a| Neural Network Toolbox ' Joint Actuatar
P4 OPC Toolbox
®3| Real-Time Windows Target . Joint Initial
®3| Report Generator Conditicn
®3| Robust Control Toolbox
> |Pa SimEvents Joint Sensor
> [P simRF
4 Simscape . L
p? FEIIJI'Idﬁtl:i)EII'I Library P J..i;::f::man
- [Pal simbriveline a
’ SimElectronics Variable Mass &
> SimHydraulics Inertis Actustor
4 SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
= Joints
Utilities
> Second Generation

Puc. 1.10 brioku BUpTyanbHBIX pETUCTPATOPOB U BO3OyAUTENCH

nBrkeHud Sensors & Actuators
[Tpuuunb! A1 3TOTO cienyroue. Bxoapl (M OHM XK€ OTHOBPEMEHHO BBIXOJIbI )
MEXaHWYECKUX OJIOKOB TENl W IIAPHUPOB CIYKAT IJIsi JBYXCTOPOHHEW Mepenayu
CHUJIOBBIX BBaHMOHeﬁCTBHﬁ MCXKAY 3BCHBAMHN MCXaHHW3Md, KOTOPBIC MMCKOT MCCTO
IIpHu IPOCTPAHCTBCHHBIX ABHIKCHUAX TBCPAbLIX TCJI COINIACHO 3aKOHAM KJIACCUYECKOU

MexaHukn. OmHako oObrgHble S-O0m0oxku Simulink sBasioTcs MO0 MCTOYHHMKAMMU,
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b0 MoJydaTessMu, JIMOO MpeoOpa3oBaTeNiIMU OJTHOHAINPABICHHBIX CUTHAJIOB, U
MO3TOMY HE MOTYT OBITh HEMOCPEICTBEHHO IOJCOEAMHEHbl K BXOJlaM/BBIXOJaM
MexaHunueckux O1okoB. He cimywaitHo B Onok-cxemMax SimMechanics Ha nuHUSAX
COCIMHEHUS MEXaHUYECKUX OJIOKOB HET HM300pa)KeHHil CTpPEoK, YKa3bIBaIOLIMX
HalpaBJICHHE BO3JEUCTBUS, a Tpaduueckue H300paKEHUsI «BXOJO0B/BBIXOJIOBY
MEXaHUYECKUX OJIOKOB UMEIOT BHUJI HE CTPEJIOK, & KBaIPATOB C AUArOHASIMHU.

Kak yxe Obuio ormeueHo panee, Onoku Ttuna Body u Joint, a Takxke
onucaHHble HIKe 010k U3 pasnena Constraints & Drivers MOryT ObITh CHaOXEHBI
JOTIOTHUTENIbHBIMU MTOPTAMHU JJIs TIOJICOEIMHEHUsI K HUM 0s10koB Actuator u Sensor.
bnarogapss 3TOMy, CTaHOBUTCS BO3MOXHBIM HCIIOJIb30BaTh BCE OCTaJbHBIE
oubnuorexku Simulink anga QopmupoBaHus CUTrHaIOB M MepeBoa MOJydaeMoOn
uHbopmaI o6paTHo B paboyee npocTpaHcTBO Simulink.

Bce Onoxu paznena Sensors & Actuators MOXKHO pa3feiuTh Ha TPU TPYMIIbI
1O TUITY OJIOKOB, K KOTOPBIM OHH MOJIKIIOUAIOTCS.

I'pynna 1. bnoku usmeputeneii U Bo3Oyaureiei asmxenus teia: 1.1. Body
Actuator; 1.2. Body Sensor; 1.3. Variable Mass & Inertia Actuator.

I'pynna 2. bnoku usMmepureneid W BO30OYIMUTENICH IBYXKCHHUS IIapHUPHBIX
cowreHenuii: 2.1. Joint Actuator; 2.2. Joint Sensor; 2.3. Joint Initial Condition; 2.4.
Joint Stiction Actuator.

I'pynna 3. bnoku usmepureneid ¥ BO30yIuTeNeH ABUKEHNS OTPaHUYUTENICH U
HecTannoHapHbIX cBsaseii: 3.1. Driver Actuator; 3.2. Constraint & Driver Sensor.

Paccmotpum noapobuee 6imoku «Joint Sensor» u «Joint Initial Conditiony.
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Jont Sensor

Moesures linear/sngular posibion, velocity, acceleration, computed
force/torque and/or reaction force/torque of & Joint primitive,
Spherxal measured by quaternion. Sase-follower sequence and jomt
avs detarming sign of forward motion. Outputs are Simulink signals,
Multiple output signals can be bundled into one signal, Cannect to
Joint block to see Connected to primtng list.

Measuremeants
Frimitive Outputs

Connected to

primitive: it >
v Angle Units:  deg -
| Angular veloaty Units:  deg/s v
v| Angular accelaration Units:  deq/s”2 ¥
_| Computed torgue Units:  N*nr

Joint Reactions

[ Reaction torque Units:
_| Reaction force Units: N

e -

With respect to CS: | Absolute (World) v

Dutput selected parameters as one sgnal

OK Cancel Help

Puc. 1.11 Hacrpoiika mapameTrpoB 6:10ka Joint Sensor

brok «Joint Sensor» mo3BosiseT B OOIIEM cliydae HM3MEPHUTh CICAYIOIINE
XapaKTePUCTUKH OTHOCUTEJIHLHOIO JBIKEHMSI YacTed NMPUMHUTHBA, BRIOPAHHOTO W3
BBINAAMOIIETO criucka B BepxHeM mojie Connected to primitive (puc. 11):

- yron (Angle) — yroim moBopoTa 4acTH HMPUMHUTHBA, COSTUHEHHONU C TEJIOM
Follower, oTHOCHUTENBHO €r0 YacTH, COeAUHEHHOM ¢ TejioM Base;

- OTHOCHUTEINLHYIO YTIIOBYIO cCKOpocTh (Angular velocity);

- OTHOCUTENIFHOE YTII0BOE yckopeHue (Angular acceleration);

- BbunciaeHHbi MomeHT (Computed torque) — MOJTHBIA MOMEHT CHI,
BBI3BIBAIOIINN OTHOCUTEIFHOE YTII0BOE YCKOPECHHE;

- MoMeHT peakiuu (Reaction torque) — MOMEHT peakiiud OTHOCHTEIIBHO OCH
MPUMUTHBA;

- peaknus (Reaction force) — cuna peaknuy BIOJIh OCH TPUMHUTHBA.

Jlist BeIOOpa HEOOXOMMMBIX M3MEPSIEMBIX MMapaMEeTPOB CIIYKHUT MPOCTAHOBKA

(hb7aKKOB B COOTBETCTBYIOIIUX MOJsAX. [I0CKOJIBKY TPUMUTHB, BHIOpAaHHBIN B MOJIE
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Connected to primitive, MoxeT OBITh OJHOTO U3 TPEX THUIOB (IIOCTYMATEIBHOTO P,
BpamartenbHoro R wimm cepuueckoro S), He Bce MEPEUNUCICHHBIE XapaKTEPUCTUKH
MOTYT OBITh U3MEPEHBI /1T KOHKPETHOT'O MPUMHUTHBA.

brnok Joint Initial Condition 3aHuMaer oco0oe MOJOKEHUE CPEeIUu IPYTUX
osokoB pasnmena Sensors & Actuators. OH 3a7aeT HadallbHOE OTHOCHUTEIIHLHOE
MOJIOKCHUE W HAYAJIBHYIO OTHOCHUTEIBHYIO CKOPOCTBH JBYX YacTEH AJIEMEHTAPHBIX
npuMutuBoB R-Tuma (Revolute) mnu P-tuma (Prismatic) kakoro-nu0o mapHupa.
[Tpu momoru oxuoro 6s0ka Joint Initial Condition MoryT ObITH 3a7JaHBI HaYaJIbHBIC
YCIIOBUS TTOJIOKEHUS U CKOPOCTH JUIsI BCEX NMPUMHUTHUBOB IIApHHUPA, K KOTOPOMY OH
MOJIKJTFOYEH, JINOO TOJIBKO JIJIT YacTH NMPUMHUTHUBOB IIapHUpa. BEIOOp MPUMUTHBOB
OCYIIECTBIISICTCS TMPOCTAHOBKOM (raxkkoB B mojisx KojioHku Enable oknHa
HacTpoiiku Os10ka. To ecTh Hada bHBIC YCIOBUS 33AIOTCS MO OTACIBLHBIM CTEIICHSIM
cBoOOMBI TIapHUpa. HawanmpHOe TmMOJOXKEHWE — B TMONAX KOJOHKK Position,
HavaJibHass CKOPOCTh — B MoJisAX KoyioHkH Velocity. Chepudeckne MpUMHUTHBBI S-
THUIA HE MOTYT OBITh HHHUIIMAIM3MPOBaHBI Mpu momomu Ojoka «Joint Initial

Conditiony.

Joint Initial Condition

Sets the initial linear/angular position and velocity of some or all of the primitives in a Joint. Connect to a Joint to
see a list of its primitives.

Actuation

Enable Primitive Position Units Velocity Units
] iRl 30 deg =~ |0 deq/s -

Cancel Help Apply

Puc. 1.12 Hacrpoiika mapamerpos 610ka «Joint Initial Condition»
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1.2 TIOPAAOK BBITTOJIHEHUSA PABOTHI
B nanHolt pabGore OyAeT paccMOTPEHO HECKOIBKO MOJIeNied MasTHHKOB, a
UMEHHO:
e OaHO3BEHHBIN (U3HYECKUI MasITHUK C JeMII(epoMm;

e JIByX3BEHHBII (PU3HUECKUI MAsITHUK.

Hauyném ¢ onHO3BeHHOro (hU3MYECKOro MasiTHHUKa ¢ Aemidepom, OJoK-cxema

MMUTAUOHHON MOJIENIM KOTOPOro mpecTaBieHa Ha puc. 1.13.

o o
Machine »
Environment  Ground!

aa

Joint Actuator

Revolute

Jomt Sensor

\]*

Gan

Puc. 1.13. Moaens 0THO3BEHHOTO MasiTHUKA C ieMiipepom

Croiika B MOJead IpeAcTaBiseTcs B Buae 0io0ka «Groundy. BpamartenbHast
nmapa CTOiKa-cTep)KeHb mnpenactaBieHa Ojokom «Revolute». Cam ke crepkeHb
3agaéres Onoxkom «Body». s 3amaHus HavajdbHBIX YCIOBHE HCIIOJIB3YETCS OJIOK
«Joint Initial Conditiony. [lns moy4yeHus aHUMaIuK KCIonb3yercs 6ok «Machine
Environment». C momompio 0oka «Joint Sensor» OyayT MmojydeHbl JaHHbIE 00
yIJIe MMOBOPOTA, YIIIOBOM CKOPOCTH M YTIIOBOM ycKopeHHH. OHU OyayT IMoJaBaThCs
Ha 010k «MUX», a ¢ Hero curHaibl OyAyT mocTtynaTth Ha ociuiorpad. Hactpoiiku

Bcex OJIOKOB TpeacTaBieHsl Ha puc. 1.14 — 1.23.
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Ground

Grounds one side of a Joint to a fixed location in the World
coordinate system.

Parameters

Location [xy.z]: |[U 1] U]|

Show Machine Environment port

0K || Cancel || Help |

Joint Initial Condition

Sets the initial linear/angular position and velocity of some or all of the
primitives in a Joint. Connect to a Joint to see a list of its primitives.

Actuation

Enable Primitive  Position  Units Velocity Units

4 R0 0

| oK || Cancel || Help | Apply

Puc. 1.15 Hacrpoiiku 61oka «Joint Initial Condition»
DL sedbmmeetese

Revchine

P one degroo of fr Tho follower (7} Body rotates reistive o the
base (1) Dody sbout & sngle rotatienal axs going B ough codocated fedy coordimate Gystem
ongns, Sensor and achsstor ports con be added. Base-follower sequence and axis drection
detsrmene S0 of forward maticn by the right-hand nike

Connecton parsmelers

Current hase: GHRD@Groundl
Current folloveer: CS18bedy
-
fumber of sessor [ sctuator potts: 2 _
Farametses

Aees | Advanced

Wame  Priive | Axis of Action [xy 2] Referunce €S
R revolste [oot) World .

o« Caocel Heyp Appd

Puc. 1.16 Hactpoiiku 01oka «Revolutey
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Body

Represents s user-defned npd body, Body defined by mess m, mertia tensor 1 and coordinate ongins sod ases for center
of gravty (CG) and othar user-spectied Body cosrdinnie systams. This daleg sats Body ndtial position 3nd eckntation,
wnless Sody and)or connected Jonts are actuated separately. This dislog also provides optionel settings for customized

Body geamatry and color.

Mats progertes

Mase 0.2 L] =
Iartias [0 00,0 0G50 0 0.00392) kg*mn) -

Fostion  Qnereaton | \ieuaization

Show Port Drigin Possticn Tearstated from Compomarnts in
Port Side ¥ame Vector [xy 2) Units Ongn of Aves of
1 Itk =ict  [0-0140] m = Wld = World - =
£ left =51 [000] m - Word = Warld -
] Right = CS2 [000) m - G - . 0G -
oK Cancol Holp ey

Puc. 1.17. Hactpotiiku 610xa Body

B okxne Mass 3amaércs macca oObekTa, a B okHe Inertia 3ama€rcsi TeH30p
MHEpUMHA MasTHUKA. T.K. B JaHHOM CIly4a€ paccMaTpUBAaeTCsd OJHO3BEHHBIN
MEXaHW3M, TO TajJo4yKa JOJKHA CTOATh ToJibko y mopta CS1. B oknax Origin
Position Vector 3anatorcst koopauHaThl 3BeHbeB. CG — KOOpPAMHATHI LIEHTpa Macc.

CS1 u CS2 — xoopiMHATBI KPATHUX MOJIOKEHUN 3BEHA.

Jont Semsor )

Messures inear/ anguiar posbon, WOy, C0sNRON, Compuled
foroe/torque and'or reaction forcaorgue of o Joirk prmeve,

e 3 d by g . Base-fcllower seqoence and
Joint 2ds detarmine sign of forward mobon. QuRputs are Simubnk
sgnals. NuDpe outpst Sgrals can be husdisd into eoe sgmal
Connact to Jort block to see Comected to prmitive b=t

Mepsiremarts
Frimitve Outputs
Comnected to R >
Promitive.
¥ Ange Unitss  deg -
[V Angeler velocry usts:  nds -
¥ Angadar acceleration Units: | radfs*2 -
Computed torgue Unfts:  Hi*m
Jont Reactons
Reoacton terque Units: U1
[ Reaction force U
Reaction messured o ) =
oo -
With respact to CS:  Absolute (Vwerld) -

L Outgut sefncind piv velers as Do Mgnol.

o Cancel e onk

Puc. 1.18 Hacrtpoiiku Goxa «Joint Sensor»
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Jis nmomydyenus: rpaMKOB HE TOJIBKO yIJla, HO M YIJIOBOM CKOPOCTH U
YIJI0BOTO YCKOPEHHS HY)KHO MOCTaBUTH rajovku Bosje Angular velocity m Angular

acceleration.

Joint Actuator
Actuates & Joint primitve with genaralzed foroa/torque or
linear/anguiar position, velocky, and acceieration moton signals,
Baze-follower sequence and joint &as determines sign of forward
mation. Inputs ara Simulink signals. Motion inpet signafis must be
bundied into one signal. Connect to Joint biock to see Connected to
primtve list.
Actuation
Connected to
primitive: L
Actuste with: ‘Ganerokeed Forces =
Apphied tarque units: Nm -
oK Cancsl Help Apply

Puc. 1.19 Hactpoiiku 61moka Joint Actuator

Mux

Mutiphex scalar or vector sgnais,

tuamber of mputs:

Dusplay opticn:  Bar »

9 | o Concsl Halp Apyy

Puc. 1.20 Hactpoiiku 6;10ka Mux

Gain

Element-wise gain (y = K.*u) or matrix gain [y = K*u or y = u*K)

Man  Signal Attrbutes | Parameter Attribotes

Gan:

-0.003

Multiplcation;  Element-wiss(K. *u) -
Sampie time (-1 for mherted):

-1

J [ m’ Cancel Help Aqply

Puc. 1.21 Hactpoiixu 6;10ka Mux
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I Sl

Serbecurics Rrt Coseration (16) caniguralen perameders

Description Sekect
Sohver ayuaes
Defines the mechanical simulation environment for the machine to which Dets rpetitgen
the block is connected: gravity, dimensionality, analysis mode, constraint Omrraser ¥ W 1 machre contare rackedent cresrants
solver type, tolerances, linearization, and visualization. Tagredics W £ rueter of el coretraits & ool
HOOWRre Fughamensts
Parameters | Constraints | Linearization | Visualization :r‘:n:::;::? et
Code Gewratse
Analysis mode: Type of solution for machine's motion. HIL Cade Gererrdon Veualomon
Tolerances: Maximum permissible misalignment of machine's joints. Srocape | Dspley macenes e ipdang degam
SvMecreces G -
< ¥ Shew swTatar urrg s
Gravity vector: |[0 -9.81 0] | |m,"s"2 - | Sbscwes 2 = Y
Shew oy prt coerdnge gytere
[ nput gravity as signal R
et tRedit (30§
Machine dimensionality: |Auto—detect v| gk budfem by 5 =
Analysis mode: |Forward dynamics v|
Linear assembly tolerance: |1e—3 | |m - |
Angular assembly tolerance: |1e—3 | |rad A |

Configuration Parameters... |

| oK || Cancel || Help | Apply

Puc. 1.22 Hacrpoiiku 6;10ka Machine Environment

Ha puc.1.23 npencrapnensl rpaduky 3aBUCUMOCTEN yIiia MOBOPOTA, YIIIOBOM
CKOPOCTH U YIJIOBOT'O YCKOpPEHHUsI MasiTHUKa OT BPeMEHH, a Ha puc.l.24 — pparmenT

AdHUMallu1 ABMKCHUA MasATHHUKA.

