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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:

O3HaKOMHTBCS € TmakeToM pacmmpenus SimMechanics mporpamwer
Simulink/MATLAB miist MmoaenmmpoBaHus MeXaHUIeCKuX cucteM. OCBOUTH OCHOBHBIC
HOPUHIUIBI  KOMIOBIOTEPHOTO  MOJEIMPOBAHMUS  JBW)KEHUS  OJAHO3BEHHOTO |
IBYX3BEHHOTO (PU3NYECKUX MASTHUKOB.

1.1 TEOPETUYECKAS YACTb

MOI[GJ]I; OJHO3BCHHOI'O MajATHHKA C BA3KHUM COIIPOTHUBJICHHUCM IIPCACTABIICHA

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

Puc. 1.1 CxeMa 0J1HO3BEHHOI0 MasITHHKA C BA3KUM COIIPOTHUBIIEHUEM: | — cTOMKa; 2 — KECTKUN
CTEpIKeHb; | — JUTMHA CTepIKHS; Po — HAYAITBHBIN YO OTKIIOHEHHS MasSTHHUKA; | — KOG GHUIIUEHT
BA3KOT'O TPEHUS

YpaBHeHHE, ONMCHIBAIOIIKME THHAMHUKY PACCMaTPUBAEMOT0 MasSTHUKA, HMEET
BU/I;
[y + up + mglsing =0,
rae
I, = ml? — MOMEHT MHEpPLMH TeJla OTHOCUTEILHO OCU BPALICHUS;

= 2:112 — K03 UIMEHT 3aTyxaHUs;



p= T COOCTBEHHAs YacTOTa.

C yuéToM 3aMeHBI ypaBHEHHUE NIPUMET CIIETYIOIIUHA BUI:
@ + 2n¢ + p?sing = 0.

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

CTCPIKCHDb 2; | — JJIMHa CTep)KHeI\/'I; (10, (20— HAYAJIbHBIC YIJIbI OTKIIOHCHU MassTHUKA

JIJ'ISI MOJCIUPOBAHNA MAATHHUKOB 6y,1]yT HCIIOJBb30BaHbl CJICAYIONIMC BHILI
OJI0KOB:

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 mnpeacraBnser co6oii Habop ONOKOB B BHIE TpadUUIeCKUX
MMAKTOTPAaMM C OPUTHHAJBHBIMU Ha3BaHUSAMH Ha AaHTJIMHUCKOM s3bike. JImst ux
IIPOCMOTpa, BbIOOpA M IEPETaCKMBAaHHUS 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 00K, KOTOpbIe OyIyT UCIOB30BAThCS B JAHHOU padoTe.
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Puc. 1.3. Okno Opay3epa 6ubmuorek Simulink, pa3mens makera

SimMechanics
1.1.1 bnoxu meepovix men («Bodies»)
JanHblii  pazjaen OnOINOTEKH SimMechanics MO>KHO CYUTATH
ocHoBomonarapomuM. C Hero HeoOXOAWMMO HAYMHATH TPU CO3JaHUH JTHOOOM

MEXaHUYECKOM MOACIIH, XOTs OH COACPIKUT YCTHIPC osoKa.

Body;

WcsMgosz i Body

Ground;

EF Ground

Machine Environment;

Machine
Envircnment

Env O




Shared Environment.

Shared
Envircnment

PaccmoTpum nonpoOHee TpU U3 HUX.

brok «Body» mpezacrasisier co00i TBEpI0€ KECTKOE Teo (OTACIbHOE 3BEHO
MEXaHM3Ma, JBIDKEHHS  KOTOPOTO  MOJCIUPYIOTCA) € ONpEJeJICHHBIMU
M0JIb30BaTEJIEM ITapaMeTpaMu.

B kauecTBe 3a7jaBaeMbIX MapaMeTPOB BHICTYAIOT:

- Macca tena (Mass), KoTopasi MOKET ObITh BBIPDAKEHA B PA3JIMYHBIX €IHMHHIIAX
(MMeeTcst BBIMAAAIONINI CIUCOK, 0 YMOJYaHUIO CTOSIT KAJIOTPaMMBI);

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

Jp 0 0]
H= 0 J., 0

0 0 J.|
rae Jix, Jiy, Jiz, — oceBble MOMEHTBI HHEPILIUU T€JIa OTHOCUTEIHHO OCEH COOCTBEHHOM
JIOKQJIbHOM CHCTEMbl KOOpPAMHAT, CBA3aHHOW C €ro LeHTpoM Macc. s psna
HamboJee pacHpOCTPAHEHHBIX CHUMMETPUYHBIX TeNl TPOCTOM Te€OMETPHUYECKON
(dbopMbI POPMYIIBI JIJIs1 BBIYUCIICHUS SJIEMEHTOB TEH30pa MHEPIIUY TIPUBEICHBI B Ta0.
1;

- JIEKapTOBBI KOOPJMHATHI XapaKTEPHBIX TOYEK, CBs3aHHBIX ¢ Tesom (Origin
position vector [X y Zz]). B uacTHOCTH, 0053aTEIbHO JOJ/DKHBI OBITH YKa3aHBI
KoopauHaThl IeHTpa Tspkectu Tenma CG u, mpu HEOOXOIUMOCTH, KOOPIMHATHI
MPOM3BOJBHOrO YnciIa Apyrux xapakrepusix Touek CS1, CS2, CS3, ... CSN, takux
KaK IIEHTPHl IIAPHUPOB, CBS3AHHBIX C JIAHHBIM TEJIOM, WJIM TOYKH TPUIOKEHUS

BHCIIHHUX CHUJI U MOMCHTOB.



Tabn.1 - DneMeHThI TEH30pa UHEPLMH PSAA TEl MPOCTOil POpMBI

DOpMYIE 8 BEYHCISHHA
Popua Tena T

Jn J, J..
TonEH cTepHeHE ..:mm—mii L 11 20m-L2) 1/12(m-L2) 0
BAMIE OCH &
Cipepa paguycom R 2/5(m -R:] 2.-"5[m-H:j 2.-"5[:1'?-!-33 ]
I (s ooy (o 1,30
JHHAR pajauycom A 0 R+ —h R+ 0 .
]-ll.i.ltiHAF paanycoM £ 1 I:FhI.LD mt 37 Jml 3 J 12(m-R)
Toi fif ¢ OCBIO BpalcHUA £
. [lpamoyronsyedi napaieneny- ‘
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BAOIE ocel X, ¥ u £ cooreerer- iz iz i2
BEHHO
I {3 . 014 (3 2 )
Konye Gazoeoro paguyca £ o J'i![ 3 R +h J y ml\ 3 R +h” J 310(m-RY)
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3_|umucmmf p&liil‘rﬂ:}'{ahﬂl a, b u / ;2 i . (s 9
¢ BAMWIL 0oceil X, ¥ u £ coorser- - H!{b +c JI| . m{u +c ) . .l;rr[u +h J
CTBCHHO 7 ) )

Jns toro, 4troObl n00aBUTH WM YyOpaTh H300pa)k€HUE BXO]1a/BBIX0OJA
oTpe/IelICHHOM TOYKH Ha MUKTorpamme 0j10ka «Body» B OkHE MOJ1eITH, UCTTIOJIb3YETCs
YCTaHOBKa WJK cOpoc uiakka B koJioHKe Show port.

B kosonke Translated from origin of yka3piBaeTcst UMsi CUCTEMBI KOOPIUHAT
(XapakTepHO# TOYKH), OT Havajla KOTOPOM OTCUMUTHIBAIOTCS KOOPJIWHATHI TEKYIIEH
xapakTepHoi Touku. Kak MUHMMYM OjlHa XapakTepHas Touka (Jr00asi, B TOM 4YuClie
ATO MOXKET ObITh W IeHTp TskecTu Tena CG) momkHa OBITH 3a/laHa B CHUCTEME
koopauaar WORLD mu6o B cucteme koopauaatr ADJOINING. Dro vHeoOxomumo,
yTOOBl CBSA3aTh JAHHOE TEJIO C COCEAHUMH HEMOJBWKHBIMU WU TMOJBHXHBIMHU
TEJIaMH.

Cucrema koopauHat WORLD — 310 mHepumanbHas HEMOABUKHASI CUCTEMA,
cBsizaHHas ¢ 3emuieit, a cucrema koopauHaT ADJOINING cBsizaHa ¢ HIapHUPOM,
MIPUCOEAUHEHHBIM K TeIy (C TOW YaCThIO IIAPHUPHOTO COUJICHEHHSI, KOTOPAsl JKECTKO

CBsI3aHA C PACCMATPUBAEMBIM TEIIOM).



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: |1| kg -

Inertia: | eye(3) kg*m~2 -

Position Orientation Visualization

Show Port Hame Origin Position Units Transht_e!i from Components in
Port Side Vector [x y z] Origin of Axes of
] left v cc [000] m v |World ~ | World - ||
] Left ~/cs1  [000] m v |CG v | cG -
] Right ¥ | C52 [000] m v | CG -~ | CG hd

Cancel Help Apply

Puc. 1.4 Hacrpoiika mapamerpoB Oioka «Body»

Kax ot Touke, Ii€ TeJIO Yepe3 MAPHUP COSTUHIETCS C IPYTUM TEJIOM, JOJDKHA
OBITH TTOCTABJICHA B COOTBETCTBUE CBOS OTJEbHAs cuctema koopauHat CS. DTo xe
KacaeTcs U TOUEK MPUJIOKEHUS K TeJTy BHEITHUX CUJI U MOMEHTOB (IIPY UX HAJIUYHUN).

- BEKTOPHI YIJIOB IOBOPOTa CHCTEM KoopauHaT (Ha Bkiaake Orientation). ITo
YMOJIYaHUIO BCE YIJIbI MOBOPOTA BCEX CUCTEM MPUHSATHI HyJeBbIMU. VI3MEeHEeHHE nx
B OOJIBIITMHCTBE CIIy4acB HE TpeOyeTCsl.

Koopaunatueie ocu o000l cuctembl koopauHat B SimMechanics 1o
YMOJTYAHUIO PACTIOJIOAKEHBI TaK, KaK MOKa3aHo Ha puc.1.5, 4TO COOTBETCTBYET MPaBOii

Diineposoit cucteme koopaunat (Euler X-Y-Z).



»

£ X
Puc. 1.5 Pacnonoxenue oceid KOOpAMHAT

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 OTIEIBHOrO MeXaHu3Ma (MHaye MpU 3amycke
MOJIeIMpoBaHusl OyneT BblJaHa omuOka). B okHe HacTpoilku 3Toro Oioka
3aa€TCSI  BEKTOP KOOpPJIAMHAT OJHOM HEMOABMKHOM TOYKH MEXaHU3Ma
OTHOCUTEJIBHO TI00aNbHOM HMHEpIuaibHOU cuctembl koopauHat WORLD. K
MEXaHU4YECKOMY BXOAY/BbIxoay Osioka Ground, COOTBETCTBYIOIIEMY 3aJIaHHOM
HENOJBMXHOW TOYKE, JOJDKEH OBbITh NPUCOEIWHEH B OKHE MOJEIH OJIOK
IIAPHUPHOTO couwIeHeHus (M3 pasnuena Joints), a 3arem Oyok «Bodyy, omsth
0ok m3 paszzena Joint, 610k «Body» u T.1., 1715 TOTO, YTOOBI CTAJIO BO3MOMKHBIM
JBUKEHHE Moclieayromux tea Body.

Block Parameters: Ground

Ground

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

Farameters
Location [xyz]: |[000] m -

[] Show Machine Environment port

Cancel Help Apply

Puc.1.6. Hactpoiika mapamerpos 61oka Ground

bnok «Machine Environmenty npeacrasisier co6oi HaCTPOCUYHBIH OJIOK
apaMeTPOB MEXaHUIECKOM cpeIibl MOACIUPOBAHUS TSI MAIIMHBI (MEXaHU3MA).
biok «Machine Environmenty cBs3ad ¢ MexanudeckuM 0110koM «Groundy.

[Tpu 1BOMHOM IIIETYKE MBIIIBIO 1O JaHHOMY OJIOKY OTKPBHIBAETCS OKHO

YCTaHOBKH ITapaMeTPOB MEXaHHMUECKOTo MoaeupoBanus (puc. 1.7).
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Cpenu 3ajaBacMbIX MapaMETPOB Ha YETHIPEX BKJaJKaxX JaHHOIO OJIOKa
UMEIOTCS: BEKTOp CHi TspKecTH Buaa [X Y Z], pasMepHOCTh MeXaHu3ma (2-
MepHas JIn0o 3-MepHas cxema), croco0 aHajau3a, THI PEIIaloIero yCTporucTBa
OTrpaHHYEHUs, JONYCKH JIMHEApU3al[iH, YCTAHOBKA/CHATHEC BHU3YaJbHOI'O
HAOIIOICHUSL.

[To yMoIYaHHIO BEKTOp CHJ TSKECTH YCTAHOBJICH Kak JUIsl MEXaHH3Ma,
PaCIOI0KEHHOT0 Ha TOPHU30HTAJIBHOM OIMOPHON IMOBEPXHOCTH C HYJICBBIMHU

yIiaMy HaKJIIOHA OTHOCHUTEIBHO IPAaBUTALIMOHHON BEPTHKAIM, U UMeeT BU [0 —

9.81 0].

X
Description

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

Farameters 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] mfs~2 -
O Input gravity as signal

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

Angular assembly tolerance: |1e-3 rad -

Configuration Parameters...

Cancel Help Apply

Puc. 1.7 Hacrpoiika mapamerpos 61oka Machine Environment

[Ipenmomnaraercs, uto K Kaxaomy Ojoky «Ground», cBsizaHHOMY C
OTICIBHBIM MEXaHW3MOM MOJEIH, JOJDKEH OBITh TPHUCOSAUHEH CBOU
coocTBeHHbIN 0110k «Machine Environmenty. [Iis toro, uro0s 00k «Machine
Environment» MoxHO ObLI0 PUCOSAMHUTH K 010Ky Ground, B OKHE HACTPOUKH

MOCJIETHETO JTOJDKEH CTOSITh (iakok B mojie Show Machine Environment port.

11



12

1.1.2 Broku wapnuupnvix counenenuii (Joints)

Paznen Joints (puc. 1.8) OumbOamoreku SimMechanics— BToOpo# 110
3HayuMoOCTH Tocne pasaena Bodies. OH comepXuT OJOKM IIapHUPHBIX
COWICHEHUH C pa3jMYHBIM YHCIIOM CTEMEHEH CBOOOJIbI, KOTOPHIC COCTUHSIOT
MeXIy coboil oTaenpHbie 00KkH «Body» (a Takke 610k «Groundy» ¢ 610KoM
Body). biarogaps atomy, Tena (3BeHbs MEXaHM3Ma) MOJYy4alOT BO3MOXKHOCTD
OTHOCHTEIFHOTO JIBHKCHUSI.

Pa3nen Joints comepKUT NATHAALATH OCHOBHBIX OJIOKOB, UMUTHPYIOIIUX
BCEBO3MOKHBIC BHIbI IIIAPHUPHBIX cowleHenui: 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. [Tukrorpammer Ha 6J10Kax paszzgerna Joints Jar0T HATJSAHYIO HHGOPMAITUIO
00 UX Ha3HAUEHHUH JaKe Oe3 OmUCaHusl.

