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1. JIaGopaTopHas padora Nel
MOJIEJIMPOBAHUE JIBXXEHM A OJHO3BEHHOI'O 1 IBYX3BEHHOI'O
OUM3NYECKUX MASTHUKOB B BUBJIMOTEKE SIMMECHANICS ITAKETA
SIMULINK/MATLAB

Ilenv pabomor:

O3HaKOMHUTBCS € TMakeToM pacumpenust  SimMechanics nporpammbl
Simulink/MATLAB  nns  mopnenupoBaHus MexXaHWMYecKkuX cucteM. OCBOUTH
OCHOBHBIE TIPUHIIUITBI KOMITBIOTEPHOTO MOAETUPOBAHUS IBMKEHUS OJTHO3BEHHOTO U
IBYX3BEHHOTO (PU3NYECKUX MASTHUKOB.

1.1 TEOPETUYECKAS YACTb

MOI[GJ]I; OJHO3BCHHOI'O MajATHHUKA C BA3KHM COIIPOTHUBJICHUCM IIPCACTABIICHA

Ha puc.l.l, a Mogenp AByX3BEHHOTO MasATHUKA — Ha puc. 1.2.

Puc. 1.1 Cxema 01HO3BEHHOT'O MasiTHUKA C BSI3KMM CONPOTHUBJIEHHUEM: | — cTOlKa; 2 — )KECTKUM
CTepKeHb; | — [UTMHA CTepIKHSI; (o — HAYAIbHBIN YTOJ OTKJIOHEHHS MasTHUKA; [ — KO3 duiment
BSA3KOT'O TPEHUS

YPaBHeHI/Ie, OIMMCBIBAOIIUC JUHAMHKY paCCMAaTPHUBACMOI'O MasATHUKA, UMCCT

BUI:
[p + pp +mglsing = 0,

re

I, = ml? — MOMeHT HHEepIMH Tea OTHOCUTENBHO OCH BPAIIEHUS;

i
2ml?

— KO3 QHIHEHT 3aTyXaHHS;
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P= |- - coOCTBeHHadA 4YacTOTa.

C yu€Tom 3aMeHBbI YpaBHEHUE TPUMET CIEAYIOUIUNA BU!
@ + 2n¢@ + p?sing = 0.

Puc. 1.2. Cxema n1ByX3BEHHOT0 MasiTHUKA: | — cTOMKa; 2 — )KECTKUM CTEpkeHb 1; 3 — KECTKUIA

CTepKeHb 2; | — minHa cTepiKHEH; (10, (20— HAYAIbHBIC YTJIbI OTKIIOHCHHS MasTHUKA

Jmsa mopenvpoBaHUsT MAasSiTHUKOB 6yz[yT HCIOJIb30BaHbl CIICAYIOIIUE BHIBI
OJIOKOB:

1. Ground;

2. Revolute;

3. Joint Sensor;



4. Joint Initial Condition;
5. Joint Actuator;
6. Body;
7. Machine Environment;
8. Gain;
9. Scope;

10.Mux.

Taxke, Kak Bce oOcCTaJdbHBIC OMOMMOTEKM Iaketa Simulink, OmOmmoTeka
SimMechanics npencraBisier coboit Habop OIOKOB B BHAE TpadUUecKUX
MMAKTOTPAaMM C OPUTHHAIBHBIMHA HAa3BaHWSIMH Ha aHTIMHCKOM si3bike. [l wmx
IPOCMOTpa, BbIOOpA M TEpeTaCKWBAaHHUS MBIIIbI0 B OKHO co3gaBaemoi Simulink-
MOJICJTH CITY’)KUT OKHO Opay3epa ouoimoTtek makera Simulink (puc. 1.3).

Kak BumHo Ha puc. 1.3, B Oubimoreke SimMechanics (B MATLAB2013b)
BCEr0 CEMb Pa3JIeyIoB:

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 pazmen coaepX uT OJOKM OmpeAesneHHOM rpynmbl. Paccmorpum

noapoOHee Te OJI0KH, KOTOpbIe OyIyT UCIOIB30BATHCS B JAHHOU padoTe.
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File Edit View Help
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Libraries JimMechanice/First Generation |4 =P

Simscape
Foundation Library
SimDriveling
SimElectronics

SimHydraulics
SimMechanics
4
Bodies
Constraints & Drivers
Force Elements
Interface Elements
> Joints
Sensors & Actuators
Utilities
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> |Pa| Simulink
> |Pa| Aerospace Blockset @ Bodies
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» E Computer Vision System Toolbox Constraints &
*4| Contrel System Toolbox %5 Drivers
> |Pa| DSP System Toolbox
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®2| Image Acguisttion Toolbox % Interfsce
E Instrument Cantrel Toelbox Elements
i Model Predictive Control Toolbox o
» i Meural Network Toolbox @ Joints
*a| OPC Toolbox
*4| ReakTime Windows Target Fe Sensors &
*4| Report Generator ﬁ Actuators
%4 Robust Control Toolbox
> |Pa| SimEvents qf' Utilities
> |Pa| SimRF
%l
>
>
>
>
4

Puc. 1.3. Okno Opay3epa 6ubnuorek Simulink, pa3nenst nakera

SimMechanics
1.1.1 Bnoxu meepovix men («Bodies»)
Haunplii  paszmen  Ombmuorekm  SimMechanics  MOXXHO — cuuTaTh
ocHoBomonarapomuM. C Hero HeoOXOAWMMO HAYMHATH TPU CO3JaHUH JTHOOOM
MEXaHHUYECKON MOJCIIH, XOTSI OH COJIEPIKUT YeThIpe OJI0Ka:

Body;

Mosgo=zf  Body

Ground;

Eﬂ Ground

Machine Environment;

Machine

Env Envircnment




Shared Environment.

Shared
Envircnment

PaccmoTpum noapoOHee TpU U3 HUX.

brok «Body» mpencraBnsier co0oii TBepIoe KECTKoe TeNo (OTAEIbHOE 3BEHO
MEXaHM3Ma, JIBIDKEHHS  KOTOPOTO  MOJCTUPYIOTCA) € ONpEJeJICHHBIMU
MOJIH30BATEIEM MTapaMeTpaMH.
B kauecTBe 3a71aBaeMbIX MapaMeTPOB BHICTYAIOT:

- Macca Ttena (Mass), KOTOpas MOXXET OBIThb BBIpaXXEHa B Pa3JIMYHBIX
eMHULIAX (MMEEeTCs BBIMAJAIOLINI CIIUCOK, 10 YMOIYAHHUIO CTOSIT KMJIOTPaMMBbl);

- TEH30p WHEPLUHMH Tella OTHOCUTENbHO ero ueHtpa wmacc (Inertia),
HpEeICTaBISIIOIINNA co00i MaTpully pasmepoM 3x3:

J 0 07
H=|0 J ()

n.

0 0 J.|
rae Jix, Jiy, Jiz, — oceBble MOMEHTHI HHEPIIMH TeJla OTHOCUTEIHLHO OCeH
COOCTBEHHOW JIOKaJbHON CHCTEMBI KOOPJMHAT, CBSI3aHHOM C €ro IIEHTPOM Macc.
Jlns  psiga  HamOoJsiee  paclpOCTPAHEHHBIX CHMMETPUUYHBIX Tel  MPOCTOU
reomMeTpudeckor GopMbl HOPMYIIBI ISl BEIYUCIICHUS JIEMEHTOB TCH30pa MHEPITUH
MpUBEICHBI B Ta0JI. 1;

- JIEKapTOBBI KOOPJIMHATHI XapaKTEPHBIX TOYEK, CBsA3aHHBIX ¢ Tejaom (Origin
position vector [X y Zz]). B uacTHOCTH, 0053aTEIbHO JOJ/DKHBI OBITH YKa3aHBI
KoopAuHaThl IieHTpa Tspkect Tena CG u, mpu HEOOXOIMMOCTHU, KOOPJWHATHI
MPOU3BOJIBLHOIO YKcia Apyrux xapaktepHbix Touek CS1, CS2, CS3, ... CSN, Ttakux
KakK IIEHTPHl IIAPHUPOB, CBA3aHHBIX C JAHHBIM TEJIOM, WJIM TOYKHU MPHUIOKEHUS

BHCIIHHUX CHUJI U MOMCHTOB.



Tabn.1 - DneMeHThI TEH30pa UHEPLMH PSAA TEl MPOCTOil POpMBI
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Jnst Toro, 4toObl A00aBUTh WM YyOpaTh H300paKEHHE BXOJa/BbIXOJIA
ONpeleNeHHOW TOYKM Ha nukrorpamme Onoka «Body» B okHe Mozenu,
HCIIOJIb3YETCsl YCTAaHOBKA WK cOpocC (piiaxka B KosoHKe Show port.

B kosonke Translated from origin of yka3piBaeTcst UMsi CUCTEMBI KOOPIUHAT
(XapakTepHO# TOYKH), OT Hadajla KOTOPOM OTCUUTHIBAIOTCS KOOPJAWHATHI TEKYIIEH
XapakTepHoU Touku. Kak MUHUMYM OJlHa XapakTepHas Touka (J1ro0as, B TOM 4Hciie
9TO MOXKET OBbITh M LEHTp TsbkecTH Tena CQG) moimkHa OBITh 3ajlaHa B CHUCTEME
koopaunat WORLD nu6o B cucteme koopaunatr ADJOINING. Dro veobxonumo,
4TOOBI CBSI3aTh JIaHHOE TEJNO C COCEAHUMHU HEMOJBMXHBIMU WJIU TMOABUKHBIMH
TEJIaMH.

Cucrema koopaunat WORLD — 3To mHepuuanbHas HEMOJBHKHAS CUCTEMA,
cBsa3aHHas ¢ 3emuierd, a cucreMa kooparHar ADJOINING cBszana ¢ mapHHpoOM,
NPUCOEANHEHHBIM K Teny (C TOM 4YacTbl0 LIAPHUPHOIO COWJIEHEHUS, KOTopas

’KECTKO CBSI3aHa C paCCMATPUBACMBIM TEJIOM).



[paBou

Body

customized body geometry and color.

Mass properties

Mass: |1|

Inertia: | eye(3)

Fosition Orientation Visualization

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

Show Port Origin Position Translated from

Components in

Port Side Nathe Vector [xy z] Units Origin of Axes of
] Left - CG [000] m | World ~ | world
& Left ~/cs1 [o00] m - CG ~|ce
& Right ~ CS2  [000] m v CG ~|ce

Cancel Help

1 ]

Apply

Puc. 1.4 Hacrpoiika napamerpoB 6sioka «Body»

Kaxxoil Touke, rae TeNo 4yepe3 IIAPHUP COEAMHSIETCS C JAPYTUM TEJIOM,

HaJIMYHH).

- BEKTOPHI YIJIOB TTOBOPOTa cUCTEeM KoopauHat (Ha Bkiaake Orientation). 1o

UX B OOJIBIIIMHCTBE CIIy4acB HE TpeOyeTCsl.

Koopnunataeie ocu 1m000W cuctembl KoopauHat B SimMechanics 1o

DitniepoBoit CUCTEME KOOpAWHAT

JOJDKHA OBITH ITOCTaBJICHA B COOTBETCTBHUE CBOS OTAC/IbHAA CUCTCMa KOOpAUHAT CS.

OTO K€ KacaeTcs U TOYCK IMPHIIOKCHHUA K TCIIy BHCINHHUX CUJI U MOMCHTOB (HpI/I nux

YMOIYaHHUIO BCC YIJIbI IMOBOPOTAa BCEX CUCTCM IPHUHATHI HYJICBBIMH. HN3menenue

YMOIYAaHHUIO PACIIOJIOKCHBI TdAK, KaK II0OKa3aHO Ha pI/IC.1.5, 4TO COOTBCTCTBYCT




*

Vi X
Puc. 1.5 Pacnonioxenue oceit KoopauHaT

bnok  «Ground» mpexacraBiser coOOW  HEMOABMIKHYIO — CTOWKY
(OCHOBaHHUE), KECTKO CBA3aHHYIO C a0COJIIOTHOW HWHEPIMAIbHOW CUCTEMOM
koopauHat 3emud. Hamuuwe XoTst Obl OJHOrO 3TOro OJoKa 00s3aTeslbHO B
100011 MEXaHMYECKOW MOJENH OTIAEIBHOTO MeXaHu3Ma (MHaye MpU 3aImycke
MOJIeTIMpOBaHus OyJeT BbIIaHa omuoOKa). B okxHe HacTpoiiku »Toro Oroka
3a7a€TCSI  BEKTOP KOOpPJMHAT OJHOM HEMOABMKHOM TOYKH MEXaHU3Ma
OTHOCUTEJIBHO TI00aNbHOM HMHEpIuaibHOU cuctembl koopauHat WORLD. K
MEXaHU4YECKOMY BXOAY/BbIxoay Osoka Ground, COOTBETCTBYIOIIEMY 3aJIaHHOMN
HENOJBMKHOW TOYKE, JOJDKEH OBbITh IPHUCOCAMHEH B OKHE MOJENIH OJIOK
IIAPHUPHOTO couwIeHeHus (M3 pasnuena Joints), a 3arem Oyok «Bodyy, omsth
Oomok w3 pazmena Joint, Omok «Body» w T.n., TSI TOrO, YTOOBI CTaJIO
BO3MO>KHBIM JIBHKEHUE Tocaenytomux tei Body.

Block Parameters: Ground

Ground

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

Parameters
Location [xy,z]: |[000] m -

[] Show Machine Environment port

Cancel Help Apply

Puc.1.6. Hactpoiika napamerpo 6iioka Ground

bnok «Machine Environmenty npeacrasisier co6oi HaCTPOCUYHBIH OJIOK
napaMeTpoOB ~ MEXaHMYSCKOW  Cpeabl  MOJACIMPOBAHUS  JUIS  MAIIHHBI
(mexanu3Mma). biiok «Machine Environmenty cBsi3aH ¢ MeXaHUYECKUM OJIOKOM

«Groundy.
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[Ipu 1BOMHOM MIETYKE MBIIIBIO 10 JJAHHOMY OJIOKY OTKPBIBA€TCS OKHO
YCTaHOBKH ITapaMEeTPOB MEXaHUYECKOro MojaeaupoBanus (puc. 1.7).

Cpenu 3amaBacMbIX MapaMeTPOB HA YETHIPEX BKIIAJIKaX JAaHHOTO OJoKa
UMEIOTCS: BEKTOp CHJI TsDKecTd Buja [X Y Z], pa3MepHOCTh MexaHu3Ma (2-
MepHasi 0o 3-MepHasi cxeMa), CIoco0 aHain3a, TUI PEIIAIoIIero yCTPOHCTBA
OTpaHUYCHUS, JOMYCKH JIMHEApU3allih, YCTAHOBKA/CHATHE BHU3YaJIbHOTO
HaOJIIOIEHUS.

[To ymomuaHui0 BEKTOP CHJI TSDHKECTHM YCTAHOBJICH Kak JIJIi MEXaHH3Ma,
PACIIOJIOKEHHOTO HAa TOPH30HTAIBHOW OIMOPHOW IOBEPXHOCTH C HYJICBBIMH

yTJIaMHU HAaKJIOHA OTHOCUTEIBHO I'PABUTALIMOHHONW BEPTUKAIN, U UMeeT BUL [0 —

9.810].

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] mis~2 -
O Input gravity as signal

Machine dimensionality: Auto-detect -
Analysis mode: Forward dynamics -
Linear assembly tolerance: | 1e-3 m -

Angular assembly tolerance: | 1e-3 rad -

Configuration Parameters...

Cancel Help Apply

Puc. 1.7 Hacrpoiika napamerpos 61oka Machine Environment

[Ipenmonaraercs, uto K Kaxkaomy OJoky «Ground», CBsI3aHHOMY C
OTIACTBHBIM MEXaHH3MOM MOJEIH, JOJDKEH OBITh MPHCOEIUHEH CBOM
cobcTBennbiii 6110k «Machine Environmenty. [Iis toro, uro0sr 010k «Machine
Environmenty wmoxHO ObUIO TpucoeqMHUTH, K Oioky Ground, B OKHE

11
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HAaCTPOMKH TMOCIETHEr0 JOJ/DKeH CToATh (uiaxkok B mosie Show Machine

Environment port.

12
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1.1.2 bnoku wapnupnuix counenenuii (Joints)

Paznen Joints (puc. 1.8) Oumbamorexku SimMechanics— BTopo# 1o
3HauyuMoCcTH Tocie pasaena Bodies. OH comepXurT OJOKM IIapHUPHBIX
COWICHEHUH C pa3jMYHBIM YHCIIOM CTEMeHEH CBOOOJIbI, KOTOPHIC COCTUHSIOT
MeXIy coboil oTaenpHbie 00KkH «Body» (a Takke 610k «Groundy» ¢ 610koM
Body). braromapst atomy, Tena (3BeHbS MEXaHH3Ma) MOJYYalOT BO3MOXKHOCTh
OTHOCHTEILHOTO JIBHKCHUSI.

Pa3nen Joints comepKUT NATHAALATH OCHOBHBIX OJIOKOB, UMUTHPYIOIIUX
BCEBO3MOKHBIC BH/IbI IIAPHUPHBIX cowileHeHuii: 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. [IukTorpammel Ha Onokax paszgena Joints JalOT HATJISAHYIO
uH(popMaIuio 00 UX HA3HAYEHUH Jake 0e3 OMMCaHHUS.

Kpome Toro, B paznene Joints mpUCYTCTBYIOT JBa JOMOJHUTEIbHBIX
nonapasnena: Disassembled Joints (pa3oOpannHbie cowieHenus) U Massless

Connectors (0€3UHEPLIMOHHBIE COSTUHUTEIIN ),

13
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File Edit View Help

E | »| | ground W H @l‘
Libraries hanics/Firet Generation/Joints |4 70
> Simulink
i Disassembled
> Aernspa.ce Elnckset m Joints
> Communications System Toclbox
> Computer Vision System Toolbox "._ Massless
Control System Toolbox & ‘Connectors
DSP System Toolbox
Embedded Coder .
Bearing

D ™ 1 1 1 S

Fuzzy Logic Toclbox
HDL Verifier

Image Acquisition Toolbox Bushing
Instrument Control Toolbox

Madel Predictive Control Toolbox

Neural Network Toolbox Customn Jaint

OPC Toolbox

Eeal—Tlme Windows Target _' Sylindrical
eport Generator

Robust Control Toolbox

SimEvents

SimRF

Simscape

Foundation Library

SimDriveline
SimElectronics
SimHydraulics Flanar

Gimbal

In-plans

SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements

Frismatic

Interface Elements Revolut=
4
Sensors & Actuators
Utilities Ser=w
» Second Generation
> SimPowerSystems. . SieDoF
Utilties T P 3
> |Py| Simulink 30 Animation
> [Pa| simulink coder Spherical
> [*y| Simulink Control Design
> [Py| Simulink Design Optimization
> [Py| Simulink Design Verifier Telescoping
> [P4| Simulink Extras
*1| Simulink Verification and Validation
Py Stateflow Universsl
| System identification Toolbox
> |Py| Vehicle Network Toolbox weld
> |Py| xPC Target

Puc. 1.8 broku mapHUpHBIX cOwIeHeHHH Joints
T.x. B 1aHHO# paboTe OyJeT MCHOJB30BAThCSA TOJIBKO OyoK «Revolutey,
TO PacCMOTPHUM MOJPOOHEE TOJIBKO 3TOT OJIOK.
brok «Revolute» obecrieurBacT 0JIHY BpaliaTeabHYIO CTEIICHL CBOOOIBI
Telna, cleayromero 3a 6i1okom «Revolutey Bokpyr ocH, 3alaHHON Ha BKJIaJKE
AXxes okHa HacTpoiiku 0y0ka (puc. 1.9) B Buje Bekropa [X Y Z], aHaI0ru4Ho

omoky «Prismaticy.