Puc. 1.23.T'paduku 3aBuCMMOCTEN yIiia IOBOPOTA, YIIIOBOI CKOPOCTH U YTIIOBOTO YCKOPEHHUSI

MasATHHUKaA OT BpEMCHHA
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Puc. 1.24 ®parmeHT aHIMAIUN MasiTHAKA

1.3 MOJEJIMPOBAHUE IBYX3BEHHOI'O MASITHUKA

brok-cxema mojenu npejcrabiieHa Ha pucyHkel.25.

Env

1
Q
Machine ! e
R TR Ground | IC Joint Initial Condition

0 7
e
%
Joint Sensor Scope
ap ———
P ]
v
Joint Sensor1 Scope1

Revolute 1 ‘IC Joint Initial Condition1

=
0
Body1 é

Puc.1.25 Mopenb 1ByX3BEHHOTO MasTHUKA
JIns mocTpoeHus cXeMbl HE0OXO0UMO U3 MPEAbIAYIIEH CXeMbl yOpaTh OJIOKH

«Joint Actuatory, «Gain» u «Mux» u mo6aBuTh mo omHomy OioKy «Revolutey,
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«Body» u «Joint Sensor». Ha puc.1.26-1.35 npencraBieHbl OKHA HACTPOEK OJIOKOB,

MpPUMED MOITYYaeMBbIX I'paUKOB U (parMeHT aHUMALMK JIBYX3BEHHOI'O MAsITHUKA.

x
Joint Initial Condition

Sets the initial linear/angular position and velocity of some or all of the primitives in a Joint. Connect to a
Joint to see a list of its primitives.

Actuation

bl

Primitive Position Units Velocity Units
R1 45 deg =0 deqg/s -

Cancel Help Apply

Puc. 1.26 Okno HacTpoiiku 6oka «Joint Initial Conditiony

Joint Initial Condition

Sets the initial linear/angular position and velocity of some or all of the primitives in a Joint. Connect to a
Joint to see a list of its primitives.

Actuation
Enable Primitive Position Units Velocity Units
] R1 45 deg ~ 0 deqg/s hd

Cancel Help Apply

Puc. 1.27 Okno Hactpoiiku 6moka “Joint Initial Condition»
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Socy
Represants a usar-gefined ngid body. MWWNGm,IWWLNMMMMaMM!«
centar of grawtty (CG} and other user-sp d Body This dislog sats Body intial position and

orentation, unless Body and/or mmmdnmnnnmmdmmp This delog sizo provides cpticnal settings for
custornized body geometry and wlot

Maszs properties
Mess 1| L] -
Inertia: |[1/1200:0 /12 0;000) p*mez -

Poston onmlvmuaooa

ﬁwn M Name on.hmum Units Transtated from Components in
Port Sida Vector [x y 2] Origin of Axes of
1 fp =6 (0050 m v erdd ) > | Workl R
¥ Tp = cs1 ooo) m > viord > workd -
¥ sottom w52 [0-10] m - ek = | orkd .

oK Cancel Help Apply

Puc. 1.28 Okno HacTpoiiku O10ka «Body»

Jont Sensor -

Measures linear/angular position, velooty, acceleration, computed
force/torque and/or reaction force/torgue of a Joint primitive.
Spherical measured by quaternion. Base-follower sequence and
joint axis determine sign of forward motion. Outputs are Simulink
signals. Multipls output signals can be bundled into one signal,
Connect to Joint block to see Connacted to primitave list

Measurements
Frimitive Outputs
Connected 1o Rt =
primitive: N
¥ angle Units: | deg -
| Anguiar velocy Units: | deg/s .
| Angular scceleration Units;  dagis"2 .
] Computad torque Units: 1" .
Joint Reactions
[_] Raaction torque Units: M .
[ Reaction force Unitst 1 .
Reaction messured o, =
on: L -omien
With respect to CS: | Absolute (Workd) -

[ Output selected parameters as one signal.

oK Cance| Help Apply

Puc. 1.29 Oxkno HacTpoiiku 61oka «Joint Sensor/Joint Sensorly
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Rewolwe

one i degras of froedom. The follewser (F] Body rotates relaave to the
M(B)Mmmawbmmwmmwmhwlwmm
Systam ongins. Seasor and actuater ports can be added. Bace-follovwer sequence and ats
direction determne sign of forywed motion by the right-hend rnule.

Connection parameters
Currant bse: CS2000y
Currant folowen: CS1Q80dy3

Mumbee of senser | BttuMor perty; 1l

Parameters
Az Advanced
_ P:ﬂin Pods dw [xyz] ) m s )
RE fevakite po1) World hd

ok || cancel Help APy

Puc. 1.30 Okno Hactpoiiku 6oka «Revolute/Revolutely

Body
Ropresomns & wser-defined rigid body. Body defined by mass m, inertia tansor 1, and coordinate arigins and axes for canter
of gravety (CG) and other user-specified Sody mmmummmmm-dm
wniess Body and/or connected Jonts are achuated separately. Ths dalog abso p P as for
body gecmnetry and coloc
Mazs propertes
Maz: 1‘ kg >
Inerba: {1/1200;01/120;000) ig*m~2 ~
Fostion mivmm
(show ot Origin Position xs  Translated from  Components in
Port Side Vector [xy z] Origin of Axes of
o me v (e-1se) m__vWead 7. Werld I
% R s (o-tol m__v Word | Warid s
Botton * CS2  [0-20] m - Workd - Werd s
:
[ Ok || Coxel Help Apphy

Puc. 1.31 Okno HacTpoiiku 6moka «Bodyly

General ”W’?bl

Axes

Mumber of axes: [] Floating Scope
_— e

Sampling

|Decimatinn v | |1 |

| oK ||Can.oel|| Help ||Appl3r|

Puc. 1.32 Hactpoiiku 611oka «Scope/Scopel»
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Hactpoiiku OmokoB «Machine Environmenty u «Ground» #IeHTHYHBI

HACTpOWKaM MPU OJTHO3BEHHOM MAasiTHUKE W MMOKa3aHbl Ha puc.1.14 u 1.22.
Ha puc.1.33-1.34 npencraBnensl rpaduky 3aBUCUMOCTEN yrijla MOBOpPOTa U

YTJIOBOM CKOPOCTH 3BEHBEB JIBYX3BEHHOI'O MAasATHUKA OT BPEMEHH, a Ha puc.l.35 —

(l)pal“MeHT AdHUMalluu ABHUKCHUA MasTHHUKA.

Puc. 1.33 Yroa moBopoTa u CKOPOCTh MIEPBOTO 3BEHA MasTHUKA
I

Puc. 1.34 Yron noBopoTa 1 CKOPOCTh BTOPOT'O 3B€HA MasiTHUKA
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&

Puc. 1.35 ®parMeHT aHUMAaNUK MasiTHAKA

1.4 BAPUAHTBI UICXOJAHBIX JAHHBIX

OO0HO36EHHbII MAAMHUK C conpomueilenuem

Koadpdunuent
No HavanbeHbI#1 yron CONIPOTHBIICHUS
- OTKJIOHEHHUS, nemrdepa,
BapHaHTa Hemec
Ipaaychbl
paz
1 30 0,001
2 35 0,0012
3 40 0,0017
4 45 0,0023
5 50 0,0028
6 55 0,0031
Il 60 0,0034
8 65 0,0036
9 70 0,004
10 75 0,0042
11 31 0,0045
12 36 0,0049
13 41 0,0053
14 46 0,0058
15 51 0,006
16 56 0,0064
17 61 0,0068
18 66 0,0075
19 71 0,0081
20 76 0,0086
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eyx36ennviti MasmHux

HavansHelii yroa HauanbHeIii yroa
Ne OTKJIOHCHUS OTKJIOHEHUS
BAapUaHTa IIEPBOTO 3BEHA, BTOPOTO 3BEHA,
Ipajychl I'paychl
1 30 75
2 35 70
3 40 65
4 45 -60
5 50 55
6 55 50
7 60 -45
8 65 40
9 70 35
10 75 30
11 31 -76
12 36 71
13 41 -66
14 46 61
15 o1 56
16 56 -51
17 61 46
18 66 41
19 71 -36
20 76 31

1.5 COOEPXXAHUE OTUETA

B otuére o mpomenaHHoi paboTe MOJDKHO COMEPKATHCSA CIEAYIoIas

nHpopMarms.
o HazBanwue nmabopaTopHoii paboOTHI U €€ 11eTb.
o PacyeTrHass cxema OOBEKTa MOJCIMPOBAHHS — OJHO3BCHHOTO WIIH

ABYX3BCHHOI'O MasATHHUKOB,
L4 I/IMI/ITaHI/IOHHaﬂ MOACIb MCXAHHU3MOB, CXCMbI KOTOPLBIX IIPCACTABJICHEBL

Ha puc. 1.1 u 1.2,

o HNuTepdericel 010KOB, HCTIOIB3YEMBIX B MOJIETIH;

o I'paduku aBMKEHNS OOBEKTOB MOACITUPOBAHUS;

o ®parMeHThl AHUMAIINH JIBYKECHHS UCCIIETyEMBIX OOBEKTOB;

o [IpoBepka amekBaTHOCTH pa3padOTaHHOW MOJENM TyTeM aHaln3a

MOJIy4ae€MbIX Pe3yJIbTaTOB, BHIBOJIbI IO padoTeE;
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o Cnucok UCTIONb30BaHHOM JIUTEPATYPHI.

1.6 KOHTPOJIbHBIE BOITPOCHI
1. Kakos cocrtaB oubnmoreku makera SimMechanics.

2. KakoBbl 0cOOEHHOCTH HMHUTAOMOHHOTO MOACIIMPOBAHUA MCXAaHN3MOB B

SimMechanics/MATLAB.

3. Uto Takoe Ty00ambHBIE U JIOKAJIBHBIE CUCTEMBI KOOPJAMHAT
MEXaHU3MOB?

4, 3ajaHue 3aKOHOB ABIDKEHUS 3BEHLIM MEXaHU3MOB U UX HUCCJIEIOBAaHUE.

5. Kak mnpoBepuTh aneKBaTHOCTh IMOCTPOCHHONW MOJEIM Ha MpUMEpPE

(Gu3nYeCKrX MaITHUKOB?

CITMCOK MCIIOJIb30OBAHHOM JINTEPATYPBI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MmaTemaTHKe U MOJCIHPOBAHUH /
HesxonoB B.I1. IToanoe pykoBoacTBo nodb3oBatens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2. MopenvupoBaHue U BU3yalu3alus JBH)KCHUH MEXaHHUYECKUX CUCTEM B
MATLAB: Yuebnoe noco6ue / B.C.Illlep6akos, M. C. KopsiToB, A.A. Pynmens u
ap.— Omck: CubAZIU, 2007. — 84c.

3. MopenupoBanue MexaTpoHHbIX cucteM B cpene MATLAB (Simulink /
SimMechanics): yueOHOe ocoOue /Ui BBICIIMX y4eOHBIX 3aBeneHui / MycaaiumoB
B.M., I'.b. 3amopyes, U.1. Kananeimuna u ap. — CI16: HUY UTMO, 2013. — 114
c.

4, Monenupoanue nporeccoB u cucteM B MATLAB. YueOnsrit kypc /
Jlazapes FO.II. - CIIG.: ITutep, 2005, 511 c.
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2. JIabopaTopHasi padora Ne2
MOJEJIMPOBAHUE ITPOHECCA YPABHOBEIINBAHWA OBPAIIIEHHOI'O

MASATHHUKA B BEPTUKAJIBHOM I[TIOJIOXKEHNU 3A CHET
YIIPABJIAAEMOI'O AIBWXEHUA ITOJI3YHA B ITAKETE SIMMECHANICS
CPEIBI MATEMATHUYECKOI'O UMHUTALIMOHHOI'O BJIOYHOI'O
MOJIEJIMPOBAHUS SIMULINK/MATLAB

Heab pa6oTbl: O3HAKOMHUTHLCS ¢ BO3MOXKHOCTIMH MmakeTa SimMechanics st
KOMIIBIOTEPHOTO MOJICIIMPOBAHMS TpoIiecca YpaBHOBEIIMBAHUS OOPALICHHOTO
MasiTHUKa B BEPTUKAJILHOM ITOJIOKCHHUH 3a CUCT YIPaBAIEMOro ABHKCHHS MOJI3yHAa.
OCBOHWTH OCHOBHBIC TPHUHIHUIBI CO3JAAHMS HMHUTAIIMOHHBIX MaTeMaTHYECKUX
MOJIENIEN TI0TOOHBIX MEXAHUYECKHUX CHCTEM.

2.1 BAJAHUE HA JIABOPATOPHYIO PABOTY

Ha pwuc.2.1 mnpucraBieHa pacueTHass cXeMa HCCIEIyeMOro oObeKTa —
TOPU30HTANBHBIA TOABMKHBIA KOpIyC (MOJA3yH) C TNPUKPEIUICHHBIM K HEMY
oOpaIleHHBIM MasTHUKOM. 3ajada 3akKiiovaeTCs B CTAOMIM3AIliU BEPTUKAIBHOTO
MIOJIOKCHHSI OOpaII€HHOTO MAasTHHKA, YCTAaHOBJICHHOTO Ha ToiizyHe. [locTponm
CXeMy MEXaHHM3Ma, 3ajJaueil KOToporo OyjaeT 3a CuéT NepeMelIeHUs IO0JI3yHa
yJIeP>KUBATh MaSTHUK B BEPTUKAIBLHOM IOJIOKCHHH.

Hcxonunle naHHeble:

Macca MagTHuka M= 0.2 kr;

mmHa MastHuka | = 0.02 m

HAYaJIbHBIN YTOJI OTKJIOHEHHS MasiTHUKA OT TIOJIOKEHUS paBHOBeCcHs Po=175°.
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z |

Puc.2.1 Cxema ucciieyeMoro MexaHu3ma: 1-1moJi3yH, 2-HEBECOMBIM CTEPKEHB, 3-TPY3

Nmeetcss HeBecoMblii cTepkeHb (2) ¢ Tpy3oM (3), KOTOPBIM KpemuTcs Hu
BpallaeTcs BOKPYI TOPU3OHTAIBHOM OCH, MPOXOASINEH yepe3 CepelrHYy BeXHEen
rpanu noji3yHa (1), KOTOpbI MOXET COBEpPILATh MOCTYMATEIILHOE JABHIKCHHE BIOJb
ocu X. M3BecTHBI HAYAJIBHBIN YTOJI MOJIOKEHUSI MasITHUKA, Macca rpy3a MasiTHUKa U
JUTMHA MasITHHUKA.

2.2 TIOPAJOK BBITIOJITHEHM A PABOTHI

1. Coznaiite HoBYy10 Simulink-monens.

2. JUis  3amaHuMs  CTOMKM wHcmoiibdyeM 0ok «Ground», KOTOpBIit
HaxomuTcs B pasnene Bodies makera SimMechanics. B mapamerpax ©6ioka
ykasbiBatoTcsi KoopauHaThl [0 0 0], koTopble OyAyT COOTBETCTBOBATH KOOpAMHATAM
Hayayia OT4era.

3. Hanmee mpucoenwaseM K Oyoky «Ground» 6mok «Joint Initial

Condition». B mapametpax 610ka ykaxwure mosuiuio Position = 0 m (puc. 2.2).
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Jorares midechanceFrst GensrtonSensors § Ackslors 45D

:»; Natruneat Costro: Toshax A " Ja Block Parameters Joint Initial Condition “
B Medel Pred oirol Toebs > -Body Acuste
"% Medel Predctiy Of Tosex ; D BooyAsuster Jont Initial Condition
:‘ Nearal Network Tookex —
:‘ 0%C Teokox Sats the inttal knear/angudar postion and velocty of some or
4{ &) BodySens all of the primtives in a Joint. Connect to a Joint to see a ¥st of
x s primitves.
C{‘L'. ! Actustion
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Sacord l}efl:Vutc' 1 Varistss Mas 3 OK Cancel Help
il Sefowersysters ‘,» ioartia Actsater

Puc.2.2 Brok «Joint Initial Condition»: a)-pacnosoxenue B OudInoTeke, 0)-mapamMmerpsl
HaCTPOMKH

4, Tak Kak KOPITYC MOXET COBEPILATH TOJIBKO IMOCTYMATEIBHOE IBHIKECHUE
0 OCH X, TO BO3bMEM B KauyecTBe OJioKa compspkeHus Oyok «Prismatic». B
napamerpax 0yioka HeoOoxoauMo ykazath [1 0 0], uto Oyner o3Ha4aTh BO3MOXHOCTh
JBUKEHUS TIO OCH X.