Kpome Toro, B pasaene Joints TpHUCYTCTBYIOT JIBa JOIMOJHHUTEIBHBIX
nonapasnena: Disassembled Joints (pa3oOpannHbie cowieHenus) U Massless

Connectors (0€3UHEPLIMOHHBIE COSTUHUTEIIN ),

12
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File Edit View Help

E E »| | ground w ﬁ

Libraries thanics/First Generation/loints |4 3 b
» Simulink
£ Disassembled
E :
> Aerospace Blockset Jints
> Communications System Toolbox
> Computer Vigion System Toolbox ’,.. Masslass
Control System Toolbox & e Connectors
> DSP System Toolbox
3 Embedded Coder R R .
. = e P Bearing
> Fuzzy Logic Toolbox =
» HDL Verifier
Image Acquisition Toolbox Bushing

Instrument Control Toolbox
Model Predictive Control Toolbox
MNeural Metwork Toolbox
OPC Toolbox

Real-Time Windows Target
Report Generator

Robust Control Toolbox
SimEvents

SimRF

Simscape

Foundation Library

SimDriveling
SimElectronics

Custom Jaint

Cylindrical

Gimbal

In-plane

SimHydraulics Planar

SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
o8 oints
Sensors & Actuators
Utilties
> Second Generation
SimPowerSystems
Utilities:
Simulink 30 Animation
Simulink Coder
Simulink Centrel Design
Simulink Design Optimization
Simulink Design Werifier
Simulink Extras

Simulink Verification and Validation
Stateflow Universal

System ldentification Toolbox

Vehicle Network Toolbox dereach  weld
=PC Target

Puc. 1.8 brioku mapHUpHBIX cowieHeHUH Joints

O 1 S S S

Prismatic

Revolute

Sorew

7

Six-DoF

Spherical

Telescoping

S P R R A

T.k. B maHHO# paboTe OyIeT HCIIOJIb30BaThCs TOJIBKO 010K «Revolutey, To
paccMOTpUM MOJIPOOHEE TOJBKO ATOT OJIOK.

bnok «Revolute» obecnieunBaeT o Hy BpalllaTeIbHYIO CTEIICHb CBOOOIBI
Tela, clieayromnero 3a 6imokom «Revolutey Bokpyr ocu, 3alaHHON Ha BKJIaJKE
AXes okxna HacTpoiiku 010ka (puc. 1.9) B Bune Bekropa [X Y Z], aHaIOTUYHO

omoky «Prismaticy.

13
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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 nmapameTrpoB 6;10ka «Revolutey»

BekTop ocu BpaleHusi Takke MOXET ObITh 3aJaH B HWHEPIUATbHOU
cucreme koopauHat WORLD, B cucreme KOOpAMHAT, CBSI3aHHOW C IEPBBIM
tenoM Base (pexkomennyercs), 1100 B cHUCTEME KOOPAMHAT, CBA3aHHOM C
nocieayromuMm teaom Follower.

B ormnume ot Omoka «Prismatinc, y KOTOpOro och MPSMOJUHEHHOTO
JIBUKEHMSI M CBsI3aHHAsl C HEM CTerneHb cBOOObI Ha3BaHAa UMeHeM P1l, B okHe
HACTpOWKHM mapameTpoB Oinoka «Revolute» och BpalieHHss aBTOMaTUYECKU
Ha3BaHa uMeHeM R1, u 3To He ciyuaiino. B SimMechanics Bce moctynarenbHbie
CTEIIeHH CBOOO/IBI JTHOOBIX 0JIOKOB pa3zena Joints 0003HagaroTCsi CHMBOJIOM P ¢
MOPSIKOBBIM HOMEPOM IOCJIE€ HETO, a BCE BpallaTeIbHbIE CTENIEHU CBOOOIBI —
AHAJIOTUYHO CUMBOJIOM R.

brnoku cBs3u mexanumdeckux OsokoB SimMechanics ¢ OObIYHBIMH S-
omoxkamu Simulink (BUpTyasibHbIE PETUCTPATOPhl W BO3OYAMTENU JABUKECHUS
Sensors & Actuators).

Ji1st Toro, 4ToOBI MOKHO OBLIIO U3MEPUTH OTHOCUTEIIBHBIE IBHIKEHUS TEll

npun MOACIUMPOBAHMH MAIIMH M MCXAaHH3MOB, a4 TaKiKC COO6IHI/ITB 3BCHBIM

14
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MEXaHU3MOB OTHOCHTEIIbHBIC IBM)KCHUS, HEJIOCTATOYHO OJIOKOB TEJ M3 pa3jeciia
Bodies u 6510k0B mapHupoB u3 pasnena Joints. ITH OJI0KM OMHUCHIBAIOT TOJIBKO
CTPYKTYpPY MEXaHHW3Ma, HO HE COOOMIal0T €My HHUKAKUX JBIDKCHUHU.
CrnenoBaresibHO, HEOOXOJMMO TIOAKIIOUCHHE K JaHHBIM OJOKaM JApYyrux,
MOJCIUPYIOIINX KaKue-T1u00 BO3EHCTBUS U CHUMAIOIINX MTOKa3aHUsI.

OngHako IONKIIOYEHHE MeEXaHM4ecKux 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).

e x
File Edit View Help
Pl 3 » | ground v i Gy
Libraries neration/Sensors & Actuators (470
> [Py Simulink
> [Py| Aerospace Blockset o Body Actustor
> [Py| Communications System Toolbox
> [Py| Computer Vision System Toolbox
#y| Control System Toolbox Body Sensor
> [Py| DSP System Toolbox
> [Py| Embedded Coder .H_ Constraint &
> [Py| Fuzzy Logic Toolbox ), Driver Sensor
> [Py| HOL Werifier _
P3| Image Acqguisition Toolbox o Driver Actustor
#y| Instrument Control Toolbox
P3| Model Predictive Control Toolbox
> [Py| Neural Network Toolbox ‘ Joint Actuator
#y| OPC Toolbox
®y| ReakTime Windows Target . Joint Initial
*3| Report Generator Condition
#y| Robust Control Toolbox
> |Pa| SimEvents Joint Sensor
> |Py| SimRF
“ hi Simscaps Joint Stiction
» Foundation Library P Actuator
> SimDriveline
’ SimElectronics Variable Mass &
> SimHydraulics Inertia Actuator
a SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
> Joints
Utilities
» Second Generation

Puc. 1.10 brnoku BUpTyalbHBIX PETUCTPATOPOB U BO3OyIUTEIEH

nBmKeHud Sensors & Actuators

[Tpuuunbl Ayt aToro cienyromue. BXoapl (M OHU e OJHOBPEMEHHO
BBIXO/IbI) MEXaHUUYECKHUX OJIOKOB TEJ W IMAPHUPOB CIYXKAT JJIsI ABYXCTOPOHHEH
Mepelaul CUJIOBBIX B3aMMOJICMCTBUN MEXK]Y 3BEHBAMU MEXAHU3Ma, KOTOPbIC

HMCIOT MCCTO IIpHU HNPOCTPAHCTBCHHLIX IABMKCHHUAX TBEPAbLIX TCJI COIIaCHO
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3aKOHAM Kiacchuyecko Mexanuku. OpHako o00brgHBIE S-010KkM  Simulink
SBJIIOTCSL TMO0 UCTOUHHUKAMHU, JIMOO TOJIydaTeNIIMU, TU00 npeoOpazoBaTesiMu
OJTHOHATIPABJICHHBIX CUTHAJIOB, U TIO3TOMY HE MOTYT OBITh HEMOCPEICTBEHHO
MOJICOEIMHEHBI K BXOJaM/BbIXOJaM MeXaHWueckux O0yiokoB. He ciydaiiHo B
omok-cxemax SimMechanics Ha TUHUAX COSAMHEHUS MEXaHUIECKUX OJIOKOB HET
U300pAKEHUI  CTPENIOK, YKa3bIBAIOIIMX HANpaBJICHHE BO3JCUCTBUS, a
rpaduyueckue n300pakeHUs «BXOJIOB/BBIXOJIOB» MEXaHUYECKUX OJIOKOB UMEIOT
BHUJI HE CTPEJIOK, a KBaJIpaTOB C TUATOHAIISIMH.

Kak yxe Obuo ormeueHo panee, 6ioku tuna Body u Joint, a Takxke
onucaHHble Hmke Onmoku u3 pazaena Constraints & Drivers Moryt ObITh
CHAOKEHBI JOTOJHUTEIHHBIMA TIOPTAMHU VISl TTOACOCTUHEHUS K HUM OJIOKOB
Actuator u Sensor. biarogaps 3ToMy, CTaHOBUTCSI BO3MOXXHBIM HCTIOJIB30BATh
BCe ocTajbHble OnOauoTeku Simulink 119 popMHUpOBaHUS CUTHAJIOB U ITEPEBOAA
noyiygaemMoit uHgopmaiuu oopatHo B pabouee npocTpancTBo Simulink.

Bce Omoku pasnmena Sensors & Actuators MOXXHO paslieiUuTh Ha TPH
TPYIIIIBI IO TUITY OJIOKOB, K KOTOPHIM OHH ITOAKITIOYAIOTCS.

I'pynna 1. bioku nuamepurened u Bo30yauteneit aprkenus e 1.1. Body
Actuator; 1.2. Body Sensor; 1.3. Variable Mass & Inertia Actuator.

I'pynna 2. bnoku u3mepurenei 1 Bo30yIUTENeH JBUKEHUS IIAPHUPHBIX
cowreHenuii: 2.1. Joint Actuator; 2.2. Joint Sensor; 2.3. Joint Initial Condition;
2.4. Joint Stiction Actuator.

I'pynna 3. bnoku wu3mepurened W BO3OyauTENeH  JIBUMIKEHUSA
OrpaHMYHUTENIed W HecTalMoOHApHbIX cBs3ei: 3.1. Driver Actuator; 3.2.
Constraint & Driver Sensor.

Paccmotpum moapobuee 6110ku «Joint Sensory u «Joint Initial Condition».
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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

A R1 =
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 4

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

[[] utput selected parameters as one signal.

Cancel Help Apply

Puc. 1.11 Hactpoiika napamerpoB 610ka Joint Sensor

brok «Joint Sensor» mo3BossieT B 00IIeM CiTydae U3MEPHUTh CIICIYIOIIHE
XapaKTEPUCTHKN OTHOCUTEIHHOTO JBIKEHUS YacTeH NMPUMHUTHBA, BEIOPAHHOTO
U3 BBINAAMOINETo crrcka B BepxHeM nojie Connected to primitive (puc. 11):

- yroii (Angle) — yrosi noBopoTa 4acTy NpUMHUTHBA, COETMHEHHOM C TEJIOM
Follower, OTHOCHTEIIBHO €T0 YaCTH, COEAUHEHHOU ¢ TeoM Base;

- OTHOCHUTEIIbHYIO YTJIOBYIO CKOpocTh (Angular velocity);

- OTHOCHTEJIbHOE YIiI0Bo€ yckopenue (Angular acceleration);

- BbruncieHHbi MoMeHT (Computed torque) — MOTHBIE MOMEHT CHUI,
BBI3BIBAIOIINI OTHOCHUTEIBHOE YTIIOBOE YCKOPECHHUE;

- MoMeHT peakiuu (Reaction torque) — MOMEHT peakIMi OTHOCUTEIBHO
OCH NIPUMHUTHBA;

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

Jlist  BeIOOpa HEOOXOAMMBIX HM3MEPSEMBIX  IMapaMETPOB  CITYXKUT

MPOCTAaHOBKA (PJIAKKOB B COOTBETCTBYIOIIMX MOJIAX. [IOCKOJIbBKY MPUMUTHUB,
17
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BbIOpaHHbIH B osie Connected to primitive, MOKET ObITh OJTHOTO U3 TPEX TUIIOB
(moctynatenbHoro P, BpamarensHoro R wnm cdepuueckoro S), He Bce
MIEPEYUCIICHHBIE XapaKTEPUCTUKA MOTYT OBITh M3MEPEHBI JJIsi KOHKPETHOTO
MPUMUTHUBA.

brnox Joint Initial Condition 3aHrMaeT 0co60e MONOKEHHE CPEAH APYTUX
05okoB pazzaena Sensors & Actuators. OH 3a7aeT HayalIbHOE OTHOCUTEIHHOE
MOJIOKEHUE W  HayalbHYI0 OTHOCUTEIBHYIO CKOpPOCTh JBYX vacTei
aJIeMEHTapHbBIX TPUMUTHBOB R-Tumna (Revolute) ninm P-tuma (Prismatic) kakoro-
60 mapuupa. [pu nomomm ogHoro 61oka Joint Initial Condition MoryT OBITH
3aJaHbl HAYaJIbHBIC YCIIOBHUS TMOJIOKEHUS M CKOPOCTH ISl BCEX MPHUMHUTHUBOB
[IApHUPA, K KOTOPOMY OH TMOAKJIIOYEH, JTUOO TOJBKO JAJISi YaCTH MPUMUTHBOB
nrapHupa. BeIOOp NPUMUTHBOB OCYIIECTBISIETCS NMPOCTAaHOBKOM (DIaKKOB B
noyisix KojJoHku Enable okHa HacTpoliku 0510ka. To ecTh HayanbHBIE YCIOBHS
3aJ1al0TCA 10 OTJIEIBHBIM CTETIEHAM CBOOOABI apHupa. HauanbHOe nonoxeHue
— B IIOJISIX KOJIOHKU Position, HauajabHasi CKOPOCTh — B MOJISIX KOJIOHKU Velocity.
Cdepuueckre TpUMUTUBBI S-TUTIA HE MOTYT OBITh WHUILMAIM3UPOBAHBI TPHU

oMo o1oka «Joint Initial Conditiony.

Joint Initial Condition

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

Actuation

Enable Primitive Position Units Velocity Units
2‘ Rl 30 deg -0 deg/s -

Cancel Help Apply

Puc. 1.12 Hacrpoiika mapamerpoB Oioka «Joint Initial Conditiony
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1.2 TIOPAAOK BBIITOJIHEHM A PABOTHI
B nannoil pabore OyAeT paccCMOTPEHO HECKOIBKO MOJENEeH MasTHHKOB, a
MMEHHO:
e OaHO3BEHHBIN (DU3NMUECKUN MASTHUK C eMIlpepom;

e JIByx3BeHHBIN (HU3NUECKUI MASTHHK.

Hauném ¢ OJHO3BCHHOI'O (bI/ISI/I‘IGCKOI‘O MasTHHKaA C I[CMH(bepOM, 010K-cxema

HMUTAIITMOHHON MOJIeNId KOTOPOTO TpejcTaBiieHa Ha puc. 1.13.

o] T
Machine ™S | CS1$
Environment ~ Ground1 .

A 4

Joint Initial Condition

Wby P

Joint Actuator

]

Scope1

A 4

Revolute Joint Sensor

-D_DD'*I‘

|-

Gain

Puc. 1.13. Moaenb 01HO3BEHHOTO MasiTHUKA C ieMI(pepoM

Croiika B MOJENU TpEACTaBIsieTcs B Buae Omnoka «Groundy.
BpamatensHas mapa cToiika-cTep:keHb nmpecTaBieHa oiokom «Revolutey». Cam
ke cTepkeHb 3amaéres OsokoMm «Body». Jlns 3amaHus HadalbHBIX YCIOBHIH
ucnonb3yercst 010k «Joint Initial Conditiony. Jlns monydeHuss aHWUManuu
ucnoas3dyercss 0ok «Machine Environmenty. C momomisio Omoka «Joint
Sensor» OyayT mosydeHbl JAaHHBIE 00 yrie MOBOPOTa, YIJIOBOH CKOPOCTH U
yIJI0BOM yckopeHuu. OHu OyyT nojiaBaThest Ha 070K « MUX», a ¢ HEro CUTHaJIbI

OynyT moctynath Ha ociuiorpad. Hactpoiiku Bcex 0JIOKOB Ipe/ICTaBIeHbI 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.

FParameters

Location [x,y,z]: |[U 0 U]|

Show Machine Environment port

oK || Cancel || Help

Joint Initial Condition

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

Actuation

Enable  Primitive  Position  Units Velocity Units

CZL NE 0

| oK || 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
origing. 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: CS1@Body
B
Number of sensor [ actuator ports: =
Parameters
Axes | Advanced
Name Primitive Axis of Action [xy z] Reference CS
R1  revolute o1
‘ 0K | | Cancel | | Help ‘ Apply

Puc. 1.16 Hacrpoiiku 651oka «Revolute»

20



Body

body geometry and color.

Mass properties

21

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

Mass: | 0.2 kg -
Inertia: [0 00;000;00 0.00392] 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
1 et v|ce [0-0140] m = world ~ | World - =
vl Left vics1 [o0o00] m  ~ World ~ | Warld -
| Right ~+/Csz [000] m  v|CG v|ce A

Cancel Help Apply

Puc. 1.17. Hacrpoiiku 6iioka Body

B okne Mass 3amaércst Macca 00beKkTa, a B okHe Inertia 3agaércst TeH30p

WHEpUUHA MasTHUKA. T.K. B JaHHOM Clly4ae pacCcMaTpPUBAETCS OJHO3BEHHBIN

MEXaHU3M, TO TaJlouKa JOJKHA CTOSATh ToJibko y mopta CS1. B oknax Origin

Position Vector 3amaroTcsi koopauHatel 3BeHbeB. CG — KOOpJAWHATHI IIEHTpA

Macc. CS1 u CS2 — koopauHaThl KpallHUX MOJIOKEHUHN 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:

Co_nn_e_cted to Rl -
primitive:
Angle Units: | deg -
Angular velocity Units:  radfs -
Angular acceleration Units:  rad/s"~2 -
| Computed torque Units:  N*m =~
Joint Reaction

[[] 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.