14
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x
Revolute

Represents one rotational degree of freedom. The follower (F) Body rotates relative to the base
(B) Body about a single rotational axis going through collocated Body coordinate system origins.
Sensor and actuator ports can be added. Base-follower sequence and axis direction determine
sign of forward motion by the right-hand rule.

Connection parameters
Current base: GND@Ground

Current follower: CS1@Body

Number of sensor [ actuator ports:

Parameters

Axes | Advanced

Name Primitive Axis of Action [xy z] Reference CS
R1 revolute [001] World -

Cancel Help Apply

Puc. 1.9 Hacrpoiika mapamerpoB 61oka «Revolute»

BekTop ocu BpalmeHusi Takke MOXET OBbITh 3aJaH B HWHEPIUATbHOU
cucreme koopauHatT WORLD, B cucteme KOOpAMHAT, CBSI3aHHOM C MEPBBIM
TteraoMm Base (pexkomeHayercs), 1uOO B CHCTEME KOOpPAMHAT, CBSI3aHHOU C
nocienyronum Tesnom Follower.

B orimume ot Omoka «Prismatinc, y KOTOporo och NpsSIMOJHUHEHHOTO
JIBIDKCHHUS W CBSI3aHHAS C HEHM CTEIEeHb CBOOOJBI Ha3BaHa mMeHeM P1, B okHe
HACTpPOWKHM TapameTpoB Oioka «Revolute» och BpalieHHs aBTOMaTHYECKU
Ha3BaHa wuMeHeM RI1, u 5310 He cinywailHo. B SimMechanics Bce
MOCTYIAaTeNbHbIE CTENEeHW CBOOOJBI JIOOBIX OJOKOB pazjaena Joints
0003Ha4YalOTCsI CUMBOJIOM P ¢ TOpSIKOBBIM HOMEpPOM TOCIE HEro, a BCe
BpalllaTeJIbHbIe CTETIEHU CBOOOIb — aHAJIOTUYHO CUMBOJIOM R.

broku cBsizu mexannuecknx OnokoB SimMechanics ¢ oObraHBIMEH S-
omoxkamu Simulink (BUpTyasibHbIE PETUCTPATOPhl U BO3OYAMTENN JABUKECHUS
Sensors & Actuators).

Jsist Toro, 4TOOBI MOKHO OBLIIO H3MEPUTH OTHOCUTEIILHBIC IBYKCHHUSI TEIT

Inpu MOACIHUPOBAHMH MalllMH M MCXAaHHM3MOB, a TaKiKC COO6I_HI/ITB 3BCHBIM
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MEXAHW3MOB OTHOCHTENIbHBIE [BIDKEHUS, HEIOCTATOYHO OJOKOB TEI W3
pasnena Bodies u 6510k0B mapHUpOB U3 pazjena Joints. ITH OJIOKH OMUCHIBAIOT
TOJIBKO CTPYKTYpY MEXaHHW3Ma, HO HE COOOIIAI0T €My HUKAKUX JBWKCHHM.
CrnenoBaresibHO, HEOOXOJMMO TIOAKIIOUCHHE K JaHHBIM OJOKaM JApYyrux,
MOJICIUPYIOIMINX KaKue-Tru00 BO3IEHCTBUAS U CHUMAOIINX TTOKa3aHUsI.

OngHako TIIOOKIIIOYEHHE MeXaHndeckKux OokoB SimMechanics u3
pazaenoB Bodies u Joints k 00buHBIM S-0s10kaM Simulink BO3MOXXHO TOJIBKO
yepe3 CIeluadbHBIE CBS3YIOMHUE OJOKM MEXaHWYECKUX BUPTYaJTbHBIX
pErucTpaTopoB TE W IIApHHUPOB (Sensors) U BO30OYyIUTENICH TEl U IIAPHUPOB
(Actuators).

L ik x
(&l |

File Edit Wiew Help

& 3 »| | ground v 6L

Libraries. neration/Sensors & Actuators (470

> |Pa| Simulink

> |Pa| Aerospace Blockset o Body Actustor

> |Pa| Communications System Toolbox

> |Pa| Computer Vision System Toolbox
P3| Control System Toolbox Body Sensor

> |Pa| DSP System Toolbox

> |Pa| Embedded Coder .ﬂ_ Constraint &

> [Pa| Fuzzy Logic Toolbox i) Driver Sensor

> |Pa| HOL Verifier .
®3| Image Acquisition Toolbox o Driver Actuator
®3| Instrument Control Toolbox Ll
®3| Model Predictive Control Toolbox

> [*a| Neural Network Toolbox ' Jaint Actuatar
#a| OPC Toolbox
®3| Real-Time Windows Target . Jaint Initial
*a| Report Generator Condition
*a| Robust Control Toolbox

> |Pa SimEvents Joint Sensor

» [Pal simrF

4 [Py| Simscape

Jeint Stiction
Actuator

Foundation Library
Pa| SimDriveling

; SimElectronics Variable Mass &
> SimHydraulics ' Inertia Actuator
SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
> Joints
Utilities.
> Second Generation

Puc. 1.10 bnoku BUpTyalbHBIX PETUCTPATOPOB U BO3OyIUTEIEH

nBmKeHud Sensors & Actuators

[Tpuuunbl ayst 9Toro cienytomue. BXoapl (M OHU e OJHOBPEMEHHO
BBIXO/IbI) MEXaHUUYECKHUX OJIOKOB TEJ Y MIAPHUPOB CIIYKAT JJIsSI IBYXCTOPOHHEH
MEepelau CUJIOBBIX B3aMMOJICVICTBHM MEXK]Yy 3BEHBIMU MEXAaHU3Ma, KOTOPBIE

HMCIOT MCCTO IIPpHU HNPOCTPAHCTBCHHLIX IABMKCHHUAX TBEPAbLIX TCJI COrIaCHO
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3aKOHAM Kiacchuyecko Mexanuku. OpHako o00brgHBIE S-010KkM  Simulink
SBJIIOTCSL TMO0 UCTOUHUKAMHU, JIMOO TOJTydaTeNs MU, U100 nmpeoOpazoBaTesiMu
OJIHOHAIMPABJICHHBIX CUTHAJIOB, U MO3TOMY HE MOTYT OBITh HEMOCPEICTBEHHO
MOJICOEIMHEHBI K BXOJaM/BbIXOJaM MeXaHWueckux O0yiokoB. He ciydaiiHo B
omok-cxemax SimMechanics Ha JTUHUAX COCAMHEHHUS MEXaHUYECKUX OJIOKOB
HET M300pa)KEHUU CTPENIOK, YKa3bIBAIOIIMX HaIpaBJIE€HUE BO3JCHCTBUA, a
rpaduyueckue n300paskeHHs «BXOJIOB/BBIXOJIOB» MEXaHUYECKUX OJIOKOB UMEIOT
BU/JI HE CTPEJIOK, a KBAJPATOB C JUArOHAJISIMHU.

Kak yxe Obuo ormeueHo panee, 6ioku tuna Body u Joint, a Takxke
onucaHHble HWke Onoku u3 pazjaena Constraints & Drivers MoryT ObITH
CHA0XEHbI JOTMOJHUTEIBHBIMU MOPTAaMU JJI1 TOJCOCIUHEHUS K HUM OJIOKOB
Actuator u Sensor. binaromaps 3ToMy, CTAaHOBUTCS BO3MOHBIM HCIIOJIb30BaTh
BCe oOcCTalbHble OMOMMoTekn Simulink 1 QopMupoBaHUS CUTHAJIOB U
nepeBojia MoyiydyaeMor wuH(popManuu o0OpaTHO B pabouee MPOCTPAHCTBO
Simulink.

Bce Omoku pasnmena Sensors & Actuators MoXKHO pasleIuTb Ha TpH
TPYIIIBI 10 TUITY OJIOKOB, K KOTOPHIM OHH MOJKITIOYAIOTCS.

I'pynna 1. baoku uszmeputene m Bo3Oynurtened aBwxeHus ten: 1.1.
Body Actuator; 1.2. Body Sensor; 1.3. Variable Mass & Inertia Actuator.

I'pynna 2. bnoku u3mepureneil 1 Bo30yIUTENECH NTBMKEHUS IAPHUPHBIX
cownenenwmii: 2.1. Joint Actuator; 2.2. Joint Sensor; 2.3. Joint Initial Condition;
2.4. Joint Stiction Actuator.

I'pynna 3. bnoku wusmeputeneil U BO30OyAuTeNEH  JABUKEHUS
OrpaHHYHUTENICd W HecTalMoOHApHbIX cBs3ei: 3.1. Driver Actuator; 3.2.
Constraint & Driver Sensor.

Paccmorpum mompobHee Omoku «Joint Sensor» wu  «Joint Initial

Conditiony.
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X
Joint Sensor

Measures linear/angular position, velocity, acceleration, computed
force/torque and/or reaction force/torque 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

- R1 4
primitive:
Angle Units: | deg -
Angular velocity Units: | deg/s -
Angular acceleration Units: | deg/s™2 -
[[] computed torque Units:  N*m

Joint Reactions
[[] Reaction torque Units:  N*m
[[] Reaction force Units: N
Reaction measured
Base ~

on:
With respect to CS: Absolute (World) -

[[] output selected parameters as one signal.

Cancel Help Apply

Puc. 1.11 Hactpoiika napamerpoB 610ka Joint Sensor

brok «Joint Sensor» mo3BossieT B 00IIeM Ciydae U3MEPHUTh CIICTYIOIINE
XapaKTEPUCTHKNA OTHOCUTEIHHOTO JIBIKCHUS YacTeH MPUMHUTHBA, BRIOPAHHOTO
U3 BBIMAAOIETo crrucka B BepxHeM nojie Connected to primitive (puc. 11):

- yron (Angle) — yroi moBopoTa 4acTH HPUMHUTHBA, COCIUHEHHOU C
tenom Follower, oTHOCHTEIEHO €ro 4acTH, COSIMHEHHOM ¢ TenoM Base;

- OTHOCHUTEIIbHYIO YTIIOBYIO CKOpocTh (Angular velocity);

- OTHOCHUTEJIbHOE yTJI0BOE ycKopeHue (Angular acceleration);

- BbruncieHHbi MoMeHT (Computed torque) — MOTHBIE MOMEHT CHII,
BBI3BIBAIOIINI OTHOCUTEIBHOE YTIIOBOE YCKOPEHHE;

- MoMeHT peakuuu (Reaction torque) — MOMEHT peakii OTHOCUTEIBHO
OCH NIPUMHUTHBA;

- peakius (Reaction force) — cuna peakiuu BA0JIb OCH IPUMUTHBA.

Jlist  BeIOOpa HEOOXOAMMBIX HM3MEPSEMBIX  IMapaMETPOB  CITYXKHUT

IIPOCTaHOBKAa (PJIAKKOB B COOTBETCTBYIOIIMX MOJsAX. I[[OCKOJIBKY TPUMHUTHB,

18
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BbIOpaHHbIl B mosie Connected to primitive, MOXET OBITh OJHOTO H3 TpPexX
TUTIOB (TOCTymaTenbHoro P, BpamarenpHoro R unu cepuueckoro S), HE Bce
MIEPEYUCIICHHBIE XapaKTEPUCTUKA MOTYT OBITh M3MEPEHbI NJIsi KOHKPETHOTO
IPUMHTHBA.

brnox Joint Initial Condition 3aHrMaeT 0co60e MONI0KEHHE CPEAH APYTUX
omokoB pazaena Sensors & Actuators. OH 3a7aeT HadadbHOE OTHOCHTEIHHOE
MOJIOKEHWE W  HadaJbHYI0 OTHOCHUTEIBHYIO CKOPOCTH JBYX dYacTel
aJeMeHTapHbIX NpuMUTHBOB R-Tuma (Revolute) wmm P-tuma (Prismatic)
Kakoro-nmuoo mapaupa. Ilpu momorm oxaHoro Omoka Joint Initial Condition
MOTYT OBITh 3aJjaHbl HAYaJIbHBIC YCJIOBUS TOJOXKEHHS M CKOPOCTH ISl BCEX
NPUMHUTHBOB MIAPHHUPA, K KOTOPOMY OH MOJKIIIOUEH, JHUOO0 TONBKO ISl 4acTu
IPUMUTHBOB LIapHUpa. BeIOOp NPUMHUTHUBOB OCYIIECTBISETCS MPOCTAHOBKOW
¢naxkoB B TmoJiAX KOJOHKM Enable okna Hactpoiiku Onoka. To ecThb
HaYaJIbHbIE YCJIOBUS 33Jal0TCS M0 OTAEIBHBIM CTEIEHSIM CBOOOJBI IIApHUPA.
HavanbHoe mosiockeHre — B MOJIsIX KOJIOHKU Position, HayalibHas CKOPOCTb — B
noyisix KonoHku Velocity. Ceprueckre NpUMUTHUBBL S-THIA HE MOTYT OBITh

WHHUIHAIN3HPOBaHbI IpH oMoty 0joka «Joint Initial Conditiony.

Joint Tnitial 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 30 deqg ~ 0 deg/s -

Cancel Help Apply

Puc. 1.12 Hacrpoiika napamerpoB Ooka «Joint Initial Conditiony
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1.2 TIOPAAOK BBIITOJIHEHMA PABOTHI
B nannoil pabore OyJeT paccMOTPEHO HECKOIBKO MOJENeH MasTHHKOB, a
MMEHHO:
e (OIHO3BEHHBIN PU3NYECKUIN MASITHUK C AeMIIpEpoM;

e JIByX3BEHHBIN (PU3MUECKUN MASTHUK.

HaynéMm ¢ ogHO3BEHHOr0 (DM3MYECKOTO MasTHHKA C aeMridepoM, OI0K-

cxXeMa HMHT&HHOHHOﬁ MOACIHN KOTOPOI'o IMPCACTABJICHA HA PHUC. 1.13.

o]
Machine "S- | CS1$
Environment ~ Ground? .

Joint Initial Condition

e %f av
\,éj)
aa
Joint Actuator

Revolute

A 4

]

Scope1

A 4

Joint Sensor

0.003’4—

Gain

Puc. 1.13. Mogenb 0IHO3BEHHOTO MasiTHHUKA C ieMIepoM

Croiika B MOJENU TpEACTaBisieTcs B Buae Omoka «Groundy.
BpamatensHas mapa CTOWKa-CTEpXKEHb MpeacTaBieHa OjokoMm «Revolutey.
CaMm ke crepxkeHb 3amaéres Onmokom «Bodyy». Jlns 3agaHus HadaJlbHBIX
ycloBuil  ucnodsdyeTcss 0ok «Joint Initial Conditiony. [lns mony4eHus
aHUMaIMK ucnois3yercs 010k «Machine Environmenty. C momompsio 610Ka
«Joint Sensor» OymyT Moy4eHbI JaHHBIE 00 YIJIe MOBOPOTA, YIIIOBOM CKOPOCTH
U yriaoBoM yckopeHuu. OHM OynayT mojaBaThecsi Ha Onok «Mux», a ¢ Hero
CUTHajbl OyAayT moctymarb Ha ocuuwuiorpad. Hactpoiiku Bcex 06110k0B

npejcTaBiieHbl 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 0 U]|

Show Machine Environment port

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

9w [ o [dws 7]

| 0K || Cancel || Help | Apply

Puc. 1.15 Hactpoiiku 61oka «Joint Initial Condition»

x
Revolute

Represents one rotational degree of freedom. The follower (F) Body rotates relative to the
base (B) Body about a single rotational axis going through collocated Body coordinate system
origins. Sensor and actuator ports can be added. Base-follower sequence and axis direction
determine sign of forward motion by the right-hand rule.

Connection parameters

Current base: GND@Groundl
Current follower: C51@Body
[

Number of sensor / actuator ports: =
Parameters

Axes | Advanced

Name Primitive Axis of Action [x y z] Reference CS

R1  revoluts [0o1]

‘ OK || Cancel || Help ‘ Apply

Puc. 1.16 Hacrpoiiku 651oka «Revolute»

21



22

x
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: 0.2 kg -

Inertia: ([0 00;000;000.00392] 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
Tt vlce [0-0.140] m - World ~ [ world - =
| Left v/cs1 [000] m ~ | world ~ | world -
1 Right ~w/cs2 [000] m v|ce v |c6 -

Cancel Help Apply

Puc. 1.17. Hactpoiiku 6iioka Body

B okne Mass 3amaércst Macca 00beKkTa, a B okHe Inertia 3agaércst TeH30p
WHEpIMU MasTHUKA. T.K. B JAaHHOM Cllydyae pacCMaTpUBAaEeTCs OJHO3BEHHBIN
MEXaHU3M, TO TaJIOYKa JOJKHA CTOSATh ToJibko y mopta CS1. B oknax Origin
Position Vector 3amaroTcss koopauHathl 3BeHbeB. CG — KOOpAWHATHI IICHTPA

Mmacc. CS1 u CS2 — koopauHaThl KpallHUX MOJOKEHUH 3BEHA.

x
Joint Sensor “
Measures linear/angular position, velocity, acceleration, computed
force/torque and/or reaction force/torque 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 Output:

anngcted to R1 -
primitive:
[¥] Angle Units; | deg -
Angular velocity Units: | rad/s b
Angular acceleration Units: | rad/s~2 -
| Computed torque Units:  N*m -
Joint Reaction:

[] rReaction torque Units:  N*m s
[_] Reaction force Units: N R4
Reaction measured

Base -
on;
With respect to CS: | Absolute (World) i
] output selected parameters as one signal.

v
Cancel Help Apply

Puc. 1.18 Hacrpoiiku 6i1oka «Joint Sensor»
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Jlnst mosydeHust TpauKoB HE TOJBKO yIjla, HO M YIJIOBOM CKOPOCTH W
yIJIOBOTO YCKOPCHHS HYXHO IOCTaBHTh rajodku Bosjie Angular velocity u

Angular acceleration.