S. K omHoMy u3 BXOJOB JaHHOrO OJioka MOAKIOUaiiTe 0ok «Joint
Sensor», KOTOPBIM MMO3BOJSET M3MEPUTh XAPAKTEPUCTUKH OTHOCHUTEIHHOIO
JIBUKEHUS dYacTe MpuMuUTHBA. B naHHOM ciiydae BbIOMpaeM NPUMUTHB-
«IOCTYyMAaTENbHBIN P» 1 BEIOUpaeM clieAyrolue napaMmerpol usmMmepenus (puc.2.4):

-mo3unio (Position) — mepemMeneHne 4acTd NPUMHUTHBA, COCIMHEHHOM ¢
tenoMm Follower, OTHOCUTEIBHO €ro 4acTH, COeAUHEHHOM ¢ TeJloM Base;

-ckopocTh (Velocity) — oTHOCUTENbHAS CKOPOCTh;

-yckopenue (Acceleration) — oTHOCUTENIEHOE YCKOpEHUE;

-peakuus (Reaction force) — cuna peaknuu BIOJIb OCH TPUMHUTHBA.
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Maasir amets
Frivtive Quiputs
Cormocted o
primtive:
v Fosion Unass m v
¥ Velooty Units: | ny's -
l ¥ Atceleration s | mys™2
Compited force Unas
it Reachons

Reachon torgue Unts

v Reachon farce Unt= B -

oK Cancel He'lp

Puc.2.3 Hactpotiku 610ka «Joint Sensory»

6. MoaenupoBaHue Koprnyca (Moa3yHa) JaHHOTO MEXaHU3Ma Pealln3yeTcs
npu oMoty 6oka «Body» (puc.2.4), KoTOpbIi IpeacTaBiIsIeT CO00H TBEPIOE TEIO
(oTHeNmpbHOE 3BEHO MEXaHW3Ma, JBIWKCHUS KOTOPOTO  MOJCIHPYIOTCSA) €
OTpPEJICIICHHBIMU  TTOJTb30BaTEIeM TlapamMeTpamu. JlaHHBIH OJIOK HaXOAWTCS B
pasnene Bodies makera SimMechanics.

B kadecTBe 3a7aBaeMbIX ITapaMETPOB BBICTYMAIOT:

- macca Tema (Mass), KoTopas MOXET OBITh BBIP@KEHA B Pa3IHMYHBIX
eIMHULIAX;

- TEH30p HHEPIUH Tella OTHOCUTENbHO ero IieHTpa wMacc (Inertia),

IPEeICTABISIONINM cO00i MaTpuIly pazmepom 3x3:

rae Jix, Jiy, Jiz, — oceBble MOMEHTHI HWHEPIMH TejJa OTHOCUTEIBHO oOcei
COOCTBEHHOH JIOKAJIBHOW CUCTEMBI KOOPJMHAT, CBA3aHHOM C €ro IIEHTPOM Macc.

Hnst toro, 4roObl m00aBUTH WM YOpaTh HW300pakKeHHE BXO/a/BBIXOAA
ONpe/ICTICHHOW TOYKHM Ha mHWKTOorpamMe Onoka «Body» B okHe Momenw,
MCIIOJIb3YETCs YCTaHOBKA WK cOpoc (hiaxkka B KoJoHKe Show port.

B xomnonke Translated from origin of yka3siBaeTcst UMs CUCTEMBI KOOPIMHAT,
OT HAa4aJla KOTOPOW OTCUUTHIBAKOTCS KOOPAWHATHI TEKYLIEW XapaKTEPHOM TOYKH.
Kak muHMMYyM opHa XapakTepHas TOYKa JOJbKHA OBITh 3aJaHa B CHCTEME
koopauHaT WORLD nu6o B cucreme koopauHat ADJOINING. Oto nHeobxoaumo,

yTOOBI CBS3aTh JaHHOC TCJIO C COCCIHHMMMH HCIIOABMIXXHBIMH HWIKW II0JBHKHBIMH
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tenamMu.  Cucrema koopauHat WORLD — 310 uHEpuuanbHas HENOJABHKHAs
cucrtema, cBs3aHHad ¢ 3emield, a cucrema koopauHaT ADJOINING cBszana ¢

HIAPHUPOM.

»

Body e

Represents a user-defined rigid body. Body defined by mass m, inertia tensor I, and coordinate origins and axes for
center of gravity (CG) and other user-specified Body coordinate systems. This dialeg sets Body initial position and
orientation, unless Body and/or connected Joints are actuated separately. This dialog also provides optional settings for
customized body geometry and color.

Mass properties

m

Mass: 1 kg -
Inertia:  [0.001 0 0;0 0.001 0;0 0 0]

Position | Orientation | Visualization |

Show Port 0Origin Position . Translated from Components in | 4
Port Side LEre Vector [x y z] L= 0Origin of Axes of

7] 6 [000] (m  ~[world = || world -]

Il Left  w|csi  [-0.100] [m  ~|world ~ | World -|

| cs2  [0.100] (m  ~[world ~ || world -

Puc. 2.4 Hactpoiika mapameTpoB Osioka «Body»

7. Tak kak cTep>K€Hb MOXET COBEpLIaTh TOJBKO BpaIleHUE BOKPYI OCH
OZ, To Bo3bMeM B KadecTBe Ojioka compsbkeHust 0ok «Revolute» (puc. 12.5). B
napamMeTrpax 0;o0ka HeoOxoaumo ykazath [0 0 1], yTo OyneT o3Ha4aTh BO3MOXKHOCTh

BpateHust Bokpyr ocu OZ.

Arwres tancefryt Genemieniionty  Fousd Revouse Rewobite ~
L’;j DSF System Toskox A Im 3] Rapessants ene retanonal degres of fresdom, The follower [F)
m Lrbedded Coder Body rotaves relathe 10 e base (2] 3ody atout a sngle rotatunal
[%] Fazzy Loge Toskax 1 Revciste - Rots- 336 GOing theough collecaned Sody coordirats systom ongTG.
> 2 -+ | Safvier and st pOnS oo ba 883ed. Base-Tollower SeqUInoY
("al MOL Venfer | sonal sriertece
A . and wox drection determise sge of foewend meten by the nght
\%h| a3 Acguminn Taobox hand rus.
{*a] natrument Control Tookax ,{ § th [
[*3] Medes Fredictive Cantrol Toabex —) yiorr Connection peramaters
[TR) Newral Network Teobex T 1] Revonss Current base CLtaly
m OPC Tookax 14 t b Sevaluee :
Resb-Tenw Windcwe Target Currwt fotlowe CS1080dy!
l:ﬁ Regort Cenerator & b Avalute -
'Lm Robust Cortrel Tooax = Sprencal Nurriser of serser [ acemer ports. | X
-
|a] SimEveces
"yl SeRr
] e B’ rraimT Parameters
- Sermcape
Foundation Lirary Aoes | Advanced |
Di SimOrveine I- .';I Awvolute Joim
\:‘A: SimEectroncs Mame Primitave Axis of Action [xy 2]
"Rl Setydesabos Ri resckite {pa1)
4 |3 Serllechanics
# Frst Oeaemten
Hodme
Cons¥acts & Drivers v
Force Ewmants . »

ntertace Ciaments

oK Cancel st

AN AN

Puc.2.5 Brok Joint kevulute: a)-pacnonoskenune B 6ubinoreke,

0)-napameTpbl HACTPOHKHU
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8. Ha Bxom Omoka «Revolutey mnoakmrouaerca Onok «Joint Initial

Condition», rie yka3piBaeM HadaIbHBIN yroa ¢ =175°.

Joint Initial Condition

Sets the initial linear/angular position and velocity of some or all
of the primitives in a Joint. Connect to a Joint to see a list of its
primitives.

Actuation

Enable Primitive Position

Cancel Help

Puc. 2.6 Hacrpoiiku 61oka «Joint Initial Conditiony

Q. K omoky «Revolute» mnonkmtouaetcs Osok «Bodyly, koropsrit
MOJICTUPYET CTEpKEeHb ¢ Tpy3oM. [lockombKy cuia WHEpPIUH  3aJacTCs
OTHOCHTENFHO IIEHTpa Macc Tena, B Oyioke Bodyl nemaercs cooTBeTCTBYIOIIas

puc.2.7 3anuch TEH30pa UHEPIIUH.

b

Body i

Represents a user-defined rigid body. Body defined by mass m, inertia tensor I, and coordinate origins and axes for
center of gravity (CG) and other user-specified Body coordinate systems. This dialog sets Body initial position and
orientation, unless Body and/or connected Joints are actuated separately. This dialog also provides optional settings for
customized body geometry and color

Mass properties

m

Mass: 5 kg -

Inertia:  [0.05 0 0;0 0.05 0;0 0 0]

Position | Orientation | Visualization |
Show Port Origin Position . Translated from Components in M
Port Side Lz Vector [x y z] e Origin of Axes of
T G [0-10] (m ] world ~ [ world -]
Fl cs1 [000] (m | world ~ [ world -]
T csz  [0-10] (m ]| world ~ | world -]
[ (9] 4 J [ Cancel l ’ Help ] Apply

Puc. 2.7 Hacrpoiika mapamerpos 0i0ka «Body1»

10. K Beixomy Oioka «Revolute» moakmrouaercs 070k «Joint Sensorly

(puc.2.8).
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[TapameTpsl A1 U3MEpPEHUS, CIEAYIOIIHE:

- yron (Angle) — yros noBopoTta 4acTH NIPUMHUTHUBA, COEUHEHHOU C TEJIOM
Follower, OTHOCHUTEILHO €TI0 YacTH, COSIMHEHHOM ¢ TeaoM Base;

- OTHOCUTEJILHYIO YIJIOBYIO CKOpOCTh (Angular velocity);

- OTHOCHUTEJIbHOE yrioBoe yckopeHue (Angular acceleration);

[TomuMmo 3TOTO, BCTaBIsieM rajiouky Ha ¢uaxok «Output selected parameters
as one signal» 117151 TOro, 4TOOBI MOKHO OBLIIO U3MEPUTH BCE 3 MapaMeTpa B OJJHOM

CHUT'HAJIC.

Prisieres Outputs o
Conrected to
prenitneg
7 Aade Urets: rad .
B ¥ Asguer wlacty Urets:  todin -
¥ Anguler pcooleration Ursts: | sadio™2 -
Carmpatid 2(qwo Urets.
Joint Reochions
Reactian torque Uréts
Raachion force Unets

Reacon measured
o

Sooe =

Wit roapect 15 C5:  Alsedete (Werkd] -

¥ DUt selectiod Sdranmwatens a5 ona Sgnal

o Cance! hedp

Puc. 2.8 Hactpoiiku 610Ka «Joint Sensor1»

11. Yepes nsnement «Demux» pa30uBaeM H3MEpPCHHBIC IMapaMeTpbl Ha 3
gact. Kpome 6110k0B «Scopey erie npucyrcrpyet 01ok «Continuous Angle» (puc.
2.9, B), KOTOPBIH MO3BOJISAET MOJTYUYUTh MPABUIBLHOE 3HAYCHUE OTHOCUTEILHOTO yIiia

MOBOPOTA.
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Baddend WO Aties "ot Toetmaces s

6 Lo mavwes Conyn Tt - l-._ ’l
) :‘ Wedes edcove (estrtt Tosten
a R sl Natwort Tackex P ] ceranca
Continuous Angle (mask) (link) ~ B 0% eke ] A
Fi PeaiTioe incyws et
Outputs & continuous, unbounded angle given a [a Fret Quminw
discontinuous, bounded angle and the angular a ';":”"'*"
veloaty. Choose units for the angle and the angular 5 -
velocity (rate). 4 Cu Sracxe
fl,(\"h‘ Lorwy
*i SrCrusies
Parameters g “nfecreres
I3 Syt
. 4 PR Selectees
Angle measured in:  rad x %" Frd Gepecn
Batey
C rts & O
Rate measured in: rad/s v| v o St
sty Derern
. Iwty
0K Cancel Help ApPey Serams & cchuaren
P Angie
B
) Centinuous Ange W D
> Rate
Scoped
Continuous Angle
1

&

Joint Sensort

Puc. 2.9 N3amepenue mapaMeTpoB: a)-pacrojioxenne B onbmuoreke, 6)-Hactpoitku Continuous

Angle, B)-cxema MoaKIIOYEHUS

12. 3HaueHue W3MEPEHHOI0 YIja CpaBHMBaeM cC 3HaueHueM @=180°,
omubOka momaercs B PID-perymstop (puc.2.10), oTKyga CHUTrHal IOCTYIaeT B
KauecTBE YCKOPEHHs, CKOPOCTM W TMEepeMEUICHUsl TMOJI3yHa, 3a CYET JBWKCHHS

KOTOPOTO U YACPKUBACTCA O6p3HI€HHBII>1 MasATHHUK B BCPTUKAJIBHOM COCTOAHHUH.

PID(2) Controller (mask) (link)

Entar Proportiona¥), Integral(l), and Dervative(D) and dhesor (N)
terms.
P+l/s+Ds/{1/Ns+1)
Parameters
Proportional:
300

Integral:

Dervatve divisor(N):

104

oK Cancel Help

Puc.2.10 Hacrpoiika 6moka PID-perymnstop

13.  YtoOsl 3amaTh ABMKEHHUE, IBA pa3a HATETpUpyeTcs curaai ¢ PID-

perymsitopa. Jlamee curHainbl OOBEUHSIOTCS B OJUH C TIOMOIIBIO Os10ka MUX 1
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nonarorcs Ha «Joint Actuatory. Curnain ot «Joint Actuatory momaercs Ha
«Prismatic» (puc.2.11).

: 6
5
Integratar Joint Actustor

PID Controller
{with Approximate
Derivative)

FID ————

Puc. 2.11 brok-cxema 3aaHusi TBHKEHUS TIOJI3YHA

Koadunmentst nactpoiiku [TUJI-perynstopa npeacrasieHsl Ha puc. 2.12.

Controller parametess

Source: internal
Proportional (P) 300
Integral (1) 50

Derivative (D) 100

Puc. 2.12 Koaddurments [TUI-perynstopa
Jlo6aBuMm B Mojeib Ba3koe Tpenne (puc. 2.13). K curnany Reaction force na

ocu Y pucoeaunsiercs 010k Gain. Janee npucoeaunsercs 610k «Joint Actuatorly,

BBIXOJI KOTOPOTO MPUCOETUHACTCS KO BXoay Oj10Ka «Prismaticy.

..é'/c <}<

Jont Actuztort o

Puc.2.13 MonenupoBaHue BSI3KOTO TPEHUS

HMmuTtannoHHas MOJCIb paccMaTpuBaeMoro oobekTa B cpeae SimMechanics

npejacTaBieHa Ha puc 2.14.
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Machine
Envircnment

Jaint Initial Condition

1
5

Integrator1

Joint Actuator

PID Controller
{with Approxdimate
Derivative)

F'II}L

Revolute

Jaint Actuator

Je

Joint Sensor

Joint Initial Conditicn1

Angle
‘Continwous Angle |:I

h

P Ratz

Scopel

Continuous Angle

A

Scope2

,IE

Scoped

[

Puc. 2.14 Cxema MoJieNH TTOJI3YHA ¢ OOpAIICHHBIM MasTHUKOM

HOHy‘ICHHBIG pe3vabTaThl:

PesynpraThl B BHIe TpadUKOB TMEpeMEIEHUs, CKOPOCTH M YCKOPEHHS

nomyHa (puc.2.15) B mporecce

IMpUBCACHUA 06paIJ_ICHHOFO MajATHHUKaAa B

BCPTUKAJIBHOC ITOJIOKCHHUC IIOKA3aHBI B 010Ke ((SCOpe».
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Puc. 2.15 I'paduku: a) -nepemenieHus, 0) -CKOPOCTH, B) -yCKOPEHHS TTOJI3yHA



I'paduk cun peakiuu, BOZHHKAIOMIUX IMPH JIBMKCHUH Moyi3yHa (puc.2.16)

MOKa3aH B OJ0Ke «SCOpe S».

Puc. 2.16 I'paduk cun peakium, BOHUKAIOIMNX MTPU ABMKEHUH TOJI3yHA

I'paduk yria moBopora mastHuKa (prc.2.17) mokaszan B 010ke «SCOpely.

Puc. 2.17 T'padux yrina moBopota oOpaIieHHOT0 MasiTHUKA

I'padux yriaoBoro yckopenus wmasTHuka (puc.2.18) mokazan B Onoke

«Scope2y.
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Puc. 2.18 I'paduk yrimoBoro yckopeHus! MasiTHUKa

I'paduk «ommbOku» yria moBopora masTHHKa (puc.2.19) mokaszan B Oso0ke

Scope 6.

Puc. 2.19 I'paduk «omubku» yria moBOpoTa MasiTHUKA

BoiBoa: [Ipu BeimonHeHUH TaHHOW pabOTHI OBUIO MPOBEJECHO KOMITHIOTEPHOE
MOJICIMPOBAHKUE TIpOIlecca MPUBEICHUS OOPAIEHHOTO MAasSTHHKA B BEPTHKAIBHOE
MOJIOKEHWE 32 CYET YIOpaBIseMOTO JBMKEHUS TIOJIBYyHAa C B cpene
MATLAB/Simulink/SimMechanics. beutn  monydeHsl Tpaduku MEepeMeEmeHUs
CKOPOCTH W YCKOPEHHs TIOJ3yHAa W MAasTHHKA, a TakKe TpauKu CUJI peakiuw,
BO3ZHUKAIONIUX TIPY JBMXKCHUH TONI3yHA. Takke ObUT moiydeH rpaduk ommoOKu yria
MOBOPOTa MasTHHKA. [IpefcTaBieHHBIC pPE3yJbTaThl IMOKAa3bIBAIOT, YTO TIPH
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coorBeTcTBYIOIIEN HacTtporike IIM]/[-perynsaropa npeacrasisiercss BO3MOXKHBIM

IMPHUBECTH MAATHHUK B BEPTHUKAJIBHOC ITOJIOKCHUC ITPUMCPHO 3a 4 CCKYH/BI.