A
Cancel Help Apply

Puc. 1.18 Hacrpoiiku 61oka «Joint Sensor»
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Jlnst mostydeHust TpauKoB HE TOJNBKO yIiia, HO M YIJIOBOW CKOPOCTH M
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
maotion. Inputs are Simulink signals. Motion input signals must be
bundled into one signal. Connect to Joint block to see Connected to

primitive list.

Actuation

Connected to R1 -
primitive:

Actuate with: Generalized Forces A
Applied torgue units: N¥m -

Cancel Help Apply

Puc. 1.19 Hacrpoiiku 6:10ka Joint Actuator
X

Muzx
Multiplex scalar or vector signals.
Parameters

Number of inputs:
3

Display option: | bar -

9 Cancel Help Apply

Puc. 1.20 Hactpoiiku 610ka Mux

X
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 Select: SimMechanics First Generation (1G) confiquration parameters:
. . . . . . Solver Diagnostics
Defines the mechanical simulation environment for the machine to which Data Tmport/Export
the block is connected: gravity, dimensionality, analysis mode, constraint » Optimization ¥] warn if machine contains redundant constraints
solver type, tolerances, linearization, and visualization. » Diagnostics ] Warn if umber of intial constraints is unstable
Hardware Implementation
Farameters TrrrmE reenE rErelE Model Referencing [] Mark automatically cut joints
b Simulation Target
I Code Generation i
Analysis mode: '!",rpe of solu.tio.n for r.nac.hine's mation. . N  HDL Code Generation ey
Tolerances: Maximum permissible misalignment of machine's joints. Simscape ] Display machines after updating diagram
SimMechanics 16
N Show animation during simulation
Gravity vector: [0-9.81 0] mis~2 - > SimMechanics 26 :

0 ] Show orly port coordinate systems
Input gravity as signal
put gravity g Default body color (RGB): [100]

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

Configuration Parameters...

Cancel Help Apply

Puc. 1.22 Hacrtpoiiku 6oka Machine Environment
Ha pwuc.1.23 npexacraBnensl rpaduku 3aBUCHUMOCTEH yriia MOBOPOTA,
YTJI0BOM CKOPOCTH M YTIIOBOTO YCKOPEHUs MasATHHKA OT BPEMEHHU, a Ha puc.1.24

— (bpal"MeHT AdHUMalu ABMOKCHUA MasATHHUKA.

NAVCYE Vo
R A Y e Ve O g —
pi \\/ *\,/'»'\/{ M T S e

Puc. 1.23.I'paduku 3aBUCHMOCTEH yTila TOBOPOTA, YIIIOBOM CKOPOCTH U YTIIOBOTO

YCKOPCHUA MAsATHUKA OT BDEMCHU
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Puc. 1.24 ®parmMeHT aHUMAIMK MasiTHUKA

1.3 MOJIEJIMPOBAHUE JIBYX3BEHHOI'O MASITHUKA
biiok-cxema mozenu npeacraBieHa Ha pucyHnkel.25.

Env é

M.achme Ground
Environment

T [Joint initial Condition

%ﬁ‘% » [

av

JointSenscﬂ Scope
N

av

@
Body é
o™
%]
o

Joint Sensor1 Scopel

Revolute 1 I [Joint mitial Condition

al
b
Body1 é

Puc.1.25 Moaenb AByX3BEHHOTO MasiTHUKA

JIist mocTpoeHusT CXeMbl HEOOXOIMMO W3 MPEBIIYIIeH CXeMbl yOpaTthb
omoku «Joint Actuatory», «Gain» u «Mux» u 100aBUTH MO OAHOMY OJIOKY

«Revolute», «Body» u «Joint Sensor». Ha puc.1.26-1.35 npeacraBieHbl OKHA
24
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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 deg ~ |0 deq/s h

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
] R1 45 deg |0 deqg/s hd

Cancel Help Apply

Puc. 1.27 Oxno HacTpoiiku 6ioka “Joint Initial Condition»
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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 alse provides optional settings for
customized body geometry and color.

Mass properties

Mass: |1| kg M

Tnertia: |[1/12 0 0;0 1/12 0;0 0 0] kg*m~2 v

Position Orientation Visualization

Show Port Name Origin Position Units Transl.at_e!j from Components in
Port Side Vector [xy z] Origin of Axes of
:| Top v 06  [0-0.50] m - |world ~ | wiorld - =]
&l Top ~ st [000] m ~ | World ~ | World -
vl Bottom ¥ CS2 [0-10] m ~ | World ~ | World -

Cancel Help Apply

Puc. 1.28 OkHo HacTpoiiku 610ka «Body»
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

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 O10ka «Joint Sensor/Joint Sensorl»

26



27

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
systemn 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: CS2@Body
Current follower: CS1@Bodyl

Number of sensor [ actuator ports:
=

Parameters

Axes | Advanced

Name Primitive Axis of Action [x y z] Reference CS
R1 revolute [Do1] World -

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 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

Mmass: |1 kg -

Inertia: | [1/12 00;0 1/12 0;0 0 0] kg*m~2 -

Position Orientation Visualization

Show Port Name Origin Position Units l'ranslat_e!i from Components in
Port Side Vector [xy z] Origin of Axes of
u Top v 6 [0-1.50] m =] world ~ | world - =]
7] Top v 51 [0-10] m - | World ~ | World -
- Bottom =~ €S2 [0-20] m ~ | World ~ | World -

Cancel Help Apply

Puc. 1.31 OkHo HacTpoiiku 610ka «Bodyly»

General | History | Style |
)

A
Mumber of axes: |2 [] Fioating Scope
Time range: |auto [] Legends

Tick labels: | bottom axis only v

Sampling

Decimation | |1

0K Cancel Help Apply

Puc. 1.32 Hactpoiiku 6oka «Scope/Scopely»
27
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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 npeacraBieHsl rpadMKu 3aBUCUMOCTEH yIJIa TOBOPOTA

U YIJIOBOM CKOPOCTH 3BEHBEB JBYX3BEHHOI'O MAsiTHUKA OT BPEMEHHU, a Ha

puc.1.35 — hbparMeHT aHUMAITIHU IBYKCHUS MasTHUKA.

Puc. 1.34 Yroi moBopoTa u CKOPOCTh BTOPOTO 3B€HA MAsITHAKA

28
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& —

Puc. 1.35 ®parmMeHnT anuManuu MasiTHUKA

1.4 BAPUAHTDBI UCXOIHBIX JAHHBIX

OO0HO368EHHBI MASAMHUK C COnpomueleHuemM

Koaddunuent
Ne HavanbHblii yron COIPOTHUBIICHHUS
R OTKJIOHEHHS, nemmndepa,
BapHaHTa R— Hemec
paz
1 30 0,001
2 35 0,0012
3 40 0,0017
4 45 0,0023
5 50 0,0028
6 55 0,0031
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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/leyx36ennbiil MasmHuk

HauanbHblii yroa Hauanbnblii yroa
Ne OTKJIOHEHHUS OTKJIOHEHHUS
BAapUAHTA IIEPBOTO 3BEHA, BTOPOI'O 3BEHA,
rpajlyChl IpaJlyChl
1 30 75
2 35 70
3 40 65
4 45 -60
5 50 55
6 55 50
7 60 -45
8 65 40
9 70 35
10 75 30
11 31 -76
12 36 71
13 41 -66
14 46 61
15 51 56
16 56 -51
17 61 46
18 66 41
19 71 -36
20 76 31

1.5 COJEP)KAHUE OTUYETA
B oruére o mnponmenaHHoi paboTe JODKHO —COJEPKAThCS
cieayronias uHGopmarus.
o HasBanue nmaboparopHoii paboThI U €€ 1eTb.
o Pacuetnas cxema o0beKTa MOACIUPOBAHUS — OJHO3BEHHOTO WITU
JIBYX3BEHHOT'O MAsITHUKOB;
o NMurtanimonHass  MOJAENb  MEXaHU3MOB, CXEMBl  KOTOPBIX

npeacTaBiieHbl Ha puc. 1.1 u 1.2.

o HuTepdericbl 0J10KOB, UCIIOIB3YEMbIX B MOJIEIH;

o ['paduixu nBUKEHUST OOBEKTOB MOJECIUPOBAHUS;

o ®parmMeHThl aHUMAaLUY ABM)KCHUS UCCIIETyEMbIX OOBbEKTOB;

o [TpoBepka agekBaTHOCTH Pa3pabOTaHHOM MOJENH MyTEM aHajn3a

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

1.6 KOHTPOJIbHBIE BOITPOCHI

1. KaxoB cocras 0ubanorexu nakera SimMechanics.

2. KakoBbl ~ OCOOCHHOCTH  HMHUTAIMOHHOTO  MOJCIUPOBAHUS
mexann3MoB B SimMechanics/MATLAB.

3. Uto Takoe TJIOOQIBHBICE W JIOKAJBHBIC CHCTEMBI KOOPJIHHAT
MEXaHU3MOB?

4, 3ajaHre 3aKOHOB JBIJKCHHMS 3BCHBAM MEXaHH3MOB U HX
UCCJICIOBAHHE.

S. Kak mpoBepuTh a/1eKBaTHOCTh MOCTPOEHHOW MOJENIN 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. MopenupoBanue u BU3yalu3alusl JABWKCHHM MEXaHUYECKUX
cucteM B MATLAB: Yue6noe nocobue / B.C.Illep6akos, M. C. KopsiTos, A.A.
Pynmens u n1p.— Omck: CudA /I, 2007. — 84c.

3. MopenupoBanue MexaTpoHHbIX cucteM B cpene MATLAB
(Simulink / SimMechanics): ydebHOE€ mOCOOHME ISl BBICIIMX Y4YEOHBIX
3aBenenuii / Mycanmumos B.M., I'.b. 3amopyes, 1.W. Kananeimmaa u ap. — CII0:
HNY 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

Heab padoTbr: O3HAKOMUTHCS ¢ BOBMOXKHOCTSMH TlakeTa SimMechanics
JUIL  KOMITBIOTEPHOTO  MOJICIMPOBAHUS  MpOIlecCa  YPaBHOBEIIMBAHUS
OOpaIeHHOTO0 MasTHHKA B BEPTHUKAIHHOM ITOJIOKCHHH 3a CUET YIPAaBIIIEMOTO
JIBIDKEHUS 10J13yHa. OCBOUTH OCHOBHBIC MPUHIIUIIBI CO3/IaHUS UMUTAIMOHHBIX
MaTEMAaTHYCCKHUX MOJEIeH 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 IIOJIOKCHHUS OOpanéHHOro 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 YIoJl OTKJIOHCHHSA MAsATHHKA OT IIOJOXCHHA PABHOBCCHUA

0o=175".
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z |

Puc.2.1 Cxema uccnenyemMoro Mexanusma: 1-1mosizyH, 2-HeBECOMBIN CTEpP)KEHb, 3-TPy3

Nmeetcst HeBecoMBIid cTepxkeHb (2) ¢ Tpy30oM (3), KOTOPBIN KpenuTcs u
BpaIiaeTcss BOKPYT TOPU3OHTAIBHOM OCH, TPOXOAIIEH Yepe3 CEpeIMHY BEXHEN
rpanu noi3yHa (1), KOTOphI MOXKET COBEpIIATh MOCTYMATEIbHOE IBUKCHHE
BJ10J1b OocH X. M3BeCTHBI HAYaIbHBIA YTOJI TIOJIOKEHUSI MasiTHUKA, Macca rpysa
MasTHHUKA W IJTAHA MasSTHUKA.

2.2 TIOPAOOK BBITTOJIHEHW S PABOThI

1. Co3znaiite HOBYIO Simulink-Mo/es.

2. Jis 3amaHus CTOMKHM HCHojib3yeM Ojok  «Groundy», KOTOpBIi
HaxoauTcs B paszaene Bodies makera SimMechanics. B mapamerpax Oioka
yKkaszpiBatoTcss koopauHatel [0 O 0], kotopeie OYyIyT COOTBETCTBOBATH
KOOpJIMHATaM HaJaja 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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braries imMechanics/First Generation/Sensors & Actuators |47}
#1| Instrument Control Toolbox ~ Block Parameters: Joint Initial Condition
*1| Model Predictive Control Toolbox o Body Actustor Joint Initial Condition
> [Pa| Neural Network Toolbox
®3| OPC Toolbox Sets the initial linear/angular position and velocity of some or
®4| Real-Time Windows Target Body Sensor all of the primitives in a Joint. Connect to a Joint to see a list of
*3| Report Generator its primitives.
*&| Robust Control Toolbox dul|  Censtaint& i
> |Pa| SimEvents *) Driver Sensor Actuation
: [Fa) s — = :
4 [P Simscape Sriver Adtustor “"Enablem Primitive Position Units
> Foundation Library ZI Ble! 1] m 7
> SimDriveline
3 SimElectronics o Joint Actuster

> SimHydraulics

F] SimMechanice Jaint Initial
4 First Generation Condition
Bodies
Constraints & Drivers
Force Elements

57 Jaint Senser \
Interface Elements >
> Joints Jaint Stiction
Sensors & Actuators A [ Actuator a

Utilties.

» Second Generation m Varisble Mass & Cancel Help Apply

> SimPowerSystems Inertia Actuator

~

Puc.2.2 baok «Joint Initial Condition»: a)-pacmonoxkenue B 6HOIHOTEKE, 0)-TTapaMETPhI
HACTPOMKHU

4, Tak Kak KOpITyC MOXKET COBEpIIaTh TOJBKO ITOCTYMATEIIbHOE
JBIDKCHUE IO OCH X, TO BO3bBMEM B KayecTBEe OJIOKa COMPSDKEHUS] OJI0K
«Prismaticy. B mapamerpax Onoka HeobOxoaumo ykasath [1 0 0], uto Oyner
03HA4YaTh BO3MOKHOCTb JBMKEHUS 10 OCH X.

5. K omHomy 3 BXOZOB JaHHOIO OjOKa MOAKIIOUaiTe 00K «Joint
Sensor», KOTOpbIA MO3BOJIIET M3MEPUTh XapPaKTEPUCTUKU OTHOCUTEIHHOTO
JMBIDKEHUS dYacTe NpUMUTHBA. B JaHHOM cilydae BBIOMpaeM TPUMHUTHUB-
«rmocTynaTeNbHbli P» u  BbIOMpaeM cleAyroolue mapaMeTpbl H3MEpEeHUs
(puc.2.4):

-no3utuio (Position) — mepemenienre 4yacTu MPUMHUTHUBA, COSTUHEHHOM C
tenoM Follower, oTHOCHTENILHO €TI0 YacTH, COSAMHEHHOM ¢ TeaoM Base;

-ckopocTh (Velocity) — oTHOCUTENbHASI CKOPOCTh;

-yckopenue (Acceleration) — OTHOCUTENIEHOE YCKOPEHUE;

-peakuus (Reaction force) — cuna peakuuu BI0OJIb OCH IPUMUTHUBA.
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Measurements
Primitive Outputs
Position Units: |'m &
Velocity Units: | mfs - I
Acceleration Units: | m/s™2 hd
["] Computed force Units: N
Joint Reactions
[] reaction torque Units:  N*m
Reaction force Units: | N w7 v
Cancel Help Apply

Puc.2.3 Hacrpotiku 6510ka «Joint Sensory

6. MonenupoBanue kopmyca (MOJd3yHa) JIaHHOTO — MEXaHHU3Ma
peanm3yercs npu momomu Ojoka «Body» (puc.2.4), KOTOpBIA MPeaCTaBIIsAET
coboii TBepAoe Teno (OTIENbHOE 3BEHO MEXaHW3Ma, JIBIDKCHUSI KOTOPOIO
MOJICTIUPYIOTCSI) C OMNpPENENICHHBIMHU I0JIb30BaTeIeM mapameTpamu. J{aHHbBIN
0J10k HaxoauTes B pazaene Bodies makera SimMechanics.