X
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

anqgcted to R1 -
primitive:

Actuate with: Generalized Forces -
Applied torgue units: N*m -

Cancel Help Apply

Puc. 1.19 Hacrpoiiku Goka Joint Actuator
x

Musx
Multiplex scalar or vector signals.
Parameters

Number of inputs:
El

Display option: | bar -

J- Cancel Help Apply

Puc. 1.20 Hactpoiiku 6110ka Mux
=

Gain
Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u™K).
Main | Signal Attributes | Parameter Attributes
Gain:
-0.003
Multiplication: | Element-wise(K.*u) -

Sample time (-1 for inherited):

-1

J. Cancel Help Apply

Puc. 1.21 Hactpoiiku 6;10xa Mux
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:

Description Seledt: SimMechanics First Generation (1G) configuration parameters:
. X . X . . Solver Diagnostics
Defines the mechanical simulation environment for the machine to which Data Inport/Export
the block is connected: gravity, dimensionality, analysis mode, constraint > Optimization [¥] Warn if machine contains redundant constrants
solver type, tolerances, linearization, and visualization. » Diagnostics [ Warn if number of nitial conslraints is unstable
Hardvware Implementation
Parameters Constraints rasnEn Rl Model Referencing [] mark automatically cut joints
b Simulation Target
» Code Generation Visualization

Analysis mode: Type of solution for machine's motion. » HDL Code Generation

Tolerances: Maximum permissible misalignment of machine's joints. Simscape [ Display machines after updating diagtam
SimMechanics 16
i Show animation during simulation
Gravity vector: [0-9.81 0] mfjs~2 v I SimMechanics 26 q

] Show only port coordinate systems
[ Input gravity as signal
Default body color (RGB): |[100]

Machine dimensionalty: Guioyreied T Default body geometries: | Convex hull from body CS locations v
Analysis mode: Forward dynamics -
Linear assembly tolerance: |1le-3 m -
Angular assembly tolerance: |1e-3 rad A

Configuration Parameters...

Cancel Help Apply

Puc. 1.22 Hacrpoiiku 0:110ka Machine Environment
Ha pwuc.1.23 npencraieHbl TpapuKd 3aBUCHMOCTEH yriia MOBOPOTA,
YIJIOBOH CKOPOCTH W YIJIOBOIO YCKOPCHHS MAasTHHKAa OT BPEMEHH, a Ha

puc.1.24 — ¢hparMeHT aHUMAIUU JBIKCHUS MasSTHUKA.

S T ]

Puc. 1.23.I'paduku 3aBuCMMOCTEH yrila MOBOPOTA, YIIIOBOM CKOPOCTH U YTJIOBOTO

YCKOPCHUA MAsATHUKA OT BpDEMCHU
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Puc. 1.24 ®parmeHT aHUManuu MasiTHUKA

1.3 MOAEJIMPOBAHUE ABYX3BEHHOI'O MASITHUKA
brnok-cxema Moaenu npeacTraBiaeHa Ha pucyHkel.2S5.

Env é

M.achlne Ground
Environment

I [soint iitial Condition

%ﬁ‘ﬁ. » ]

av

JointSensc:‘ Scope
oY

av

0
Body é
o~
w
(&)

Joint Sensor1 Scopel

Revolute 1 T [Joint initial Conditiont

B
@«
Body1 é

Puc.1.25 Moaenb AByX3BEHHOTO MasiTHUKA

JIns moCTpOeHHsT CXeMbl HEOOXOIUMO M3 MPEAbIAyIIeH CXeMbl yOpaTh
omoku «Joint Actuator», «Gain» u «Mux» u 100aBUTh 1O OJHOMY OJIOKY

«Revolute», «Body» u «Joint Sensor». Ha puc.1.26-1.35 npeacraBieHbl OKHA
25
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HAacTpOEeK OJIOKOB, MpUMEp IMOJydyaeMbIX rpad@ukoB M (parMeHT aHUMAIUU

ABYX3BCHHOI'O MasTHHUKA.

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

Enable Primitive Position Units Velocity Units
45 deqg v 0 deg/s v

Cancel Help Apply

Puc. 1.26 Okno HacTpoiiku 6oka «Joint Initial Condition»

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
v R1 45 deg ~ |0 deq/s >

Cancel Help Apply

Puc. 1.27 Oxno HacTpoiiku 6ioka “Joint Initial Condition»

26



27

B3
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 -

Inertia: |[1/12 0 0;0 112 0;0 0 0] kg*m~2 -

Position Orientation Visualization

Show Port Name Origin Position Units Translalje:i from Components in
Port Side Vector [x y z] Origin of Axes of
j Top v|/cc  [0-0.50] m  ~|world ~ | world - =
) Top > sl [000] m ~ | World ~ | World -
| Bottom ~ | CS2  [0-10] m - | Wworld - | World -

Cancel Help Apply

Puc. 1.28 OkHo HacTpoiiku 610ka «Body»
x

Joint Sensor ~

Measures linearfangular position, velocity, acceleration, computed
forceftorque and/or reaction force/torque 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

P R1 4
primitive:
Angle Units: | deg -
Angular velocity Units: | deg/s -
[[] Angular acceleration Units:  deg/s"2 -
[[] computed torque Units:  [*m 4

Joint Reactions
[[] Reaction torque Units:  [*m 4
[[] Reaction force Units: N v
Reaction measured
Base =

on:
With respect to CS: | Absolute (World) -

[[] output selected parameters as one signal.

Cancel Help Apply

Puc. 1.29 Okno Hactpoiiku 010ka «Joint Sensor/Joint Sensor1»
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Revolute

direction determine sign of forward motion by the right-hand rule.

Connection parameters
Current base: Cs2@Body
Current follower: CS1@Bodyl

Parameters

Axes | Advanced

Represents one rotational degree of freedom. The follower (F) Body rotates relative to the
base (B) Body about a single rotational axis going through collocated Body coordinate
system origins. Sensor and actuator ports can be added. Base-follower sequence and axis

Number of sensor / actuator ports:

R1 revolute [001] World

Name Primitive Axis of Action [x y z] Reference C5

Cancel Help

Apply

Puc. 1.30 Okno HacTpoiiku 610ka «Revolute/Revolutely

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 dialeg sets Body initial position and orientation,
unless Body and/or connected Joints are actuated separately. This dialeg also provides optional settings for customized

body geometry and color.

Mass properties

Mass: |1

Inertia: [1/12 0 0;0 1/12 0;0 0 0]

Position Orientation Visualization

kg =

kg*m~2 -

Show Port Name Origin Position Units l'ranslat_e:i from Components in
Port Side Vector [x y z] Origin of Axes of
a Top ~v|CG  [0-1.50] m | World ~ | world - =
“ Top - cs1 [0-10] m - | World - | World -
| Bottom ~ | CS2  [0-20] m - |World ~ | World -
Cancel Help Apply

Puc. 1.31 Okno HacTpoiiku 60ka «Bodyly

General | Histnryl Stylel
es

A
Number of axes: |2 ["] Floating Scope
Time range: auto [] Legends

Tick labels: |bottom axis onby

Sampling

Decimation | |1

oK Cancel Help

Apply

Puc. 1.32 Hacrpoiiku Gi1oka «Scope/Scopely
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Hactpoiiku 010koB «Machine Environment» u «Ground» uaeHTHYHBI

HaCTpOMKaM IPU OJTHO3BEHHOM MAsiITHUKE U MOKa3aHbl Ha puc.1.14 u 1.22.

Ha puc.1.33-1.34 npeacrasieHs! rpadMKi 3aBUCUMOCTEH yIJIa TOBOPOTA

U YIJIOBOM CKOPOCTH 3BEHBEB JBYX3BEHHOI'O MAasiTHMKAa OT BPEMEHH, a Ha

puc.1.35 — hbparMeHT aHUMAITIHU IBYKCHUS MasTHUKA.

N N LN /N ]
. N \ / . / \
\\ / _ \\ // \ / A / \i
\ s \\ J \ / \ I / 3
N A N Voo o -
S \\/, \\.\/ ]
N N /\ 2\
/A -\ A N
/ \ . __/F\\_/ ________ \ /\ ______ . / \ / ______ \J/\\ A N / \\J/ . \ (\ . /\ / \\ /i
| / \\;/ : \j .\ /\ \/ \/‘ \ : / \j) \\, | / \\ /J \j u |
WREITAY L AR
\ ' % \ L/

Puc. 1.34 Yron noBopoTa U CKOPOCTh BTOPOT'O 3B€HA MasiTHUKA
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4H—

Puc. 1.35 ®parmMeHnT anuManuu MasiTHUKA

1.4 BAPUAHTDBI UCXOIHBIX JAHHBIX

O0HO36eHHbIT MAAMHUK C ConpomuejleHuem

Koadduument
No HavanbHblii yron CONPOTHUBIICHUS
BapranTa OTKJIOHEHHS, nemrndepa,
rpagychl Hac
pan
1 30 0,001
2 35 0,0012
3 40 0,0017
4 45 0,0023
5 50 0,0028
6 55 0,0031
7 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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/leyx36ennviil MasmHuk

HauanbHblii yroa Hauanpenslii yroiu
Ne OTKJIOHEHHUS OTKJIOHEHHUS
BAapUAHTa IIEPBOTO 3BEHA, BTOPOTO 3BEHA,
rpayChl IpaJlyChl
1 30 75
2 35 70
3 40 65
4 45 -60
S) 50 95
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 51 56
16 56 -51
17 61 46
18 66 41
19 71 -36
20 76 31

1.5 COJEPYXKAHUE OTYETA
B oru€re o mpomenaHHOW paboTe JOJDKHO —COJEPIKAThCS
cieayromias uHGopmarus.
o HasBanue nmaboparopHoii paboThI U €€ 1eTb.
o Pacuetnas cxema o0beKTa MOACIUPOBAHUS — OJHO3BEHHOTO WIIU
JIBYX3BEHHOT'O MAsITHUKOB,;
o NmMutanmonHas  MojJellb  MEXaHU3MOB, CXEMbl  KOTOPBIX

npeacTaBiieHbl Ha puc. 1.1 u 1.2.

o HuTepdericbl 0J10KOB, UCIIOIB3YEMbIX B MOJIEIH;

o ['paduixu nBUKEHUST OOBEKTOB MOJECIUPOBAHUS;

o ®parMeHThl aHUMAaIUH IBHXKEHHS HCCIIEyeMbIX OOBEKTOB;

o [TpoBepka anekBaTHOCTH Pa3pabOTaHHON MOJENTH MyTeM aHalu3a

MMOJIYHaCMbIX PC3yJIbTaTOB, BLIBOBI 110 pa60Te;
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o Cnucok UCTIOIb30BaHHOM JIUTEPATYPHI.

1.6 KOHTPOJIBHBIE BOITPOCHI
1. KakoB cocras oubnuoreku nakera SimMechanics.
2. KakoBbl 0COOECHHOCTH MMUTALMOHHOTO MOJICIIAPOBAHHUS

Mmexauu3MoB B SimMechanics/MATLAB.

3. Uto Takoe TyI00aNbHBIE U JIOKAJIBHBIE CHUCTEMBI KOOPAMHAT
MEXaHU3MOB?

4, 3agaHue 3aKOHOB JBIJKCHHUS 3BEHBSIM MEXAaHU3MOB M UX
HCCIIEIOBAHUE.

S. Kak mpoBepuTh a/IeKBaTHOCTh MTOCTPOECHHOW MOJEIY Ha MPUMEPE

bu3nYecKuX MasiTHUKOB?

CIIMCOK UCITOJIb30OBAHHOM JIUTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wMarematuke u
moxenupoBanuu / JIpsikonoB B.I1. TlomHoe pykoBojicTBO moib3oBarens - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MopgenupoBanue u BU3yaJlU3alusl JABWKCHHM MEXaHUUECKUX
cucteM B MATLAB: Yuebnoe nocodue / B.C.lllepbakos, M. C. KopbIToB,
A.A. Pynnens u 1p.— Omck: CubA/IU, 2007. — 84c.

3. MopenupoBanue MexaTpoHHbIX cucteM B cpene MATLAB
(Simulink / SimMechanics): y4yeOHOE TmOCOOHME I BBICHIMX YyYE€OHBIX
3aBenenuii / Mycanmumos B.M., I'.B. 3amopyes, .M. Kananeimuza u ap. —
CII6: HUY UTMO, 2013. - 114 c.

4, Mopenupopanue mporeccoB u cucteM B MATLAB. YueOnbrIit
kypc / Jlazapes FO.I1. - CII6.: ITutep, 2005, 511 c.
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2. JlabopaTtopHast paGoTa Ne2
MO/JEJIMPOBAHUE ITPOLUECCA YPABHOBEIIIVMBAHUMA

OBPAIIEHHOI'O MAATHHUKA B BEPTUKAJIBHOM ITOJIOXKEHNU 3A
CUET VIIPABJISIEMOI'O ABMKEHMA ITOJI3YHA

Heuab padoTbr: O3HAKOMUTHCS ¢ BOBMOXKHOCTSMU TlakeTa SimMechanics
JUIL  KOMITBIOTEPHOTO  MOJICIMPOBAHUS  MpOIlecCa  YPaBHOBEIIMBAHUS
OOpaIIeHHOT0 MasTHHKA B BEPTHUKAIHHOM ITOJIOKCHHH 3a CYET YIPABIIEMOTO
JBIDKEHUS 10J13yHa. OCBOUTH OCHOBHBIC MPUHIIUIIBI CO3/IaHUS UMUTAIIMOHHBIX
MaTEMAaTHYCCKHUX MOJIeIeH MOJO0HBIX MEXaHUIECKUX CUCTEM.

2.1 BAJIAHUE HA JIABOPATOPHYIO PABOTY

Ha pwuc.2.1 mpucraBiieHa pacdyeTHas CXeMa HCCIEAyeMOro OOBCKTa —
TOPU30HTAJILHBIA TOJIBIKHBIA KOPIYC (ITOJI3YH) ¢ MPHKPEILICHHBIM K HEMY
oOpalllcHHBIM ~ MasSTHHKOM. 3ajadya  3aKJIioYacTcsi B CTaOMIHM3aIluu
BEPTUKAJILHOTO IIOJIOKCHUS OOpaméHHOro MasTHUKA, YCTAaHOBJICHHOIO Ha
noimsyHe. IloctpouM cxeMy MexaHHM3Ma, 3ajadell KOTOpOro OyneT 3a Cuér
MIEPEMEIIICHHMS TI0JI3YHA yICPKUBATh MAITHUK B BEPTUKAILHOM IOJIOKCHHH.

HUcxonupie faHHBIC:

Macca masgtHuka m= 0.2 Kr;

nivrHa MasTHUKa | = 0.02 m

HayaabHBIN YIroJl OTKIIOHCHHA MAATHHKA OT IIOJIOKCHUA PABHOBCCH:A

0o=175".
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4 |

Puc.2.1 Cxema uccnenyemMoro Mmexanusma: 1-1mosizyH, 2-HeBECOMBIN CTEpP)KEHb, 3-TPYy3

Nmeetcst HeBecoMbIll cTepxeHb (2) ¢ rpy3oM (3), KOTOPbIA KpenuTcs U
BpalllaeTcsi BOKPYT TOPU30HTAIBHOM OCH, IPOXOSIEN Yepe3 cepeiMHy BEXHE!
rpanu monzyHa (1), KOTOpBI MOXKET COBEpIIATH MOCTYMATEIEHOE IBMKCHUC
BJ10J1b OocH X. MI3BeCTHBI HAaYaIbHBIA YTOJI TIOJIOKEHUSI MasiTHUKA, Macca rpysa
MasTHUKA U ITTAHA MasiTHUKA.

2.2 TIOPAOOK BBITTOJIHEHW S PABOThI

1. Coznaiite HoByr0 Simulink-mMozenb.

2. Jis 3amaHus CTOMKHM HCHojibdyeM 0ok «Groundy», KOTOpbIi
HaxoauTcs B pazzaene Bodies makera SimMechanics. B mapamerpax 0Jioka
yKkaszpiBatoTcss koopauHatel [0 O 0], kotopsie OYyIyT COOTBETCTBOBATH
KOOpJIMHATaM Hayajia OT4eTa.

3. Jlanee mpucoemmusiem k Onoky «Ground» oOmok «Joint Initial

Conditiony». B mapamerpax 010ka ykakute mosuiuio Position = 0 M (puc. 2.2).
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_ibraries imhechanics/First Generation/Sensors & Actuators |47 )
] Instrument Control Toolbox ~ Block Parameters: Joint Initial Condition
. " A
P3| Wodel Predictive Control Toolbox Body Actuater Joint Initial Condition
> [Pa| Neural Network Toolbox
P3| OPC Toolbox Sets the initial linear/angular position and velocity of some or
| Rea-Time Windows Target Body Senser all of the primitives in a Joint. Connect to a Joint to see a list of
P3| Report Generator its primitives.
P3| Robust Control Toolbox a .3_-’ L Constraint &
- P3| simEvents ) Driver Sensor Actuation
Py SimRF A . R
. . Enable Primitive Position Units
4 % Simscape . Driver Actustor o
+ Foundation Library A | 0 m A
> SimDriveline
4 SimElectronics o Joint Actustor
3 SimHydraulics
a SimMechanics Joint Initial
4 First Generation IC» Condition
Bodies
Constraints & Drivers N \
Forcs Elements " Joint Sensor
\ntgrfﬂce Elements < >
+ Joints |, Joint Sticticn
: Actustor a
Utilities
Second Generation \g Varigble Mass & Cancel Help Apply
3 SimPowerSystems Inertia Actustor

Puc.2.2 bnok «Joint Initial Condition»: a)-pacnionoxxenue B OudiInoTeKe, 0)-rapaMeTpsl
HAaCTPOMKHU

4.  Tak Kak KOpPIyC MOXET COBEpIIaTh TOJBKO IOCTYNAaTEIbHOE
JIBUKEHHE IO OCH X, TO BO3bMEM B KauecTBe OJOKa CONpsDKEHUs OJOK
«Prismaticy. B mapamerpax Omoka HeoOxomammo ykazath [1 0 0], uto Oyner
O3HauaTh BO3MOKHOCTb JIBUKEHUS 110 OCH X.