2.3 BAPMAHTbBI 3AJJAHUA

Tabnuua 2.1 — BapuanTsl 3a1aHus

Ne apuanra | 1 2 3 4 5 6 7 8 9 10
Macca 6 7 3 55 |6 5 45 |7 6,5 |4
nebamaHca, KT

HmnHa 1,2 11 |1 15 1,7 1,2 1,3 1 1,4 1,1

MasTHHKA, |, M

HavanbHsrit 170 165|140 [135 |175 |161 [130 |150 |155 |[17/2

yroma
TTOJIOKEHUS

MasiTHUKA, (o

2.4 KOHTPOJIBHBIE BOITPOCHI
1. 3a cu€r yero ymaercs mMpUBECTH OOpAIEHHBIM MasTHUK B BEPTHUKAJIbHOE

MOJIOKEHUE?

2. Kak ¢opmupyercs He0OX0AMMOE MepeMEIeHUE MOA3yHa Il TPUBEACHHUS
00OpaIIieHHOro MasiTHUKA B BEPTUKAJIBHOE TIOJIOKEHHE?

3. Kakoii MakcuMasbHBIM HaYaJdbHBIM YIrojl MOXET HMETh OOpalleHHbBIN
MasiTHUK, W3 KOTOPOTO €ro MOXHO ObUIO OBl TPHUBECTH K BEPTUKAIBHOMY
MOJIOKEHUIO ?

4. Kak MOXHO YyMEHBIIUTH BpEeMs IMpolecca NPHUBEACHUS MasiTHUKA K
BEPTUKAJIBHOMY TTOJIOKEHUIO?

5. Kakyio ponp uWrpaet BS3KOE COMNPOTHUBICHHUE B OCH OOpalieHHOTO

MasgTHUKA?

CIIMCOK UCIIOJIb30OBAHHOM JIUTEPATYPBI
1. MATLAB 6/6.1/6.5 + Simulink 4/5 B maTeMaTHKe U MOJCIUPOBAHUU /

HesikonoB B.I1. [TomHoe pykoBoactBo monbs3zoBarens - M.: COJIOH-IIpecc. — 2003.
— 576 c.
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2. MopaenupoBaHue U BU3yaldu3alUs JBH)KEHU MEXaHHUYECKUX CUCTEM B
MATLAB: Yuebnoe nocobue / B.C.lllep6akos, M. C. KopsiToB, A.A. Pynnens u
np.— Omck: CubAJIU, 2007. — 84c.

3. MopenupoBanue MmexatpoHHbIX cucteM B cpeqe MATLAB (Simulink /
SimMechanics): yue6HOe mocobue s BhICIIMX y4eOHbIX 3aBeieHuit / MycanumoB
B.M.,, I'.b. 3amopyes, N.W. Kananeimuna, u ap. — CI16: HUY UTMO, 2013. — 114
C.

4, MopenupoBanue npoueccoB U cucteM B MATLAB. YueOusbiit kypc /

Jlazapes FO.IL. - CII6.: ITutep, 2005, 511 c.
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3. JIaboparopHas paboTa Ne3
KOMIIBIOTEPHOE MOJAEJIMPOBAHUE JIBUWXKEHUSA MEXAHU3MA C
3VBYATBIM 3ALEIUVIEHWMEM B ITAKETE PACHIMPEHUSA SIMMECHANICS
CPEJJBI MATEMATHUYECKOI'O UMUTAIIMOHHOI'O BJIOYHOI'O
MOJIEJIMPOBAHIA SIMULINK/MATLAB

Ilenv pabomer:

e (O3HakOMHUTBCS C TakeToM pacmupenuss SimMechanics cpenbr
MaTeMaTHYECKOT0  MMUTAIIMOHHOTO  OJIOYHOTO  MOJICJIMPOBAHUS
Simulink/Matlab na nmpumepe monenupoBaHusi IBUKEHHUS 3y04aTOro
MeXaHH3Ma.

e [IpoBecTH KOMIIBIOTEPHOE MOJICIMPOBAHUE JBMIKCHHS MEXaHH3Ma C

3Y6‘IaTBIM 3alCIIJICHHUCM. HpOBCpI/ITB IMPaBUJIBHOCTH HOqueHHOﬁ

MOJICTIH.

3.1 KPATKHE TEOPETUYECKHWE CBEAEHUA
B nanHoll paboTe NpOBOAWUTCS MOJEIMPOBAHHE IBUKEHHMS MEXaHHM3Ma C
3yOuaThIM 3alIETIIICHUEM, & UMEHHO JBYXCTYIIEHYAaTOI0 peayKTOpa.
Kunemarnueckass cxema paccMaTpuBaceMOro MexXaHuW3Ma  YIPOIIEHHO

npejacTaBieHa Ha puc. 3.1.

2
\\

N

7
| ~

| [T

m [+

Puc. 3.1 Kunematnueckas cxema ABYXCTYIICHYATOI'O PEAYKTOPA
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Jlns mopenupoBanus 3y0uaTtoro 3areruieHus B SimMechanics HeoOxoaumo
paccuuTaTh HEKOTOPhIE M3 OCHOBHBIX T'€OMETPUYECKUX MapamMeTpoB 3yOUaThIX

kojec. ickombie mapaMeTpsl IpuBeIeHbI B Ta0.3.1.

Tabn. 3.1 OcHOBHBIE MapaMeTpbl, HEOOXOAUMBIE JIsl HIOCTPOCHUS 3y0UaTOro
3aleryIeHus B CTPYKTYpHOU Mojenu SimMechanics

Yuciio 3y0beB 21, £, 23, 2y

M — MOJyJb pacYETHBII CrangapTHble 3HAUE€HUS MOy, MM
Pan1:0.3,04,0.5,0.6,0.8, 1.0, 1.25, 1.5, 2.0, 2.5
Pan 2: 0.35, 0.45, 0.55, 0.7, 0.9, 1.125, 1.375, 1.75, 2.25,

2.75
Unk — IepejaTouyHoe OTHOLICHUE _ Zy _ Zgepomoro
3y04aToi mapel Unk = 7 "7
n BeJIyLIEero
d-mmamerp nenuTenbHOI m-Z,
KPY’KHOCTH 3y04aToro K =
OKPYXHOCTH 3y04aTOTO KOJjeca cos B
[B— yroJt HakJIOHA 3yOBbEB LIS MPSAMO3y0O0H Tepeiaun paBeH
HYITIO
@, — MEKOCEBOE PACCTOSIHUE d, +d, m-Z,+m-Z,

Ay

2 2

Ha pwuc.3.2 npencrabieHa OJOK-cXeMa MOJEIH HCCIEIyeMOTro oOBbEeKTa B

SimMechanics.

g .I'.ITI.I'
H
—
i

&

f
F

Eody
- Ange ~ Ly
-, . ot ruous. Angihs saar T 1
I -

Conthuous Angie? Soope

-

‘ Gound3

R o B O e B

LE1E R
w3 Fevolied
wien Boays
sarnSensart |4 7 =
@f ~ I
Gear Corstralti | T
2
_bl—b.'c\uz
-
> i‘cnns Angle *
" »
Comntinuous Ange s
=
—F—
- T F gjcs e m
Gound2
Revolie2 Bodyz

k4

-._@- | e Frucus Angile
Juolnt Senson? Confthiuous Angiei
e Scoopa2

Puc. 3.2 brnok-cxema MOJCIIN ITOCJICA0BATCIBHOTI'O 3Y6anOFO COCIUHCHUA
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Ha pucynke 3.2:

. omok «Machine Environmenty 3amaeT TpaBUTAI[MOHHBIC CHJIBI IS
MOJICIIH;

. omoxu «Groundy, «Revolutey, «Body», «Joint Sensory», «Scopey, «Joint
Initial Conditiony dopmupyrT reomerputo 3ydouaToro kosieca Z;, 00eCHeUnBaIOT
BpaIllaTeIbHYIO CTEMEeHb CBOOOMBI MMEPBOTO Baja, 3aJal0T HaydajdbHBIC YCJIOBHS,
(OPMUPYIOT BBIXOIHON CHTHAT;

. omoxu «Groundly, «Revolutely, «Bodyly, «Joint Sensorly, «Scopely
bopMUPYIOT TEOMETPHIO 3y0UaThiX KojieCc Z; U Z3, 00€CIeUnBalOT BpallaTEIbHYIO
CTEMeHb CBOOOIBI BTOPOTO BaJia, (POPMHUPYIOT BHIXOAHON CUTHAI,

. omoku «Ground2y, «Revolute2», «Body2», «JointSensor2», «Scope2»
(GopMUPYIOT TeOMETpHIO 3y04yaToro kojeca Z,, 00€CIEYMBAIOT BPalIATCIIBHYIO
CTENeHb CBOOO/IBI TPETHETO Bajia, GOPMHUPYIOT BEIXOIHOM CUTHAI;

) onoku «Gear Constraint Z,/Zy» wu «Gear Constraint Zi/Zz»
MOJICTIUPYIOT 3alleTIeHHe 3yOheB B Tape KOJEC C IMOMOINBIO TEePeaTOYHOIO
OTHOIIICHHS,;

o omoku «Joint Actuatory, «Constant», «Integrator» u «Integratorly

HMHUTUDPYIOT HHG&HBHBIﬁ ABHUTATCIIb.

3.2 IIOPAOOK BBIIIOJIHEHUA PABOTHI
B kauecTBe mpuMepa pacCMOTPUM MEXaHHU3M CO CIACAYIOIIUMH HUCXOTHBIMHU
JTaHHBIMU (cM. Tab:1.3.2)

Tabmn. 3.2 - icxonHbIe JaHHBIE UCCIEAYEMOT0 MEXaHU3Ma
Monaynb pacueTHsli,

Yucno 3yobeB

MM
m 7 V4 23 24
1 20 60 20 42

Cobepem cxeMmy, TNPUBEICHHYIO Ha pHC. 3.2. 3amuieM mapaMeTpbl |
BBITIOJTHUM HAaCTPOWKY Kaxaoro 0oka cormacHo [Ipunoxenuto 3.1.
Kax y»xe 0110 CKa3aHO BEIIIIE, JIJIS1 TPOSKTUPOBAHUS 3y0UaTOTO 3aleIICHUS B
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SimMechanics HE0OX0IUMO paccUUTaTh HEKOTOPBIE U3 OCHOBHBIX IT€OMETPHUECKHUX
napameTpoB 3y0UaThIX KOJIEC.

s Toro, 4TOOBl HE BBIMOJHATH BCE BBIUMCICHHS BPYYHYIO, 3amHIIEM
HeoOxouMbie popmystbl B koMauaHoe okHo (Command Window) MATLAB a:

% Yucno 3y6ves

z1=20;

22=60;

23=20;

z4=42;

% MoO0ynb pacuemHulil

m=1;

% ouamempul 0eUMENbHLIX OKPYHCHOCHEL
dl=m*z1;

d2=m*z2;

d3=m*z3;

d4=m*z4;

% medrcocesvle paccmosiHus
a12=0.5*(d1+d2)/10"3;
a34=0.5*(d3+d4)/10"3;
al4=al2+a34;

% wupuHna 3y04amozo 6eHya
b=3;

% naomHocmv Mamepuana Koieca(cmaiv)
gm=7.8e-6;

% maccwl konec (niomHocms *06vem)
ml=gm*pi/4*b*d1"2;
m2=gm*pi/4*b*d2"2;
m3=gm*pi/4*b*d3"2;
ma4=gm*pi/4*b*d4"2;

% MomeHmbl uHepyuu
11=m1*d172/8*1e-6;
12=m2*d2/2/8*1e-6;
13=m3*d372/8*1e-6;
14=m4*d4"2/8*1e-6;

% mampuyvl MOMEHMO8 UHepYUuU
J1=[000;000;00 I1],

J2=[0 0 0;0 0 0;0 0 12+13];
J3=[000;000;00 14];

ITocne BBOJAa YKA3daHHBIX BBIIIC AJAHHBIX 3aIllyCTHM CHMYJIALIHIO. PC3YJ'H)TaTI>I

paboThl aHUMUPOBAHHOW MOJIENIM 3y04aTOro MeXaHU3Ma MpeJCTaBICHBI Ha puc.3.3.
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L.

Puc. 3.3 Pe3ynbTaThl pabOTHl aHUMHUPOBAHHOW MOJIEITH 3y04aTOTO 3alleIICHUS B

SimMechanics

Ha puc. 3.4-3.6 mpuBeneHbl TONy4YeHHBIC TpadUKUA YIJIOBBIX CKOPOCTEH

(pan/c) BajoB peayKTOpA.

Puc. 3.4 I'paduxk yrioBoii ckopoctu | Bana penykropa
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Puc. 3.5 I'paduk yriosoit ckopoctu |l Bana penykropa

Puc. 3.6 I'paduk yriosoii ckopoctu |11 Basa pegykropa

Ilposepka npasunvrnocmu
st Toro 4TOOBI YJIOCTOBEPUTCS B TMPABWILHOCTH TIOJYYCHHOW MOJCIIH,
HY)XHO CJIeJaTh NPOBEPOYHBIM pacuer, ONPENECIMB YIJIOBBIE CKOPOCTH BajoOB

peIyKTOpa ¢ MOMOIIIBIO MEPEAATOYHOTO OTHOIIICHHUS.
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[IepenaTtounbie OTHOLICHUS:

’ _—Z, —60 _ .
2=z ~ 20 7
v = e o e
T _Z, T =20 B

UOGI.LL = U12 ' U34 =-3" (—215) = 645,
Wy Wy
U,=—:U = —
12 Wy oom Wiy

CrnenoBarenbHo, ipu w; = 1 pag/c yrnossie ckopoctu |l u Il BanoB paBHbI:

Wy 1 pan
wy;=—=—=-033—;
1 U12 —3 C
_ e _ 1 _ pan
O = o T 6as 0.157=;.

IlocunTannbie pPE3yjabTaThl COBIIAAOT C PE3yJIbTaTaMH, ITOJTYUYCHHBIMU Ha

rpadukax (puc. 3.4-3.6). 3HaUUT, MOJIEJNIb BHIIOJHEHA MPABUIILHO.

3.3 COJEP)XAHUE OTYETA

OT4YeT TOMKEH COACPKATH CIICTYIOIINE Pa3IeIbl:

° HasBanwue nabopaTopHoii paboTHI U €€ 11eJIb;

° Hcxonusle nanunie

° Kunematnueckas cxeMa MeXaHU3Ma;

. Cxema mojaenu MexaHusMa B makere SimMechanics ¢ Hactpoiikamu
0JIOKOB;

° Pe3ynbpTathl MOJIEIMPOBAHUS B BUAE aHUMHUPOBAHHON MOJIEIIH;

o ['paduiku yriaoBwIX CKOpOCTEH BaJOB PEIyKTOPA;

° IIpoBepka MojieIM Ha TPABUIILHOCTD;

° BriBog
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3.4 BAPMAHTHI 3AJIAHUI

Ta6u. 3.3 — BapuaHnTsl 3a1aHuii

Bapuant Monyze. UYwucno 3yObeB Bapuant Monyze. Yucno 3yObeB
MM MM
Ne m 21 | Zp | Z3 | Z4 Ne m Zy | Zp | Z3 Zy
1 0.3 25 | 60 | 40 | 70 11 0.3 30 | 66 | 20 | 44
2 0.4 20 | 60 | 30 | 72 12 0.4 40 | 60 | 25 | 50
3 0.5 30 | 90 | 20 | 42 13 0.5 25 | 55 | 40 | 56
4 0.6 40 | 80 | 25 | 90 14 0.6 20 | 78 | 30 | 66
5 0.8 25 | 50 | 40 | 70 15 0.8 30 | 54 | 20 | 54
6 1.0 20 | 50 | 30 | 60 16 1.0 40 | 84 | 25 | 50
7 1.25 30 | 60 | 20 | 56 17 1.25 25 | 15 | 40 | 88
8 1.5 40 | 70 | 25 | 75 18 1.5 20 | 36 | 30 | 66
9 2.0 25 | 30 | 40 | 64 19 2.0 30 | 72 | 20 | 42
10 2.5 20 | 45 | 30 | 48 20 2.5 40 | 56 | 25 | 70

3.5 KOHTPOJIbHBIE BOITPOCHI

1. Kakum 6110KkOM MoOJeIupyeTcsl MIWIMHIPUUECKOe 3yOuaToe 3aleIUIeHHE B
nakete SimMechanikcs/MATLAB? KakoBbl HacTpoWKH 3TOro 0j10Ka?

2. Kak npoBepUTh aJICKBATHOCTh MOJIENIA 3y0UaTOro MeXaHu3ma?

3. Kak okcnepuMeHTaJbHO TPOBEPUTH (HaKTHUECKOE IMepeaaToyHoe
OTHOIIIEHHE MOJICIUPYyEeMOH 3y0daToi nepenadn?

4. Kak wu3MeHUTh HaNpaBlI€HHE BpAICHHS BaJIOB MOAECIUPYEMOIO
MexaHu3ma?

5. Kak  paccuuThIBalOTCA  paauyChl  JCIUTEIBHBIX  OKPYKHOCTEU

HWIHHAPUYECKUX 3y0daThIX Kojec?
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CIIMCOK MCIIOJIb30BAHHOM JIUTEPATYPhI

1. Teopus mexanuzmoB / AproOonesckuii 1.1. - M.: Hayka, 1965. — 776

2. MATLAB 6/6.1/6.5 + Simulink 4/5 B maTemaTnke 1 MOJICTUPOBAHKH /
HesikonoB B.II. [Tonnoe pykoBoacTBo nosb3osarens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

3. MopaenupoBaHue U BU3yaIU3aIlysl IBHKECHUI MEXaHUYECKHX CHCTEM B
MATLAB: Yue6noe nocooue / B.C.Illep6akor, M. C. KoprrToB, A.A. Pynnens u
ap.— Omck: CubAZIU, 2007. — 84c.