B kauecTBe 3a71aBaeMbIX MapaMeTPOB BHICTYIAIOT:

- Macca Tena (Mass), KOTopass MOXKET OBITh BBIpAKEHA B Pa3IUYHBIX
CIMHUIIAX;

- TEH30p HWHEPIMHU Tella OTHOCUTENIbHO ero MeHTpa wmacc (Inertia),

MPECTABIAIONIUMN cOO0M MaTpUIly pazmepom 3x3:

rae Jix, Jiy, Jiz, — oceBble MOMEHTHI MHEPIIMU Tejla OTHOCUTEIBHO OCel
COOCTBEHHOM JIOKaJbHON CHCTEMBI KOOPAMHAT, CBSI3aHHOM € €ro IEHTPOM Macc.

Jlsist Toro, 4ToObl 100aBUTH WM yOpaTh M300paKeHHE BXOMa/BhIXOA
OINpE/CICHHOW TOYKM Ha TNHKTOrpamMme Oyoka «Body» B okHe Mojmenw,
UCIIOJIb3YETCsl YCTaHOBKA WK cOpoc (hiaxkka B KOJIOHKE Show port.

B kononke Translated from origin of yka3biBaeTcss MMs CHCTEMBI
KOOpAMHAT, OT Hadaja KOTOPOW OTCUMTHIBAIOTCS KOOPJWHATHI TEKYIIEeH
XapakTepHOW TOYKU. Kak MUHUMYM OJIHa XapakTepHash TOYKa JOJDKHA OBbITh
3aana B cucteme koopauHat WORLD nubGo B cucreme KoopaAuHAT

ADJOINING. D10 HEoO0X0auMO, YTOOBI CBSA3aTh JAHHOE TEIO C COCETHUMH
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HENOJIBM)KHBIMU WJIW MOJBUXHBIMU TenaMu. Cucrema koopamHat WORLD —

9TO HHCPpIHAJIbHAA HCIIOABUIKHAA CHUCTCMA, CBA3dHHAA C 3€Mﬂeﬁ, a CHCTCMa
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koopauHat ADJOINING cBsizaHa ¢ IapHUPOM.

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.

»

Mass: 1

Inertia:

[0.001 0 0;0 0.001 0;0 0 0]

Position | Orientation | Visualization |

m

-

kg

Show Port

Port  sSide 1ame
0 [ma e
I Left  =|cst

O [Raht  v]cs2

Origin Position

Translated from

Components in

Vector [x y z] U Origin of Axes of
[0o0] (m | world ~ [ worid -]
[-0.1 00 [m =] world ~ | world -
[0.100] [m =] world ~ | world -

Puc. 2.4 Hacrpoiika mapamerpoB 61oka «Body»

7.

ocu OZ, To BO3bMEM B KadecTBe OJIoka compsbkeHus 0ok «Revolute» (puc.

12.5). B mapamerpax 6so0ka HeoOxoauMo ykazaTh [0 0 1], yTo OyaeT o3HauaTh

BO3MOYKHOCTh BpallleHus1 BOKpYyT ocu OZ.

.ibraries hanics/First Generation/Joints Found: ‘Revolute’
> [Pa| DSP System Toolbox A ‘Simsupe ¢
> [*a| Embedded Coder
> |Pa| Fuzzy Logic Toolbox Revolute - Rota-
> [Py| HDL Verifier tional Interface
*1| Image Acquisition Toolbox _
1| Instrument Control Toolbox g'sasTE{"bIEd
1| Model Predictive Control Toolbox Eralus
> [Py| Meural Network Toolbox Tl
*4| OPC Toolbox Revolute
#1| Real-Time Windows Target
®1| Report Generator Revolute-
#1| Robust Control Toolbox Spherical
> |Pa| SimEvents
> [Pa| SimRF Revolute
4 [Py Simscape

» Foundation Library

> [P simDriveline

d SimElectronics

d SimHydraulics

4 SimMechanics

4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
il nints

a
Puc.2.5 baok Joint Revu.u.e: a)-pacronokeHue B OHOIHOTEKE,

Revolute Joint

Tak Kak CTEpKEHb MOXKET COBEPIIATh TOJIBKO BpAaLIEHUE BOKPYT

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: CG@Body

Current follower: CS1@Bodyl

~
Mumber of sensor [ actuator ports:

Parameters
Axes | Advanced
Name Primitive Axis of Action [x y 2]
R1 revolute [0o01]
v
< >
Cancel Help Apply

0)-nmapaMeTpbl HACTPOMKHU
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8. Ha Bxox Onoka «Revolute» monxirouaercs 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

Cancel Help

Puc. 2.6 Hacrpotiiku 610ka «Joint Initial Condition»

9. K onoky «Revolute» moakmrouaercs Omok «Bodyl», xoTopsiid
MOJICIIUPYET CTEpKeHb C Tpy3oM. [IOCKOJBKY CHIIa WHEPUUU 3aJaeTCs
OTHOCHUTEIILHO IIEHTpa Macc Tena, B 6ioke Bodyl menmaercst COOTBETCTBYOMIAS

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 Origin Position . Translated from Components in
Port Side Vector [x y z] -1 Origin of Axes of
T left ~|cc  [0-10] [m  ~|world ~ | world -
V] left ~|cst  [oo0] [m  ~|world ~ | world -
[l cs2  [0-10] (m = world - | world -
[ 0K ] [ Cancel l l Help ] Apply

13

m

Puc. 2.7 Hacrpoiika mapamerpoB Ooka «Body1»

10. K Beixoay 0soka «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 4YacTH, COSIMHEHHOM ¢ TeroM Base;

- OTHOCHUTEJIbHYIO YTJIOBYIO CKOpocTh (Angular velocity);

- OTHOCHTEIILHOE YTiI0BOe ycKkopernue (Angular acceleration);

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

napameTpa B OJTHOM CHTHAJE.

x
Primitive Qutputs "
Cunﬂe_cted to "1 -
primitive:
Angle Units: |rad -
N Angular velocity Units: |rad/s -
Angular acceleration Units: | rad/s~2 -
[[] computed torque Units:  N*m
Joint Reactions
[[] Reaction torque Units:  N*m
[[] Reaction force Units: N
Reaction measured
Base 7
on:
With respect to CS: | Absolute (World) -
Output selected parameters as one signal. v
Cancel Help Apply

Puc. 2.8 Hacrpoiiku 61oka «Joint Sensor1y

11. Yepes anemenT «Demux» pazduBaeM U3MEpEHHBIE MapaMeTphl Ha 3
yactu. Kpome 010k0B «Scope» emie npucyrctByeT 00k «Continuous Angley
(puc. 2.9, B), KOTOpBHIM TO3BOJSICT TMOJYYUTh TMPABUILHOE 3HAYCHUE

OTHOCHUTCIIBHOI'O yIJla IIOBOPOTA.
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st Generation/Utiities | Found: ‘Continuous angle’

7 *a| nstrument Control Toolox A |5i,,||,E 1
a) Wodel Predictive Control Toolbox
o Neural Network Toolbox feor ] continuous
Continuous Angle (mask) (link) A OPC Tooloox ] Angle
Real-Time Windows Target
Outputs a continuous, unbounded angle given a Report Generator
discontinuous, bounded angle and the angular Robust Contrl Tooaxt

velocity. Choose units for the angle and the angular

velocity (rate). W| simscape
> Foundation Library
> [*a| simDriveline
Parameters > [Pa simElectronics
b SimHydraulics
o 4 SimMechanics
Angle measured in: 'rad v  First Goneration
Bodies
2 Constraints & Drivers
Rate measured in: rad/s vl v Force Elements
Interface Elements
OK || Cancel Help Apply Sensors & Aciains

Angle

Continuous Angle — ‘:]

Rate

Scope3

Continuous Angle

—

Scope2

Joint Sensor1

.

Scopel

Puc. 2.9 N3mepenue nmapaMeTpoB: a)-pacroyioxkenne B Oubinoreke, 0)-HaCTPOHKH

Continuous Angle, B)-cxema mOIKIFOUEHUS

12. 3naveHue M3MEPEHHOTO yria CpaBHUBaeM ¢ 3HaueHueM (¢=180°,
ommbka monaercs B PID-perymnsitop (puc.2.10), OTKyJa CUTHAN MOCTYIAaeT B
KAaueCTBE YCKOPEHHUs, CKOPOCTU U MEPEMEIIEHHUs MOJ3YyHa, 3a CUET JBUKEHUS

KOTOPOTO U YJIEPKUBAECTCS OOpAIICHHBIM MasITHUK B BEPTUKATLHOM COCTOSTHUMU.

PID{2) Controller (mask) (link)

Enter Proportional(P), Integral(I), and Derivative(D) and divisor (M)
terms.
P+Ifs+Ds/(1/Ns+1)

Parameters

Proportional:
300

Integral:

10

Derivative:

70

Derivative divisor(M):
100

Cancel Help Apply

Puc.2.10 Hacrpotika 6;10ka PID-perynstop
13.  UtoOsI 3a1aTh ABMKEHUE, 1BA pa3a HHTErpupyercs curaai ¢ PID-

perymnsTopa. Jlamee curHaibl OOBEAUMHSIOTCS B OJJUH C TIOMOIIBIO O10ka MUX u
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nonarorcs Ha «Joint Actuatory. Curnan ot «Joint Actuatory nomaercs Ha

«Prismatic» (puc.2.11).

: 6
5
Integratar Jaint Actustor

PID Controller
{with Approdimate
Drerivative)

FID f———

Puc. 2.11 brnok-cxema 3agaHusi TBHKEHUS TIOJI3YHA

Koaddumumenter Hactpoiiku [IN/-perynsitopa npeacraBieHbl Ha pUC.

2.12.
Controller parameters
Source: internal '
Proportional (P): |300 |
Integral (I): |50 |
Derivative (D): 100 |

Puc. 2.12 Koapdunments [TUI-perynstopa
Jlo6aBuM B Mojienb Bsizkoe Tpenue (puc. 2.13). K curnany Reaction force
Ha ocH Y mpucoemunsiercss Onok Gain. [anee mpucoenmusercs 00k «Joint

Actuatorly, BbIX0J KOTOPOTO MPUCOCAUHSAETCS KO BX01y Osioka «Prismaticy.

o<

Joint Actuator1 Gain

Puc.2.13 MonennpoBaHue BS3KOTO TPEHUS

NMurtannoHHas MOJellb paccMaTpuBaeMoro o0beKTa B cpefie

SimMechanics npezcrabinena Ha puc 2.14.

40



Machine
Environment

Jeint Initial Condition

Ground

1
5

Integratord

Joint Actuator

FID Controller
{with Approsimate:
Derivative)

FID L

41

Revolute

Joint Actuator

fo

Joint Sensor

Jeint Initial Conditicn1

Conti Angle

| Ratz

‘Continuous Angle

a4

Scope2

[

,IE

Scopef

Puc. 2.14 Cxema Mojienu noji3yHa ¢ 00palleHHbIM MassTHUKOM

HOJ’IyUIeHHBIC pPeE3vVJAbTAaThI:

h

Scopel

PesynbraTel B Bujie rpaduKoB IMepeMeNieHusi, CKOPOCTH U YCKOpPEHUs

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

BEPTUKAJIbHOE MOJI0KEHUE TTOKA3aHbl B 6JI0Ke «SCOPE».

Puc. 2.15 I'paduku: a) -nepemenienus, 0) -CKOPOCTH, B) -yCKOPEHHS MOI3yHa

I'paduk cun peakiyy, BO3HUKAIOMIUX MIPU ABMXKEHUH 1MOJ3yHa (puc.2.16)

mokasaH B OJ10ke «SCope 5».
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Puc. 2.16 I'paduk cun peakiuy, BOSHUKAIOMIKX MTPH JBIKEHUH MTOJI3YHA

I'padux yria moBopora MmastHuka (puc.2.17) nmokazan B 610ke «Scopel».

Puc. 2.17 I'paduk yria moBopota oOpanieHHOTO MasiTHIUKA

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

«Scope2y.
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Puc. 2.18 I'paduk yrioBoro yCKOpeHus] MassTHUKA

I'paduk «ommbOkm» yria moBopota MasTHHKa (puc.2.19) mokazaH B 6110ke

Scope 6.

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

BoiBoa: Ilpm BeIMOMHEHWM JaHHOW pabOTHl  OBLJIO  MPOBEACHO
KOMIBIOTEPHOE  MOJEIMPOBAHME IIpoliecca MPHUBEACHUS  OOpPAIEHHOTO
MasATHUKA B BEPTUKAIBHOE IOJOKEHUE 3a CYET YIPaBISEMOTO JABUKECHHS
nomsyna ¢ B cpene MATLAB/Simulink/SimMechanics. Bbutn  mosy4eHsl
rpauKy IEPEeMEIIeHNUs] CKOPOCTH U YCKOPEHUS MOJA3yHA U MAsTHUKA, & TAKKE
rpauKyd CUJl pEeaKUH, BO3HUKAIOUIUMX MPU ABUKEHUHU TOJ3yHA. Takxke ObLI
noJiydeH Trpaduk oOmuOKM yria TMoBOpoTa MasTHUKA. [IpencraBieHHbIE
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pe3yabTaThl IIOKAa3bIBAIOT, YTO IPU COOTBETCTBYrOIEW HacTtpouike I[IM/I-
peryJsaTopa MpeacTaBIISIETC BO3MOKHBIM IIPUBECTH MAsITHUK B BEPTUKAJIIBHOE

MOJIOKEHUE MPUMEPHO 32 4 CEeKYH/IbI.

2.3 BAPUAHTHBI 3AJIAHIMA
Ta6muma 2.1 — BapuaHTbl 3a1aHus

Ne Bapnanra | 1 2 3 4 5 6 7 8 9 10
Macca 6 7 3 55 |6 5 45 |7 65 |4

nebaaHca,
KT

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

Hawamenbit | 170 | 165|140 | 135 | 175 | 161 | 130 | 150 |155 |172
yrou
HOJIOKCHUSI

MasiTHHUKA,

©®o

2.4 KOHTPOJIbHBIE BOITPOCHI
1. 3a cuér uero ynaercsi IpUBECTH OOpALLIEHHBIA MAITHUK B BEPTUKAIbHOE

ITOJIOKEHHE?

2. Kak dQopmupyercs HeoOXoauMoe TNEpeMelleHHe TMOoJ3yHa s
npuBeieHUs: 00pallleHHOr0 MasiTHUKA B BEPTUKAJIBHOE MOJIOKEHUE?

3. Kakoli MakcuMasbHbI Ha4aJlbHbIA Yol MOXKET UMETh OOpalleHHbIN
MasiTHUK, W3 KOTOPOIO €ro MOKHO ObUIO OBl NPUBECTH K BEPTUKAIBLHOMY
MIOJIOKEHUIO?

4. Kak MOXHO YMEHBIIUTHb BpeMs Mpoliecca NPUBEACHUS MasTHHKA K
BEPTUKAJILHOMY TOJIOKEHHUIO?

5. Kakyroo ponb urpaer BSI3KOE€ CONPOTHBJICHUE B OCH OOPAILEHHOTO

MasiTHUKA?

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPHI
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1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wmarematuke ¥
mozaenupoBanuu / JpsikonoB B.II. IToaHoe pykoBOJCTBO mmosb3oBaTeNs - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MopenupoBanue # BU3yaJd3alds JBWKEHHM MEXaHHUYECKUX
cucreM B MATLAB: Yue6noe noco6ue / B.C.Illepbakos, M. C. KopsiToB, A.A.
Pynmens u n1p.— Omck: CudA /I, 2007. — 84c.

3. MoaenupoBanue MeXaTpoHHbBIX cucTeM B cpene MATLAB
(Simulink / SimMechanics): ydeOHO€ mOCOOME TSI BBICHIMX YYEOHBIX
3aBeaenuii / MycaiiumoB B.M., I'.b. 3amopyes, 1.W. Kanansimuna, u np. — CII0:
HNY UTMO, 2013. - 114 c.