5. K omHoMy M3 BXOJ0B JaHHOTO OjOKa MOJKIIIOUanTe Oyok «Joint
Sensor», KOTOpbIM MO3BOJISIET HM3MEPUTh XAPAKTEPUCTUKU OTHOCHUTEIBHOTO
JIBUKEHHUs] 4acTed NpuUMUTHBAa. B naHHOM ciydyae BbIOMpaeM NPUMHUTHB-
«TOCTyMATeNbHBI P» W BpIOMpaem chemyrone mapaMeTpbl H3MEPEHUs
(puc.2.4):

-no3uuto (Position) — nepemenienre 4yacTu NPUMHUTHBA, COETUHEHHOM C
tenoM Follower, oTHOCHTENIFHO €ro YacTH, COSIMHEHHOM ¢ TejioM Base;

-ckopocTh (Velocity) — oTHOCHUTENIbHAS] CKOPOCTh;

-yckopenue (Acceleration) — OTHOCUTENIEHOE YCKOPEHUE;

-peakius (Reaction force) — cuna peakiuu BI0OIb OCU IPUMUTHUBA.
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Measurements

Primitive Qutputs
Comededte [y -
Position Units: |m =
Velocity Units: | m/s - |
Acceleration Units: | m/s~2 -
[[] Computed force Units: N

Joint Reactions
["] Reaction torque Units;  [=m
Reaction force Units: | N - "

Cancel Help Apply

Puc.2.3 Hactpotiku 6110ka «Joint Sensory

6. MonenupoBanue kopmyca (MOJI3yHA) JIaHHOTO  MEXaHHU3Ma
peanm3yercs npu momomy Ojoka «Body» (puc.2.4), KOTOpBIA MPEACTaBIsAET
coboii TBepAoe Teio (OTHENbHOE 3BEHO MEXaHW3Ma, JIBIXKCHHUS KOTOPOIO
MOJICTIUPYIOTCSI) C ONpPENeNIEHHBIMHU TMOJIb30BaTeeM mapameTpamu. JaHHbBIN
0J10k HaxoauTes B pazaene Bodies makera SimMechanics.

B kauecTBe 3a71aBaeMbIX MapaMeTPOB BHICTYIIAIOT:

- Macca Tena (Mass), KOTopass MOXKET OBbITh BBIpAXKEHA B Pa3IMYHBIX
CIMHUIIAX;

- TEH30p HWHEPIMHU Tella OTHOCUTENBbHO ero meHtpa macc (Inertia),

MPEACTABIAIONIUMN cOO0M MaTpUIly pazmepom 3x3:

rae Jix, Jiy, Jiz, — oceBble MOMEHTHI WHEPIMU Tejla OTHOCHUTEJIBHO Ocei
COOCTBEHHOW JIOKQJIBHOW CHUCTEMBbI KOOPJMHAT, CBSI3aHHOW C €ro IEHTPOM
Macc.

Jist Toro, 4ToObl 100aBUTHh WM yOpaTh M300pak€HHE BXO0Ja/BBIXO/A
ONpE/ICTICHHOW TOYKM Ha NHKTOrpamme Onoka «Body» B okxHe Mozenw,
UCIIOJIB3YETCsl YCTaHOBKA MM cOpoc dhiiaxkka B KoJoHKke Show port.

B kononke Translated from origin of yka3piBaeTCsi HMsI CHUCTEMBI
KOOpJMHAT, OT Hayajga KOTOPOH OTCUUTHIBAIOTCA KOOPAMHATHI TEKyLIEH
XapakTepHOW TOuku. Kak MUHUMYM O/lHa XapakTepHash TOuYKa JOJKHA ObITh

3amaHa B cucreme koopaumHaT WORLD mbo B cucTtemMe KoopauHAT
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ADJOINING. DTto HeoO0Xoaumo, YTOOBI CBSA3aTh JaHHOE TEJIO C COCEIHUMH

HEMOIBMKHBIMU WJIW MOJBUXKHBIMM TenaMu. Cuctema koopamHat WORLD —

ATO WHEpLUaJIbHAs HEMOJBH)KHASI CHCTEMa, CBsi3aHHas ¢ 3emiieil, a cucrema

koopauHaT ADJOINING cBsi3aHa ¢ milapHuUpoM.

Body

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
customized body geometry and color.

kg

m

-

7.

Mass: 1|
Inertia: [0.001 0 0;0 0.001 0;00 0]
Fosition | Orientation | Visualization |
Show Port Name
Port Side
] Right = |CG
¥ Left ~|cs1
) Right +|CS2

0Origin Position Units Translat_efj from Components in

Vector [x y z] Origin of Axes of
[000] [m = |world ~ [ world -]
[-0.100] [m =] world - | world -]
[0.100] [m = |world ~ | wiorid |

Puc. 2.4 Hacrpoiika napametpoB 6sioka «Body»

Tak Kak CTEpKEHb MOXKET COBEPIIATh TOJIBKO BpALEHUE BOKPYT

ocu OZ, To Bo3bMEM B KadecTBe Oiioka compsbkeHus 0ok «Revolute» (puc.

12.5). B mapamerpax 610ka HeoOxoauMo ykazaTh [0 0 1], aTo OyneT o3HavaTh

BO3MOXKHOCTh BpallleHus1 BOKpyT ocu OZ.

.ibraries

hanics/First Generation/Joints

Found: "Revolute’

Revolute

ol P O e S S

D5P System Toolbox
Embedded Coder

Fuzzy Logic Toolbox

HDL Verifier

Image Acguisition Toolbox
Instrument Control Toolbox
Model Predictive Control Toolbox
Neural Network Toolbox
OPC Toolbox

Reak-Time Windows Target
Report Generator

Robust Control Toolbox
SimEvents

SimRF

Simscape

Foundation Library

> SimDriveling
4 SimElectronics
4 SimHydraulics

SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
i Joints

>

| Simscape

(l Represents one rotational degree of freedom. The follower (F)
Body rotates relative to the base (B) Body about a single rotational

Revolute - Rota-
tional Interface

Disassembled
Revolute

Revolute-
Revolute

- L Revolute-
& Spherical
Revoluie

Revolute Joint

AN

a

hand rule.

Connection parameters
Current base: CG@Body

Current follower: CS1@Bodyl

Parameters

Axes | Advanced

axis going through collocated Body coordinate system origins.
Sensor and actuator ports can be added. Base-follower sequence
and axis direction determine sign of forward motion by the right-

Number of sensor / actuator ports:
-

HName Primitive

R1 revolute [001]

Cancel Help

Axis of Action [x y z]

Puc.2.5 Brok Joint Revuiuie: a)-pacnionoxenne B 6nbnmorexe,

0)-nmapaMeTpbl HACTPOMKHU

37



38

8. Ha Bxox Onoka «Revolute» monximrouaercs Osox «Joint Initial

Conditiony, rae ykaspiBaeM HavalbHBIH yrox ¢ =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

Puc. 2.6 Hacrpotiiku 610ka «Joint Initial Condition»

9. K onoky «Revolutey moaxmrouaercs 0ok «Bodyl», koTopsrit
MOJICTTUPYET CTEepPKeHb C Tpy3oM. [lockonbKy cuia WHEpPIUH 3a7aeTcs
OTHOCUTEBHO LIEHTpa Macc Tena, B 01oke Bodyl nemaetcst cooTBeTCTBYOIIAs

puc.2.7 3anuch TEH30pa UHEPIUH.

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: 5 kg -

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

Position | Orientation | Visualization |
Show Port 0Origin Position . Translated from Components in
Port Side SIE Vector [xy z] L= Origin of Axes of
T left ~|cc  [0-10] [m | world - | world -
V] left ~|cst  [000] [m | world - | world -
&l cs2  [0-10] (m  ~|world - | world -
[ OK J [ Cancel ] [ Help ] Apply

»

m

Puc. 2.7 Hacrpoiika mapamerpoB Ooka «Body1»

10. K Beixoay Osioka «Revolute» moakmrouaercs 6110k «Joint Sensorly
(puc.2.8).
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[TapameTpsl U1t ©U3MEpPEHUs, CIISAYIOIIHE:

- yrout (Angle) — yros moBopoTa 4acTy MPUMHUTHBA, COSTUHEHHOH C
tenoM Follower, oTHOCHTEIBHO €ro 4acTH, COeTMHEHHOM ¢ TeaoM Base;

- OTHOCHUTEJIbHYIO YTJIOBYIO CKOpocTh (Angular velocity);

- OTHOCHTEIILHOE YTiI0BOe ycKkopernue (Angular acceleration);

[Tomumo 3TOTO, BCTaBIsieM raiodky Ha ¢iaxkok «Output selected
parameters as one signal» 17151 TOro, 9TOOBI MOXHO OBIJIO U3MEPHUTH BCE 3

napameTpa B OJTHOM CHTHAJE.

X
- A
Primitive Outputs
Connected to R -
primitive:
Angle Units:  rad -
[ | Angular velocity Units:  radjs -
Angular acceleration Units:  rad/s~2 b
["] Computed torque Units:  N®m
Joint Reactions
["] Reaction torgue Units:  N®m
[ Reaction force Units: N
Reaction measured
Base ~
on:
With respect to CS: | Absolute (World) -
Output selected parameters as one signal. v
Cancel Help Apply

Puc. 2.8 Hacrpoiiku 6ioka «Joint Sensor1»

11.  Yepes sneMeHT «Demux» pa3zdbuBaeM U3MEpPEHHBIC MapaMeTpbl Ha
3 yactu. Kpome 610K0B «Scope» emie npucytctByet 00k «Continuous Angley
(puc. 2.9, B), KOTOpBHIM TO3BOJSICT TMOJIYYUTh TPABUIBHOEC 3HAUCHUE

OTHOCHUTCIIBHOI'O yIJla IIOBOPOTA.
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Continuous Angle (mask) (link)

Outputs a continuous, unbounded angle given a
discontinuous, bounded angle and the angular

velocity (rate).
Parameters
Angle measured in: rad
Rate measured in: rad/s
oK |

Cancel Help

velocity. Choose units for the angle and the angular

40

B)

%

Joint Sensor1

oraries st Generation/Utiities | Found: "Continuous angle’
6 Pa| Instrument Control Toolbox A ‘ Simscape 1
Mode! Predictive Control Toolbox
> [Pa| Neural Network Toolbex e ] Continuous
0OPC Toolbox - Angle

RealkTime Windows Target

Report Generator

Robust Control Toolbox

> SimEvents

> SimRF

a Simscape

» Foundation Library

b Simbriveling

3 SimElectronics

b SimHydraulics

4 [Pg| SimMechanics

4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
O T

Sensors & Actuators
Utilities

Angle

Rate

(I

Scope3

Continuous Angle

—

Continuous Angle

—

—J

Scopet

Puc. 2.9 M3mepenue mapaMeTpoB: a)-pacrojioxeHue B Ondauoreke, 0)-HaCTPOMKH

Continuous Angle, B)-cxema moKIFOUCHUS

12.

3HaueHUE U3MEPEHHOTO YIJIa CpaBHUBAaeM C 3HaueHueM =180°,

ommbka mogaercs B PID-perynstop (puc.2.10), oTKyaa CUTHaI MOCTYIAET B

Ka4CCTBC YCKOPCHHA, CKOPOCTHU M ICPEMCIICHUS IIOJI3yHA, 3a CUCT ABHIKCHHA

KOTOpOIro "  YIACPIKHUBACTCA O6paHIeHHBIﬁ MasATHHUK

COCTOSAHHH.

PID(2) Controller (mask) (link)

Enter Proportional(P), Integral(I), and Derivative(D) and divisor (M)

terms.
P+1fs+Ds/(1/Ns+1)

Farameters

Proportional:

300

Integral:
10

Derivative:

70

Derivative divisor(N):

[100]

Cancel

Help Apply

Puc.2.10 Hacrpoiika 6moka PID-perynstop

40
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13.  YtoO»l 3a1aTh ABMIKEHHE, JIBA pa3a HHTEerpupyercs curtan ¢ PID-
perymnsropa. Jlanee curaaisl 00bEIUHAIOTCS B OAMH C TIOMOIIBIO O6710Ka MUX 1
nojatorces Ha «Joint Actuator». Curaan ot «Joint Actuatory momaercst Ha

«Prismatic» (puc.2.11).

K%

Joint Actuator

A Controller
{with Approdimate
Drerivative)

FID |—————

Puc. 2.11 brnok-cxema 3agaHusl TBHKESHUS TIOJI3YHA

Koaddummentsr nactpoiiku [TU/-perymnsitopa mpencTaBieHbl Ha pHC.
2.12.

Controller parameters

Source: internal @

Proportional (P): |300 |

Integral (I): |50 |

Derivative (D): 1100 |

Puc. 2.12 Koapdunments [TUI-perynstopa
JloGaBuM B Mozenb Bs3koe Tpenue (puc. 2.13). K curnany Reaction
force Ha ocu y mpucoenunsiercs Onok Gain. Jlanee npucoemuHsieTcs OJIOK

«Joint Actuatorly, BBIXOJ KOTOpPOro MPHUCOCIUHSACTCS KO BXOAYy OJIOKa

«Prismaticy.

L.\\.&

Joint Actuator1 Gain

Puc.2.13 MonenupoBaHu€ BSI3KOTO TPEHUS

NmMurtanmronHas MOJIENIb paccCMaTpuBaeMoro o0beKTa B cpefie

SimMechanics npezcrabiena Ha puc 2.14.
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Machine
Environment

Jeint Initial Condition

Ground

Integratort

42

o]

Joint Actuator

FID Controller
{with Approximate
Derivative)

F'II}L

Revolute

Jaint Actuator

1%

Angle

‘Continuous Angle

P Rate

Continuous Angle

Joint Sensar

Jeint Initial Condition1

180

Constant3
Gain

a4

Scope2

[

,IE

Scoped

Puc. 2.14 Cxema Mojienu noji3yHa ¢ 00palleHHbIM MassTHUKOM

HOJ’IyUIeHHBIC pPeE3vVJAbTAaThI:

Scopel

PesynbraTel B Buje rpaduKoB IMepeMerieHusi, CKOPOCTH U YCKOpPEHUs

nosyHa (puc.2.15) B mpolecce NpUBEACHHS OOPAIICHHOTO MasTHUKA B

BCPTHUKAJIBHOC ITOJIOKCHUC ITOKA3aHbI B O10Ke ((SCOpe)).

Puc. 2.15 I'paduku: a) -nmepemerienus, 0) -CKOPOCTH, B) -YCKOPEHHS MTOJI3yHA

I'paduk cun peakuiuy, BOSHUKAIOLIUX NP IBKEHUU MOJI3yHa (puc.2.16)

mokasaH B OJ10ke «SCope 5».
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Puc. 2.16 I'paduk cun peakiuy, BOSHUKAOIIKX [IPU JBMXKEHUH MTOJI3YHA

I'paduk yrma moBopora wmasTHHKa (puc.2.17) moka3an B OJOKe

«Scopel».

Puc. 2.17 I'padux yria moBopoTa oOpanieHHOTO MasiTHUKA

I'paduk yrmoBoro yckopeHuss MastHuka (puc.2.18) mokazaH B Oyoke

«Scope2y.
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Puc. 2.18 I'paduxk yrioBoro yCKOpeHus: MassTHUKA

I'padux «ommbkm» yrima moBopora MasTHHKa (puc.2.19) mokasaH B

6moke Scope 6.

Puc. 2.19 I'paduk «omubdkm» yria noBopora MasTHUKA

BoiBoa: Ilpm BeIMOMHEHWM JaHHOW pabOTHI  OBLJIO  MPOBEACHO
KOMIBIOTEPHOE  MOJEIMPOBAHME IMIpoliecca MPHUBEACHUS  OOpPAIEHHOTO
MasATHUKA B BEPTUKAIBHOE IOJOKEHUE 3a CYET YIPaBISEMOTO JABUKECHHS
nomsyna ¢ B cpene MATLAB/Simulink/SimMechanics. Beutn  momydeHsl
rpauKy nepeMeIieHnsi CKOPOCTH U YCKOPEHUS MOJ3yHa U MAasATHHUKA, a TaKkKe
rpauKyd CUJl pEeaKUUH, BO3HUKAIOUIUMX MPHU ABUKEHUHU TOJ3yHa. Takxke ObLI
noyiydeH rpaduk omuOKM yria TMoBopoTra wmasiTHuKa. [lpeacrtaBieHHbBIC
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pe3yabTaThl IIOKAa3bIBAIOT, 4YTO IPU COOTBETCTBYrOWEH Hactporike I[IN/I-
peryJsaTopa MpeacTaBIISIETC BO3MOKHBIM IIPUBECTH MAsITHUK B BEPTUKAJIIBHOE

MOJIOKEHUE MPUMEPHO 32 4 CEeKYH/IbI.

2.3 BAPUAHTHI 3AJAHUA

Ta6muma 2.1 — BapuaHTbl 3a1aHus

Ne Bapuanta | 1 2 3 4 5 6 / 8 9 10

Macca 6 7 3 55 |6 5 45 |7 65 |4

nebanaHca, KT

JmuHa 1,2 1,1 |1 15 |17 (12 |13 |1 14 |11
MasTHHKA, |,
M

Havamewemi | 170 | 165|140 |135 |1/75 |161 |130 |150 |155 |172
yroia
MI0JIOXKEHHUS

MasATHHKaA, (Do

2.4 KOHTPOJIbHBIE BOITPOCHI
. 3a cuér yero ynaerca NPUBECTH OOpalICHHBIH MAasATHUK B

BEPTUKAJIBHOE TI0JIOKEHHE?

2. Kak d¢opmupyercs HeoOXoAuMMOE NEpEeMELICHUE TMOJ3yHa IS
pUBEAEHUS OOPAIICHHOTO0 MAsITHUKA B BEPTUKAIBHOE MOJIOKEHHUE?

3. Kakoii MakcuManbHBIM Ha4YaJbHBINA yroJ MOXKET UMETh OOpalleHHBIN
MasTHUK, M3 KOTOPOTO €ro MO>XHO ObUIO Obl MPUBECTH K BEPTHUKAIBLHOMY
MTOJIOKEHHIO?

4. Kak MOXHO YMEHBIIUTH BpEMs IIpoliecca NMPHUBEACHHUS MasTHHKA K
BEPTHUKAJILHOMY TIOJIOKEHHIO?

5. Kakyio ponb urpaer BsiI3KO€ CONPOTHBIEHHE B OCH OOpAIll€HHOTO

MasiTHUKA?

CIIMCOK UCIOJIL30BAHHOU JINTEPATYPBI
1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wmarematuke u

moxaenupoBanuu / JIpsikonoB B.II. TlomHoe pykoBoncTBO momib3oBarens - M.:

COJIOH-IIpecc. — 2003. — 576 c.
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2. MopenvupoBanue W BHU3yalu3alus JIBUKEHUH MEXaHUYECKUX
cucteM B MATLAB: Yuebnoe nocodue / B.C.lllepbakoB, M. C. KopbITOB,
A.A. Pynnens u 1p.— Omck: CubA /1IN, 2007. — 84c.

3. MoaenupoBanue MeEXaTpoHHBIX cucreM B cpene MATLAB
(Simulink / SimMechanics): ydeOHO€ TOCOOME JUIsI BBICIIMX YYEOHBIX
3aBeaenuit / MycanumoB B.M., I'.b. 3amopyes, .M. Kanansimuna, u ap. —
CII6: HUY UTMO, 2013. - 114 c.