4, MopenupoBanue MexaTpoHHbIX cucTeM B cpeie MATLAB (Simulink /
SimMechanics): yae6HOe ocoOue JiIsl BRICIINX yueOHbIX 3aBecHuii / Mycainumos
B.M., I'.b. 3amopyes, 1.1. Kanansimuna, u ap. — CI16: HUY U'TMO, 2013. — 114
C.

S. Mopnenupoanue npoiieccoB u cucteM B MATLAB. YueOnsb1it kypc /
Jlazapes 1O. - CII6.: ITutep, 2005, 511c
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Ilpunoscenue 3.1. Hacmpoiika 610K06

Hacrpotiku 6moka MachineEnvironment

Machine Environment

Env >
Machine | BEKTOp [0 -9.81 0] m/'s"2
Emronment | rpaprTanHH
Hacrpoiiku 610k0B Body
Bodyl
MaccoBble XapaKTepHCTHKH
Macca ml ke
Huepuna J1 kg*m”2
IlonoxeHne
+S¢5+ Iopt BexTop NpoHcXoAIeHHA NO3HUKH [X vy Z]
CG [0 0 0] m
168 [0 0 0] m
CS2 [0 0 0] m
Busyaimnsanna
T'eomeTpua Tea Use machine default body geometry
IToaxaroycHHE CS1-CS2
Body2
MaccoBble XapaKTepHCTHKH
Macca m2+m3 kg
Huepuna J2 kg*m"2
Tlonoxenne
=} | IlopT BeKTOp MPOHCXOXICHHA MOHUHH [X v Z]
‘|‘“ ﬁfs,t CG [a12 0 0] m
Body2 CSl1 [al12 0 0] m
CS2 [al2 0 0] m
CS3 [al2 0 0] m
Busyainsanus
[eomeTpusa Teaa Use machine default body geometry
TToaxmoueHHE CS1-CS3
Body3
MaccoBbie XapaKTEPHCTHKH
Macca m4 kg
Huepuua I3 kg*m"2
ITonoxerne
vics-@cs;}n ITopt BekTop npoucxoxIeHuA nosHunn [X y z]
Body? CcG [al4 0 0] m
CSl1 [al4 0 0] m
CS2 [al4 0 0] m
Busyamsauua
[eoMeTpHa Teaa Use machine default body geometry
[MoaxmroueHHe CS1-CS2
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Hacrpotiku 6moxoB Ground

; Ground!
—E IToxoxenue [[o 0 0] | m
Groundl [ Show Machine Environment port
. Ground2
P
[Monoxenne [a12 0 0] m
Cround2
Ground3
b
. [Monoxenne [al4 0 0] m
Ground3
Hactpotiku 610k0B Joints
B Revolutel
F .
o | Ocp mBmxerna | [0 0 1] Referens C51 World
Revolutel
g Revolute2
¥
Ocp IBHMCHHA [0 0 1] Referens CS1 World
Revolute2
B (F F Revolute3
. Och IBHKCHHA [0 0 1] Referens CS1 World
Revolute 3
Hacrpotika 61oka Joint Actuator
Actuation
Connected to
primitive: [ R ]
Actuate with: [Mcrtiun - ]
Angular units: [rad - ]
Angular velocity units: [rad,"s *]
Angular acceleration units: [radfs“‘z *]

56



Hacrpoiiku 61okoB GearConstraint

©

Gear Constraint z2/z1

Panuye nennrenbHOMN OKPY:XHOCTH Benymero koneca | d1/2000 m

Gear Constraint z2/z1| Paguyc JeIHTEIHOM OKPYEHOCTH BeaoMoro koaeca | d2/2000 m
Gear Constraint z4/z3

- %D i Pazmyc memntensHOI OXPYVRKHOCTH BEIVINETO KOISCA d3 /2000 m

Gear Constraint z4/z3 | Paquyc qeTHTenpHOMH OKPYEHOCTH BeToMoro komeca | d4/2000 m

Hacrpotiiku 610k0B Joint Sensor

("] Angle Units: |deg
Angular velocity Units: [radj’s *]
("] Angular acceleration Units: |deg/s"2
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4. JIabopaTtopHasi padora Ne4
KOMIIBIOTEPHOE MOAEJIMPOBAHUE POEOTA-MAHUITYJIATOPA

C IIPOCTEUIINM 3AXBATHBIM MEXAHU3MOM B ITAKETE
MATLAB/SIMULINK/SIMMECHANICS
Ilenv pabomer:
O3HAKOMHUTBbCS €  TakeToM  pacmwmpenus — SimMechanics  cpensbl
MaTeMaTHYECKOTO UMHTAIUOHHOTO OJI0YHOTO MO/JICITUPOBAHHUS
Simulink/ MATLAB.
IPOBECTH  KOMITBIOTEPHOE  MOJCIHPOBAHUE POOOTA-MAHUIYJIATOpA  C
NPOCTEHIIMM  3aXBaTHBIM  MEXaHU3MOM. [IpoBepuTh  TPaBUIBHOCTH
HOJTYYEHHOW MOICIIH.
4.1 KPATKHME TEOPETUYECKHE CBEJEHUA

B nanHo#t paboTe MPOBOIUTCS MOJEIUPOBAHHE POOOTA-MAHUITYISITOPA C

HpOCTGﬁIIIPIM 3aXBaTHBIM MCXaHHU3MOM.

Kunematnueckass cxema pacCMaTpuBacMOro McCEXaHH3Ma  YIIPOUICHHO

npejacrasieHa Ha puc. 4.1.

[5

2

Puc. 4.1 KunemaTtudeckasi cxema pob0Ta-MaHHUITYJISITOPA C 3aXBATOM:

1 — crotika; 2, 3, 4 — 3BeHbs1 poOOTa; 5 — OCHOBAHME 3axXBaTa; 6 — r'yOKM 3axBaTa
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Ha puc.4.2 mnpeacraBinena Onok-cxema SimMechanics-monenu po6ora-

MaHUITYJISITOPA C 3aXBAaTOM.

»05 > o
"l_ Jort Acs=lor

Gar \ezsheriercega

e Savohie3

Revoues

Remutl

JortAcste riegaa2 E’\ l

povoraly paloev Ll-.hi]

SreWavet

g

L
Gard Jort Amate
Veashemierchegal

Puc. 4.2 briok-cxema Moaenu poO0oTa-MaHUITYJIATOPA C 3aXBaTOM

Ha puc.4.2:
. ook «MachineEnvironmenty 3agaeT rpaBUTalliOHHBIC CHIIBI M CTOMKY
o omoku «Columny, «Podjem»,» Rychag 1-3» — onpenensroT reOMETPUIO

3BEHbEB POOOTA;

o omok «Weldy» 3amaer HepasbeMHOE COCIMHCHHME HAIPABIAIONICH CO
CTOMKOM;
o ook «Cylindrical»y — MmomenmupyeT MHIUHAPUICCKYIO KHHEMATHYECKYIO

napy 4-ro kjacca ¢ moCTyNnaTeIbHBIM U BpalllaTeIbHBIM JBHKCHUCM;
° omoxu «Revolutey, «Revolutel,2» — BpamareiabHble KHHEMAaTHYCCKHE

mapel 5-To Kjacca, COSAUHSIONINE 3BEHbs poO0Ta MEX Ty COOOM;

o omoku «Schvaty, «Palecl-2» monenupyroT 3BeHbs 3aXBaTa;
° omoxu «Revolute 4-5» — ompenenstoT BoamaTeIbHBIC MAPHUPHI 5-TO
KJlacca;
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o onok «Gear Constrainyt — nonojHHUTENBHAS TTEpeIaya MKy TyOKaMu
3axBaTa;
o omoxu  «JointActuator», «Ramp», «Constanty, «Constant»l

HMHUTHPYIOT PII[G&JIBHBIﬁ JABUI'aTCIIb.

4.2 TIOPAJIOK BBITIOJIHEHUSA PABOTHI
B xkauecTtBe mnpumepa pacCMOTPUM MEXAHW3M C HCXOJHBIMH JIaHHBIMH,
MpeCTaBIEHHBIMU B Ta011.4.2.

Ta6.4. 2 VicxoaHble JaHHBIE UCCIEAYEMOT0 MEXaHu3Ma

O6o3HaueHune 3BeHa JnuHa 3BeHa, MM
L1 800
L2 300
L3 300
L4 200
L5 50
L6 80

CobGepeM cxemy, IpUBEJICHHYIO Ha puC. 4.2. BBIMOJIHUM HACTPONKY KaXKJIOTO
omoka cormacHo IIpunoxenuto 4.1. Ilocne 3amyctuM cuMymsnuio. Pe3yiabTaThbl

paboThl aHUMUPOBAHHON MOJIENTM POOOTa-MaHUIYJISATOPA MPEACTABICHBI Ha puc.4.3.
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Puc. 4.3 Pe3ynbTaTsl paboThl aHUIMHPOBAaHHON MOJIENIM POOOTa-MaHUITYJISITOPA C 3aXBaTOM

B SimMechanics

4.3 COJJEP)KAHUE OTUYETA

OT4YeT TOMKEH COACPKATH CIICTYIOIINE Pa3IeIbl:

o HazBanwme nmabopaTopHoii paboTHI U €€ 11eJIb;
o KuneMaTudeckasi cxema MEXaHU3Ma;
. Cxema mozenu MexanusMa B nakere SimMechanics;

° Hactpotiku 610x0oB SimMechanics;
o Pe3ynprarsl MonenupoBaHus;
o I'padukn wm3MeHEHWI KOOpAWHAT W TPOEKIUH CKOPOCTEH IIeHTpa

TSKECTH CXBaTa Ha KOOPAMHATHBIC OCH,

° MPOEKIIMU TPACKTOPHHU IIEHTpaA TSKECTH cXBaTa Ha TiocKocTH XY, XZ,
YZ,
) BriBogsl.
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4.4 BAPUAHTBI 3AJJAHUN

Ta6u. 4.3 BapuaHTbl 3a1aHuit

Howmep JnvHBI 3BEHbEB, MM
papHanta L1, MM L2, Mm Ls, MM L4, MM Ls, Mmm Le, MM
1 900 350 250 200 50 80
2 800 400 400 150 60 90
3 850 450 350 250 70 100
4 700 250 300 200 40 70
5 900 350 300 150 50 80
6 800 450 450 250 60 90
7 850 300 250 200 70 100
8 700 250 350 150 40 70
9 900 350 400 250 50 80
10 800 450 450 200 60 90
11 850 400 300 150 70 100
12 700 250 300 250 40 70
13 900 350 450 200 50 80
14 850 300 400 150 60 90
15 800 400 300 250 70 100
16 700 250 400 200 40 70
17 900 350 450 150 50 80
18 800 450 300 250 60 90
19 850 400 250 200 70 100
20 600 300 250 250 40 70
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KOHTPOJIbHBIE BOITPOCBI

1. Ckonpko cTemeHeil CBOOOIbI MMEET MOJEIUPYEMBI MaHUITYJISATOpP H
CKOJIBKO MPUBOJIOB JJI1 HETO HEOOXOJUMO MCIOIb30BaAThH?

2. KakoBbl rabapuThl 30HbI OOCITYKMBAHUS MOJACIUPYEMOTO MAaHUTTYJIsITOpa?

3. Kakue KuHeMaThyeckue Tmapbl HUCMONB3YIOTCA B MOJACIUPYEMOM
MaHUIYJIATOpE ?

4.Kak 3a/1a10TCs1 MAaTPULIBI MHEPLIUU 3BEHbEB MAHUITYJIATOPA?

5. Kakue OJOKM HCNONB3YIOTCA AJI MOCTPOEHUS TpadUKOB M MPOEKIMH

TPaeKTOPUU CXBaTa?

CITMCOK MCIIOJIb30OBAHHOM JINTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B maremaTrke U MOJCIUPOBAHUH /
HpsikonoB B.I1. [Tonnoe pykoBoactBo nonbs3zoarens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2.  MopaenupoBanue W BU3yalu3alusl ABHKCHUN MEXaHUYECKUX CHCTEM B
MATLAB: Yuebnoe noco6ue / B.C.lllep6akos, M. C. KopsiToB, A.A. Pynmnens u
ap.— Omck: CubAZIU, 2007. — 84c.

3.  MogenupoBanue MexaTpoHHbIX cucteM B cpeae MATLAB (Simulink /
SimMechanics): yueOHOe ocoOue /I BHICHIMX y4eOHBIX 3aBeneHui / MycaaiumoB
B.M., I'.b. 3amopyes, U.1. Kananeimuna u ap. — CI16: HUY UTMO, 2013. — 114
C.

4.  MonenupoBanue nporeccoB u cucteM B MATLAB. YueGusiii kypc /
Jlazapes FO.II. - CIIG.: ITutep, 2005, 511 c.
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Ilpunoscenue 4.1 Hacmpoiika 610K06

Hacrpotiiku 6moka Machine Environment

zw }— | Machine Environment
Machine Bektop [0 0 -9.81] m/s"2
Environment l"paBHTaL[HI{
HacTtpoiiku 6moka Column
Inertia: eye@j
Position | Orientation | Visualization |
Show Port Origin Position 5 Translated from Components in
Port Side il Vector [x y z] RS Origin of Axes of
P G [00.40] (m v world ~ | world - | B
v left ~v|cst [ooo0] (m  ~|world ~ | world v
] cs2  [00.80] (m  ~[world ~ | world v
Hactpoiiku 010ka Body
csidges2 B
Podjem
Inertia: eye(3) kg*m~2 ~
Position | Orientation I Visualization |
Show Port Origin Position 4 Translated from Components in
Port Side Ramme Vector [x y z] Ui Origin of Axes of
F G [00.4-0.15] (m | world ~ | world - 8
vl left  ~v|cs1  [00.40] (m  ~|world ~ | world - |
vl Right ~v|cs2 [00.4-0.3] (m  ~|world ~ | world v
& csiges2 B
Ronagl
Inertia: éye(ﬁ) kg*m~2 ~
Position | Orientation I Visualization |
Show Port Origin Position 2 Translated from Components in
Port  Side @™ yector[xyz] s Origin of Axes of
F G [0.150.4-0.3] (m  ~|world ~ | world v
vl left  v|cs1  [00.4-0.3] Im  ~|world ~ | world v |
7 cS2  [0.30.4-0.3] m_ ~|world ~ | world -
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& csopest B

Roa@
Mass: 1 kg v [
Inertia: eye(3) kg*m”~2 ~ ’

Position | Orientation | Visualization |

Show Port Name Origin Position Units Translated from Components in
Port Side Vector [x y z] Origin of Axes of
7] [Right ~v|cG  [0.40.4-0.3] (m  ~|world ~ | world v |
vl [Right ~|csi [0.30.4-0.3] [m  ~[world ~ | world =l| =2
vl cs2  [0.50.4-0.3] (m v |world ~ | world | —
-Hcs2
= CSSGCM i
HVAT
Mass: 1 kg v l
Inertia: eye(3) kg*m~2 ~ |
Position | Orientation | Visualization ’
Show Port Name Origin Position Units Translated from Components in
Port Side Vector [xy z] Origin of Axes of
] G [0.504-0.3] (m | world ~ | world -| B
£l cst  [0.50.4-0.3] [m  ~|world ~ | world =l | =
vl Left  ~v|CS2  [0.50.4-0.34] lm  ~ | world ~ | world x|| —
V] left  v|CS3  [0.50.4-0.26] [m  ~|world ~ | world x| |1
R csofgest 8-
PALECH
Mass: 1 kg v ]
Inertia: eye(3) kg*m~2 ~
Position i Orientation | Visualization l
Show Port Origin Position 2 Translated from Components in
Port Side Wame Vector [x y z] s Origin of Axes of
al C6  [0.5250.4-0.34] (m | world ~ | world | B
] CS3  [0.55 0.4 -0.34] [m  ~|world ~ | world v P
vl |Right ~|cs1  [0.50.4-0.34] Im  ~|world ~ | world x| —
] left  ~v|cs2  [0.50.4-0.34] (m | world ~ | world x| |®
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& cspest B

PALEC2

Inertia: eye(3) kg*m~2 ~
Position I Orientation l Visualization l
Show Port Origin Position z Translated from Components in

Port Side Rame Vector [x y z] S Origin of Axes of
Fl CG  [0.525 0.4 -0.26] (m v world v | world | B
&l left  v|CS3  [0.55 0.4 -0.26] im  ~|world ~ | world v
9] CS1  [0.50.4-0.26] m v |world ~ | werld v
v left  ~v|CS2  [0.50.4-0.26] im  ~|world ~ | world v

Hacrpotiku 610ka Ground
_ Ground )
B 3'_ TMonoxenue [[0 0 0] | m
Ground Show Machine Environment port

HacTtpoiiku 610koB Joints

Weld
DT
— Ocp aBIKEHHA [0 0 0] Referens CS | World
veld
l Weld1
N 3% B
— Ocp IBIKEHHA [0 1 0] Referens CS | World
eld
s & Cylindrical
rﬁ Ocp IBIKCHHA 01 0] Referens CS | World
Cyiindrical Ocp xBmxerna ([0 1 0] Referens CS | World
n 'f Revolute
|
Och IBHKECHUA [0 0 1] Referens CS | World
Hevolute
dr' B Revolutel
Ocp aBHKCHUA 6 & 1] Referns CX World
Revolutel
o Revolute2|
F T . [0 0] Referens CS
OcHu aBHKeHHA | World
Rewolute2
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Revoluted

Revolute3

Och IBHKCHHA

[0 1 0]

Referens CS

World

Hactpotiku 6moka Gear Constraint

F%)F

Gear Constraint1

Gear Constraint 1

Pagnyc aeTHTEIBHOH OKPY’KHOCTH BEIYIIEIO H BEIOMOIO

KOJIecC

0.04 11 0,04

Era
-’@
<oht Actastor
Podjem

Actuation

Connected to
primitive:

Actuate with:

Hacrpotika 61okoB Joint Actuator

P1

| Motion

Position units:

Velocity units:

Acceleration units:

. .'.\

%
Jont Actaator

powonty patav

Actuation

Connected to
primitive:

Actuate with:

[cm/s

(cm/ s™2

R1

[Motion

Angular units:

Angular velocity units:

Angular acceleration units: [rad/s"z

Lrad

[rad/s
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Hactpotiku 6mokoB Joint Sensor

("] Angle Units: | deg
Angular velocity Units: [radfs *]
("] Angular acceleration Units: |deg/s"2
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5. JlabopaTtopHas padora Ne5

KOMIIBIOTEPHOE MOAEJINPOBAHUE TEJIA, bPOIIEHHOI'O I10/]
YI'JIOM K TOPU30OHTY, C IIOMOUIBIO ITAKETA SIMMECHANICS CPEJIbI
MATEMATHUYECKOI'O UMHUTAIMOHHOI'O BJIOYHOI'O
MOJIEJIMPOBAHUS SIMULINK/MATLAB

eab padoThl: MOCTPOCHUE MOJAECIH JBM)KCHUS Teja, OPOIIEHHOTO MO YIIIOM
K TOPU30HTY C y4ETOM COINPOTHBIICHUS Cpellbl cpeicTBaMu makera SimMechanics

CpCabl MATEMaTH4YCCKOI'O HUMHUTAIIUOHHOI'O 0J104YHOTO MOICIIMPOBAHUA

Simulink MATLAB

5.1 3AJTAHUE U TIOPSIJOK BBITIOJTHEHU S JIABOPATOPHOM PABOTHI

Ha puc. 5.1 npencraBneHa pacueTHasi cxeMa JIBU)KEHHUS Tella, OpOIIEHHOTO MO/

YTJIOM K TOPU30HTY.