4, MonenupoBanue npoueccoB u cucteM B MATLAB. YueOHblil Kypc

/ JTazapes FO.II. - CII6.: ITutep, 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 OsHakoMHTBCS ¢ TakeToM pacmmpeHus SimMechanics cpembt
MaTeMaTHYeCKOT0 HMHUTAIMOHHOTO OJIOYHOTO MOJCIMPOBAHHSI
Simulink/Matlab na mnpuMepe MoaeIMpOBaHHUS  JIBUKCHHS
3y04aToro MexaHu3Ma.

L4 HpOBeCTI/I KOMIIBIOTCPHOC MOACIMPOBAHUC IBHIKCHNA MCXaHU3Ma

C BY6‘laTBIM 3alCIINICHUCM. HpOBepI/ITB IIPpaBHUJIbBHOCTDb HOqueHHOﬁ

MOJICIIHN.

3.1 KPATKHE TEOPETUYECKHUE CBEJEHN A
B nanHOi1 paboTe MpOBOAUTCSA MOJEIMPOBAHUE JIBH)KEHHSI MEXaHU3Ma C
3yO4aThIM 3aLIETVIEHUEM, & UMEHHO JIBYXCTYIIEHUaTOI0 PeIyKTOpa.
KunemaTnueckass cxema paccMaTpUBaceMOro MEXAHHM3Ma YIPOIIEHHO

npeacTaBieHa Ha puc. 3.1.

7]
|~

Lo [T

Iar |

Il
X
|l

Puc. 3.1 Kunematnueckas cxema ABYXCTYIICHYATOI'O pECAYKTOPA
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Jlns  MonenupoBaHus —3yOyaToro 3amnemieHus B SimMechanics
HEOOXOJMMO pacCYMTaTh HEKOTOPhIE K3 OCHOBHBIX T'€OMETPHUUYCCKUX

napaMeTpoB 3y0uaThix Kojec. VickoMble mapaMeTpsl MpUBeAeHbI B Ta01.3.1.

Tabi. 3.1 OcHOBHBIE MTapaMeTPhl, HEOOXOAUMBIE JIJIs1 TOCTPOCHUS
3y04aToro 3aneruieHus B CTpyKTypHoit mogenu SimMechanics
Uwncro 3yOneB 21,722,723, Z4
m — MonyJib paC“ICTHBII\/II CTaH,I[apTHI)IC 3Ha4YCHUSA MOAYJIA, MM
Pan1:0.3,04,0.5,0.6,0.8,1.0,1.25,1.5,2.0,2.5
Pan 2:0.35,0.45,0.55,0.7,0.9, 1.125, 1.375, 1.75, 2.25,

2.75
Unk — mepeaTounoe Zx  Zgenomoro
OTHOLIEHHUE 3y04aTOl Maphl Unk = 7 7

n BeAYIIEero

d-muamerp AenuTeabHON m-Z,
OKPY>KHOCTH 3y09aToro kKoieca cos B

[— yron HakioHa 3yObeB AJisl MPSIMO3YOOW mepenadyu

paBeH HYJIIO
@, — MEKOCEBOE PACCTOSHUE d,+dy, m-Z,+m-Z,

aw = =

2 2
Ha puc.3.2 npencrapiena 610Kk-cXxemMa MOJIENA UCCIEAYEeMOro 00bEeKTa B

SimMechanics.

= = acs ilgcss s
T cs1

Eody
- P
ae .
e Ane T —
--._"' : Darcnx-n-.‘!‘ue e i
I e

Soope

ok

Conthuous Angia2

‘ Gound3

|-|.—|=—aucs1ﬁfgzt' + AE

LEG R
u3 Revolield
el Body3
Jot Semzart |, 5 7 =
-2 - 4
Gear Comaratt | Y7
A
_’I—b.\'\q:
»
- ﬁ'ﬁnnn Angie *
" »
Continuous.Angie s
=
§_ =
- T = s ilgeE [
Gound2
Revoltel Badyz

"-Q]‘ | ue.nx-ﬂ- Angilz

Jolnt Serso2 Confthuous Angle
= Soopel

Puc. 3.2 Biiok-cxema MoeNTi TIOCTIEI0OBATEIBHOTO 3y0UaTOr0 COSTUHEHUS

L3R i
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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
BpalllaTeIbHYI0 CTEMEHb CBOOOJBI TPETHETO Baja, (GOPMHUPYIOT BBIXOJHOU
CHUTHAT,

. onoku «Gear Constraint Z,/Z;» u «Gear Constraint Zi/Zs»
MOJICTTUPYIOT 3alleTUICHHE 3yObhEeB B Mape KOJIEC C TIOMOIIBIO MEepeaaTOqHOTO
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 UCCIIETYEMOI0 MEXaHu3Ma
Mopnynb pacueTHbIH,

Uucno 3yobeB

MM
m 71 2 73 24
1 20 60 20 42

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

Kak yxe OBUIO CKa3aHO BbIIE, JJIsI MPOCKTHPOBAHHS 3y04YaToro
3anerieHns B SimMechanics He00X0IUMO pacCUUTAaTh HEKOTOPBIE M3 OCHOBHBIX
reOMETPUYECKUX MapaMeTpOB 3y0UaThIX KOJIEC.

JInst Toro, 4ToObl HE BBIMOJHATH BCE BBHIYMCIICHHS BPYUHYIO, 3alUIIeM
HeoOxoauMbIe hopMmyiibl B komauaHoe okao (Command Window) MATLAB a:

% Yucno 3y6ves

z1=20;

22=60;

23=20;

z4=42;

% M00yIb pacuemubiti

m=1;

% ouamempwvl OeIUMeNbHLIX OKPYHCHOCET
dl=m*z1;

d2=m*z2;

d3=m*z3;

d4=m*z4;

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

% wupuna 3y0Mamozo eenya
b=3;

% nI0mMHOCMb Mamepuaia Koieca(cmais)
gm=7.8e-6;

% maccul Koaec (niomuocmo *06vem)
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;

% Momenmbvl uHepyuu
11=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;

% mampuyvl MOMEHMO8 UHEPYUU
J1=[0 0 0;0 0 0;0 O I1];
J2=[000;0 0 0;0 0 12+13];
J3=[000;000;0 0 14];

ITocne BBOJd YKa3aHHBIX BbIIIC AAHHBIX 3allyCTUM CHMYJIIHAIO.
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Pesynbrarel  paboThl aHUMHMPOBAHHOM MOJENIM 3yO4aToro MeXaHu3Ma

npecTaBlieHbl Ha puc.3.3.

\

-

Puc. 3.3 Pe3ynbTaThl pabOTHl aHUMHPOBAHHOW MOJIEITH 3y04aTOro 3aleIUICHHS B

SimMechanics

Ha puc. 3.4-3.6 npuBenaeHb! MONTy4YeHHbIE TpadUKN YTIOBBIX CKOPOCTEH

(pan/c) BasioB peayKTOpa.

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

Puc. 3.6 I'padpux yrmoroii ckopoctu |1 Bana penykropa

Ilposepka npagunvnocmu
Jlsis Toro 4yTOOBI YIOCTOBEPUTCS B MPABUIBHOCTH MOJTYYEHHON MOJEINH,
HY>KHO CHEJNaTh IMPOBEPOUYHBIA pacyeT, ONPEAEIHMB YIJIOBBIE CKOPOCTH BajlOB

pEAYKTOpa C MOMOIIBIO NIEPEAATOYHOTO OTHOLICHHUS.
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HepCHaTO‘{HbIC OTHOIICHUA:

2=z, ~ 20 7
=2 =2 _ 515
* Tz, 20 TV
U06I.L[ = U12 ' U34_ =—-3- (_215) = 64‘5,
I Wy
Uiz =—; Upg = —
- 1 oo Wirp
CnenosarenbHo, npu w; = 1 pag/c yrnossie ckopoctu I u Il BamoB
PaBHBI:
oy, 1 pazj
=—=—=-0.33—;
w” U12 _3 Cc
Wy = %GIM = i = 015%,

[TocuuranHbie PE3YJIbTAaThbl COBIIAAAIOT C PC3yJibTaTaMH, INOJYUYCHHBIMU

Ha rpadukax (puc. 3.4-3.6). 3HauuT, MOJIEIb BBIIIOJIHEHA MTPABUJIBHO.

3.3 COJJEP)KAHUE OTYETA

Otuer AOJDKCH COACPIKATDh CIICAYIOINNC pa3aciibl:

o HasBanue nabopaTopHoii paboThI U €€ 11eTIb;

° HcxonHble faHHbBIC

o KunemaTtudeckasi cxema MEXaHU3Ma;

o Cxema Mozien MexaHu3Ma B makete SimMechanics ¢ Hactpolikamu
OJIOKOB;

o Pe3ynbpTaThl MOJIETMpPOBAaHUS B BUAC AHUMUPOBAHHOW MOJICIIN;

° ['paduiku yriaoBeIX CKOPOCTEN BaJIOB PEIYKTOPA;

o [TpoBepka MoieM Ha TPABUIIBHOCT;

° BriBon
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3.4 BAPUAHTBI 3AJJAHUI

Ta6:n. 3.3 — BapuanTsl 3a1aHuit

Bapuant Mozya. Yucno 3yoneB Bapuant Mozya. Yucio 3yoneB
MM MM
Ne m 21 | Z2 | Z3 | 4 Ne m Z1 | 22 | I3 Z4
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 6510Kk0M MOJIETUPYETCS IMIHHAPUIECKOE 3y0UaToe 3arerieHne

B nmakere SimMechanikcs/MATLAB? KakoBbl HaCTpOMKHU 3TOr0 OJi0Ka?

2. Kak npoBepuTh aJIeKBaTHOCTh MOJIEIH 3y0UaTOro Mexanu3ma?

3. Kak »KClepuMEHTalbHO TMPOBEPUTHh (HAKTHUECKOE TEPEeIaTOuHOe

OTHOUIEHUE MOJIETUPYEMOH 3yOuaToi nepenadn’?

4. Kak uU3MEHHUTH HAIIPpaBJICHUC BpalllCHUA BaJIOB MOICIIMPYCMOI'O

MexaHuzma?

5.

Kak paccuuTsiBarorcs

MUJIMHAPUYECKHUX 3y0daThIX KoJiec?

53
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Ilpunoscenue 3.1. Hacmpoiika 610x06

Hactpoiiku 6;10ka MachineEnvironment

Machine Enviromment

Env O
Machine | BexTop [0 -9.81 0] m/s"2
Environment | rpapaTanmm
Hactpoiiku 6;10k0B Body
Bodyvl
MaccoBsie XapaKTepHCTHEH
Macca ml kg
Huepuna J1 kg*m"2
ITozomxenne
E{CS&HI, ITopt BexTop MpoHCXOAICHAA MOSHIHH [X v Z]
i CG [0 0 0] m
CS1 [0 0 0] m
CS2 [0 0 0] m
Buiyvamuzanna
[eomeTpHa Teda Use machine default body geometry
lloaxaroucnue C51-C52
Body2
Maccossie XapaKTepHCTHEI
Macca m2+m3 ke
Huepuna J2 keg*m"2
Ionoaenue
Tlopt BekTop nponcxoxIcHNA nosuunH [x v z]
CG [a12 0 0] m
CS1 [a12 0 0] m
Cs2 [al2 0 0] m
CS3 [al2 0 0] m
Busyannsamma
['eomerpna Tena Use machine default body geometry
TloaxmroueHne CS1-CS53
Body3
Maccosnie XApakTCPHCTHEREH
Macca m4 kg
Haepmia J3 kg*m"2
Tloxoxenne
s Mpesafm | Tlopt BekTop npoHcxo#IcHNA No3HUHEN [X v z]
Body? CG [al4 0 0] m
CS1 [al4 0 O] m
CS2 [al4 0 0] m
Busyaansanna
[eoMmeTpuA Teaa Use machine default body geometry
TlogxmroueHE CS1-CS52
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Hactpoiiku 6;10xko8 Ground

. Groundl
3 _E [TonoaeHne [[o 0 0] | m
Groundl | Show Machine Environment port
| 3_ Ground2
: ! [Monoxenne [al2 0 0] m
Ground?
_ Ground3
: [oao:xenie [al4 0 0] m
Ground3
Hacrpoiiku 6;10x0B JOINts
= Revolutel
F .
o | Ocp mBmxerna | [0 0 1] Referens CS1 World
Revolutel
g Revolute2
¥
Ocp IBHMCHHA [0 0 1] Referens CS1 World
Revolute2
Revolute3
Och IBHKCHHA [0 0 1] Referens CS1 World
Revolute 3
Hactpoiika 6;10kxa Joint Actuator
Actuation
Connected to
primitive: [Rl ]
Actuate with: [Mnticrn - ]
Angular units: [rad v]
Angular velocity units: [radj’s ']

Angular acceleration units: [radfs"z
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Hactpoiiku 6moko GearConstraint

©

Gear Constraint z2/z1

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

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

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

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

Hactpoiiku 6110k08B Joint Sensor

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

MAHUITYJIATOPA C ITPOCTEMIINM 3AXBATHBIM MEXAHU3MOM
B I[TAKETE MATLAB/SIMULINK/SIMMECHANICS
Lenv padomeut:
® O03HAaKOMHUTBhCS C TMakeroM pacmupenus SimMechanics cpensr
MATeMaTUYeCKOTO  MMHTAIMOHHOTO  OJIOYHOTO  MOJCITUPOBAHMS
Simulink/ MATLAB.
® MPOBECTH KOMITBIOTEPHOE MOJCIUPOBAHUE POOOTA-MAHUITYISATOPa C
NPOCTEUIIIMM 3aXBaTHBIM MeXaHU3MOM. [IpoBepHTh TPAaBHIBLHOCTH
HOJYYEHHOW MOJIEIH.
4.1 KPATKUE TEOPETUYECKUE CBEJJEHUA
B nanHoO# paboTe mpOBOIUTCS MOJISIIMPOBAHUE POOOTA-MAaHUITYIISITOPA C
IPOCTEUIIINM 3aXBAaTHBIM MEXaHU3MOM.
KunemaTtnueckass cxema paccMaTpUBaeMOI0 MeXaHH3Ma YIPOIICHHO

npenacrasiieHa Ha puc. 4.1.

) 4 [3

i

A%

o

Puc. 4.1 KuaemaTtudaeckasi 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.

IE 3— aHH F csifiges2 B g4 F csiffgcs2 :
Machine dfl _ 1: F cs1fiyes2

Environment Ground Podjem

Cylindrical Revolute Richsg1

Podjem
Integrator ’_.B_tl
Integrator1 oz \& i'

Gaint 3
Joint Actustor \
Vraschenie m &
$0.5
L

Joint Actustor

Sine Wave

Gsin2 Vrashenie richaga1
[ csfpycst F ‘F £ cs2
% s E—E csfpest
cs3
PALEC
Revolue2 HVAT R— Richag2

Gear Constraint

csfiyest

PALEC2

~ & Integrator3 i
s

Revolute4 Joint Actuator Integrator2

o

Revolute1

nj

povorcty palcev

Gain3 Joint Actuator
\frashenie richaga2

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

Ha puc.4.2:

° omox «MachineEnvironmenty 3amaer rpaBHUTallMOHHBIE CHIIBI U
CTOUKY;

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

T'COMCTPHIO 3BCHBCB po60Ta;

. onok «Weld» 3amaeT Hepa3beMHOE COCIMHEHIE HAMPABIISIONICH CO
CTOMKOIA;
. omok  «Cylindricaly —  wmogemupyer — OWIMHIPUYECKYIO

KHHEMATHYECKYI0 Mapy 4-ro Kjiacca ¢ MOCTYMaTeJbHBIM M BpaIlaTeIbHBIM
IBWKEHUEM;

. OJIOKU «Revolutey, «Revolutel,2» — BpallareIbHbIe
KHHEMATHYECKUE Mapbl 5-r0 Kijacca, COCAMHSIOIIME 3BEHBbS PO0OTa MEXIy
co00ii;

. omoxu «Schvaty, «Palecl-2» monenupyroT 3BeHbs 3aXBaTa;
59
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o omoku «Revolute 4-5y — onpenessioT BoalareabHbIe IMAPHUPHI S-
o KJiacca;
o onok «Gear Constrainyt — momonHHUTENBHAs Tepenada MEXIy

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

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

4.2 TIOPAJOK BBIITOJIHEHN A PABOTDI
B kauectBe mpuMepa pacCMOTPUM MEXAHH3M C MCXOAHBIMHU JaHHBIMH,
IIPEICTAaBICHHBIMU B Ta01.4.2.