4. MonenupoBanue mporeccoB u cucteM B MATLAB. VYueOnbIi

kypc / Jlazapes FO.I1. - CII6.: [Tutep, 2005, 511 c.
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3. JlTaboparopHas pabota Ne3

KOMIIBIOTEPHOE MO/JEJIMPOBAHUE JIABMKEHMNA MEXAHU3MA C
3YBYATBHIM 3ALEIUVIEHWUEM B ITAKETE PACILIMPEHUA
SIMMECHANICS CPEJAbI MATEMATUYECKOI'O UMHUTALUOHHOI'O
BJIOUHOI'O MOJAEJIMPOBAHU S SIMULINK/MATLAB

Lenv padomeot:

e O3HaKOMUTBCS C MakeToM pacmmperus SimMechanics cpembt
MaTeMaTHYeCKOT0 HMHUTAIMOHHOTO OJIOYHOTO MOJCIMPOBAHHSI
Simulink/Matlab na mnpuMepe MoaeIMpOBaHHUS  JIBUKCHHS
3y04aToro MexaHu3Ma.

e [IpoBecTd KOMIBIOTEPHOE MOCIUPOBAHUE JABIKCHUS MEXaHHU3Ma

C BY6‘-IaTI>IM 3alCIIJIICHHUCM. HpOBepI/ITb IIPpaBHUJIBHOCTDH

HOJIY“IGHHOI?I MOICIIHN.

3.1 KPATKHE TEOPETUYECKHUE CBEJEHN A
B nanHOi1 paboTe MpOBOAUTCSA MOJEIMPOBAHUE JIBH)KEHHSI MEXaHU3Ma C
3yO4aThIM 3aLIETVIEHUEM, & UMEHHO JIBYXCTYIIEHUaTOI0 PeIyKTOpa.

Kunematuueckass cxema pacCMaTpuBacMOro MCEXaHUM3Ma YIIPOIICHHO

npeacTaBieHa Ha puc. 3.1.

e
— X
2= Z
R i T
= o — i
| om [

Il
X
|l

Puc. 3.1 Kunematnueckas cxema ABYXCTYIICHYATOI'O pCAYKTOPA
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Jlns  momenupoBaHus —3yOuaToro 3anemieHuss B SimMechanics
HEOOXOJMMO pacCYMTaTh HEKOTOPhIE K3 OCHOBHBIX T'€OMETPHUUYCCKUX

napaMeTpoB 3y0UaThiX Kojec. ViIckoMble mapamMeTpsl MpUBEACHbI B Ta0m.3.1.

Tabi. 3.1 OcHOBHBIE MTapaMeTPhl, HEOOXOAUMBIE JIJIs1 TOCTPOCHUS
3y04aToro 3aneruieHus B CTpyKTypHoit mogenu SimMechanics

Uucno 3yOneB 21,722,723, Z4
M — MOJLYJIb pacuEeTHBIM CrangapTHbIE 3HAYEHUS MOLYJIS, MM
Pan 1: 0.3,04,0.5,0.6,0.8, 1.0, 1.25, 1.5, 2.0, 2.5
Papn 2: 0.35, 0.45, 0.55, 0.7, 0.9, 1.125, 1.375, 1.75, 2.25,
2.75
Unk — II€peIaTOYHOE OTHOLIEHUE 2y Zienomoro
3y04arToi mapbl Unp = 7 = 7
n EENVILErD
d-quameTp JAeNIuTENbHOM m-Z,
OKPY>XHOCTH 3y04YaToro Koyeca = W
S~ yron HakioHa 3y0beB Ui HPAMO3yOOil Iepemaun
paBeH HYJIO
@ ,— MEKOCEBOE PACCTOSHUE d,+d, m-Z,+m-Z,
a, = =
2 2

Ha pwuc.3.2 npencrapiiena 6J10K-cXemMa MOJICIH UCCIETYyeMOro 00ObeKTa B

SimMechanics.

§ .l'.l'\’r.l'
H
_F:
i

®

4
H

Body
B -
P .
Mg -
-, G Con Fruous Angile sear it
| L ]

Conthuous Angi2 Soope

ok

I Gound3

sz e g ¥ sl—s —E
H= 7 s + d
ﬁsm -
Revolie3
el Body3
Jailnt Seemor ‘:ér-’ "-.'”
Gear Consirainti 2:‘]
2
A’I—b.\'ue -
L= 4 L2
e oo Angis I:
| -
CominucusANge o
=
—
- T = cslcs2 s
Cound2
RevolLiel Body2

[
LR i

-._@, | e Foous Angle
Joini Serso
Connuos An g 5 2

Puc. 3.2 brnok-cxema MOACIIH MMOCIICA0BATCIbHOI'O SY6‘{8.TOF0 COCAMHCHUA
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Ha pucynke 3.2:

° ook «Machine Environment» 3amaer rpaBUTal[MOHHBIE CHIIBI JIJIS
MOJICIH;

. omoku «Groundy, «Revolutey, «Body», «Joint Sensory, «Scopey,
«Joint Initial Condition» dopmupyror reomerputo 3ybd4aroro koseca Zi,
00ECIICUNBAIOT BpPAMIATSIIGHYIO CTEICHh CBOOOJBI TEPBOIO Bajia, 3aqaloT
HavaJIbHBIC YCIIOBUS, (DOPMHUPYIOT BBIXOIHOW CUTHAIT,

° omoku «Ground/», «Revolute/», «Bodyl», «Joint Sensorly,
«Scopel» GopMHUPYIOT TEOMETPHUIO 3y0daThix Konec Z; U Zz, 00eCIeunBaroT
BpalllaTeIbHYI0 CTCIEHb CBOOOJBI BTOPOrO Baja, (POPMHPYIOT BBIXOIHOM
CHUTHA,

o omoxu «Ground2», «Revolute2», «Body2», «JointSensor2y,
«Scope2» GopMHPYIOT TEOMETpHio 3y0uyaToro koseca Zs, 00ECIEUYHUBAIOT
BpalllaTeIbHYIO0 CTEMEHb CBOOOJBI TPETHETO Baja, (OPMHUPYIOT BBIXOHOU
CHUTHAT,

. onoku «Gear Constraint Z,/Z;» u «Gear Constraint Zi/Zs»
MOJICTTUPYIOT 3alleTUICHHe 3yObEeB B Mape KOJIEC C TIOMOIIBIO MEepeaaTodHOro
OTHOIIICHUS;

o onoku «Joint Actuatory, «Constanty, «Integrator» u «Integratorly

HMHUTHPYIOT PII[G&J'II)HBII?I ABUI'aTCJIIb.

3.2 IIOPANOK BBIIIOJIHEHM A PABOTHI
B kadectBe mpuMepa pacCMOTPUM MEXaHU3M CO CIEAYIOUUMU
HCXOJHBIMU JaHHBIMU (CM. Ta01.3.2)

Tabn. 3.2 - Vicxo/iHbIe JaHHBIE UCCIIETYEMOTI0 MEXaHU3Ma
Monynb pacueTHbIN,

Yucno 3yoneB

MM
m 71 2 Z3 Z4
1 20 60 20 42

ColepeM cxeMy, MpHUBEIEHHYIO Ha puc. 3.2. 3amuiieM mnapaMeTpbl U
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BBITTOJIHUM HACTPOMKY Kaxka0ro Osioka coryacHo [Ipumoxenuto 3.1.

Kak yxe OBUIO CKa3aHO BbIIIE, IS MPOCKTHPOBAHHS 3y04aToro
sanerieHnss B SimMechanics HeoOX0IMMO paccuuTaTb HEKOTOPHIE U3
OCHOBHBIX T€OMETPUYECKUX MTApaMETPOB 3yOUaThIX KOJIEC.

JInst Toro, 4ToObl HE BBIMOJHATH BCE BBHIYUCIICHHS BPYUYHYIO, 3alUIIEM
HeoOxomumbie  ¢Gopmynsl B komaHaHoe okHo (Command  Window)
MATLAB’a:

% Yucno 3yoves

z1=20;

22=60;

23=20;

z4=42;

% MOOYIb pacyemubili

m=1,

% ouamempwl OeIUMENTbHBIX OKPYHCHOCMEL
dl=m*z1;

d2=m*z2;

d3=m*z3;

d4=m*z4;

% medicocesvie paccmositus
a12=0.5*(d1+d2)/10"3;
a34=0.5*(d3+d4)/10"3;
ald4=al2+a34;

% wupuna 3y0Mamoeo eeHya
b=3;

% NI0MHOCMb Mamepuaia Koaieca(cmains)
gm=7.8e-6;

% maccul Koaec (n1omuocmo *oovem)
ml=gm*pi/4*b*d1"2;
m2=gm*pi/4*b*d2/2
m3=gm*pi/4*b*d3"2
m4=gm*pi/4*b*d4"2;

% MOMeHmMbl UHEPYUU
1=m1*d1"2/8*1e-6;
12=m2*d2"2/8*1e-6;
13=m3*d3"2/8*1e-6;
14=m4*d4"2/8*1e-6;

% mampuybi MOMEHMO8 UHepYUU
J1=[000;000;0 0 I11];
J2=[000;0 0 0;0 0 I12+13];
J3=[000;000;0 0 14];
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[locne BBOAa YyKa3aHHBIX BBINIE JAHHBIX 3alyCTUM CHMYJISIIHUIO.
Pesynbrarel  paboThl aHUMHMPOBAHHOM MOJENIM 3yO04aToro MeXaHu3Ma

npeJcTaBiIeHbI Ha puc.3.3.

v

L

Puc. 3.3 Pe3ynbTaThl pabOTHl aHUIMHPOBAHHOW MOJICTH 3y09aToro 3aleIyICHHs B

SimMechanics

Ha puc. 3.4-3.6 npuBeneHb! MONIy4YeHHbIE TpadUKN YTIOBBIX CKOPOCTEH

(pan/c) BasioB peayKTopa.

Puc. 3.4 T'padux yriosoii ckopoctu | Bana pemykropa
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Puc. 3.5 I'padux yrmosoii ckopoctu |l Bana pexykropa

Puc. 3.6 I'paduk yriosoii ckopoctu |11 Bama penykropa

Ilposepka npasunvnocmu
Jl5i TOro YTOOBI YIOCTOBEPUTCS B MPABUIIBHOCTH MOJTYYEHHON MOJEINH,
HYKHO CJeNaTh IMPOBEPOYHBIN PACUET, ONPEIEIUB YIIOBBIE CKOPOCTH BAJIOB

peayKTOpa ¢ MOMOIIBIO MEPEAATOYHOTO OTHOIICHHUS.
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HepCHaTO‘{HbIC OTHOIICHMUA:

U _—ZE _—6[]_ 3.
12 = Z, =0 ;
Zy 43
Uyy=——=——=-2.15;
UDEI’.‘L‘[ == Ulg h Uz_q‘ = _3 h (_2.15) == 6.4‘5,
Wy Wy
Uio=—-U -
12 '5**“;;J o6 Gy
Cnenosarensno, npu @; = 1 pan/c yrinoseie ckopoctu Il u Il Bamos
PaBHBI:
Wy 1 pan
=—=—=—0.33——;
Wiy U, -3 c
b 1
EA)IH == i = E == 0.15% ;.

ITocuutanubie pPE3YJIbTAaThl COBHAAAIOT C PE3yJibTaTaMH, ITOJTYUYCHHBIMU

Ha rpadukax (puc. 3.4-3.6). 3HauuT, MOJI€Ib BHITIOJIHEHA MTPABUIIBHO.

3.3 COJIEP’KAHME OTUETA

OTueT N0JIKEH COJIePKATh CIASTYIOIINE Pa3ICIbl;

o HasBanue nabopaTopHoii paboThI U €€ 11eJib;

° HNcxonHpie faHHBIC

° KunemaTndeckas cxema MEXaHU3Ma;

o Cxema wMogenu MexaHmsmMa B nakere SimMechanics ¢

HACTpOWKaMu OJIOKOB;

o Pe3ynpTarsl MOnenMpoOBaHUs B BUAE aHUMUPOBAHHON MO/IEIIH;
° ['paduiku yriaoBeIX CKOPOCTEN BaJIOB PEYKTOPA;

o [IpoBepka Mozenu Ha MTPaBUIBHOCT;

° BriBog
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3.4 BAPUAHTBI 3AJIAHIH

Ta6:n. 3.3 — BapuanTsl 3a1aHuii

Bapuant Moz Yuco 3yoneB Bapuant Mozyse. Yucno 3yoneB
MM MM
Ne m Z1 | 22 | Z3 | Z4 Ne m Z1 | 22 | Z3 Zs
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 OnokoM MoJenupyercs UUIUWHAPUYECKOoe 3y0OdaToe

saneruienre B nmakere SimMechanikcs/MATLAB? KakoBbl HACTpOHKH 3TOTO

oJsoka?

2. Kak npoBepuTh aJIeKBaTHOCTh MOJIEIH 3y0UaTOro Mexanu3ma?

3. Kak »sKkcrnepuMeHTadbHO NPOBEPUTh (PAKTUUECKOE MepeaTOuHOe

OTHOIIIEHUE MOJIETTUPYEMOI 3yOuaToi nepenadn’?

4. Kak W3MEHUTh HAIPABICHHE BPAIICHUS BaJlOB MOIEIUPYEMOTO

MexaHuzma?

5.

Kak paccunthiBaroTCA

MUAJTMHIPUYECKUX 3y0UaThIX Kojec?

pagnychl
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CICOK MCIIOJIb30BAHHOM JINTEPATYPHI

1. Teopus mexanuzmoB / Aprobonesckuit 1.U. - M.: Hayka, 1965. —
776 c.

2. MATLAB 6/6.1/6.5 + Simulink 4/5 B MmaTemaTuke u
mozaenupoBanuu / JIpsxonoB B.II. TlonHoe pykoBOACTBO Mob30BaTests - M.:
COJIOH-IIpecc. — 2003. — 576 c.

3. MonenupoBaHue U BU3yalIH3aIus ABIKEHUN MEXaHUIECKUX
cucteM B MATLAB: Yue6noe nocodue / B.C.Illep6akos, M. C. KopbIToB,
A.A. Pynmens u 1p.— Omck: CubA /1N, 2007. — 84c.

4, MopenupoBanue MexaTpoHHBIX cucteM B cperne MATLAB
(Simulink / SimMechanics): yueOHOe MOCOOHE /I BHICIINX YISOHBIX
3aBenenuii / Mycanmumos B.M., I'.b. 3amopyes, M.W. Kananeimwaa, u ap. —
CII6: HUY UTMO, 2013. - 114 c.

5. Mopenupopanue mporeccoB u cucteM B MATLAB. YueOnbIit
kypc / JIazapes lO. - CII6.: TTutep, 2005, 511c
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Ilpunoscenue 3.1. Hacmpoiika 610x06

Hactpoiiku 6;10ka MachineEnvironment

Machine Environment

Env |5
Machine | BeKTOp [0 -9.81 0] m/s"2
Emironment | rpaprTanHM
Hactpoiiku 6;10k0B Body
Bodvl
MaccoBsie XapaKTepHCTHEH
Macca ml kg
Huepuna J1 kg*m"2
ITozomxenne
+55._-52|, ITopt BexTop NpoHCcXoAICHAA OSHIHH [X v Z]
Soir CG [0 0 0] m
CS1 [0 0 0] m
CS2 [0 0 0] m
Busvannsaoma
[eomeTpna Teaa Use machine default body geometry
Tloaxmrouenne CS51-C52
Body2
Maccossie xapaKTepHCTHEIH
Macca m2+m3 ke
Huepuns J2 kg*m"2
Tloxoxenne
Tlopt BekTop npoHcXoxIcHNA No3HUHH [X v z]
CG [a12 0 0] m
CS1 [a12 0 0] m
Cs2 [al2 0 0] 1m
CS3 [al2 0 0] m
Busyvaamzanua
[eoMeTpHA TeTa Use machine default body geometry
TloarmroueHne CS1-CS3
Body3
Maccossie XApaKTCPHCTHEH
Macea m4 kg
Huepuns J3 kg*m"2
Tlomoxenne
qcsMpesofm | TlopT Bektop npoHcxosaeHna nosuunn [x v z]
Dody? CG [ald 0 0] m
Csl [al4 0 0] m
CS2 [al4 0 0] m
Busyaansanma
[eomerpnd Teaa Use machine default body geometry
TloakroueHe CS1-CS2
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Hactpoiiku 6;10xkoB Ground

" Groundl
& _E [Tono:xenue ([0 0 0] | m
Ground 1 Show Machine Environment port
| | Ground2

[Mogoxenne [al2 0 0] m

_ Ground3
_L [oao:xenune [al4 0 0]
Ground3

m

Hacrpoiiku 6;10x0B JOINts

5 Revolutel
N
o | Oce mBmxenna | [0 0 1] Referens CS1 World
Revolutel
B Revolute?2
¢
Ocp mpmxerna | [0 0 1] Referens CS1 World
Revolute2
Revolute3
Ocp mpmxenna | [0 0 1] Referens CS1 World
Revaolute3
Hacrpoiika 6sioka Joint Actuator
Actuation
anqgcted to [Rl v]
primitive:
Actuate with: [Mcrticrn - ]
Angular units: [rad - ]
Angular velocity units: [rad,"s T]
Angular acceleration units: [radfs“‘z *]
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Hactpoiiku 6moko GearConstraint

o

Gear Constraint z2/z1

Pagnyc eIHTeNBHOM OKPY:EHOCTH Beaymero koaeca | d1/2000 m

Gear Constraint z2/z1| Paanyc genuTensHoM OKPY:KHOCTH Bedomoro komeca | d2/2000 m
Gear Constraint z4/z3

: %) ) Pagmyc nemnrensHOI OKPYV:EHOCTH BeIVIIEro Kodeca d3 /2000 m

Gear Constraint z4/z3 | Pannyc nenuTeIsHOH OKPY:XHOCTH BegoMoro xkoneca | d4/2000 m

Hactpoiiku 6110k08B Joint Sensor

["] Angle Units: |deg
Angular velocity Units: [radj’s ']
("] Angular acceleration Units: |deg/s™2
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4. JlabopaTopHasi padora Ned
KOMIIBIOTEPHOE MOJAEJIMPOBAHUE POBOTA-

MAHUITYJIATOPA C ITPOCTEMIINM 3AXBATHBIM MEXAHU3MOM
B I[TAKETE MATLAB/SIMULINK/SIMMECHANICS
Lenv padomeut:
® O03HAKOMHTHCS C TakeToM pacmupeHuss SimMechanics cpensr
MATeMaTUYeCKOTO  MMHTAIMOHHOTO  OJIOYHOTO  MOJCITUPOBAHMS
Simulink/ MATLAB.
® TMPOBECTH KOMIBIOTEPHOE MOJACIHPOBAHUE POOOTA-MAHUITYJIATOPA C
NPOCTEUIIIMM 3aXBaTHBIM MeXaHU3MOM. [IpoBepHTh TPAaBHIBLHOCTH
HOJYYEHHOW MOJIEIH.
4.1 KPATKUE TEOPETUYECKUE CBEJJEHUA
B nanHO# paboTe MpOBOIUTCS MOJSIMPOBAHUE POOOTA-MAHUITYIISITOPA C
IPOCTEUIIINM 3aXBaTHBIM MEXaHU3MOM.

Kunematnueckass cxema paccMaTpuBacMOro McCEXaHn3Ma YIIPOIICHHO

npenacrasiieHa Ha puc. 4.1.