Puc.5.1 PacueTHast cxema JABMKEHUS Tena, OPOIIEHHOTO MOJT YTJIOM K TOPH30HTY
Hcxonunle naHHbIe:
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e Macca tena m = 1(kr);
e Hauanbnas ckopocts Vo= 10 (Mm/c);
e VYroi MeXIy BEKTOPOM HAdaJbHOM CKOPOCTM U T'OPU30HTAIbHOU

IUIOCKOCTBIO o = 45°;

e VYroa Mexay I0CKOCTbio Opocanus u ocbto X - 3 = 60°;
H.
o Koaddumuent conporusienus Bo3ayxa u = 0.5 ?C

bnoxk-cxema nporpaMmsbl I MOACIIUPOBAHUSA paCCManHBaCMOﬁ CUCTCMbI

IpeJcTaBleHa Ha puc.5.2.

To Werkspace

; r y 1To Workspaosi
[;]Tu Wodk pace?
——— ]

XY XY

o|(®]

Elgtis .g: ol [

Machre R/CGC xyzy
Ervrorment Ground

IC | | Custom Joit D]

Jort Intd Cordition XY DX

cs2

Body Sersor

Bocy

s
d
.G Body Actustor

Compare  Siop Simudation
o Zero

Puc. 5.2 briok-cxema mporpamMMbl, MOJIEITUPYIOIIEH ABUKEHUE TENa, OPOIIIEHHOTO 0T
YIJIOM K TOPU30HTY, C Y4€TOM CONIPOTUBIICHUS CPEIbl

B 6moke «Custom Jointy, MoaenupyroleM HacTpanuBaeMyl KHHEMATHUYECKYFO
napy, 3aaeM TpH MOCTYIATEeIbHBIC CTEleHH ¢cBOOObI (puc. 5.3). A B Omoke «Joint

Initial Condition» 3amaguM HadaldbHYIO CKOPOCTH TEJa IO TPEM KOOPAMHATHBIM

ocsim (puc.5.4).
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“» Hock Paremeters: Custom loint Al
Custom Jont

Represents genaral ussr-dafined joint with multiple degroes of freecom, Connects two Bodas wih
combmation of prismatic, revolute, and/or sphencal primives. This Jont limted to mastmum of six
DofFs: up 1o three rotatienal DoFs and wp 1o Brée transiational DOFs First prmitive Minched to base
(8). Last primitive attached to follower {F). Listed order of primithas s order of motion during
amukstion. Sensor and achuator ports can be added. Sphericol primitive cannot be actusted. Sase-
Toliwer Saquisnce 3nd axes GEctons detanvine sign of Forvard motion. THS joint becomes singular
if two prismatics or two revolates align.

Conmection parameters

Currend tase; GNDBGround :
Curreet folower; (Gebody
Nernber of BSNE0T | ACTUNOr POITS: 1 -

5
Paremeters

Name - Primitive Axis of Action [x y 2] Referemce CS —]
B 7y 1 00 |, = X
F2 - Prismatic =i[010] (Wodd ~ ~ =
F3 - Prismatic =i[001] | World - -
*
oK Cancel o q
Puc.5.3 Untepoeiic 6imoka «Custom Jointy
"k Block Parameters: Joint Initial Condition (e S

Joint Initial Condition

Sets the initial linear/angular position and velocity of some or all of the primitives in a Joint. Connect to a Joint
to see a list of its primitives.

Actuation

Enable Primitive Position Units Velocity Units

il P 0 10%(cos{pi/4))*(cos(pif3)) | m/s -
Ell P2 0 10*(sin(pif4)) _
il Pa 0 10%(cos(pi/4))*(sin(pif2)) | m/s -

[ oK H Cancel ][ Help ] Apply

Puc.5.4 Unrepdoeiic 61oka «Joint Initial Condition»

C nmomoripo 610k0B «Body Sensor» (puc. 5.5) u3mepum mpoeKIiKu CKOPOCTH,
KOTOpBbIE 3aTeM WCIOJb3yeM [IJIsi pacyeTa CHIIbl COMPOTUBICHUS BO3JyXa H

MOCTPOCHHUS TPOCKIMK TpackTopuu Ha miockoctu XY (puc.5.6), ZY (puc.5.7), ZX
(puc.5.8).
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"4 Block Parameters: Body Sensor e |

Body Sensor

Measures the motion of the Body coordinate system to which the Sensor is connected. Sensor measures any
combination of translational position, velocity, and acceleration; and rotational orientation, angular velocity, and
angular acceleration. Choosing the coordinate system determines the axes in which the motion components are
represented. Output is a Simulink signal. Multiple output signals can be bundled into one signal.

Measurements

With respect to CS: lAbsqute (World) ']
Paosition [x;y;z] Units: ’m 'l
Velocity [x';y';2'] Units: lmfs ']
[T Angular velocity [Rx';Ry';Rz'] Units: |deg/s -

[”] Rotation matrix [3 x 3]:

Acceleration [¥";y";z"] units: [mfs"z -

[C] Angular acceleration [Rx";Ry";Rz"] Units: |deg/s"2 -

Output selected parameters as one signal.

[ oK H Cancel ][ Help Apply

Puc.5.5 Uutepoeiic 6iioka «Body Sensor

4 XY XY ==
XY Plot
4
35
3
25
@
< 2
S
15
1
0.5
0
0 1 2 3 4
X Axis
Puc.5.6 Tlpoekuus TpaeKTOpUU IBMKEHUS Ha TIIOCKOCTh XY
& xvzy G=REE X
XY Plot
6
5
4
2
%A
>
2
1
0
0 1 2 3 4 5 6
X Axis

Puc.5.7 IIpoekius TpaeKTOpUn ABMKEHUS Ha MIOCKOCTh ZY
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[4] XY ZX E=tRcn
XY Plot

0 1 2 3 4 5 6
X Axis

Puc.5.8 Tlpoekuust TpaeKTOpuu ABUKEHUS HA TIIOCKOCTh XZ

Ha puc. 5.6 u 5.7 BugHO, 4TO M3-3a CONMPOTUBJIECHUS BO3AyXa Mapadoyia UMeeT
HE CUMMETPHUYHBIC BETBU.

[Toctpoum mpoeknuu koopauHat Ha ocu X, Y u Z (puc.5.9).
& ccordinates (=)

=20 M~ Gk Ba .

Puc.5.9 IIpoeknuu koopaunat Ha ocu X, Y u Z

[Toctpoum mpoekumu ckopocteit Ha ocu X, Y u Z (puc.5.10).
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E velocity R=nr=

RIEER LI .

Puc.5.10 Ipoeknuu ckopocteit Ha ocu X, Y u Z

[Ipoeknuu ckopocteit Ha ocu X U Z UMEIOT yOBIBAIOIIYIO XapaKTEPUCTUKY U3-
3a compoTuBIeHUs Bo3ayxa. [lo ocu Y rpaduk Toxke yObIBaeT, HO ropasao ObicTpee,
4YeM IO JIPYTHM OCSIM, TaK KaK B JIAHHOM CIlydae YMEHBIIICHHIO CKOPOCTH KpoMe
COIIPOTHUBJICHHSI BO3/IyXa €IIe CIIOCOOCTBYET CHJIA TSKECTH

C mnomompto 6mokoB «To Workspace» (puc.5.11) BbeiBemeM B pabouce

MPOCTPAHCTBO MPOTPAMMBbI IIEPEMEHHBIE X, Y U Z.

b Sk Block Perarreders: To Workioas oo
To Workspace

Write input to specfing bmeseries, arrey, or structure in & workspece, For mene-based
amuaton, data s writen in the NMATLAB bace workspace. Data is not avalabie wuntil the
WIMUDTON B SOpPed Of paused.

To fog 2 bus sgnal, use Timeseras” save formac.
Paramaters

Viariable name:

x

Ums datn points o last:

it

Decmatnn;

L

Save format: | Array ey

Sove 20 sl o= (30 aray (cometerate song rd ) =]
¥ Log foed- point data as o # object
Sample teme (-1 Tor mbwecad)!

1

9 ok )| came |[ web Anpey

Puc.5.11 Unrepdeiic 610xa «To Workspace»

[TocTporM TpeXMEpPHYIO TPAEKTOPHIO, NMPHUCBOMB NEPEMEHHBIM X, Y U Z B

paboueM TPOCTPAHCTBE NPOTPAMMbl 3HAYCHHUS COOTBETCTBYIONIUX KOOPJMHAT
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MaTtepualbHOM TOYKM U 3a7aB B KomaHgHoM okxHe MATLAB komanny

«plot3(z,x,y,'r-"),grid» (puc.5.12).

+ hourel =1 13) s
Fle Edt View Insert Tools Desktop Window Help -
Jegde 8 NS9BEL- 208 a0

Puc.5.12 TpexmepHas TpaeKkTOpusi MaTepUuaibHONU TOUKU

Taxkum ob6pa3om, B xoje J1abopaTopHOU paboThl ObuTa pa3zpaboTaHa MOJETb
Tesa, OPOIIEHHOTO IO YIJIOM K TOPU30HTY. Takke B MOJENTH YYHUTHIBACTCS
COIIPOTHUBJICHHUE CPEJIBI.

5.2 COIEPXXAHUE OTUETA
OT4eT TOoJDKEH CONEPIKATh CIICAYIONINE Pa3Iebl:
o HazBanwme nmabopaTopHoii paboTHI U €€ 11eJIb;
o PacyetHass cxema 00BEKTa MOJNEIMPOBAHUS C YKa3aHUEM HCXOIHBIX
3HAYCHUU U TTAPAMETPOB;
° Cxema mozaei MexanusMa B rmakere SimMechanics;
° Hactpotiku 610x0oB SimMechanics;
o PesynpTaThl  MoOmenMpoBaHHS B BHJIE BPEMEHHBIX TpaduKoB

KMHEMAaTHUYECKUX XapaKTEePUCTUK MOJICIUPYEMOT0 00BEKTa;

° MIPOEKIIMU TPACKTOpHUH Tena Ha miockocTu XY, XZ, YZ,
° MIPOCTPAHCTBEHHAsS TPACKTOPHUS TOJIETa TEla;
) BriBogsl.
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5.3 BAPUAHTBI 3AJIAHUI

Ta6u. 4.3 BapuaHTbl 3a1aHuit

Ne Bapuanra 1 2 3 4 5 6 7 8 9
Motynb 10 20 30 15 25 35 40 45 5
HavyaJIbHOMN
CKOPOCTH Tela,
Vo, Mm/c
VYrou a 40 60 35 55 50 45 65 30 46
VYron B 45 30 40 35 60 30 55 60 50

Macca tema, m, 1.5 0.8 0.6 0.5 1.2 0.2 0.3 0.4 0.7

KI'

Kosdpounuent 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1
COTPOTHUBIICHUS
E
cpebl, [, —

5.4 KOHTPOJIbHBIE BOITPOCHI

1. Kak oOecreynTh BO3MOKHOCTh MOJCIUPOBAHUS JIBHIKEHHS CBOOOIHOTO
Tela B mpocTpaHcTBe B makere SimMechanics/MATLAB?

2. Kak mocTpouTh TNPOCTPAHCTBCHHYIO TPACKTOPUIO TMOJIeTa Tea,
OpOIICHHOTO IMOJT YIJIOM K TOPHU30HTY?

3. Kak omnpenenuth MaKCUMaJIbHYIO BBICOTY IOJIeTa Tena?

4. Kak omnpesenTh MaKCUMaJIbHYIO JabHOCTh MOJIeTa Teyia?

5. Kakoe BIMsSHHEC OKa3bIBAaCT COMNPOTHUBICHHE BO3JyXa Ha IMOJET TeJa,

OpOIIEHHOTO O] YIJIOM K TOPU30HTY?

CIIMCOK MUCIIOJIb30BAHHOM JJUTEPATYPhBI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B maTeMaTuke U MOJCITMPOBAHUH /
HesikonoB B.I1. [Tonmnoe pykoBoactBo nmonbs3zoBarens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2.  MopenupoBaHue U BU3yadu3allus JBIKCHUN MEXaHUYECKHX CUCTEM B
MATLAB: Yue6noe nocobue / B.C.lllepbakos, M. C. KopsiToB, A.A. Pynmens u
1ap.— Omck: CubAJIU, 2007. — 84c.

3. MonenupoBanue MexaTpoHHbIX cucteMm B cpene MATLAB (Simulink /

SimMechanics): yueOHoe mocoOue il BhICIINX YU4E€OHBIX 3aBefeHui / MycannumoB
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B.M.,, I''b. 3amopyes, .. Kananeimuna, u ap. — CI16: HUY UTMO, 2013. — 114
c.

4, MopnenupoBanue mnpoueccoB u cucteM B MATLAB. YueGHsiil kypc /

Jlazapes FO.I1. - CII6.: ITutep, 2005, 511 c.
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6. JABOPATOPHAS PABOTA Ne6
MOJEJIMPOBAHUE ®PUKIIMOHHBIX ABTOKOJEFAHUI B ITAKETE
MATLAB/SIMMECHANICS

Ieanb padorbl: pazpaboTka NPOrpaMMbl J1Jisi KOMIIBIOTEPHOT'O UMHUTAIIMOHHOTO

MOJIeTUPOBaHMs (PUKIIMOHHBIX aBTOKoJeOanuii B cpene SimMechanics/MATLAB.

JIisi BOBHMKHOBEHUS (PPUKIMOHHBIX aBTOKOJIEOaHUN HEOOXOAMMBI YCIOBHS,
OPUCYIIME AaBTOKOJEOATENbHBIM CHUCTEMaM. OTUM YCJIOBHUSIM COOTBETCTBYET
HaJIM4YMEe B CHCTEME HCTOYHHMKA DSHEPrUd  HEKOoJIeOATeNbHOrO0  XapakTepa,
Koie0aTeIbHOM CHUCTEMBI, KJIAMaHHOTO MEXaHW3Ma, IMOAAIoUIero MOPIUIMU
HHEPIHIO B KOJIEOATEIbHYI0 CUCTEMY, U OOpaTHOM CBSI3H.

PacueTHas cxema uccieyemMoii cucTeMbl IpeicTaBieHa Ha puc. 6.1.
Teno Maccoit M HAXOAUTCS HA MOJBUKHOM JICHTE, ABMXKYIICHCS C MOCTOSIHHOM

CKOPOCTh V, U ylepKUBAETCS MPY>KUHON KeCTKOCThI0 C. Mexy TelIoM U JeHTOU

§ Pk

\ 4

JEHUCTBYET CHUJIa CYXOTO TPEHHUS.
<
—VVWWWA— m

8.7\
N/
AL

'

Puc.6.1 PacuetHas cxema

Hcxonnnle nandenie:

m = 0.5 kr - macca Tena;
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¢ = 10 H/m - ko3 pumeHT KECTKOCTH MPYKHUHBI;
lo = 0.3 M — HauanbHas ATUHA Heae)OPMUPOBAHHOM MPYIKUHBI;
V = 1 mM/c — CKOPOCTb IBUKEHUS JICHTHI;

f=0.5 xoadpunuent cyxoro TpeHus.

6.1 IIOPAJOK BBIIIOJIHEHMA PABOTEI
Ha puc.6.2 npencrasieHa OJioK-cxema NpOrpaMMbl JUIsi MaTeMaTHYECKOTO
MOJICJIMPOBAHUS  PACCMAaTPUBAEMOM MEXAaHUYECKOW CHUCTEMBI, pEAIU3YIOLICH

(GpukIMOHHBIC aBTOKONIEOaHusI, B cpeae SimMechanics/MATLAB.