Tabn.4. 2 I/ICXOI[HI)IG JAaHHBIC UCCIICAYCMOI'O MCXaHU3Mad

O06o3HaueHue 3BeHa JlnuHa 3BeHa, MM
L1 800
L2 300
L3 300
L4 200
LS 50
L6 80

ColbepeM cxeMy, npuBefeHHYIO Ha puc. 4.2. BbINOJHUM HACTPOUKY
Kaxzaoro Onoka cornacHo [Ipunoxenuto 4.1. [locne 3amycTuM CUMYIISALIHIO.
Pe3ynpTaThl  paOOThl AHMMHUPOBAHHOW MOJEIM  PpOOOTA-MAHUIYJISATOPA

MpeJIcTaBIeHbI Ha puc.4.3.
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Puc. 4.3 Pe3ynbTaThl pabOTHl aHUIMHUPOBAHHON MOJIEIH POOOTa-MaHUITYISATOPA C

3axBaToM B SimMechanics

4.3 COIEPYXAHUE OTUETA

OTueT N0JIKEH COJIePKATh CIASIYIOIINE Pa3ICIbl:

o HasBanue nabopaTtopHoii paboThI U €€ 11eTIb;
o KunemaTudeckas cxemMa MEXaHH3Ma;
o Cxema Mozienii MexaHu3ma B rmakere SimMechanics;

° HacTtpoiiku 61okoB SimMechanics;
o Pe3ynpTarsl MOIEIUPOBAHUS;
° ['padviku U3MeHEHUN KOOPJAWHAT U MPOEKIMA CKOPOCTEH IEHTpa

TAKCECTU CXBaTa HA KOOPAWMHATHBIC OCH;

° MPOEKIIMU TPACKTOPUHM IIEHTPA TSIKECTH CXBaTa Ha iockoctu XY,
XZ,YZ,
° BriBobI.
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4.4 BAPUAHTBI 3AJTAHUN
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Tab6:n. 4.3 BapuaHTsl 3a1aHui

Howmep JnvuHBI 3BEHBbEB, MM
BapHUaHTa PR Lo, Mu Lo, Mm Ls. My Ls. Mt Lo, 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 cTerneHe cBOOObI UMEET MOJCIUPYEMbIM MaHUIYIATOP U
CKOJIBKO TIPUBOJIOB ISl HETO HEOOXOIMMO HCTIONb30BaTh?

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 TIOCTPOCHUS TpadMKOB U MPOEKIUN

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. MopaenupoBaHne W BU3yalIHW3allds JBIKCHHA MEXaHHMYECCKUX
cucteM B MATLAB: Yue6noe nocobue / B.C.Illep6akos, M. C. KopsiTos, A.A.
Pynmnens u n1p.— Omck: CubA /I, 2007. — 84c.

3. MogenupoBanne MeXaTpoOHHBIX cHcTeM B cpeae MATLAB
(Simulink / SimMechanics): ydebHOE€ mOCOOHME ISl BBICIIMX Y4YEOHBIX
3aBenenuii / Mycanmumos B.M., I'.b. 3amopyes, 1.W. Kananeimmaa u ap. — CII0:
HNY 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 0:10Kk06

Hactpotiku 6;10ka Machine Environment

Env

Machine Environment

pr—

Machine Bektop [0 0 -9.81] m/s"2
Environment rPaBHTALHH
Hactpoiiku 6;1oxa Column
Mass: 1
Inertia: eye(3) kg*m~2 ~
Position | Orientation I Visualization |
Show Port Origin Position A Translated from Components in
Port Side LE Vector [x y z] L) Origin of Axes of
F G [00.40] (m v world ~ | world SREE
vl left ~v|cst  [000] [m  ~|world ~ | world v '
V] cs2  [00.80] (m v world v | world v
Hactpoiiku 6;10xa Body
Ycsidges2 [E
Podjem
Inertia: éye(3) kg*m~2 ~
Position l Orientation | Visualization |
Show Port Origin Position 5 Translated from Components in
Port Side P Vector [x y z] okt Origin of Axes of
[l left ~v|CG  [00.4-0.15] [m  ~|world ~ | world v | [E
vl left  ~v|cs1  [00.40] im  ~|world ~ | world || -
Fl cs2  [00.4-0.3] (m  ~|world ~ | world v
& csdges2 B
Renagt
Inertia: eye'(':-i) kg*m~2 ~
Position | Orientation | Visualization |
Show Port Origin Position > Translated from Components in
Port Side Mamc Vector [x y z] shms Origin of Axes of
& G [0.150.4-0.3] (m  ~|world v | world v
vl left  ~v|cst  [00.4-0.3] [m  ~ | world ~ | world v '
Fl cs2  [0.30.4-0.3] (m  ~|world ~ | world -
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HEcsopes 1 [B-

Reag@

Mass: 1 kg v
Inertia: eye(3) kg*m~2 ~

Position | Orientation | Visualization |

Show Port Origin Position 2 Translated from Components in
Port Side ool Vector [x y z] Lo Origin of Axes of
] Right v |CG  [0.40.4-0.3] [m  ~|world ~ | world v
] cs1 [0.30.4-0.3] (m  ~|world ~ | world v %)
V] cs2  [0.50.4-0.3] (m  ~|world v | world x| —
Hcs2
- @3651 =
HVAT
Mass: 1 kg =
Inertia: eye(3) kg*m~2 ~
Position l Orientation | Visualization |
Show Port Name Origin Position Units Translated from Components in
Port Side Vector [xy z] Origin of Axes of
[ G [0.50.4-0.3] (m | world ~ | world - B
v] cs1 [0.50.4-0.3] (m  ~|world ~ | world 2l
v left  v|CS2  [0.50.4-0.34] [m  ~|world ~ | world m| —
v Left  v|CS3  [0.50.4-0.26] (m | world ~ | world x| B
R csofges [B-
PALEC1
Mass: 1 kg x
Inertia: eye(3) kg*m~2 ~
Position | Orientation | Visualization |
Show Port Origin Position 2 Translated from Components in
Port Side Some Vector [x y z] oot Origin of Axes of
&l CG  [0.5250.4-0.34] (m  ~|world ~ | world | B
L4l left  v|CS3  [0.550.4-0.34] (m  ~|world ~ | world 5|
vl cs1  [0.50.4-0.34] (m | world ~ | world = | R
v Left  ~v|cs2  [0.50.4-0.34] [m | world ~ | world x| B
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A csoMpest

PALEC2

Mass: 3

Inertia: eye(3)

66

Position ] Orientation I Visualization ‘

kg*¥m~2 ~

Show P?rt s Origin Position Uniits Translat_efi from Components in

Port Side Vector [x y z] Origin of Axes of
F CG  [0.525 0.4 -0.26] (m | world v | world SIRE]
4l left  v|CS3  [0.550.4-0.26] (m  ~ | world ~ | world v |
Fl cst  [0.5 0.4 -0.26] (m v |world v | world v
Fl left  ~v|CS2  [0.50.4-0.26] (m | world ~ | world -

Hactpoiiku 6;10xa Ground
Ground
~* §_ }B IMono:xenne [[0 0 0] | m
Ground Show Machine Environment port

Hacrpoiiku 6;10x0B JOINts

Weld
DT
— Ocp aBIKEHHA [0 0 0] Referens CS | World
Weld
Weld1
nHAT
— Ocp aBH:KEHHA [0 1 0] Referens CS | World
Weld
5. F Cylindrical
% Ocp IBHKCHHA 01 0] Referens CS | World
Cylindrical Ocp aBHKCHHA 01 0] Referens CS | World
n "f Revolute
"
Ocp aBHKCHHUA [0 0 1] Referens CS | World
Hevolute
? 5 Revolutel
Ocp aBHKCHHA L Reteeas €5 World
Revolute1
5 Revolute2|
f
3 ’
OcH IBHAKCHHA [0 &, 9] REETEEIES World
Rewolute2
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F

Revoluted

Revolute3

Och IBHKEHHUA

[0 1 0]

Referens CS World

Hactpotiku 6moka Gear Constraint

F%DF

Gear Constraint 1

Gear Constraint1

Paamyc aeanTe1pHON OKPYXKHOCTH BEIYINETO H BEIOMOTO
KOJIeC

0.04 11 0.04

. .'.\
-’E‘
Joht Act3tor

Podjem

Actuation

Connected to
primitive:

Actuate with:

Hacrpoiika 6mokos Joint Actuator

P1

| Motion

Position units:

Velocity units:

Acceleration units:

. .,.\
G
Jont Actuator
powonYy patey

Actuation

Connected to
primitive:

Actuate with:

{cm/s

[cm/s"z

R1

[ Motion

Angular units:

Angular velocity units:

[rad

{rad/s

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

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

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 npeacrapieHa pacueTHasi cxema JABUKEHUSI Teia, OPOIIEHHOTO

HIOJT YIJIOM K TOPU30HTY.

A
J
_«a
74 B4
AN A
%9 47 hoX T
- ).l
'g ,...-'"f. 6
- N/

N N

Puc.5.1 PacuerHast cxema JABMXKEHHs Tesa, OPOIIEHHOTO MO YIJIOM 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 HA4YaJIbHOW CKOPOCTH U TOPH3OHTAIBHOM

IUIOCKOCTBIO o = 45°;

e VYroa Mexay IIOCKOCThIO OpocaHus U ocklo X - = 60°;

H.
o Koaddumnuent conporusnenus Bozayxa g = 0.5 TC

bnok-cxema nporpamMmbel  OJji1  MOACIMPOBAHUNA paCCManHBaCMOﬁ
CUCTEMBI IIPECTABIICHA HA pUc.S.2.
X |Tu Workspace
h. y  |To Workspace1
TU Workspace2

ma®]
|
: XY XY

]
4
g ordinates ] @
N g = cs1 g o) — >
Machine rECG ﬁcsz XY ZY
Ernvironment Ground — B—‘ Body Sensor velocity
Custom Joint ody
IC “ —[CI
G Body Actuator »
Joint Initial Condition acceleration XY ZX

» <0 STOP

Compare  s5tap Simulation
To Zero

Puc. 5.2 brnok-cxema nporpammbl, MOJIETIHPYIOLIEH TBHKEHUE Teja, OPOLIEHHOTO M0/
YIJIOM K TOPU30HTY, C Y4ETOM CONPOTHUBIIEHUS CPEJIbI

B  Omoke «Custom Jointy, MoxeaupylolieM — HacTpauBacMYIo
KHHEMATHYECKYIO TIapy, 3aJaeM TPU TOCTyIaTelbHbIe CTeleHH CBOOO MBI (pHcC.
5.3). A B 6itoke «Joint Initial Conditiony 3amaaim HavanbHYHO CKOPOCTH TeJia Mo

TPEM KOOpPAUMHATHBIM OcsiM (puc.5.4).
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“L Block Parameters: Custom Joint -S|

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 to three translational DoFs. First primitive attached to base
(B). Last primitive attached to follower (F). Listed order of primitives is order of motion 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 revelutes align.

Connection parameters

Current base: GND@Ground 3
Current follower: CG@Body
_ 0=
Number of sensor / actuator ports: 1] =
Parameters
Advanced L4
Name - Primitive Axis of Action [x y z] Reference CS

P1 - Prismatic *|[100] E]
P2 - Prismatic vl10]
P3 - Prismatic ~|mo1]

@ .

[ 0K ][ Cancel H Help ] Apply

Puc.5.3 Unrepdeiic 6moka «Custom Joint»
" 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 P1 0 10%(cos(pi/4))*(cos(pi/3))  |m/s -
£l P2 0 10%(sin(pi/4)) m/s v
il P3 0 10% (cos(pif4))*(sin(pif3)) | m/s -

[ OK ][ Cancel ][ Help ] Apply

Puc.5.4 Vurepdoeiic 6moka «Joint Initial Condition»

C nomomipio OnokoB «Body Sensor» (puc. 5.5) uaMepum MNpOEKIUH
CKOpPOCTH, KOTOpBIE 3aTE€M HCIIONB3YEM JJIsi pacdyera CHIIbI COMPOTHUBICHHS

BO3/yXa U TIOCTPOCHHUS MIPOCKIUK TpaekTopuu Ha miockoctu XY (puc.5.6), ZY

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

Body Sensor

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

Measurements

With respect to CS: ’Absolute (Wiorld) VI
Position [x;y;z] Units: [m ']
Velocity [x';y";2'] Units: ’mr’s ']
[T] Angular velocity [Rx';Ry';Rz'] Units: |deg/s

[] Rotation matrix [3 x 3]:

Acceleration [x";y";2"] Units: [mfs"E -

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

Output selected parameters as one signal.

[ oK H Cancel ” Help Apply

Puc.5.5 Untepoeiic 6i1oka «Body Sensor

4] X¥ XY = | 1)
XY Plot
4
3.5
2
2.5
@
Z 2
-
1.5
.
0.5
0
0 1 2 3 4
X Axis
Puc.5.6 Tlpoekius TpaeKTOpUU JBUKEHUS HA TIIOCKOCTh XY
4] Xy zv (ol |
XY Plot
6
5
4
=
%3
-
2
1
0
] 1 2 3 4 5 6
X Axis

Puc.5.7 llpoexuumst TpaeKTOpUHU ABUKEHUS HA TUIOCKOCTh ZY
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Xy 7X = | E ||
XY Plot
6
5
4
.0
Z3
-
2
1
0
0 1 2 3 4 5 6
X Axis

Puc.5.8 Tlpoekius TpaeKTopuu JBUKEHHS HA TIOCKOCTh XZ
Ha puc. 5.6 u 5.7 BumHO, 94TO M3-3a CONMPOTHBJICHHUS BO3Ayxa mapabosa

UMEeT HE CHMMETPUYHBIC BETBH.
[Toctpoum npoekimu koopauHat Ha ocu X, Y u Z (puc.5.9).

[4] ccordinates

RIS

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

[Moctpoum npoeknnu ckopocteit Ha ocu X, Y u Z (puc.5.10).
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20 |[W< s %% 0 as

[Tpoekuuu ckopocreld Ha ocu X 1 Z UMEIOT yOBIBAIOU[YI0 XapaKTEPUCTUKY
u3-3a conpoTuiieHus Bo3ayxa. [lo ocu Y rpaduk Toxke yObIBaeT, HO ropasao
ObICTpee, 4eM MO JIPYTMM OCSAM, TaK KaK B JIaHHOM CJIy4a€ YMEHBIICHUIO
CKOpPOCTHU KpOME COIPOTUBIICHHSI BO3/yXa €Ille CHOCOOCTBYET CHUJIa TSAKECTU

C nomorisio OsokoB «To Workspace» (puc.5.11) BeiBeneM B pabouce

Puc.5.10 [poexiuu ckopocteii Ha ocu X, Y u Z

IIPOCTPAHCTBO IPOTPaMMBbI IIEPEMEHHBIE X, Y U Z.

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

paboueM MpPOCTPaHCTBE MPOrPaMMbl 3HAYEHUS] COOTBETCTBYIOLIUX KOOPAMHAT

\*& Sink Block Parameters: To Workspace u

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.

Parameters

Variable name:

X

Limit data points to last:
inf

Decimation:
1

Save format: [Array ']

Save 2-D signals as: [B—D array (; along third d ion) ']

Log fixed-point data as a fi object
Sample time (-1 for inherited):
-1

9 [ok [ cancel |[ help || apply |

Puc.5.11 Nurepdetic 610ka «To Workspace»
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MaTepuaJbHOW TOYKM W 3a7aB B KomaHaHom okHe MATLAB xkomanny

«plot3(z,x,y,'r-"),grid» (puc.5.12).

4] Figure 1 = | B )

File Edit View Inset Tools Desktop Window Help L]

NEdL | ARACBPEL- 2| 0E | D

25 -

0.5 4

0.5 ﬁw
4
] 2 9 3

Puc.5.12 TpexmepHas TpaeKTOpUsl MaTepUaIbHON TOUKU

Takum 06pa3zom, B xoze 1abopaTopHOI paboThl ObLTa pazpaboTaHa MOJIETh
Tena, OPOIIEHHOTO MO YIJIOM K TOpPH30HTY. Takke B MOJENU YYUTHIBACTCSA
COTPOTHUBJICHUE CPE/IBI.