Y [3

17

F A

oL

Puc. 4.1 KunemaTtudeckasi cxema pob0Ta-MaHUITYJISITOPA C 3aXBATOM:
1 — croiika; 2, 3, 4 — 3BeHBs po0OTa; 5 — OCHOBaHUE 3axBaTa; 6 — ryOKHW 3axBara
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Ha puc.4.2 npencraiena 6iok-cxema SimMechanics-monenu pobora-

MAaHHUITYJIATOPA € 3aXBATOM.

0 v 3— s 7 csiifpes2 : : | cofiycs? B
Machine TI _ (F ; csiflyes2

Environment Ground Weld Column Podjem

Cylindrical Revolte Richsg1

Podjem
Integrator ’_.._:I
Integrator »os \&"

Joint Actuator N &
Vras chenie %
L Joint Actustor
GsinZ Vfashenie richaga1

Sine Wave

lny C. F B o
e T ) st E—g csaffcs

Revolue2 HVAT R— Richag2

PALEC1

Gear Constraint

csfyest

PALEC2

Revolute4 Joint Adtuator Integrator2

It

Revolute1

povarcty palcev

nj
L

Gsin3 Joint Actustor
\rashenie richaga2

Puc. 4.2 bnok-cxema Mozienu poOOTa-MaHUITYJIATOPA C 3aXBaTOM

Ha puc.4.2:

° omox «MachineEnvironmenty 3amaer rpaBHUTallMOHHBIE CHIIBI U
CTOMKY;,

o omoku «Columny, «Podjemy»,» Rychag 1-3» — omnpenensior

TE€OMETPHIO 3BEHbEB POOOTA;

o ook «Weldy 3agaer HepazbeMHOE COCTMHEHIE HATIPABJISIOIICH CO
CTOMKOIA;
o omok  «Cylindricaly —  Mogemupyer — HMIMHIPUYECKYIO

KHHEMATHYECKYI0 Mapy 4-ro Kjiacca ¢ MOCTYMaTebHBIM M BpaIlaTeIbHBIM
IBIKEHUEM,

o onoku  «Revolutey, «Revolutel,2»  —  BpamareabHbIe
KHHEMATHYECKUE Mapbl 5-r0 Kjacca, COSAHHSIOIIME 3BEHBbS PO0OTa MEXIy

co0oi;

. omoxu «Schvaty, «Palecl-2» MonenupyroT 3BeHbs 3aXBaTa;
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o omoku «Revolute 4-5y — onpenessioT BoalareabHbIe IMAPHUPHI S-
o KJiacca;
o onok «Gear Constrainyt — momonHWTENBHAS Tepenada MEXIy

ryOKkaMu 3axBarta;
o onmoxku «JointActuatory, «Rampy», «Constanty, «Constant»l

HMUTHUPYIOT PII[C&JILHI)Iﬁ ABHUI'aTCIIb.

4.2 TIOPAJOK BBIITOJIHEHN A PABOTDI
B kauecTtBe mpruMepa pacCMOTPUM MEXAHHU3M C MCXOAHBIMHU JaHHBIMH,
IIPEICTAaBICHHBIMU B Ta01.4.2.

Tabn.4. 2 I/ICXOI[HI)IG JAaHHBIC UCCIICAYCMOI'0O MCXaHU3Ma

O6o3HayeHue 3BeHA JnuHa 3BeHa, MM
L1 800
L2 300
L3 300
L4 200
L5 50
L6 80

ColbepeM cxeMy, npuBefeHHYIO Ha puc. 4.2. BbINOJHUM HACTPOUKY
Kaxzaoro Onoka cornacHo [Ipunoxenuto 4.1. [locne 3amycTuM CUMYIISALIHIO.
PesynpTaThl  paOOThl AHMMHUPOBAHHOW  MOJEIM  POOOTA-MAHUIYJSATOPA

MpeJIcTaBIeHbI Ha puc.4.3.
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Puc. 4.3 Pe3ynbrarsl paboThl aHUMHPOBAHHOW MOJIENIA POOOTa-MaHHITYIIATOPA C

3axBaToM B SimMechanics

4.3 COJJEPY)KAHUE OTYETA

Otuer AOJDKCH COACPIKATDh CIICAYIOINNC pa3aciibl:

o HasBanue mabopatopHoii paboThI U €€ 11eTb;
o KuneMaTndeckas cxema MEXaHHU3Ma,
o Cxema Mozienii MexaHu3ma B rmakere SimMechanics;

. Hacrpotiku 6510k0B SimMechanics;
o PesynbraTel MOIETMPOBaHNS;
° ['padiku M3MeHEHUI KOOPAWHAT M MPOEKIUN CKOPOCTEH IIeHTpa

TAKCCTHU CXBAaTda HA KOOPAWMHATHBLIC OCH,

° MPOCKIIUK TPACKTOPUH LIEHTPA TSHKECTH CXBaTa Ha MIockocTu XY,
XZ,YZ;
° BriBOILI.
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4.4 BAPMAHTBI 3AJAHUI
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Tab6n. 4.3 BapuaHTtsl 3a1aHuit

Howmep JUINHBI 3BEHBEB, MM
bapuarta L1, MM Lo, MM L3, MM L4, MM Ls, MM 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 BOITPOCHI

1. CkonbKo cTeneHeil cBOOObI UMEET MOJEIUPYEMBI MaHUITYJISTOP U
CKOJIBKO TIPUBOJIOB ISl HETO HEOOXOIMMO HCIIOJIb30BAThH?

2. KakoBbl rabaputbl 30HBIl  OOCIYXHUBAHHUS  MOJEIUPYEMOIO
MaHUITYJISITOpa?

3. Kakue kuHeMaThyeckue TMapbl HUCIOJB3YIOTCS B MOJEIUPYEMOM
MaHUIyJIsATOpE?

4.Kak 3a1ar0Tcsl MaTpULbl NHEPLUUHU 3BEHHEB MAHUITYJIATOPA?

5. Kakue 0510k UCTIONB3YIOTCS ISl IOCTPOCHUS TPaduKOB U MPOEKIUI

TPAEeKTOPHUHU cXBaTa?

CIIMCOK MUCITOJIb30OBAHHOM JIUTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wMatemaTHke U
moaenupoBanuu / JIpsikonoB B.I1. TlomHoe pykoBojicTBO moib3oBarens - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MopaenupoBaHnne W BU3yalIHM3allds JBWKCHUA MEXaHHUYECKHX
cucteM B MATLAB: Yuebnoe nocodue / B.C.lllepbakoB, M. C. KopbIToB,
A.A. Pynmens u 1p.— Omck: Cu0A/IU, 2007. — 84c.

3. MogenupoBanne MeXaTpoOHHBIX cHcTeM B cpeae MATLAB
(Simulink / SimMechanics): ydeObHOEe mOCOOHME Il BBICHIMX YyYE€OHBIX
3aBenenuii / Mycanmumos B.M., I'.B. 3amopyes, .M. Kananeimuza u ap. —
CII6: HUY UTMO, 2013. - 114 c.

4.  MonenupoBanue nporeccoB u cucteM B MATLAB. YueOHbIit
kypc / Jlazapes FO.I1. - CII6.: ITutep, 2005, 511 c.
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Ilpunoscenue 4.1 Hacmpoiika 010Kk06

Hactpotiku 6;10ka Machine Environment

zw b— | Machine Environment

Machine Bexkrop [0 0 -981] m/s"2
Environment rPaBHTALHH
Hactpoiiku 611oxa Column
Mass: 1 kg =

Inertia: eye(3)

Position I Orientation I Visualization |

Show Port e Origin Position Uniits Translated from Components in

Port Side Vector [x y z] Origin of Axes of
& G [00.40] (m  ~|World ~ | World SR
V] left ~v|cst  [000] Im  ~|world ~ | world v ;
V] cs2  [00.80] (m | world ~ | world -

Hacrpoiiku 6;10xa Body

ycsdges2 [E

Podjem
Inertia: eye(3) kg*m~2 ~

Position | Orientation | Visualization |

Show P?rt ke Origin Position Units Translat_efl from Components in
Port Side Vector [x y z] Origin of Axes of
F G [00.4-0.15] (m v |world ~ | world - B
vl left  ~v|cs1  [00.40] (m  ~|world ~ | world v
7] cs2  [00.4-0.3] (m  ~|world ~ | world v
A cs1dges2 B
Renagl

Mass: 1

Inertia: eye@)

Position | Orientation [ Visualization [

Show P?rt e Origin Position Uniits Translat_efi from Components in
Port Side Vector [x y z] Origin of Axes of
F CG  [0.150.4-0.3] (m  ~|world ~ | world v |
vl left v|CS1  [00.4-0.3] (m  ~ | world v | world v |
Fl cs2  [0.30.4-0.3] (m  ~|world ~ | world v
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& csoilpes 1 8-
Roag
Mass: 1 kg v

Inertia: eye(3)

Position | Orientation | Visualization |

kgam/\z v

Show Port i Origin Position Units Translated from Components in
Port Side Vector [x y z] Origin of Axes of
sl G [0.40.4-0.3] (m  ~|world ~ | world v
vl Right v |CS1  [0.30.4-0.3] (m  ~ | world ~ | world v | %)
V] cs2  [0.50.4-0.3] m v world v | world | —
- cs2
s BB
HVAT
Mass: 1 kg v
Inertia:  eye(3) kg*m~2 ~ |
Position l Orientation | Visualization |
Show Port S~ Origin Position Units Translated from Components in
Port Side Vector [xy z] Origin of Axes of
[l G [0.50.4-0.3] (m | world ~ | world - B
V] cst [0.50.4-0.3] (m | world ~ | world Bl e
V] cs2  [0.50.4-0.34] (m  ~|world ~ | world 5| —
v left  v|CS3  [0.50.4-0.26] (m v | world ~ | world x| (*
R csgest
PALEC1
Mass: 1 kg %
Inertia: eye(3) kg*m~2 ~ I
Position | Orientation | Visualization |
Show Port Origin Position Z Translated from Components in
Port Side o Vector [x y z] it Origin of Axes of
[l G [0.5250.4-0.34] (m  ~|world ~ | world | B
& CS3  [0.55 0.4 -0.34] (m  ~|world v | world m| |
vl cs1  [0.50.4-0.34] m | world ~ | world = | =
V] left  v|cs2  [0.50.4-0.34] (m  ~|world v | world x| (B
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A csoigest [B-

PALEC2

Mass: 1

Inertia: eye(3)

Position i Orientation | Visualization 1

67

kg*m~2 ~

Show Port e Origin Position Uniits Translated from Components in
Port Side Vector [x y z] Origin of Axes of
F CG  [0.5250.4-0.26] (m ~ | world - | B
& left  v|CS3  [0.550.4-0.26] [m ~ | world v
v CS1  [0.50.4-0.26] (m ~ | world v
vl left  v|CS2  [0.50.4-0.26] (m ~ | world v
Hactpoiiku 6;10xa Ground
] Ground )
5 §'_ IMonoxenne [[0 0 0] | m
Ground Show Machine Environment port
Hacrpoiiku 6;10x0B JOINts
Weld
DT
Ock IBHKEHHA [0 0 0] Referens CS | World
Weld
Weld1
DHAT
— Ocp aBIKEHHA [0 1 0] Referens CS | World
Weld
5 F Cylindrical
CFI Ocp aBHKCHHA [0 1 0] Referens CS | World
Cylindrical Ochb IBHKCHHA 01 0] Referens CS | World
3 ‘F Revolute
|
Ocp ABHKCHHA [0 0 1] Referens CS | World
Hewolute
Revolutel
Ocp aBHKCHHA [ B 1 Reteonis G5 World
Revolute2|
OcHu aBHKCHHA [0 0] ReITEAECH World
Rewolute2
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F

Revoluted

Revolute3

Ochp IBHIKEHUA

[0 1 0]

Referens CS World

Hactpotiku 6moka Gear Constraint

F%F
N

Gear Constraint 1

Gear Constraint1

Pazmyc aeanTeIpHON OKPYKHOCTH BEAYIIETO H BEIOMOIO
KOJIEC

0.04110.04

- ,.\
*E_
Jont Actustor

Podlem

Actuation

Connected to
primitive:

Actuate with:

Hacrpoiika 6moxos Joint Actuator

P

[Motion

Position units:

Velocity units:

Acceleration units:

- -
-
Joht Actuator
powo Yy patev

Actuation

Connected to
primitive:

Actuate with:

[cm

[cm/s

Lcm/s"z

R1

{Motion

Angular units:

Angular velocity units:

[ rad

[rad/s

Angular acceleration units: [rad/s"z
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Hactpoiiku 6;10k08B Joint Sensor

[T Angle Units: |deg
Angular velocity Units: [radfs *]
("] Angular acceleration Units: |deg/s™2
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5. JIabopaTopHas padora NeS

KOMIIBIOTEPHOE MO/JEJIMPOBAHUE TEJIA, bPOIHUEHHOI'O
10 YI'JIOM K I'OPU3O0HTY, C IIOMOULIBIO ITAKETA
SIMMECHANICS CPEJIbI MATEMATHUYECKOI'O UMUTALIMOHHOI'O
BJIOYHOI'O MOJJEJIMPOBAHU S SIMULINK/MATLAB
Heap padoThl: MOCTPOEHUE MOJENIU ABMXKEHUS Tejla, OpPOILIEHHOTO IOJ
YyIJIOM K TOPU30HTY C Y4Y€TOM COIPOTUBIICHHUS CPENbl CPEACTBAMU IIaKeTa

SimMechanics  cpensl  MaTeMaTH4ecKOro  MMHUTAIIMOHHOTO  OJIOYHOTO

moaeaupoBanus Simulink/ MATLAB

5.1 BAJJAHME U TTOPSJIOK BBITTIOJTHEHU S TIABOPATOPHOM
PABOTDI

Ha puc. 5.1 mnpeacraBmeHa pacyeTHas cXeMa JIBH)KEHUS Tea,

OpOILLIEHHOTO MO YTIIOM K TOPU30HTY.

A
Y
_a
78 B4
N L
29 <7 b X T
. X
'g 8
_ W,

N N

Puc.5.1 PacueTHas cxema JABM)KEHUS Tesa, OPOILIEHHOTO MO YTJIOM K TOPU30HTY
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HcxonHple maHHBIC:
e Macca Tena m = 1(kr);

e HauanpnHas ckopocts Vo= 10 (m/c);
e VYrojg MeXIy BEKTOPOM Ha4YallbHOW CKOPOCTH M TOPU30HTAILHOU

MJIOCKOCTBIO 0 = 45°;

e VYrou MexXay IJIOCKOCTBIO Opocanus u ockio X - = 60°;

H:
e Koodpdumuent conporupnenus ozayxa 4 = 0.5 -

M

brnok-cxema mnporpamMmel JUIE  MOJEJIMPOBAHUS  PacCMaTPUBAEMOU
CHUCTEMBI IIPEJICTAaBICHA HA pUC.5.2.
X |Tn Workspace
h. ToWorkspace1
Tu Workspace2

1Al
JEA v
| XY XY
]
1
ordinates t—» @I
¢ g = cst B ﬁ” 1 >
Machine e ﬁcsz : XY zY
Environmert Ground B—‘ Body Sensor velocity
IC Custom Joint Body ~ —_ IEI
S Body Actuator »>
Joint Intial Condition acceleration XY ZX

» <0 STOP

Compare  siop Simulation
To Zero

Puc. 5.2 briok-cxema mporpamMmsbl, MOASIHPYIOIIEH JBUKEHNE Tela, OPOIIEHHOTO MO/
YIJIOM K TOPU30HTY, C Y4ETOM CONIPOTUBIICHHUS CPEIbI

B  oOmoke «Custom Jointy, MopaenupyoieM — HacTpauBaeMyro
KHHEMAaTHYECKYIO IMapy, 3ajaeM TPH MMOCTYIATCIbHBIC CTEIIEHNU CBOOOIBI (PHLC.
5.3). A B 6moxke «Joint Initial Conditiony 3amagum HadanbHYIO CKOPOCTH Tela

10 TPEM KOOPJIMHATHBIM OCsIM (puc.5.4).
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i Block Parameters: Custom Joint
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=]

Custom Joint

Represents general user-defined joint with multiple degrees of freedom. Connects two Bodies with
combination of prismatic, revolute, and/or spherical primitives. This Joint limited to maximum of six
DoFs: up to three rotational DoFs and up te three translational DoFs. First primitive attached to base
(B). Last primitive attached to follower (F). Listed order of primitives is order of metion during
simulation. Sensor and actuator ports can be added. Spherical primitive cannot be actuated. Base-
follower sequence and axes directions determine sign of forward motion.This joint becomes singular
if two prismatics or two revolutes align.

Connection parameters

mn

Current base: GND@Ground
Current follower: CG@Body

@
Number of sensor / actuator ports: 1] =

Farameters

Advanced

Name - Primitive Axis of Action [x y z] Reference CS

F1 - Prismatic > ([100]
P2 - Prismatic *|[010]
P3 - Prismatic *|[001]

(]
® .

Apply

[ 0K H Cancel H Help ]

Puc.5.3 Uurepdeiic 6moka «Custom Jointy

"I Block Parameters: Joint Initial Condition

]

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(pi/3))  |m/s -

il P2 0 10*(sin(pi/4)) my's -

il F3 0 10%(cos(pi/4))*(sin(pi/3)) | m/s -
[ OK ] ’ Cancel ] ’ Help ] Apply

Puc.5.4 Vurepdoeiic 6moka «Joint Initial Condition»

C nomompio OmokoB «Body Sensor» (puc. 5.5) u3MepuM NpOEKIUH

CKOPOCTH, KOTOPBIC 3aTCM MHCIIOJIIB3YCM I pPacucTra CHJIbI COIIPOTHBJIICHHUA

BO3/lyXa M MOCTPOCHUS MPOCKIIMU TpaeKTopHuH Ha TuiockocTH XY (puc.5.6), ZY

(puc.5.7), ZX (puc.5.8).
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"4 Block Parameters: Body Sensor )

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) 'l
Position [x;y;z] Units: [m 'l
Velocity [x';y';2'] Units: [m,"s ']
[] Angular velocity [Rx';Ry';Rz'] Units: | deg/s

[] Rotation matrix [3 x 3]:

Acceleration [x";y";z"] Units: [m{s“z -

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

Output selected parameters as one signal.

[ oK ][ Cancel H Help Apply

Puc.5.5 Unrepdeiic 6moka «Body Sensor»

(4] XY XY = | 1o |2
XY Plot
4
3.5
3
2.5
@
I 2
-
1.5
4
0.5
0
0 1 2 3 4
X Axis
Puc.5.6 ITpoekius TpaeKTopuu ABUKEHUS Ha MIOCKOCTh XY
4] xy zv GSREEN X
XY Plot
6
5
4
2
%3
>
2
1
0
o 1 2 3 4 5 6
X Axis

Puc.5.7 Ilpoexius TpaeKTOpUu ABUKEHUS Ha MIOCKOCTh ZY
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& XV ZX =] )
XY Plot
6
5
4
o
<3
>
2
1
0
0 1 2 3 4 5 6
X Axis

Puc.5.8 IIpoekuust TpaeKTOpUHU ABUKEHUS HA TUIOCKOCTh XZ

Ha puc. 5.6 u 5.7 BumHO, 4TO M3-3a CONMPOTHUBJICHUS BO3Ayxa mapadosa
MMEET HE CUMMETPUYHBIE BETBH.