CS6 B
1CG ﬁ(m

Polzun

ra
ﬁ Body Sensor
o =

Wertikal Mapr

Machine

Body Spring & Damper

Environment ~ Ground? 3_ = e GCSQ = v
1 _ T ann [Caen
5 Gorizontal Napr
1 Integrator Prismatic
) ‘*\“& onn IC
; | Integratori Joint Actuatort Joint Pctuator o > [_1{ Joint Initial Condition
Cwuna TpeHuA Y
Constant P %/ > ]
- i L[
Fr ocn
Joint Sensor
Product| x

Puc.6.2 biok-cxema mporpammel B cpeae SimMechanics/MATLAB

Hactpoiiku Bcex OJOKOB, WCIONB30BAHHBIX B CXEME MOJEIUPOBAHUS
paccmMaTpuBaeMOr CUCTEMBI, MpeacTaBieHbl B [[punoxennn 6. 1.

PaccMorpuMm w© mpoaHamuM3upyeM pe3ynbTaTbhl MOAECIMPOBAHUS B  BHJIE
rpauKoOB 3aBUCHUMOCTEH OTHOCHTEIBHBIX H a0CONIOTHBIX KHHEMATHUYECKUX
XapaKkTEPUCTHK TOJI3YHA.

Ha pwuc.6.3 npencrasien rpaduk abCOMIOTHOTO MIEPEMEIISHHUS MOJI3YHA.
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Puc.6.3 I'paduk abCOMOTHOTO TIEpeMenIeHHs TI0I3yHa

H3-3a HCﬁCTBHﬂ IMPY>XKUHBI ITOJI3YH IICPEMCIIACTCA 110 KBA3BUTAPMOHUYCCKOMY

3dKOHY B IMPCACTIAX OJHOT'O U TOI'O K€ JHUAIIa30Ha KOOPpAWUHAT BAOJIb OCH X.

Ha puc.6.4 npencrasien rpadvk OTHOCUTENIBHOTO MEpEMEIICHHS TIOJ3YHa.

Bo Aavi USA Eas S

T T T T T T T

S
I
4 S
“
-
n

' ] 3 ' 3

Puc.6.4 I'padyik OTHOCUTENBHOTO IIEpEMELEHHS [10JI3yHa

OTHOCHUTENBHO I[BI/DKYHIGI)/ICH JICHTHI ITIOJI3YH CMCINACTCA BJICBO, TAK KaK OHa

ABHIKCTCS BIIPABO.

Ha pwuc.6.5 npencrasien rpaduk aOCOMIOTHOW CKOPOCTH MOI3YHA.
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Puc.6.5 I'paduk abcomrOTHOM CKOPOCTH TOJI3YHA

AOcomoTHas CKOpPOCTH II0JI3yHaA KOJICOJIETCS OTHOCHTCIBHO HYJII, TaK KakK
IMOJI3YH CHa4daJila ABHUKETCA C Hal'IpaBJ'IHIOIJ_[ef/'I BIIpaBO 3a CUET CHUIIBI TPCHUA, A 3aTCM,
ITOCJIC TOI'0, KaK CWJIa HATAKCHUA IMPYKUHBI HAYNHACT IIPCBLIIIATL CUITY TPCHUA, OH
nepeMecacTCda VyiKe 1101 ﬂ@ﬁCTBHeM IPYXHUHBI, KOTOpPasd BO3BpAIIACT CIo B
HCXOJHOC ITOJIOKCHHC, BJICBO.

Ha puc.6.6 npencrasien rpaduk OTHOCUTEIBHON CKOPOCTH TMOJI3YHA.
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Puc.6.6 I'paduk 0THOCUTENBHON CKOPOCTH MOJI3YHA
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OTHOCHUTEIIHLHO I[BH)KanCfICfI BITPaBO JICHTBI CKOPOCTH ITOJI3yHAa MCHACTCA OT

HYJICBOI'O 3HAYCHUSA 1O OTPHULATCIIBHOI'O IO KBA3UTAPMOHUYCCKOMY 3aKOHY.

BoiBoa: B xo/1€ JaHHOM JTabopaTopHO pabOThl pa3paboTaHa MporpamMmy s
MaTEeMaTHYECKOTO MOJEIUPOBaHMs (PUKIMOHHBIX aBTOKOJIeOaHW B cpere
SimMechanics/sMATLAB, mnoctpoensl rpaduku aOCOMOTHOIO TepeMeEIleHus,
OTHOCHUTETIBHOTO TepeMelIeHusl, aOCONIOTHON CKOPOCTH ¥ OTHOCHTEIBHOU

CKOpPOCTHU JAHHOT'O TCJIA.

6.2 COIEPXKAHUE OTUETA
Ortuer HOJDKCH COACPIKATDH CIACAYIOIIHUC pa3acibl:
° HasBanwue nabopaTopHoii paboThI U €€ 11eJIb;
® PacueTtHas cxema 06’beKTa MOACINPOBAHUA C YKA3aHHUCM HCXOIOHBIX

3HAYEHUI M [TapaMeTPOB;
. Cxema mozen MexanusMa B nakere SimMechanics;
. Hactpoiiku 61okoB SimMechanics;
o PesymbTaThl MOAEIMPOBAHHS B  BHIE BPEMEHHBIX TIpadUKOB

KMHEMAaTUYECKUX XapaKTEePUCTUK MOJICTUPYEMOTO 00BEKTa;

° BriBoamI.
6.3 BAPUAHTBI 3AJTAHIH
Ta6u. 6.3 BapuaHThl 3a1anuit
Ne Bapuanrta 1 2 3 4 5 6 7 8 9
CkopocTb 10 20 30 15 25 35 40 45 5

neuTsl, V, m/c

Macca tema, m, 1.5 0.8 0.6 0.5 1.2 0.2 0.3 04 0.7
KT

Koaddumuent 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1
CyXOT0 TpeHUs

f

6.4 KOHTPOJILHBIE BOITPOCHI
1. Kak oGecneunTh BO3MOKHOCTh MOJEIUPOBAHUSL CYXOT0 TPEHHUS B MaKeTe
SimMechanics/MATLAB?
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2.Yto takoe aBTrokoineOanus? Kakue mpumepsl aBTOKOJIEOATENbHBIX CUCTEM
BBI 3HaeTe?

3. Otyero BO3HUKAIOT (PUKLHMOHHBIE aBTOKoJeOanusn? [IpuBenure npuMepbl
(PUKIMOHHBIX aBTOKOJIEOaHUH.

4. Yro sBIsAETCA HMCTOYHMKOM DJHEPrUU HEKOJEOATENbHOIO XapakTepa B
MOJEIUpyeMon cucteme?

5. C Kakoi 4acToTO MpoucXoAsT GPUKLHUOHHBIE aBTOKOJIEOaHUs ?

CITMCOK MCIIOJIb30OBAHHOM JINTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MmaTemaTHKe U MOJCIUPOBAHUH /
HpsikonoB B.I1. [Tonnoe pykoBoactBo nonbs3zoBarens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2.  MopenupoBaHue U BU3YyaaU3allHsl JBM)KCHUH MEXaHHMYECKHX CHCTEM B
MATLAB: Yuebnoe nocobue / B.C.lllep6akos, M. C. KopsiToB, A.A. Pynmnens u
1ap.— Omck: CubAZIU, 2007. — 84c.

3. MopenupoBanue MexaTpoHHbIX cucteM B cpee MATLAB (Simulink /
SimMechanics): yueOHoe ocoOue Il BRICIINX YU4eOHBIX 3aBeeHui / MycalinmMoB
B.M.,, I'.b. 3amopyes, .M. Kananeimuna, u ap. — CI16: HUY UTMO, 2013. — 114
C.

4, MopenupoBanue mpoieccoB u cucteM B MATLAB. YueGusiit kypc /

Jlazapes FO.I1. - CIIG.: [Tutep, 2005, 511 c.
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Ilpunoscenue 6.1 Hacmpoiiku 610K08

Machine Environment

Description ~
Defines the mechanical simulation environment for the machine to which

the block is connected: gravity, dimensionality, analysis mode, constraint
solver type, tolerances, linearization, and visualization.

Parameters | Constraints | Linearization | Visualization |

Analysis mode: Type of solution for machine's motion.

Tolerances: Maximum permissible misalignment of machine's joints.

Gravity vector: [0-9.81 0] ms~2 -
[] Input gravity as signal

Machine dimensionality: |Am-:1~detect - |
Analysis mode: | Forward dynamics - |
Linear assembly tolerance: |le-3 | |m - |
Angular assembly tolerance: |le-3 | |rad - |
Configuration Pararneters...| o
| OK | | Cancel | | Help | Apply

Ground

Grounds one side of a Joint to a fixed location in the World
coordinate system.

Parameters

Location [xy,2]: |[0 0 0] Cm v

Show Machine Environment port

0K || Cancel || Help Apply
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Groundl

Ground

Grounds one side of a Joint to a fixed location in the World
coordinate system.

Parameters

Location [xy,z]: |[—3[]1[]] | |cm *|

Show Machine Environment port

oK | cancel || Help |

Prismaticl

Prismatic

Represents one translational degree of freedom. The follower (F)
body translates relative to the base (B} Body along single
translational axis connecting Body coordinate origins. Sensor and

actuator ports can be added. Base-follower sequence and axis
direction determine sign of forward motion.

Connection parameters
Current base: GND@Ground
Current follower: CG@Gorizontal Mapr

[«] [

MNumber of sensor [ actuator ports: |1 |

Farameters
Axes | Advanced
Name Primitive Axis of Action [x y z]
P1 prismatic [100]
<

OK | cancel | Help |  Apply |
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Body Sensor

X

Body Sensor -

Measures the motion of the Body coordinate system to which the Sensor is connected. Sensor measures any
combination of translational position, velocity, and acceleration; and rotational orientation, angular velocity, and
angular acceleration. Choosing the coordinate system determines the axes in which the motion components are
represented. Output is a Simulink signal. Multiple output signals can be bundled into one signal.

Measurements

With respect to CS: Absolute (World) -
Fosition [x;y;z] Units: |cm - |
velocity [x'y';2'] Units: |crnf5 - |
| Angular velocity [Rx';Ry';Rz'] Units: deg/s >

[] Rotation matrix [3 % 3]:

[] Acceleration [x";y";2"] Units: mfs™2 e
[] Angular acceleration [Rx";Ry";Rz"] Units: deg/s"2 -
[] output selected parameters as one signal. v
< >
0K | | Cancel | | Help Apply
Sign

Signum

For real inputs, output 1 for positive input, -1 for negative input,
and 0 for 0 input. For complex floating point inputs, the outputs
follow sign{u) = u ./ abs(u)

Farameters
["] Enable zero-crossing detection
Sample time (-1 for inherited):

= v

| 0K || Cancel || Help | Apply

Weld
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X
Weld -
Represents zero degrees of freedom. Rigidly connects the base (B)
and follower (F) Bodies in initial relative configuration. Sensor
ports can be added. Weld joint cannot be actuated.

Connection parameters
Current base: GND@Groundl
Current follower: CG@Ver. Mapr
[+]
Mumber of sensor [ actuator ports: ‘ | | =
Parameters
Axis of Action [x y z]
[-101 0] v
>
0K ‘ | Cancel | | Help | Apply

Vertikal Napr

Represents a user-defined rigid body. Body defined by mass m, inertia tensor I, and coordinate origins and axes for
center of gravity (CG) and other user-specified Body coordinate systems. This dialog sets Body initial position and
orientation, unless Body and/or connected Joints are actuated separately. This dialog also provides optional settings for
customized body geometry and color.

Mass properties
Mass: |1| | |k9 '|
Inertia: |eye[3) | |kg*""A2 '|

Position | Orientation | Visualization |

Show Port Hame Origin Position Units Trarlslalie!i from Components in
Port Side Vector [xy z] Origin of Axes of
| Left - CG [-301 0] cm Wworld - | World -
& Right = CS1  [-3010] cm World - | World -
] Right =~ CS2  [-3020] m World ~ |World -
] Right ~|CS4  [-3040] cm World ~ | world || *
] Right =+ CS5 [-30-20] cm World ~ | World - 3
| Right  + CS3  [-3000] cm World ~ | world -
L
oK | | Cancel | | Help | Apply
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Body Spring & Damper

Models a damped linear oscillator betwreen two Bodies, equivalent to a translational spring and damper.
The force F between the bodies is projected along the axis connecting the Body coordinate systems and
is a function of the relative displacement r and velocity v of these Body coordinate systems, given by F
= -k*(r-r0) - b*w. The parameters r0, k, and b represent the spring's natural length, the spring
constant, and the damper constant, respectively.

Parameters
Spring constant (k): 100 |
Damper constant (b): 0 |
Spring natural length (r0): 30 |
Units

Position: 'em -
Velocity: ‘emfs -
Force: ‘mN -

OK | | Cancel | | Help Apply
Joint Actuator
Joint Actuator
Actuates a Joint primitive with generalized force/torque or
linear/angular position, velocity, and acceleration motion signals.
Base-follower sequence and joint axis determines sign of forward
motion. Inputs are Simulink signals. Motion input signals must be
bundled into one signal. Connect to Joint block to see Connected
to primitive list.
Actuation
Connected to |
nnecte P1 ~ |
primitive:
Actuate with: |Generalized Forces - |
Applied force units: |mh| - |
OK | | Cancel | | Help | Apply
Product
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Product G
Multiply or divide inputs. Choose element-wise or matrix product and
specify one of the following:

a) * or [ for each input port. For example, **/* performs the

operation 'ul*u2/u3*u4'.

b) scalar specifies the number of input ports to be multiplied.

If there is only one input port and the Multiplication parameter is set to
Element-wise(.*), a single * or / collapses the input signal using the
specified operation. However, if the Multiplication parameter is set to
Matrix(*), a single * causes the block to output the matrix unchanged,

and a single / causes the block to output the matrix inverse.

Main | Signal Attributes

Mumber of inputs:
2 |
Multiplication: |E|ernent—wise(.*) - |
Sample time (-1 for inherited):

1 |

L
Q | 0OK | | Cancel | | Help | Apply
Prismatic
Prismatic

Represents one translational degree of freedom. The follower (F)
body translates relative to the base (B) Body along single
translational axis connecting Body coordinate origins. Sensor and
actuator ports can be added. Base-follower sequence and axis
direction determine sign of forward motion.

Connection parameters
Current base: CS2@Gor. Napr
Current follower: C54@Polzun

[ [

Mumber of sensor / actuator ports: |3 |

Parameters

Axes Advanced

Name Primitive Axis of Action [x y z]
F1 prismatic [100]
<
OK || Cancel | Help || Apply |

Polzun
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Body

Represents a user-defined rigid body. Body defined by mass m, inertia tensor I, and coordinate origins and axes for
center of gravity (CG) and other user-specified Body coordinate systems. This dialog sets Body initial position and
orientation, unless Body and/or connected Joints are actuated separately. This dialog also provides optional settings for

customized body geometry and color.

Mass properties
Mass: 0.5 kg -
Tnertia: | eye(3) | kgTm~2 ~|
Position | Orientation | Visualization |
Show Port Name Origin Position Units Translated from Components in
Port Side Vector [xy z] Origin of Axes of
| Left G [010] cm  ~ World - | World -
& Right cse  [010] cm v World ~ | world -
] Left cs1 [-200] cm v World ~ | world -
] Right cs2  [-220] cn v | world ~ | world ~|| *
] Right €s3  [z20] cm  * World ~ | World | &
] Right cs5 [200] cm  ~ World - | World -
| Right cs4  [000] cm  ~ World - | World -
W
oK || cancel || Help | Apply |
Constant
=
Constant

same dimensions as the constant value.

Main | Signal Attributes

Qutput the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,
treat the constant value as a 1-D array. Otherwise, output a matrix with the

Constant value:

0

Interpret vector parameters as 1-D
Sampling mode: Sample based

Sample time:

|inf

2 ok || cancel |

Help | Apply
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Body

Represents a user-defined rigid body. Body defined by mass m, inertia tensor I, and coordinate origins and axes for
center of gravity (CG) and other user-specified Body coordinate systems. This dialog sets Body initial position and
orientation, unless Body and/or connected Joints are actuated separately. This dialog also provides optional settings for

customized body geometry and color.

Mass properties
Mass: |1 | |kg v|
Inertia: | eye(3) | kg*m~2  ~|
Position | Orientation | Visualization |
Show Port Name Origin Position Units Translalie!i from Components in
Port Side Vector [x y z] Origin of Axes of
V] left >/ C6  [000] cn  ~ | World ~ | World M
] Right ~ CS1 [-900] cm | World ~  World -
v Right =~ |/Csz  [1000] cm v World - | World -
n Right =+ CS3 [-2500] cm  ~ | world ~ | world «| | |®
L ]
W
0K | | Cancel | | Help Apply
Joint Actuatorl

Joint Actuator

Actuates a Joint primitive with generalized force/torque or
linear/angular position, velocity, and acceleration motion signals.
Base-follower sequence and joint axis determines sign of forward
maotion. Inputs are Simulink signals. Motion input signals must be
bundled into one signal. Connect to Joint block to see Connected

to primitive list.
Actuation

Connected to
primitive:

Actuate with:

P1

Motion

Paosition units:

Velocity units:

Acceleration units:

|CITI

|cmf5

| cmys"2

0K

|| Cancel || Help
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Integrator

Continuous-time integration of the input signal.

Parameters

External reset: |none - |

Initial condition source: |interna| - |

Initial condition:
0

] Limit output

Upper saturation limit:
inf

Lower saturation limit:
-inf

[| Show saturation port

] Show state port
Absolute tolerance:

| auto

[] Ignore limit and reset when linearizing
Enable zero-crossing detection

State Mame: (e.qg., 'position")

0 | OK || Cancel || Help | Apply

Joint Initial Condition

Sets the initial linear/angular position and velocity of some or all of the primitives in a Joint. Connect to a
Joint to see a list of its primitives.