5.2 COIEP)KAHUE OTYETA
OT4YeT MOJDKEH COoepKaTh CICAYIONINE Pa3eIbl:
o HasBanue nabopaTtopHoii paboThI U €€ 11eTIb;
o PacueTtHas cxeMa 00beKTa MOJEITMPOBAHUS C YKA3aHUEM UCXOTHBIX
3HAYCHUH U MTapaAMETPOB;
o Cxema Mozenii MexaHu3ma B rmakere SimMechanics;
° Hactpoiiku 61okoB SimMechanics;
o Pe3ynpTaThl MOJENMpPOBAaHUS B BHJIEC BPEMEHHBIX T'papUKOB

KHHEMATHYECKUX XapaKTePUCTUK MOJCIUPYEMOTO O0BEKTA;

o MPOEKIHU TpaeKTopuu Tena Ha miockoctu XY, XZ, YZ;
o MPOCTPAHCTBEHHAs TPAEKTOPHS TOJIETa Tela;
° BriBopI.
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5.3 BAPUAHTBI 3AJAHUN
Tab6:n. 4.3 BapuaHTsl 3a1aHui

Ne Bapuanra 1 2 3 4 5 6 7 8 9

Mopynb 10 20 30 15 25 35 40 45 5
HavaJbHOU

CKOpPOCTH T€J1a,

Vo, M/c

Vrou o 40 60 35 55 50 45 65 30 46

VYron 45 30 40 35 60 30 55 60 50

Macca temna, m, 15 0.8 0.6 0.5 1.2 0.2 0.3 04 0.7
KT
Koaddunment 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1

COIIPOTUBJICHUA
H-c
cpenbl, U, 7

5.4 KOHTPOJIBHBIE BOITPOCHI

1. Kak o0ecneunuTb BO3MOXXHOCTh MOJIETUPOBAHMS  JBHKECHUS
CBOOOHOTO TeJia B MPOCcTpaHcTBe B makere SimMechanics/MATLAB?

2. Kak mOCTpOuTh MPOCTPAHCTBEHHYIO TPACKTOPHIO IIOJIeTa Tena,
OpOIIIEHHOTO MO/ YTJIOM K TOPU30HTY?

3. Kak onpeienTs MakKCUMAJIBHYIO BBICOTY IT0OJIETA TEJa?

4. Kak onpeieinTh MaKCUMaJIbHYIO JaIbHOCTh TOJIETA Tena?

5. Kakoe BinusiHME OKa3bIBa€T CONPOTHMBIICHHE BO3JyXa Ha MOJIET TEJA,

OpOIIIEHHOTO IO/ YTJIOM K TOPU30HTY?

CIIMCOK UCITOJIb30OBAHHOM JINTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wMarematuke u
mozaenupoBanuu / JlpsikonoB B.II. IToaHoe pykoBOACTBO mosib3oBatelns - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MopaenupoBanue u BU3yalIu3alldsl JBWKCHUM MEXaHUYECKHUX
cucteM B MATLAB: Yue6noe nocobue / B.C.Illep6akos, M. C. KopsiTos, A.A.
Pynmnens u n1p.— Omck: CuoA /I, 2007. — 84c.

3. MogenupoBanue MeXaTpoHHbBIX cucremM B cpene MATLAB

(Simulink / SimMechanics): yueOHOe mOcCOOME TSI BBICHIMX YYEOHBIX
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3aBeneHuii / Mycanumos B.M., I'.b. 3amopyes, N.U. Kananeimuna, u np. — CII6:
HNY UTMO, 2013. - 114 c.
4, MonenupoBanue npouecco U cucteM B MATLAB. YueOHblil kypc

/ Jlazapes FO.II. - CIIO.: [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.

J171s1 BOSHUKHOBEHUS (DPUKYUOHHBIX ABMOKOIeOaHUll HEOOXOANMBI yCIIOBUS,
MIPUCYIIHE aBTOKOJIEOATEIIbHBIM CHCTEMaM. DTUM YCIOBHUSIM COOTBETCTBYET
HaJW4yue B CHUCTEME MCTOYHMKA DHEPrUU HEKO0JIeOATEeIbHOIO XapakTepa,
KOJIeOATEeTbHOM CHUCTEMBI, KJIANaHHOTO0 MEXaHu3Ma, MOJAIOUIEro MNOPLUUSIMU
DHEPIHIO B KOJICOATEIIBHYIO CHCTEMY, U 0OpaTHOM CBSI3H.

PacueTHas cxema nccneayeMon CUCTEMBI MPEICTaBIIeHa Ha puc. 6.1.
Temo Maccod M HAXOAWUTCA HA NOABWKHOW JICHTE, JBWXKYILECHCS C
MIOCTOSTHHOM CKOPOCTh V, U yAepKUBaeTCs MPYKUHOH sxecTkocThio C. Mexy

TEJIOM Y JIEHTOM JIEUCTBYET CUJIA CyXOr0 TPEHHS.

H o

¥

S
:ﬁf\
-
0
'

Puc.6.1 PacueTHas cxema

HcxonHble TJaHHBIE:

m = 0.5 kxr - 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 CyX0ro 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.

Vertikal Mapr

Body Spring & Damper

Machine

Environment ~ Ground1 3_ .

1
B
1
5
Integrator
0

Prismatic1

Integrator

Prismati *
rismatic 5 IC

:’ Joint Inttial Condition

. Joint Actuator1 Joint Actuator p p
Cwna TpeHuA Y
Constant P %/' ]
— - D a L. E
Fr ocn
Joint Sensor
Product| »¢

Puc.6.2 Brok-cxema mporpammsl B cpee SimMechanicssMATLAB

Hactpoiiku Bcex OJIOKOB, HMCIOJIb30BAHHBIX B CXEME MOJICTUPOBAHUS
paccMaTpUBaE€MOM CUCTEMBI, MpecTaBieHsbl B [Ipunoxenun 6.1.

PaccmoTpuM M mpoaHanu3upyeM pe3yJbTaThl MOJICIUPOBAHUS B BUJC
rpauKOB 3aBHUCHUMOCTEH OTHOCUTEITHHBIX M a0CONIOTHBIX KHHEMAaTUYECKHUX

XapaKTepUCTHK MOJI3yHa.

Ha puc.6.3 npencrapiex rpaduk aOCOIOTHOTO MEPEMEIICHUS MOI3yHA.
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AMMN
S a< i %% a5

03—

Puc.6.3 I'paduk abcomOTHOTO NEepeMeNIeHHs MOI3yHa

N3-3a NEUCTBUSA IIPY>KUHBI IIOJI3YH repemeraeTcs

110

KBA3UI'apMOHHUYCCKOMY 3dKOHY B IIPCACIIaX OAHOI'O M TOI'O KC JHalla30Ha

KOOpAMHAT BJIOJb OCH X.

Ha puc.6.4 npencrapieH rpauk OTHOCUTEIBLHOTO MEPEMEIICHUS

IIOJI3YyHAa.

onn

EEIRYE RN E LI

2

= 3

Puc.6.4 I'padguk OTHOCUTETHHOTO NEPEMEILIEHUS TOJ3YHA

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

OHa IBHMIKCTCA BIIPABO.
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Ha puc.6.5 npencrasien rpaduk abCoIOTHON CKOPOCTH MOJI3YHA.

AcCn - o <]
@ a5k EaR =

15

AL

Puc.6.5 I'padux abcontoTHON CKOPOCTH MOJI3YHA

AOCOII0THAs CKOPOCTH MOJI3yHA KOJIEOIETCS OTHOCUTENIBHO HYJIS, TaK KaK
MOJI3YH CHauaja JBW)KETCS C HAaIpaBJISIIOLIEH BIIPaBO 3a CYET CUIIBI TPEHMS, a
3aTeM, MOCJe TOro, Kak CUJIa HATSHXKEHUS MPY>KUHBI HAYMHAST MPEBBIIIATH CHITY
TPEHUS, OH MIEPEMEIIACTCS YXKE IO ISHCTBUEM MPYKUHBI, KOTOpasi BO3BPAIIACT
€ro B UICXOJIHOE IOJIOKEHHE, BIEBO.

Ha puc.6.6 npencrasieH rpaduk OTHOCUTEIBHONW CKOPOCTH TOJI3yHA.

ocn - s
IR ERELREERE =

05

05— : : : _

Puc.6.6 I'padguk OTHOCUTENHHOM CKOPOCTHU MOJI3YyHA
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OTHOCUTEIBHO ,HBHX(YIHCfICH BITPAaBO JICHTEI CKOPOCTL II0JI3YHAa MCHACTCA

OT HYJICBOT'O 3HAYCHUA OO OTPULATCIBHOI'O 110 KBA3UTAPMOHHUYCCKOMY 3dKOHY.

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

JUTSI MATEMaTHIECKOT0 MOJICTTUPOBaHUS (PPUKIIMOHHBIX aBTOKOJIE0aHH B cpefie

SimMechanics/MATLAB, noctpoenbl rpaduku abCOMIOTHOTO MEePEMEIICHNS,

OTHOCHUTCIIBHOT'O IICPCMCIICHUA, a0COJIIOTHOM CKOpOCTH H OTHOCHUTEJIBbHOM

CKOPOCTH JaHHOTO TCJIa.

6.2 COOEPXKAHUE OTUYETA

Otuer AOJDKCH COACPIKATDh CIICAYIOINNC pa3aciibl:

o HasBanue nabopaTtopHoii paboThI U €€ 11eTIb;

L Pacuernas cxema oObekTa MOACIUPOBAHHUA C YKAa3aHUCM HCXOJHBIX

3HAYCHUH U IapaMeTPOB;

° CxeMa Mozen MexanusMma B makere SimMechanics;

° HacTtpoiiku 61okoB SimMechanics;

o PesynpTaThl MOJENMpPOBAaHUS B BHJIEC BPEMEHHBIX T'papUKOB

KHHEMATHUYCCKUX XAPAKTCPHUCTUK MOACIINPYEMOT' O O6’beKTa;

° 13330:10)1158

6.3 BAPUAHTBI 3AJIAHUI

Tab6n. 6.3 BapuanTtsl 3a1anuit

CyXOTro TPEHHS
f

Ne BapmnanTa 1 2 3 4 5 6 7 8 9
Ckopoctb 10 20 30 15 25 35 40 45 5
nenTel, V, M/c
Macca Tena, m, 15 0.8 0.6 0.5 1.2 0.2 0.3 04 0.7
KT
Koapduuuent | 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1

6.4 KOHTPOJIBHBIE BOITPOCHI

1. Kak obecrmeunTh BO3MOXHOCTH MOJICTUPOBAHHS CYyXOTO TPEHHUS B

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

3. Otdero BO3HUKAIOT (pUKIKUOHHBIE aBTOkoJiecOanus? IlpuBeauTte
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 wMarematuke u
mozaenupoBanuu / JlpsikonoB B.II. IlomHoe pykoBoJCTBO mosb3oBaTens - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MonenupoBanue ¥ BH3yalu3amus JIBHKECHUH MEXaHUICCKUX
cucteM B MATLAB: Yue6noe nocobue / B.C.Illep6akos, M. C. KopsiTos, A.A.
Pynmens u n1p.— Omck: Cu6A/IU, 2007. — 84c.

3. MogenupoBanue MexaTpoHHbIX cucremM B cpene MATLAB
(Simulink / SimMechanics): ydebHOE€ mOCOOME Il BBICIIMX Y4YEOHBIX
3aBenenuii / Mycanumos B.M., I'.b. 3amopyes, N.U. Kananeimuna, u np. — CII6:
HNY UTMO, 2013. - 114 c.

4, MonenupoBanue npoieccoB u cucteM B MATLAB. YueGHblii kypc

/ JTazapes FO.II. - CII6.: [Tutep, 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] ms~2 -
[] Input gravity as signal

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

Ground

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

Parameters

Location [xy,2]: |[0 0 0] m -

Show Machine Environment port

0K || Cancel || Help Apply
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Groundl

Ground

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

Parameters

Location [xy,z]: |[—3[]1[]] | |cm *|

Show Machine Environment port

oK | cancel || Help |

Prismaticl

Prismatic

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

Connection parameters

Current base: GHD@Ground
Current follower: CG@Gorizontal Mapr
[4]

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

Axes | Advanced |

Name Primitive Axis of Action [x y z]

P1 prismatic [100]

<

OK | Cancel | Help || Apply
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Body Sensor
X
Body Sensor )
Measures the motion of the Body coordinate system to which the Sensor is connected. Sensor measures any
combination of translational position, velocity, and acceleration; and rotational orientation, angular velocity, and
angular acceleration. Choosing the coordinate system determines the axes in which the motion components are
represented. Output is a Simulink signal. Multiple output signals can be bundled into one signal.
Measurements
With respect to CS: Absolute (World) -
Fosition [x;y;z] Units: |cm v|
Velocity [x';y';2'] Units: |cm,f5 - |
[] Angular velocity [Rx';Ry';Rz'] Units: deg/s -
[] Rotation matrix [3 x 3]:
[] Acceleration [x"y"z"] Units: m/s~2 -
[] Angular acceleration [Rx";Ry";Rz"] Units: deg/s"2 -
[] output selected parameters as one signal. w
< >
oK | | 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)

FParameters
[ Enable zero-crossing detection
Sample time (-1 for inherited):

= e

| OK | Cancel | Help

Weld
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Connection parameters

Current follower: CG@Ver. Mapr

Current base: GND@Groundl

Mumber of sensor / actuator ports: | |

Parameters

[« B

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

[-101 0]

Axis of Action [x y z]

oK | Cancel

Help

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) kgTme2 |

Position | Orientation | Visualization |

Show Port Hame Origin Position Units Translated from Components in
Port Side Vector [x y z] Origin of Axes of
| Left - CG [-301 0] cm v |world - | 'World
& Right = CS1  [-3010] cm  * |world - | World
1 Right = Cs2 [-3020] cm  ~ | world ~ ‘World
] Right ~|cs4 [-3040] cm  + | World + | world 1+
1 Right ~ CS5  [-30-20] cm v | world ~ World 3
1 Right ~ CS3 [-3000] cm v | World ~ ‘World
W
0K | | 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 (ro): 30 |
Units

Position: ‘em -
Velocity: em/s -
Force: ‘mN -

OK | | Cancel | | Help | Apply
Joint Actuator
Joint Actuator
Actuates a Joint primitive with generalized force/torque or
linear/angular position, velocity, and acceleration motion signals.
Base-follower sequence and joint axis determines sign of forward
mation. Inputs are Simulink signals. Motion input signals must be
bundled inte one signal. Connect to Joint block to see Connected
to primitive list.
Actuation
Connected to P1 -
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

Mumber of inputs:

2 |

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

Sample time (-1 for inherited):

! |«

Q | 0K | | Cancel | | Help | Apply
Prismatic
x

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. Mapr
Current follower: CS4@Polzun
[=]
Mumber of sensor [ actuator ports: |3 | =
Parameters
Axes Advanced
Name Primitive Axis of Action [x y z]
Pl prismatic [100] o
< >
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 ~|
Pasition | Orientation | Visualization |
Show Port Name Origin Position Units Translated from Components in
Port Side Vector [x y z] QOrigin of Axes of
o Left - CG [01a] cm World ~ | World -
] Right ~ CS6 [010] cm World ~ | World -
] Left * C51 [-200] com World - | World -
o Right =~ CS2 [-220] cm World ~ | world ~]| *
] Right ~+/cs3 [220] cm World ~ | world | &
] Right ~ Ccss [200] cm World ~ | world -
] Right ~ CS4 [000] cm World ~ | World -
W
oK | | Cancel | | Help | | Apply |
Constant
=
Constant

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
same dimensions as the constant value.