[Moctpoum npoeknmu koopauHat Ha ocu X, Y u Z (puc.5.9).

z' ccordinates ==

20 |®vt O%% 0a% .

Puc.5.9 Tlpoexunu koopauHat Ha ocu X, Y u Z

[Toctpoum npoekiuu ckopoctedi Ha ocu X, Y u Z (puc.5.10).
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20| <% 2 as

[Ipoexunn
XapaKTEPUCTUKY W3-3a COMPOTHBJICHHUS Bo3ayxa. I[lo ocum Y rpaduk Toxe
yOBIBa€T, HO TOPA3/0 OBICTPEE, YEM MO JPYTHUM OCSIM, TaK KaK B JAHHOM CJTy4ae
YMEHBUIEHUIO CKOPOCTH KPOME CONPOTUBIIEHUS BO3JyXa €lle CIOCOOCTBYET
CUJIa TSKECTH

C momoripio 65okoB «To Workspace» (puc.5.11) BbiBeneM B pabouce

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

ckopocTei Ha ocu X U Z UMEKT

IIPOCTPAHCTBO IPOTPaMMBbI ITIEPEMEHHBIE X, Y U Z.

[TocTpouM TpexMepHYIO TPAEKTOPHUIO, IPUCBOUB IMEPEMEHHBIM X, Y U Z B

paboueM MpOCTPaHCTBE MPOrPaMMbl 3HAYEHUS] COOTBETCTBYIOLIUX KOOPAMHAT

yOBIBAIOIIYIO

4 Sink Block Parameters: To Workspace |
To Workspace
‘Write input to specified timeseries, array, or structure in a workspace. For menu-based
simulation, data is written in the MATLAB base workspace. Data is not available until the
simulation is stopped or paused.
To log a bus signal, use "Timeseries" save format.
Farameters
Variable name:
x
Limit data points to last:
inf
Decimation;
1
Save format: [Array 'I
Save 2-D signals as: [B—D array ( along third di 1) ']
Log fixed-point data as a fi object
Sample time (-1 for inherited):
-1
g- [ 0K ] [ Cancel ] [ Help ] Apply

Puc.5.11 Nurepdeiic 610ka «To Workspace»
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MaTepuaJbHOW TOYKM W 3a7aB B KomaHaHoM okHe MATLAB komanny

«plot3(z,x,y,'r-"),grid» (puc.5.12).

4] Figure 1 = | E )

File Edit View Insert Tools Desktop Window Help L]

j_jH-fs‘? b +\-_\-{ﬂ?@£' @J O0E| =@

25 -

1.5

0.5

0.5 ﬁ\'\r//‘r_/——w
4
o 2 Pl 3

Puc.5.12 TpexmepHas TpaeKTOpUsl MaTepUaIbHON TOUKU

Takum o00pa3om, B xoje JiabopaTopHOM paboThl OblLIa pazpaboTaHa
MOJIeNIb Tejia, OpOIIEHHOTrO IMOJ YIJIOM K TOpU30HTY. Takxke B MoJenu
YAHUTHIBACTCS CONTPOTUBIICHUE CPEIBI.

5.2 COIEP)KAHUE OTYETA

OT4YeT OJKEH COoIepkKaTh CISAYIONINE Pa3/ebl:

o HasBanue nabopaTopHoii paboThI U €€ 11eJ1b;

o PacueTtHass cxema O0O0BEKTa MOJEIUPOBAHUS C YKa3aHUEM

MCXOJTHBIX 3HAYCHUM U MTapaMeTpPOB;

o Cxema Moienii MexaHu3ma B rmakere SimMechanics;

. Hacrpotiku 6110k0B SimMechanics;

o PesynpTaThl MoOJenMpoBaHUS B BHUAEC BPEMEHHBIX TIpaduKOB

KHHEMATHYECKUX XapaKTePUCTUK MOJCIUPYEMOTO O0BEKTA;

o MPOEKIHU TpaeKTopuu Tena Ha miockoctu XY, XZ, YZ;
o IIPOCTPAHCTBEHHAs TPACKTOPHSI MOJIETa Tela;
° BriBopI.
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5.3 BAPMAHTBI 3AJJAHUN
Tab6n. 4.3 BapuaHTtsl 3a1aHuit

No BapuanTa 1 2 3 4 5 6 7 8 9

Monaynb 10 20 30 15 25 35 40 45 5
HavyaJlbHOUI

CKOpOCTH TeJa,

Vo, M/c

Yron o 40 60 35 55 50 45 65 30 46

Yron 45 30 40 35 60 30 55 60 50

Macca tena, m, | 1.5 0.8 0.6 0.5 1.2 0.2 0.3 0.4 0.7
KT

Koadduruent 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1
COTIPOTHUBIICHUS
H-c
cpensl, [, :

5.4 KOHTPOJIbHBIE BOITPOCHI

1. Kak o0ecneunuTb BO3MOXHOCTH MOJIETUPOBAHMS  JBHYKECHUS
CBOOOJTHOTO TeJia B MPOCTpaHcTBe B makere SimMechanics/MATLAB?

2. Kak mOCTpOuTh MPOCTPAHCTBEHHYIO TPACKTOPHIO TIOJIeTa Tena,
OpOILIEHHOTO MO/ YTIOM K TOPU30HTY?

3. Kak onpenenuts MaKCUMaJIbHYIO BBICOTY TOJIETa TeJa?

4. Kak onpeeinTh MaKCUMaJIbHYIO JaTbHOCTh TOJIETA Tena?

5. Kakoe BiausiHME OKa3bIBa€T CONPOTHUBIICHME BO3JyXa Ha IIOJET TeEla,

OpOIIEHHOTO MO/ YIJIOM K TOPU30HTY?

CIIMCOK UCITOJIb30OBAHHOM JINTEPATYPHI
1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wMmarematuke w
moaenupoBanuu / JIpsikonoB B.II. TlomHoe pykoBosicTBO momib3oBarens - M.:
COJIOH-IIpecc. — 2003. — 576 c.
2. MonenupoBaHiue ¥ BH3yalu3alUs JIBMKECHUH MEXaHUYCCKUX
cucteM B MATLAB: Yuebnoe nmocodue / B.C.Ilep6akos, M. C. KopsIToB,
A.A. Pynmens u np.— Omck: CubA /1IN, 2007. — 84c.
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3. MoaenupoBanue MeXaTpoHHbBIX cucrem B cpene MATLAB
(Simulink / SimMechanics): yueOHOe mOcOOME JUIsi BBICHIMX YYEOHBIX
3aBeaennii / Mycanumo B.M., I'.b. 3amopyes, W.M. Kamaneimuna, u ap. —

CII6: HUY UTMO, 2013. - 114 c.

4. MonenupoBanue mporeccoB u cucteM B MATLAB. VYueOnbIi

kypc / Jlazapes FO.I1. - CII6.: [Tutep, 2005, 511 c.
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6. JABOPATOPHAS PABOTA Ne6
MOJIEJTMPOBAHUE ®PUKIIMOHHBIX ABTOKOJIEBAHUI

Heas padorbl: pa3paboTka MOporpaMMbl  JJIE  KOMIIBIOTEPHOT'O

MMUTAMOHHOTO MOJEIHPOBAaHUSA (PPUKLIMOHHBIX aBTOKOJEOAaHUl B cpele

SimMechanics/MATLAB.

Jlnst  BO3HUKHOBEHUS — (DPUKYUOHHBIX — A8MOKoNebaHuli  HEOOXOIUMBI
YCIIOBHUS, TIPUCYIIHE aBTOKOJEOATEIBHBIM CHCTEMaM. OTHM  YCIOBHSIM
COOTBETCTBYET HAJIMYKUE B CHUCTEME HCTOYHMKA SHEPIMU HEK0JIeOATEIbHOTO
XapakTepa, KojeOaTeNbHOM CHCTEMBI, KJIAMaHHOTO MEXaHU3Ma, MOJAr0UIEro
MOPITUSIMH SHEPTHIO B KOJIEOATEIbHYIO CUCTEMY, U 00OpaTHOM CBS3H.

PacueTHas cxema nccneayeMon CUCTEMBI MPEICTaBIIeHa Ha puc. 6.1.
Temo Maccod M HAXOAWUTCA HA NOABWKHOW JICHTE, JBUXKYIICHCS C

MOCTOSIHHOM CKOPOCTh V, U yAEepKUBAETCS MPYKUHON KecTKOCThi0 C. Mexay

H

¥

TEJIOM Y JIEHTOM JIEUCTBYET CUJIA CyXOr0 TPEHHS.
c
—VVWWA— m

VT,
&/ Y
/L

'

Puc.6.1 PacueTHas cxema

Hcxomurie naHHbIe:

m = 0.5 kr - macca Tena;
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¢ = 10 H/M - k03 bUIIUESHT KECTKOCTH MPYKUHBL;
lo = 0.3 M — HauanbHas AIMHA HeIe(HOPMUPOBAHHOMN TPYKUHBI;
V = 1 M/C — CKOpPOCTb JBWIKEHUS JICHTHI;

f=0.5 ko3 durpieHT CyxX0ro TpeHusI.

6.1 IIOPAIOK BBITIOJIHEHM A PABOTHI
Ha puc.6.2 npencrapiieHa 010K-CXeMa MPOrpaMMBbI JjIsl MAaTEMATUYECKOTO
MOJICTTUPOBAHUSI pacCMaTpUBAaeMONl MEXaHWUYECKOH CHUCTEMBI, peau3yrolIen

dpuknroHHBIE aBTOKONEOanus, B cpene SimMechanics/MATLAB.

cG Mpcs1 R

Wertikal Mapr

Body Sensor

Machine

Environment Ground1 37 =

1
5

Body Spring & Damper

CG MgCS2 |5

Gorizontal Mapr

CNann|Ed)acn

Prismatic1

Integrator

5
. !—;tegratnﬂ Joint Actuator Joint Actuator > []| Joint Inttial Condtion
Cuna TpeHua v
Constant P %/‘ ]
- i L[
Fr ocCn
Product| »

Puc.6.2 braok-cxema nporpammsr B cpeze SimMechanics/MATLAB

HacTpoiiku Bcex OJIOKOB, HCIIOJIB30BAHHBIX B CXEME MOJEIUPOBAHMS
paccMaTpuBaeMOW CUCTEMBI, MpecTaBieHbl B [ Ipunoxennn 6.1.

PaccmoTpyMm M npoaHamu3upyeMm pe3yJsbTaTbl MOAEIUPOBAHUSA B BHUJC
rpauKoB 3aBHCHUMOCTEH OTHOCHTENIBHBIX M aOCOJIOTHBIX KHMHEMAaTHYECKUX
XapaKTEpUCTHK IOJI3yHA.

Ha puc.6.3 npencrasnen rpaduk abCOTOTHOTO IEPEMENICHHSI TOI3YHA.
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AN - oIl
89 Qwd DNE BaFs «

005 — : _

Puc.6.3 I'paduk abCconoTHOrO NEpeMELIECHHS MOI3yHa

N3-3a NEeNCTBUA IIPYKUHBI NIOJI3YH NEpPEMEIAETCS o
KBa3UT'APMOHMUYECKOMY 3aKOHY B IIpelenax OJHONO M TOr0 e Juarna3oHa
KOOpAMHAT BJIOJb OCH X.

Ha puc.6.4 npeacrasiieH rpaduk OTHOCUTENIBHOTO IEpEMEIICHUS

MOJI3YHA.

onn o
20 aw< i %R Das 1

2

Puc.6.4 I'padux OTHOCUTETHHOTO NEpEMEIEHUS TIOJ3YHA

OTHOCHTENHEHO IIBH)KyH.ICﬁCfI JICHTEI IIOJI3YH CMCIIACTCA BJICBO, TaAK KakK

OHa ABMIKCTCS BITPABO.
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Ha puc.6.5 npencrasien rpaduk abCOIOTHON CKOPOCTH MOJI3YHA.

ACN - D
AL B

1.5

Puc.6.5 I'paduk aOCOMOTHON CKOPOCTH MOJI3YHA
AOCOIIOTHAs CKOPOCTh TOJI3yHA KOJIEOJETCS OTHOCHUTENIBHO HYJIS, TaK
KaK IMOJI3yH CHaualla JBMKETCS C HAINIPABIIAOUIEH BIPABO 3a CUET CUJIIbI TPEHMUS,
a 3areM, IOCJIE€ TOro, KaK CUja HATSHKEHUS MPYKWHbI HAYMHAET MPEBBIIIATH
CWIIy TpPEHHUS, OH MEpEeMEIIaeTcsl YK€ MOJ JEHCTBUEM NPYKUHBI, KOTOpas
BO3BPAILAET €r0 B UCXOIHOE MOJIOKEHHE, BIIEBO.
Ha puc.6.6 npeacrasieH rpaduk OTHOCUTENBHONW CKOPOCTH MOJI3YHA.

ocn - O s
Selai ORNREaF -

05

Puc.6.6 I'paduix oTHOCUTEIHHONM CKOPOCTH MOJI3YyHA
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OTHOCUTEIBHO ,HBHX(YIHCfICH BITPAaBO JICHTEI CKOPOCTL II0JI3YHAa MCHACTCA

OT HYJICBOT'O 3HAYCHUA 1O OTPULATCIBHOI'O 110 KBAa3UT'apPMOHHYCCKOMY 3aKOHY.

BbiBoj: B X0/1e JaHHOM J1abopaTopHOU paboThl pazpaboTaHa MporpaMmmy

JUTISL MAaTEMATUYECKOTO MOJIEIMPOBaHUs (DPUKIIMOHHBIX aBTOKOJIEOAHUH B cpesie

SimMechanics/MATLAB, noctpoenbl rpaduku abCOMIOTHOTO MEePEMEIICHNS,

OTHOCHUTCIIBHOT'O IICPCMCIICHUA, a0COJIIOTHOM CKOpOCTH H OTHOCHUTEJIbHOM

CKOPOCTH JaHHOTO TCJIa.

6.2 COOEPXKAHUE OTUYETA

Otuer AOJDKCH COACPIKATDh CIICAYIOINNC pa3aciibl:

Ha3zBanwue 1abopaTtopHOii pabOThI U €€ 1IeITb;

PacuyetHas cxema OOBEKTAa MOJCIHUPOBAHUS C yKa3aHUEM
HCXOIHBIX 3HAUYCHHH U TTapaMeTPOB;

CxeMa Mozen MexanusMma B makere SimMechanics;

HacTtpoiiku 61okoB SimMechanics;

Pe3ynbpratel MOACIMPOBAHHS B BHIC BPEMEHHBIX TIpaduKOB
KHHEMATHYECKUX XapaKTEPUCTUK MOJEIMPYEMOro 0OBEKTa,;

BriBoHL.
6.3 BAPUAHTBI 3AJIAHUI

Tab6n. 6.3 BapuanTtsl 3a1anuit

Ne BapuanTa

1 2 3 4 5 6 7 8 9

Ckopoctb
JIEHTHI, V, M/c

10 20 30 15 25 35 40 45 5

Macca tena, m, 15 0.8 0.6 0.5 1.2 0.2 0.3 04 0.7

KI'

Koapduuument | 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1

CYXOT0 TPEHHS

f

6.4 KOHTPOJIBHBIE BOITPOCHI

1. Kak obecrneunth BO3MOKHOCTH MOJICITUPOBAHHUS CYXOro TPEHHS B

nakere SimMechanics/MATLAB?
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2.Yto Takoe aBTokosiebaHusaA? Kakue mnpumepbl aBTOKOJIEOATEIBHBIX
CUCTEM BbI 3HaeTe?

3. Otuero BO3HUKAIOT (PpuUKIKUOHHBIE aBTokoyeOanus? IlpuBeaute
npuMepbl GPUKIIMOHHBIX aBTOKOJICOAHMIA.

4. Yto sBISETCS UCTOYHUKOM DHEPTHHM HEKOJIEOATEIHHOTO XapakTepa B
MoJIeIUpyeMou cucrteme?

5. C xako# 4acToToi MpoucxoasiT (GPUKIIMOHHBIE aBTOKOJIeOaHUs?

CIIMCOK UCITOJIb30BAHHOM JIUTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wMmarematuke w
mozaenupoBanuu / JlpsikonoB B.II. IloaHoe pykoBOACTBO moJib3oBatelns - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MonenupoBanue ¥ BH3yalu3alus JIBMKECHUH MEXaHUICCKUX
cucteM B MATLAB: Yuebnoe nocodue / B.C.lllepbakoB, M. C. KopbITOB,
A.A. Pynmens u nip.— Omck: CubAJIU, 2007. — 84c.

3. MopgenupoBanue MeXaTpoHHbBIX cucremMm B cpene MATLAB
(Simulink / SimMechanics): y4yeOHOe TmOCOOHME I BBICIIMX YYE€OHBIX
3aBeneHuit / Mycanumo B.M., I'.b. 3amopyes, N.M. Kananeimuna, u ap. —
CII6: HUY UTMO, 2013. - 114 c.

4, MopenupoBanue mporeccoB u cucteM B MATLAB. VYueOHbri

kypc / Jlazapes FO.I1. - CII6.: ITutep, 2005, 511 c.
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Ilpunoscenue 6.1 Hacmpoiiku 610K06

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] | mjs~2 v
[ nput gravity as signal

Machine dimensionality: |Auto~detect - |
Analysis mode: | Forward dynamics - |
Linear assembly tolerance: |1e—3 | |m - |
Angular assembly tolerance: |1e—3 | |rad - |
Configuration Paramelers...| o
| 0K | | Cancel | | Help | Apply

Ground

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

Parameters

Location [x,2]: |[000] Cm -

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.