Actuation

Primitive

Integratorl
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Integrator

Continuous-time integration of the input signal.

Parameters

External reset: | none

Initial condition source: | internal

Initial condition:

1

] Limit output

Upper saturation limit:
inf

Lower saturation limit:
-inf

[ | Show saturation port

] show state port
Absolute tolerance:

|auto

[ ] 1gnore limit and reset when linearizing
Enable zero-crossing detection

State Mame: (e.qg., 'position")

g | oK | | Cancel | | Help | Apply
Mux
x
ML "
Multiplex scalar or vector signals.
Farameters
Number of inputs:
E |
Display option: |har 'l W
g | QK | | Cancel | | Help | Apply
Joint Sensor
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Joint Sensor

Measures linear/angular position, velocity, acceleration, computed
forceftorque and/or reaction forceftorque of a Joint primitive.
Spherical measured by quaternion. Base-follower sequence and
joint axis determine sign of forward motion. Outputs are Simulink
signals. Multiple output signals can be bundled into one signal.
Connect to Joint block to see Connected to primitive list.

Measurements
Primitive Outputs
Connected to - . |
primitive:
Fosition Units: |cm - |
Velocity Units: |crnf5 - |
Acceleration Units: |crnf5*2 - |
[ | Computed force Units: N -
Joint Reactions
[ Reaction torque Units: MN*m -
Reaction force Units: M - |
Reaction measured 5
on: | |
With respect to CS: | Absolute (World) -

[ | Output selected parameters as one signal.

| 0K || Cancel || Help | Apply
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7. JlabopaTopHas padora Ne7
KOMIIBIOTEPHOE MOAEJINPOBAHUE TMHAMUWYECKOI'O TACUTEJIA

KOJIEBAHUI B TAKETE SIMMECHANICS CPEJIbl MATEMATHUYECKOI'O
NMUTAITMOHHOI'O BJIOYHOI'O MOAEJIMPOBAHUA SIMULINK/MATLAB

Heanb: o3HAKOMHUTBCA C TMaketoM pactmpenus SimMechanics cpemabt
MaTeMaTHYECKOTO UMHUTAIMOHHOTO OsouHoro moaenupoBanus Simulink/ MATLAB
Ha TpUMEpPEe MOJCIMPOBaHMUs Tporecca padoThl JUHAMHYECKOTO TaCHTEINsI

KOJICOAHUH.

7.1 IOPAJOK BBITOJITHEHMA PABOTEI

Ha pwuc.7.1 npencraBieHa pacu€THas CXeMa CHUCTEMBI JUHAMUYECKOIO
racuresns KojaeOaHuii.

J

/71 /77>
L 17| x

Puc.7.1 PacuérHasg cxema CUCTEMBI C IUHAMUYECKIM T'aCUTEIIEM KOJIeOaHMUI

Hcxonunle naHHble:
mq; = 1 (Kr) — Macca OCHOBHOTO Tella;
C; = 100 (H/m) — xoapdpurimeHT kECTKOCTH OCHOBHOM MPYKUHBL;
m, = 0.1 (kr) — Macca TMHAMHYECKOTO TaCUTES;

C, =10 (H/ M) — KOO PUIHUEHT KECTKOCTU MPY>KUHBI THHAMUYECKOTO

TacHUTels;
w = 10 (c™!) — yacToTa BHENIHEro CHIOBOr0 TAPMOHHYECKOTO
BO3MYIIAIOMIET0 BO3ACUCTBUS;
Py = 10 (H) — ammiuTyaa BHENTHETO CHIIOBOTO TAPMOHHYECKOTO
BO3MYIIIAIOMIETO BO3CUCTBUA.
Ha pwuc.7.2 npencrasnena O10K-cxemMa MOJEIH OCHOBHOW KOJIEOATEIHHOM

CUCTEMBbI, COCTOSIIEN M3 OCHOBHOTO Teja Maccoil M; W ymOpyroro 3JeMeHTa
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XKecTKoCThio Cj, Haxomsmendcs TMOa JCWCTBHEM BHEIIHEH TapMOHHYECKOM
BeIHYXaromend cuibl  P(1)=Py sin(ot), 0e3 wucnoab30BaHUsS JHHAMHYECKOTO

racurens konedanuid. CoOCTBEHHas: 4acTOTa pacCMaTpUBAaEMOM CUCTEMBI paBHa

,c ’100
= |L= |—=10(D.
mq 1

Tt -;1-

It

S T Y= _J

eis Lt wreew e

Jort Seroar

Puc.7.2 bnok-cxema st MoieTupoOBaHus BEIHYKJISCHHBIX KoJiebaHuit Tena B SimMechanics

Tak kak yactora ®=10 BeIHY)KAaKOIIEH rapmMonndeckon cuibl P(t)=Py sin(mt)
paBHa COOCTBEHHOW dYacToTe KojiebaTeapHOM cucTteMbl P=10, TO BO3HHUKHYT
pe3oHaHCHBIE Kojebanus. Ha pwuc.7.3 mnpencraBieH rpaduk HapacTaroIUX

PC30HAHCHBIX KOJICOAHMI OCHOBHOT'O T€JIa MacChl ms.

Puc.7.3 I'paduk HapacTaronx pe30HaHCHBIX KOJIe0aHH OCHOBHOTO Tela
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be3 ramenus koynebaHMH B CHCTEME pPE30HAHCHBbIE KoJjebOaHus OynyT
HEOTpaHUYEHHO HapactaTh. Jlmg uX moaaBiaeHuss OyaeM  HCIOJIb30BaTh
JTAHAMUYECKUN TaCUTENb B BUJIE JOIMOJHUTEIBHOM MACChl My, TPUCOCAUHIEMON K
OCHOBHOMY T€Jly MOCPEIACTBOM YIPYrOro 3JIE€MEHTa KECTKOCThIO Cp. 3HAUYeHUA
MAacChl M ’KECTKOCTH JUHAMHYECKOTO TacUTeIsd KoJICOaHUM JTOJDKHBI 00eCIIeUHBaTh
napuyuajgbHyl0 4acToTy (COOCTBEHHYIO 4YacTOTY NIpPH HEMOJBIIKHOM Macce My),

PaBHYIO YaCTOTE (0 BHIHYKIAIOIIEH CUJIBI:

,cz /10
— = |—=1 —1.
m, = Jo1 - 10

Torga komneOaHMs JAMHAMHYECKOTO TACHUTENsl YypaBHOBECAT JEHCTBUE
BBIHYKIAIOIIEH CUJIBI M TEM CaMBIM YCTPAHST KOJIeOaHUs OCHOBHOTO TEJa.
Ha puc. 7.4 npencraBieHa OJOK-CXeMa, MOJAEIUPYIOLIAs CUCTEMY

IUHAMHU4YeCcKoro racurensa konedauuii B SimMechanics/ MATLAB.

[Em P -:',} > l e e e ] i I

css -
cG - - - r 1
Machoe e | — hnnd ey, =
s Vorte oo
Ervrorenare Ofound Wekd VericH 1 Oernphyeason ek q [ Ao Gy
U— |
Pramatc Demghinuyschoo told
4 ;l’tb'.

Jart Spimg & Damper f
. ] ~
> Joux Intid Conation
Jort Spang & Damger & .‘; l ) e

Constant

Puc.7.4 EHOK-CXeMa, MoJcipyromast CUCTEMY INHAMHUYCCKOT'O IraCUTCIIA KoyiebaHuii B

SimMechanics/MATLAB

Hactpoiiku ncnonb3yemMbix B MOJEIN OJOKOB MpeacTaBiieHbl B [Ipunoxxennn
7.1
Ha puc. 7.5 npencrasnen ¢pparment anumaiuu monaenu B okue MATLAB B

MIPOU3BOJIbHBI MOMEHT BPEMEHH.
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Puc.7.5 ®parmeHT aHUMAIMK MOJACITUPOBAHUS JUHAMHYECKOTO TaCUTENsI KOJIeOaHUH B OKHE
MATLAB

I'padux xoneGanuii OCHOBHOTO TeJla MpeACTaBlIeH Ha puc. 7.6.

Puc.7.6 I'paduk koneOaHU OCHOBHOTO Teja

K 6 cexynmam KkojeOGaHHs TMOTHOCTBIO 3aTyXalOT, CIEAOBATEIbHO, TallleHUE
MIPOUCXOIUT.

JlnHAMUYEeCKUH TacUTeNb IMOCJIe OCTAHOBKHM OCHOBHOTO Tella KoJeOneTcs ¢
MOCTOSTHHOM amMIuiuTyi0i A, (puc7.7). [IpuueM 3HaueHne 3TON aMIUIUTYAbl TAKOBO,
YTO BEJIMYMHA YOPYroil CHIIbl JONOJHUTEIBHOM MPY>KUHBI

xKecTKocThio C)
KOMIICHCHPYET BBIHYXaromryto cury P(t):

Po =CoAz;
10=10%*1.
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Puc.7.7 T'paduk xonebaHuit TUHAMUYECKOTO TaCUTENs KOJIeOaHUi

Takum 06p330M, mojJyu€Ha MOICIIb IIponecCa AWMHAMHUYCCKOTO TalllCHUA

KOJIcOaHUN

cpeAcTBaMu  makera  pacmmpenus — SimMechanics  cpemsr

MaTeMaTHYECKOr0 MMUTAIMOHHOTO 010uHoT0 MoaenupoBanus Simulink/MATLAB.

7.2 COIEPXXAHUE OTUETA

OT4YeT TOMKEH COACPKATH CIICIYIOIINE Pa3aeIbl:

Ha3zpanwue 1abopatopHoit pabOThI U €€ 1elb;

Pacuyernas cxema 00BEKTa MOJCIMPOBAHHUS C YKa3aHHEM HCXOIHBIX
3HAYCHUU U TTapAMETPOB;

CxeMma mozenu MexanusMa B rakere SimMechanics;

Hactpoiiku 61okoB SimMechanics;

Pe3ynpratel MOAECIHMPOBAaHHS B BHIE BPEMCHHBIX TI'Pa(HKOB
KHMHEMAaTHYECKUX XapaKTEPUCTUK MOJICIHPYEMOT0 OOBEKTa;

BriBoanl.
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7.3 BAPMAHTHI 3AJIAHUI

Ta6un. 7.3 BapuaHTtsl 3a1anuit

Ne Bapuanra 1 2 3 4 5 6 7 8 9
Macca 1.5 0.8 0.6 0.5 1.2 2.2 3.3 1.4 3.7
OCHOBHOTO

TeIa, My, KI

Koaddurment 150 200 80 220 250 300 350 280 180
xectkoctu Cy,
H/m

Ammuutyna 15 20 25 8 12 28 30 5 22
BBIHYKIAIOLIEH
cmibel Py, H

7.4 KOHTPOJIBHBIE BOITPOCHI
1.J1)1s1 9ero UCIONB3yIOT JMHAMUYECKOE ranieHue KoeOanuii?
2.3a cYeT 4ero MpOUCXOIUT JUHAMUYECKOE TallleHne KOJIcOaH it ?
3. Kak nmpaBuIbHO HACTPOUTH TUHAMUYECKHH racUTEbh KOJIeOaHUH ?
4. Kakoe BiusiHUE OyJIeT OKa3bIBaTh BSI3KOE COIPOTHRIICHHE, JICHCTBYIOIIEE B
KoJIeOaTeIbHOM cucTeEME?
5. KakoBa Oynmer aMIUIMTYAbl KOJICOAHHWH IUHAMUYECKOTO TaCUTENS ITOCIIE

II0/IaBJICHUS KOJIEOaHUIT OCHOBHOM MacChI?

CIIMCOK MUCIIOJIb30BAHHOM JTUTEPATYPhBI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MmaTemaTHKe U MOACIHPOBAHUH /
HesikonoB B.I1. [TonHoe pykoBoactBo nonbs3zoBarens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2.  MopenupoBaHue U BU3yaJdu3allus JBI)KCHUN MEXaHHMYECKHX CHCTEM B
MATLAB: Yue6noe nocobue / B.C.lllepbakos, M. C. KopsiToB, A.A. Pynmens u
ap.— Omck: CubAZIN, 2007. — 84c.

3. MonenupoBanue MexaTpoHHBIX cucteM B cpene MATLAB (Simulink /
SimMechanics): yue6HOE TTOCOOHE 711 BRICIIUX YU9eOHBIX 3aBeeHn / MycantumMoB
B.M., I'.b. 3amopyes, N.W. Kanansimuna, u ap. — CI16: HUY UTMO, 2013. — 114

C.
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4, MopenupoBanue npoueccoB U cucteM B MATLAB. YueGusiil kypc /

Jlazapes O.I1. - CII6.: ITutep, 2005, 511 c.

101



[TPUJIOKEHME 7.1 HACTPOMKA BJIOKOB

Joint Initial Condition, Joint Initial Condition1

4

Joint Initial Condition 2

Sets the initial linear/angular position and velocity of some or all of the primitives in a Joint. Connect to a
Joint to see a list of its primitives.

Actuation

Enable Primitive Position Units Velocity Units

v R 0.0 m <o m/s -

| oK || Cancel || Help | Apply

OcHoenoe meno

Mass properties
Mass: 15 g -
Inestia:  eye(3) kg*m~2 -~

Position  Orientation  Visualization

| Show Port N Origin Position Unit Translated from Componen
Port Side Vector [x y z] Origin of Axes
A It - [000) m = World - World
|2 [ =icss  [000] m - - G e
i Z Rigt ~CS6 [000] m - * G
' - Left * (St [-0.05-0050) m * 6 6 B
[ Right =~ Cs2 [005-0050] m * G - G g
= Right =~ CS3 [0.050050) m -6 - G
: n Right = CS4 [-0.050050) m =06 - G
Junamuueckuii 2acumensv xoaebanuil
Mass properties
Mass: [0.15] | kg -]
Inertia: |eye(3) | |I<:g*m’\2 v|

Position QOrientation Visualization

Show Pf:rt Nam Origin Position Units Transla!e!:l from

Port Side Vector [x y z] Origin of
] Left ~CG  [000] m ~ World v We
] Right ~ CS5 [000] m ~ 106  [e
] Right - CS6 [000] m ~|cG ~ | cd
] Left - CS51 [-0.02 -0.05 0] m v CG ~1Cq [
] Right - CS2 [0.02 -0.05 0] m v CG ~1CY o
] Right ~~ CS3  [0.020.050] m - CG lad ©
] Right ~~ CS4  [-0.020.050] m v CG - CC

< >
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Sine Wave

"N Souwrce Block Parametert Sine Wave x
Sine Wave &
Outpul a sine wave:

O(t) = Amp*Sin(Freq*t+Phase) + Blas

Sing type determines the computational technique used, The
parameters in the two types are related through:

Samples per perlod = 2*pl [ (Frequency * Sample time)
Number of offset samples = Phase * Samples per period / (2*pl)

Use the sample-based sine type i numerical problems due to running fc
large times (e.0. overflow in sbsolute time) occue

Parametors
Sine type: Time based .
Time (t): Use ll"M\ time .

Body Actuatorl

Body Actuator

Actuates a Body with generalized force/torque signal. Vector
components specified with respect to reference coordinate
system. Input is a Simulink signal. For Body motion or initial
condition actuation, press Help.

Actuation

With respect to CS: | Absolute (World)

Generalized forces

] Applied torque Units: 1=
Applied force Units: |H
oK | Cancel || Help |
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Bepmuxkano

Mass properties
Mass: |1| | ||‘9 '|
Inertia: |e')re[3) | |kg*rn"‘2 v|

Position | Orientation | Visualization |

Show Port Name Origin Position Units Translat_e!i from Components in
Port Side Vector [x y z] Origin of Axes of
v Left  +* CG  [000] m  ~ | World ~ | World M
] Left ~ €51 [0-0.05 0] m  ~ | World ~ | World -
] Left v CS3  [00.050] m ~ | World > | World -
v Right =~ CS2  [000] m  ~ World ~ | world - [®] .
0K | | Cancel | | Help | Apply

Joint Spring & Damper

Joint Spring & Damper

Models a damped linear oscillator in @ Joint connecting two Bodies, equivalent to a translational spring and damper on
prismatic primitives and a torsional spring and damper on revolute primitives. The force or torque F between the bodies is
a function of the relative linear or angular displacement x and the linear or angular velocity v of the bodies, given by F = -
k*=(x-x0) - b®v. The parameters x0, k, and b represent the spring offset, spring constant, and damper constant,
respectively. Each prismatic and revolute primitive has a separate spring.

Spring Damper Spring . . Force/

Primitive ~ Enable Constant Constant Offset Poquon \.r'eloqty Torgue
Units Units g

k b x0 Units

m v [m/s il |

Fl 100

" oc ][ cancel |[ e || sowy

Joint Spring & Damperl

Joint Spring & Damper

Models a damped linear oscillator in & Joint connecting two Bodies, equivalent to a translational spring and damper on
prismatic primitives and a torsional spring and damper on revelute primitives. The force or torque F between the bodiesis a
function of the relative linear or angular displacement x and the linear or angular velocity v of the bodies, given by F = -
k*(x-x0) - b*v. The parameters x0, k, and b represent the spring offset, spring constant, and damper constant, respectively.
Each prismatic and revolute primitive has a separate spring.

Spring Damper Spring L . Force/

Primitive ~ Enable Constant Constant Offset P05|t!on UEIOC.IW Torgue
Units Units .

k b x0 Units

10 0 0.05 m ~ m/s * N v

| 0K || Cancel || Help | Apply
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