Main | Signal Attributes

Constant value:

0

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

Sample time:

|inf

|| Cancel || Help | Apply

7] oK

Gorizontal Napr
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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: |1 | |I:g v|
Inertia: | eye(3) | kgTm~2 v
Position | Orientation | Visualization |
Show Port Origin Position - Translated from Components in
Port Side Name Vector [xy z] Units Origin of Axes of
V] left  ~/CG  [000] cn  ~ | World ~ | World M
1 Right =/ CS1  [-200] cm ¥ | World ~ | world A\
] Right =~ €S2 [1000] cm ¥ World ~ | World -
n Right =~ CS3 [-2500] cn  ~ | world ~ | world «| | |®
2
L
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: | F1

Actuate with: Motion

Position units: |cm

Velocity units: |cmf5

Acceleration units: |crr|ufs“‘2

| 0K | Cancel | Help

Integrator
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b4
Integrator *

Continuous-time integration of the input signal.

Parameters

External reset: |none - |

Initial condition source: |interna| - |

Initial condition:
L |

] Limit output

Upper saturation limit:
inf

Lower saturation limit:
-inf

[| Show saturation port

] Show state port
Absolute tolerance:

| auto

[] Ignore limit and reset when linearizing

Enable zero-crossing detection

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

| e

0 | OK || Cancel || Help | Apply

Joint Initial Condition

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

Actuation

Primitive

Integratorl
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Integrator

Continuous-time integration of the input signal.

Parameters

External reset: |nune - |

Initial condition source: |interna| - |

Initial condition:
1 |

] Limit output

Upper saturation limit:
inf

Lower saturation limit:
-inf

[ | Show saturation port

] show state port
Absolute tolerance:

|auto

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

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

g | oK || Cancel || Help | Apply

Mux

®

MLz "

Multiplex scalar or vector signals.

Farameters

Number of inputs:

E |

Display option: | bar - | v
g | 0K | | Cancel | | Help | Apply

Joint Sensor
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Joint Sensor

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

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

[ | Output selected parameters as one signal.

| 0K || Cancel || Help | Apply
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7. JIabopaTopHas padora Ne7
KOMIIBIOTEPHOE MOAEJIMPOBAHUE JTUHAMNWYECKOI'O

TACUTEJISI KOJEBAHUI B ITAKETE SIMMECHANICS CPEJIbI
MATEMATHNUYECKOI'O UMHUTAIIMOHHOTI'O BJIOYHOI'O
MOJIEJINPOBAHU A SIMULINK/MATLAB

Heab: o3HaKOMUTHCS C TakeToM pactmpenus SimMechanics cpembt
MaTeMaTu4ecKoro UMHTAIIHOHHOTO 0J04HOTO MOJICITUPOBAHUS
Simulink/ MATLAB ©Ha mnpuMepe MOIEIUPOBaHUS TMpolecca pPadOThI

TUHAMHUYECKOT0 racuTelIsi KojaeOaHuid.

7.1 IIOPAIOK BbITIOJIHEHW A PABOTDI

Ha puc.7.1 npeacraBiena pacdy€tHas cxema CUCTEMbl JUHAMUYECKOIO
racutesns KojieOaHui.

J

/77 /11>
L (> X

Puc.7.1 Pacuérnas cxema CUCTEMBI C IUHAMHUYECKUM TaCUTEIEM KOJIeOaHUi

HUcxonHble TaHHBIE:
m,; = 1 (Kr) — macca OCHOBHOTO TeJa;
C; = 100 (H/™M) — ko3pdurimeHT :)KECTKOCTH OCHOBHOM TPYKUHBI,
m, = 0.1 (kr) — Macca AMHAMUYECKOTO TaCUTEIs;

C, =10 (H/ M) — KOODPUITUEHT KECTKOCTH MPYKUHBI JUHAMUYECKOTO
racuTerns;
w = 10 (¢™1) — yacTora BHEIIHErO CUIOBOrO FAPMOHUYECKOTO
BO3MYIIAIOIIETO BO3/ICUCTBUS;
Py, =10 (H) — ammiuTyna BHEIIHETO CHIIOBOTO TAPMOHUYECKOTO
BO3MYIIAOIIETO BO3ICHUCTBUSL.
Ha puc.7.2 mnpeacraBnena  OOK-cXxeMa  MOJEIM  OCHOBHOM

K01e0aTeJIbHOM CHUCTEMBI, COCTOSIIEH W3 OCHOBHOTO Tejla Maccol Mp; H
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YIPYTOro 3JIEeMEHTa JKeCTKOCThI0 Cj, HAXOIAIICHCS MO ICHCTBUEM BHEIIIHEH
rapMoHU4YecKoi BeIHYXHawomed cuibl P(t)=Po sin(mt), 6e3 ucmonb3oBaHus

JTUHAMHYECKOro racutens konebanuii. CoOCTBEHHAs! 4aCTOTa pacCMaTpUBaEMOi

p = ) = =10 (c .
IC

Jaint Initial Condition
"

%
Constant

e i e m= I S B o Ao
Machine I CS6 3_ B _ cc iy
rou

Environment Ground Weld Vertical Demphi oe telo I
- n Ground1
Prismatic Demphiruyschee telo
Prismatict
@ e IC

Joint Initial Condition1
Joint Spring & Damper1 %/’ ot it on

Scope3

CHUCTCMEBI paBHA

Sine Wave

Joint Spring & Damper Joint Sensor2

Jaoint Sensor1
Scope2

Puc.7.2 bnok-cxema 17151 MOIEIMPOBAHNUS BBIHYKICHHBIX KojieObanuil Tena B SimMechanics

Tak kak vactora =10 BeIHYXXHaromiel rapmonudeckoit cuibl P(t)=Po
sin(ot) paBHa COOCTBEHHOW dYacTOTe KoJyiebaTelibHOM cuctemMbl P=10, TO
BO3HMKHYT pe30HaHCHble KojeOanuss. Ha pwuc.7.3 mnpexacraBieH rpaduk

HapaCTaromnuX pC30HAHCHBIX KoJIeOaHMIT OCHOBHOT'O TeJla MacChl ms.

Puc.7.3 I'paduk HapacTaronmx pe30HaHCHBIX KOe0aHUil OCHOBHOTO Teja
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be3 ramenus konebaHuil B CHCTEME PE30HAHCHBIE KojeOaHus OyayT
HEOTpAaHUYEHHO HapacTaTh. JlIs1 HX TMojaBiIeHHs OyJeM UCIO0Ib30BaTh
JTAHAMHAYECKHUMN raCUTENb B BUAE JOTOJIHUTEIBHON MacChl My, MPUCOEAUHIEMON
K OCHOBHOMY T€JTy IIOCPEJACTBOM YIIPYTOro 3J€MEHTa )KECTKOCThIO Co. 3HaUCHUS
MacChl M JKECTKOCTH JUHAMUYECKOIO TacUTENs KoaeOaHWil JOJDKHBI
obecrieurBaTh  MapUHAIBHYIO  YacTOTy (COOCTBEHHYHO  YacTOTy  IIpH

HCHOI[BI/DKHOI?I MaccCe m]_), PaBHYIO 4aCTOTC BBIHy}K,ZIaIOHICﬁ CHIJIBI:

G _ |10 _ o e
m, o1 7

Torma koneOaHusi JMHAMUYECKOTO TacHUTENsl YPaBHOBECAT JCHCTBHUE
BBIHY/IAIOIIEN CUJIBI U TEM CaMbIM YCTPAHSAT KOJIEOaHHUsI OCHOBHOIO TEJA.
Ha puc. 7.4 mnpencraBneHa OJOK-CXxeMa, MOJACIUPYIOIIAs CHCTEMY

NMHAMUYECKOT0 racureis kojeoanuii B SimMechanics/ MATLAB.

%
] Bty Acmain .
1 Fosap—

1 Dl bEko F [ ﬂl.hg
; 1 N o [
Pegmatcl
Elmlioh ic

=] . —
- L (’\g._., A - | Joirt Indtial Coneition

Puc.7.4 bnok-cxema, MOACIUPYIOIIAsi CUCTEMY TMHAMHYECKOTO TaCUTENsI KOJIeOaHUH B

SimMechanics/MATLAB

Hactpoiiku wucnonap3yeMblx B MOJEIU OJIOKOB MPEJICTABICHBI B
[Tpunoxenun 7.1
Ha puc. 7.5 npencrasien ¢pparment anumaiuu mojeinu B okue MATLAB

B [IPOU3BOJIBHBIII MOMEHT BPEMEHH.
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Puc.7.5 ®parmeHT aHUMaIUU MOJCITMPOBAHUS TUHAMUYECKOTO TaCUTEN KOJIeOaHW B OKHE
MATLAB

I'paduk Koedanmii OCHOBHOTO TeJia MPEACTABICH HA pUC. 7.6.

Puc.7.6 I'paduk koneGaHuii OCHOBHOTO Tea

K 6 cexynnam xone6aHus MOJTHOCTHIO 3aTYXalOT, CIEI0BATENBHO, TallleHHue
POUCXOIUT.

JlnHaMU4eCKUil racUTeNb MOCJI€ OCTAHOBKA OCHOBHOTO Tejla KOJIe0JeTcs ¢
NOCTOSHHOM ammuutyfgo A, (puc7.7). Ilpudyem 3HaueHHE STOM aMILTUTY]IbI
TaKOBO, YTO BEJIMYMHA YNIPYTOM CUIIBI JOTIOJHUTEIBHON MPYKUHBI )KECTKOCTHIO
C, KoMIIeHCHpYeT BeIHY X 1aromyo cuiy P(t):

Po =CoAz;
10=10*1.
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Puc.7.7 I'paduk koneOaHUil TMHAMUYIECKOTO TaCHTENs KOJIeOaHUI

Takum oOpa3om, mosyueHa MOJIEIb MPoIecca TUHAMHYECKOTO TalleHUs
KoJIeOaHUH  cpelcTBaMH  MMakera pacmupeHuss  SimMechanics — cpempl

MaTEMAaTH4YCCKOTI'O HUMUTAIUOHHOTIO 0J1049HOTO MOJCIINPOBAHUA

Simulink/ MATLAB.

7.2 COOEPKXAHUE OTYETA

OT4YeT OJKEH COoIepkKaTh CIEAYIONINE Pa3Iebl:

o HasBanue nabopaTopHoii paboThI U €€ 11eJib;

o PacueTHas cxema 00beKTa MOJIETMPOBAHUS C YKA3aHUEM HCXOTHBIX
3HAYECHUH U IapaMeTPOB;

° CxeMa Mozen MexanusMma B makere SimMechanics;

. Hacrpotiku 6110k0B SimMechanics;

o Pe3ynpTaThl MOJENMpOBAaHWS B BHJIEC BPEMEHHBIX T'papUKOB
KHHEMATHYECKUX XapaKTePUCTHK MOCIUPYEMOTO O0BEKTA;

° BriBomI.

99



100

7.3 BAPUAHTBI 3AJJAHUI
Tab6n. 7.3 BapuaHTsl 3a1aHui
Ne Bapmnanra 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

Tena, M1, Kr
Koadpduruent | 150 200 80 220 250 300 350 280 180
s)kectkoctu Ci,

H/m

Ammmaryaa 15 20 25 8 12 28 30 5 22
BBIHYXJAOLLIECH

cmiel Po, H

7.4 KOHTPOJIbHBIE BOITPOCHI
1./l yero UCONB3YIOT TMHAMUYECKOE TallIeHUE KOJIeOaHU?
2.3a cyeT 4ero MpoUCXOAUT JUHAMUYECKOE TralleHne KoiaeOaHui?
3. Kak npaBuiIbHO HaCTPOUTh TMHAMUYECKHUM racUTeNb KOJIeOaHUil?
4. Kakoe BiusHHME OyAeT OKa3bplBaThb BS3KOE CONPOTUBJICHHE,
JEHCTBYIOLIEE B KOJIEOATEIbHON cucTeme?
5. KakoBa OyeT aMIuMTy bl KOJ€OaHUH TMHAMUYECKOTO TacUTEIs IIOCTIe

MOJIaBJICHUS KOJI€OAHUN OCHOBHOI MacChI?

CIIMCOK MUCITOJIb30OBAHHOM JINTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B wMarematuke u
moaenupoBanuu / JIpsikonoB B.I1. TlomHoe pykoBojcTBO momib3oBarens - M.:
COJIOH-IIpecc. — 2003. — 576 c.

2. MonenupoBaHue ¥ BH3yalW3alusd JIBHKECHUH MEXaHUYCCKUX
cucteM B MATLAB: Yue6noe nocobue / B.C.Illep6akos, M. C. KopsiTos, A.A.
Pynmnens u n1p.— Omck: CudA /I, 2007. — 84c.

3. MopenupoBanue MexaTpoHHbIX cucteM B cpenre MATLAB
(Simulink / SimMechanics): yueOHOe moOcCOOME UIsI BBICHIMX YYEOHBIX
3aBenenuii / Mycanumos B.M., I'.b. 3amopyes, N.U. Kananeimuna, u np. — CII6:
HNY UTMO, 2013. - 114 c.
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4, Mopenupopanue nporieccoB u cucreM B MATLAB. YueoHslii kypc

/ Jlazapes FO.II. - CIIO.: [Tutep, 2005, 511 c.
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ITPUJIOXXEHUE 7.1 HACTPOMKA BJIOKOB

Joint Initial Condition, Joint Initial Condition1

Block Parameters: Joint Initial Condition1
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
! 0.05 m  v|0 m/s M
W
Cancel Help Apply
OcHosnoe meno
Mass properties
Mass: |1.5 | kg v
Inertia; |eye(3) | kg*m~2 -
Pasition 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 v CG -~ CG E;
] Right ~ CS6 [oo0] m v | CG - [CG
] Left - (C51 [-0.05 -0.05 0] m - CG - CG
] Right ~ CS2  [0.05-0.050] m ~ G ~ CG
] Right ~ CS3  [0.050.050] m > G - CG
] Right ~/CS4  [-0.050.050] m ~ CG - CG
Jlunamuueckuti cacumesnb KoaeoOauul
Mass properties
Mass: |l].15| | kg v
Inertia: |eye(3) | kg*m~2 -
Pasition Orientation Visualization

Show Port
Port Side

~ Left

] Right

1 Right

] Left

] Right

] Right

_ Right

£

Nam

* CG
v CS5
- CS6
v Cs1
v CS2
- CS3
v C54

Origin Position
Vector [x y z]

[000]

[000]

[000]

[-0.02 -0.05 0]
[0.02 -0.05 0]
[0.02 0.05 0]
[-0.02 0.05 0]

23 [(2 22|32 |2

Units

Translated from

World
CG
CG
CG
CG
CG
CG

Origin of

~|Cq
¥ Cq
- |Cq
~|Cq

- C( '.g

~|Cq

102



103

ﬂ] Source Block Parameters: Sine Wave
Sine Wave

Qutput a sine wave:

0O(t) = Amp*Sin(Freg*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 Wave
X

-~

Sine type: |Time based

Time (t): |Use simulation time

Amplitude:

7

Bias:

0

Frequency (rad/sec):

10

Phase (rad):

0

<

Body Actuator

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

condition actuation, press Help.

Actuation

Body Actuatorl

With respect to CS: | Absolute (World)

Generalized forces

[ Applied torque Units: | WN*m
Applied force Units: |H
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 Translated from Components in
Port Side Vector [x y z] Origin of Axes of
vl Left G [000] m v | World ~ | World M
] Left = Sl [0-0.050] m - | world - | World -
1 Left 53 [00.050] m ~ | World ~ | World -
vl Right <~ €S2 [000] m v World ~ | world ~| [®]] .

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 revolute primitives. The force or torque F between the bodies is
a function of the relative linear or angular displacement x and the linear or angular velocity v of the bodies, given by F = -
k*=(x-x0) - b®v. The parameters x0, k, and b represent the spring offset, spring constant, and damper constant,
respectively. Each prismatic and revolute primitive has a separate spring.

Spring Damper Spring - . Forcef

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

k b x0 Units

m v m/s il |

Fl 100

ok ][ cancel |[ b || sowy |

Joint Spring & Damperl

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 revolute primitives. The force or torque F between the bodies is a
function of the relative linear or angular displacement x and the linear or angular velocity v of the bodies, given by F=-
k*(3-x0) - b®v. The parameters x0, k, and b represent the spring offset, spring constant, and damper constant, respectively.
Each prismatic and revelute primitive has a separate spring.

Spring Damper Spring - . Force/
Primitive ~ Enable Constant Constant Offset POSIt! on L& oglt‘_.r Torque
Units Units .
k b x0 Units

10 0 0.05 ‘m v mfs L v

| oK || Cancel || Help | Apply
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