Farameters

Location [xy,Z]: |[—3[] 1 0] | |cm v|

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: GHND@Ground
Current follower: CG@Gorizontal Napr
[«]

Mumber of sensor [ actuator ports: |1 | 5
Parameters

Axes | Advanced

Name Primitive Axis of Action [x vy z]

Pl 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. Qutput is a Simulink signal. Multiple output signals can be bundled into one signal.
Measurements
With respect to CS: Absolute (World) -
Position [x;y;z] Units: |cm - |
Velocity [x';y";2'] Units: |cmf5 - |
[ Angular velocity [Rx';Ry';Rz'] Units: deg/s =
[] Rotation matrix [3 x 3]
[ Acceleration [x";y";z"] Units: mfs"2 -
] 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):

! e

| ok | Cancel | Help
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Connection parameters

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

Current base: GND@Groundl
Current follower: CG@Ver. Napr
[«]
Mumber of sensor / actuator ports: ‘ | | =
Farameters
Axis of Action [x y z]
[-101 0] v
>
OK | ‘ Cancel | | Help | Apply

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 'l
Inertia: |eye[3) | ||‘9*""AZ v|

Position | Orientation | Visualization |

Show Port Name 0Origin Position Units Translaiie!i from Components in
Port Side Vector [xy z] Origin of Axes of
o Left - CG [-301 0] cm | world - | World -
| Right ~ CS1  [-3010] cm | world - | World -
] Right ~ €S2 [-3020] cm | World ~ | World -
] Right ~ CS4 [-3040] cn v | World ~ | world - | *
] Right —~+ CS5  [-30-20] cm v | World ~ | World - 3
| Right ~ CS3 [-3000] cm  *  World ~ | World -
W
OK | | Cancel | | Help | Apply

Body Spring & Damper
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Body Spring & Damper

Models a damped linear oscillator between 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*v. 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: em/s -
Force: ‘mN - |

0K ‘ ‘ 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 P1 v
primitive:
Actuate with: |Generalized Forces - |
Applied force units: |rnN - |
0K | | Cancel | | Help | Apply
Product
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x
Product ~
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

Number of inputs:

2 |

Multiplication: | Element-wise(.™) - |

Sample time (-1 for inherited):

1 |
0 | oK || 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

MNumber of sensor [ actuator ports: |3 |

[

Parameters

Axis of Action [x y z]
[100]

oK || Cancel | Help | Apply |

Polzun
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X
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) | kgTmr2 ~ |
Position | Orientation | Visualization |
Show Port Name 0Origin Position Units Translated from Components in
Port Side Vector [x y z] QOrigin of Axes of
Ci Left G [010] em  ~|World ~ |Warld -
] Right cse  [010] cm  *  World ~ | World -
1 Left cs1 [-200] cm  *  World ~ | World -
H| Right cs2  [-220] em  + | World ~ | world ~|| *
] Right CS3  [220] cm ~ | World - | World - 3
] Right css  [z200] cm v |Wiorld ~ | world M
V| Right cs4  [000] cm v | World ~ | wiorld v
W
oK || cancel | Help | Apply |
Constant
X
Constant

same dimensions as the constant value.

Main | Signal Attributes

Output 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:

|ir1f

7] oK || cCancel ||

Help | Apply

91
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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|
Tnertia: | eye(3) | kg*m~2  ~|
Position | Orientation | Visualization |
Show Port Hame Origin Position Units Translated from Components in
Port Side Vector [xy z] Origin of Axes of
4 left >~/ cc  [000] om v | World ~ | World M
] Right ~+ CS1 [-900] em  * World ~ | World -
| Right ~»|/CS2 [1000] cm v World - | World -
H| Right ~+ Cs3 [-2500] cm | world ~ | world «| | |®
L ]
W
oK | | 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
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

primitive: | Fl

Actuate with: Motion

Position units: |cm

Velocity units: |cmf5

Acceleration units: |crnf5“2

| OK | Cancel || Help

Integrator
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X
Integrator 6

Continuous-time integration of the input signal.

Parameters

External reset: |none - |

Initial condition source: |internal - |

Initial condition:
L |

(] Limit output

Upper saturation limit:
inf

Lower saturation limit:
-inf

[| Show saturation part

[ | Show state port
Absolute tolerance:

| auto

[] 1gnore limit and reset when linearizing

Enable zero-crossing detection

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

| N

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

Enable

Primitive

Integratorl
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Integrator

Continuous-time integration of the input signal.

Farameters

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

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

State Mame: (e.g., "position’)

g | OK | | Cancel | | Help | Apply
Mux
x
Muzx 2
Multiplex scalar or vector signals.
Farameters
Mumber of inputs:
E |
Display option: |har - | w
g | QK | | Cancel | | Help | Apply

94
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Joint Sensor

Measures linear/angular position, velocity, acceleration, computed
force/torque and/for 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:
Pasition Units: |cm - |
Velocity Units: |cmf5 - |
Acceleration Units: |cmf5“2 - |
] Computed force Units: 1 -
Joint Reactions
[ Reaction torque Units:  MN*m -
Reaction force Units: M - |
Reaction measured B
on: | |
With respect to CS: | Absolute (World) -

[ | Output selected parameters as one signal.

| OK || Cancel || Help | Apply
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7. JlabopaTopHasi padora Ne7
KOMITIBFOTEPHOE MOJEJIMPOBAHUE JTUHAMUYECKOI'O

TACUTEJISI KOJEBAHUI B ITAKETE SIMMECHANICS CPEJIbI
MATEMATNYECKOI'O UMHUTAIIMMOHHOI'O BJIOYHOI'O
MOJIEJIMPOBAHU A SIMULINK/MATLAB

Hesanb: o3HaKOMUTBECS C TakeToM pactmpenus SimMechanics cpembt
MaTeMaTu4ecKOro UMHTAIIHOHHOTO OJ04YHOTO MOJICITUPOBAHUS
Simulink/ MATLAB ©Ha mnpuMepe MOJCIMPOBaHUS IMporecca pabdoThI

JTUHAMUYECKOTO TaCUTEIS KOJIEOaHU.

7.1 IIOPAIOK BBITIOJIHEHW A PABOTDI

Ha puc.7.1 npeacraBiena pacdy€THas cxema CUCTEMbl JUHAMUYECKOIO
racuTelss KojieoaHui.

y

/711 /17>
L (> X

Puc.7.1 PacuérHas cxeMa CUCTEMBI C JUHAMUYECKAM TaCUTENIEM KoleOaHui

HUcxonHble TaHHEIE:

m; = 1 (Kr)— macca 0OCHOBHOTO Tena;

Cy =100 (H/M) — xoadhurineHT %KECTKOCTH OCHOBHOMU PYKUHBL;

m, = 0.1 (Kr) — macca JUHAMHYECKOTO TaCHUTEIS;

C, =10 [H,/ ) — KOOPOULHEHT KECTKOCTH NPYKUHBI TUHAMUYECKOTO
racuTeIs;

w = 10 (¢™1) — yacToTa BHEIIHErO CHIOBOIO rAPMOHHIECKOTO
BO3MYIIAIOIIETO BO3/ICUCTBUS;

Fy =10 (H) — ammumTyaa BHEITHETO CHIOBOTO TAPMOHHYECKOTO
BO3MYIIIAIOUIETO BO3/ICUCTBUS.

Ha pwuc.7.2 npencraBieHa  OJok-cxema  MOJIEIM  OCHOBHOU
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K01e0aTeJIbHOM CHUCTEMBI, COCTOSIIEH W3 OCHOBHOTO TeJla Maccol Mp; u
YIOPYroro 3JIeMeHTa >KecTKOCTho Ci1, HaXOsAIIecs 1Mo NeMCTBUEM BHEIIHEN
rapMOHMYECKON BbIHYXmaromme cuibl P(t)=Py sin(mt), 6e3 wucrmonb3oBaHus
JAHAMUAYECKOI0 TaCUTENA KoJIe0aHUH. CobcTBeHHas 4acToTa

paccMaTpuBaeMOUN CUCTEMBI paBHA

C 100
p= ’—1= |— =10 (c™1).
my 1

IC

Joint Initial Condition

Sine Wave

%

wg— B —E@T B -] dco QCS*S Body Actuatort Constant
Machine I CS6 § B - aca G
roul

Environment Ground Weld Vertical Demphi oe telo I
- - Ground1
Prismatic Demphiruyschee telo
Prismatici
L IC

Joint Spring & Damper Joint Sensor2 ;
Qj)/‘ Joint Intial Condition1

Joint Spring & Damper1

Joint Sensort  Scoped

Scope?

Puc.7.2 brok-cxema Jij1s1 MOJIEIMPOBAaHUS BBIHYKICHHBIX Koliebanuii Tena B SimMechanics

Tak kak vactora =10 BeIHYXHaromield rapmonudeckoit cuibl P(t)=Po
sin(ot) paBHa COOCTBEHHOH dYacTOTe KoyiebaTenbHON cucreMbl P=10, TO
BO3HMKHYT pe30HaHCHble KojeOanuss. Ha pwuc.7.3 mnpencraBien rpaduk

HapaCTaromMnuX pC30HAHCHBIX KoJIeOaHMIT OCHOBHOT'O TeJla MacChl ms.
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Puc.7.3 I'paduk HapacTarommx pe30HaHCHBIX KOJIe0aHU OCHOBHOTO Teja

be3 ramenus konebaHMii B cHCTEME PE30HAHCHBbIE KojiebaHus OynyT
HEOTrpaHWYEHHO HapactaTh. Jlns uX mnonxaBneHuss OyAeM HCIOJIb30BaTh
JUHAMUYECKMH  TacuTelb B BHUJEC  JIOMOJHUTENBHOW  Maccel My,
NPUCOETUHIEMON K OCHOBHOMY Ty IIOCPEICTBOM YIPYroro 3JeMeHTa
KecTKOCcThi0 Cp. 3HAUEHUs MAcChl U KECTKOCTU JIMHAMUYECKOTO TaCUTEIs
KoJeOaHu MTOJDKHBI 00ecrevynBaTh MapIHAIbHYI0 YacTOTy (COOCTBEHHYIO
YacTOTy TMpPH HEMOJBIKHOHW Macce Mj), paBHYI YacTOTE () BBIHYKIAIOIICH

CHIJIBI:

Torma kosie0aHWsT AMHAMUYECKOTO TacUTENsl YpaBHOBECAT JCHCTBHE
BBIHYKIAIOIICH CHIIBI M TEM CaMbIM YCTPaHAT K0JICOaHHSI OCHOBHOTO TeJa.
Ha puc. 7.4 mnpencraBieHa OJOK-CXeMa, MOJCIHUPYIOMIAs CHCTEMY

ITUHAMUYECKOT0 racureid kojebannuii B SimMechanics/ MATLAB.

- S
IC I
o Inial Condition + IE
*
T T ] -

E
10 Sy W
|||rrib(-] IE e
Kachina -
Wiedd

e Giround

Bree Acsiamer 1 Caoratart

|

] Demphinsysches o

| Denpheurs b

. [1c

Jort Spng & D Joink S ?

Puc.7.4 BJ'IOK-CXCMa, MoACIIMpyromas CUCTCMy JUHAMHUYCCKOT'O TaCUTECIIA KoJIeOaHUI B

SimMechanics/MATLAB

Hacrtpoiiku wucnonb3yemMplx B MOJAEIHW OJIOKOB TMPEACTABICHBI B

[Tpunoxenun 7.1
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Ha puc. 7.5 npencraBineH ¢parMeHT aHMMAIlMd MOJIETH B OKHE

MATLAB B npou3BoJIbHbIF MOMEHT BPEMEHH.

Puc.7.5 ®parmMeHT aHUMaIMKM MOJICIMPOBAHUS TUHAMUYECKOIO TacUTENsl KoJeOaHUH B OKHE
MATLAB

I'paduk Koredanuii OCHOBHOTO TeJa MPEACTABIECH HA puUC. 7.6.

Puc.7.6 I'paduk koneGaHuii OCHOBHOTO Tea

K 6 cexynmam KojebaHUs TIOJHOCTBIO 3aTyXaroT, CIIe0BATEIBHO,
ranieHue MPOUCXOIHT.

JluHaMu4yecKkuii racuTeNb MOCie OCTAHOBKM OCHOBHOTO TeJla KOJIebeTcs ¢
nocTossHHON amrumatyaou A, (puc7.7). Ilpudyem 3HavYeHHE STOW aMILTUTYIbI
TaKOBO, UTO BEJIMYMHA YIIPYTrOW CHUJIbI JOTOJHUTEIBHON MPYKUHBI )KECTKOCTHIO
C, KoMIIeHCHpYeT BeIHY X 1aromyo cuiny P(t):

Po =CoAz;
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10=10*1.

Puc.7.7 I'paduk koneGaHuil TMHAMUYECKOTO racUTENs KoueOaHui

Takum 06p330M, IIOJIyd€Ha MOACIb IIponccCa TMHAMHUYCCKOI'O I'allICHUA

KOJIe0aHui

cpeacTBaMu  makera pacmmpenus — SimMechanics  cpensr

MaTCMaTH4YCCKOI'O HNMHUTAaIUOHHOTI'O 0JI0YHOTO MOACIUPOBAHUA

Simulink/ MATLAB.

7.2 COJEP)KAHUE OTYETA

OTyeT J0JDKEH coaepKaTh CISAYIOIIUE pa3Iesbl:

Ha3Banue 1abopaTopHO# pabOTHI U €€ IeIIb;

PacuetHast cxema 00BEKTa MOJACITUPOBAHUS C YKa3aHHEM
WCXOJIHBIX 3HAYCHHI U ITapaMeTPOB;

CxeMa Mozeim MexanusMa B rmaxkere SimMechanics;

HacTtpoiiku 6;okoB SimMechanics;

PesynbpTarel MomenupoBaHHMST B BHJIE BPEMEHHBIX TIpadUKOB
KHHEMAaTHICCKUX XapaKTePUCTHK MOJICITHPYEMOTO O0BEKTA,;

BriBongl.
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7.3 BAPUAHTBI 3AJIAHUH
Tab6n. 7.3 BapuaHTsl 3a1aHuit
Ne Bapunanra 1 2 3 4 5 6 7 8 9
Macca 15 0.8 0.6 0.5 1.2 2.2 3.3 1.4 3.7
OCHOBHOI'O

Tenma, My, KT

Koaddurnment 150 200 80 220 250 300 350 280 180
s)xkectkoctu Ci,
H/m

Amiuutyna 15 20 25 8 12 28 30 5 22
BBIHYXAIOIIEH
cubl Po, H

7.4 KOHTPOJIbHBIE BOITPOCHI
1./l yero UCONB3YIOT TMHAMUYECKOE TallleHUE KOJeOaHU?
2.3a cYeT 4ero MPOUCXOIUT JUHAMUYECKOE TallleHne KOJIeOaHmit?
3. Kak mpaBuiIbHO HACTPOUTH TMHAMUYECKUI TacUTENb KOJIEOaHit?
4. Kakoe BiusHHME OyAeT OKa3bplBaThb BS3KOE CONPOTUBJICHHE,
JEHCTBYIOLIEE B KOJIEOATEIbHON cucTteme?
5. KakoBa Oyaer amMmiuTyabl KoyieOaHMM JMHAMUYECKOTO TaCHUTEIs

[OCJIE MTOIABJIEHUS KOJIcOAHWIT OCHOBHOU MacChI?

CIIMCOK UCITOJIb30OBAHHOM JIUTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wMarematuke u
moaenupoBanuu / JIpsikonoB B.II. TlomHoe pykoBozcTBO momib3oBarens - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MonenupoBaHue W BH3yalu3alus JIBMKECHUH MEXaHUICCKUX
cucteM B MATLAB: Yuebnoe nocodue / B.C.lllepbakoB, M. C. KopsIToB,
A.A. Pynmens u np.— Omck: CubA /1N, 2007. — 84c.

3. MogenupoBanue MeXaTpoHHbBIX cucremM B cpene MATLAB
(Simulink / SimMechanics): yueOHO€ TOCOOME JUIsi BBICHIMX YYEOHBIX

3aBeneHuit / Mycanmumo B.M., I'.b. 3amopyes, .. Kananeiimuua, u ap. —

CII6: HUY UTMO, 2013. - 114 c.
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4. MopenupoBanue mporeccoB u cucreM B MATLAB. YueOHubrit

kypc / Jlazapes KO.IL. - CII6.: TIlurep, 2005, 511 c.
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ITPUJIOXXEHUE 7.1 HACTPOMKA BJIOKOB

Joint Initial Condition, Joint Initial Condition1

Block Parameters: Joint Initial Condition
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
iF1 0.05 m 0 m/s -
W
Cancel Help Apply
OcHosHoe meo
Mass properties
Mass: |1.5 | kg v
Inertia; |eye(3) | kg*m~2 -
Position ~ Orientation  Visualization
Show Port N Origin Position Units Translated from Componen
Port Side ame Vector [x y z] n Origin of Axes
| Left CG [000] m ~ | World ~ World
> Right Cs5  [000] m -cG - CG =
] Right Cs6  [000] m -~ CG * CG
] Left Cs1 [-0.05-0.050] m ~|ce lec
] Right Cs2 [0.05 -0.05 0] m - CG - CG
] Right Cs3  [0.050.050] m ~|ce ~ G
] Right Cs4  [-0.050.05 0] m ~|ce > G
Jlunamuueckuti eacumenb KoaeoOauutl
Mass properties
Mass: |D.15| | kg =
Inertia: |eye(3) | kg*fm~2 -
Position Orientation Visualization

Show Port
Port Side
] Left -
] Right ~
_ Right ~
] Left -
] Right -
] Right -~
] Right  ~

<

Origin Position

Nam Vector [x y z]
CG  [000]

S5  [000]

cs6  [000]

St [-0.02-0.050]

€S2 [0.02 -0.05 0]

CS3  [0.02 0.05 0]

Cs4  [-0.02 0.05 0]

S22 [2 (2|2 |3

Units

Translated from

World
CG
CG
CG
CG
CG
CG

Origin of

~1Cq
~ €4
v 1Cq
v 1Cq

- C( '.g

- | Cq
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Body Actuator

Actuates a Body with generalized force/torque signal. Veector
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:

Generalized forces

104

Sine Wave
i’_].] Source Block Parameters: Sine Wave e
Sine Wave &

Qutput a sine wave:
O(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The
parameters in the two types are related through:

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

Use the sample-based sine type if numerical problems due to running fc
large times (e.g. overflow in absolute time) occur

Parameters

Sine type: ‘Time based |

Time (t): |Use simulation time =

Amplitude:

Frequency (rad/sec):
110

Phase (rad):
o

< >

Body Actuatorl

[ Applied torque

Applied force

 Absolute (World)
Units: N*m
Units: | N
OK | Cancel | Help |
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Bepmuxanw

Mass properties
Mass: |1| | |k9 '|
Inertia: | eye(3) kgTmrz 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
vl left.  ~ C6  [000] m  ~ | World ~ | World M
] Left = CS1  [0-0.050] m - | World - |'World -
1 Left * (53 [00.050] m ~ | World ~ | World -
vl Rght ~+ €S2 [000] m v World - | world ~| [®]] .

0K | | Cancel | | Help | Apply

Joint Spring & Damper

Joint Spring & Damper

Models a damped linear oscillator in a 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 torgue 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 %0, 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 - . Forcef

Primitive  Enable Constant Constant Offszet P05|t!on UEIOFIW Torgue
Units Units g

k b x0 Units

m v m/s v N d

(1 100 v

| ok || Gancel || welp || Apply |

Joint Spring & Damperl

Joint Spring & Damper

Models a damped linear oscillator in @ Joint connecting twio 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 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 PDSIt!Oﬂ \.r'eloglt‘,r Torque
Units Units .

k b %0 Units

10 0 0.05 m * mfs N v

W

| 0K || Cancel || Help | Apply
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