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1. JIaGopaTopHnasi pabora Nel
KOMIIBIOTEPHOE MOJIEJINPOBAHUE JIBWXKEHMA OJHO3BEHHOI'O 1
JABYX3BEHHOI'O ®U3NYECKUX MASTHUKOB C ITOMOILBIO ITAKETA

PACIIUPEHUA SIMMECHANICS CPE/Ibl MATEMATHUYECKOI'O
NUMUTALWUOHHOI'O BJIOYHOT'O MOJEJIMPOBAHU A SIMULINK/MATLAB

ILlenv padomuwr:

O3HakOMHTBCS € TMakeToM pacmmpenus SimMechanics  mporpammer
Simulink/MATLAB mist MmoenmpoBaHus MeXaHUIeCKuX cucteM. OCBOUTH OCHOBHBIE
HOPUHIUIBl  KOMOBIOTEPHOTO  MOJEIUPOBAHMS  IBM)KCHUS  OJHO3BEHHOTO |
IBYX3BEHHOTO (PM3NYECKUX MASITHUKOB.

1.1 TEOPETUYECKAS YACTb

MOI[GJ]I; OJHO3BCHHOI'O MAsTHHUKA C BA3KHUM COIIPOTHUBJICHUCM IIPCACTABJICHA

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

Puc. 1.1 CxeMa 0J1HO3BEHHOI0 MasTHHKA C BA3KUM COIIPOTUBIIEHUEM: | — cTOMKa; 2 — KECTKUN
CTepIKeHb; | — JUTMHA CTepIKHS; Po — HAYAITLHBIN YO OTKIIOHEHHS MasSTHHUKA; | — KO3 GHUIUEHT
BA3KOT'O TPEHUS

ypaBHCHI/Ie, OIMMCBIBAIOIIMUEC JUHAMHUKY paCCMaTpuBaACMOI0 MasATHHUKA, UMECT
BU:
1Y + up + mglsing =0,
rae
I, = ml? — MOMEHT MHEpLUHK TeJla OTHOCUTEIBHO OCH BPAILCHUS;
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U
2ml?

n= — KO3 UIMEHT 3aTyxaHUs;

’g
p= T COOCTBEeHHAad YacTOoTa.

C yu€Tom 3aMeHBbI YpaBHEHUE TPUMET CIICTYIOIIUNA BU/L:
@ + 2n¢ + p?sing = 0.

Y4 1

Puc. 1.2. CxeMa 1ByX3BEHHOI0 MasTHHUKA: | — cTOMKa; 2 — )KECTKUM cTepkeHb 1; 3 — KECTKUMN

CTepKeHb 2; | — inHa CTepIKHEH; (10, (20— HAYAIBHBIC YTIIbI OTKJIOHEHHS MasTHHKA

Jist MojenmupoBaHUS MAasSTHHKOB OyAyT HCIIOJIb30BAaHBI CJACAYIOIIUE BUIBI
OJIOKOB:
1. Ground;

2. Revolute;



Joint Sensor;

Joint Initial Condition;
Joint Actuator;

Body;

Machine Environment;

Gain;

© 0o N o a0 M w

Scope;
10.Mux.

Taxxe, kak Bce oOcCTajabHbIe OMOIMOTEeKHM Iakera Simulink, OuGIMOTEKa
SimMechanics mpexacraBisier coboii HaOop OJOKOB B BHAE TIpaduuecKux
NUKTOTPAaMM C OPHUTMHAJIBHBIMU Ha3BaHUSMM Ha aHIVIMMCKOM s3bike. [l ux
MIPOCMOTpa, BbHIOOpA M MEPETACKUBAHUS MBIIIBIO B OKHO co3faaBaeMoi Simulink-
MOJICITN CITY)KUT OKHO Opay3epa oubnmmnotek nakera Simulink (puc. 1.3).

Kak BugHo Ha puc. 1.3, B Oubimoreke SimMechanics (B MATLAB2013b)
BCETO CEMb Pa3JIeIioB:

1.1. Bodies;
1.2. Constraints & Drivers;
1.3. Force Elements;

1.4. Interface Elements;

1.5. Joints;
1.6. Sensors & Actuators;
1.7. Utilities.

Kaxnplii paznen coaepkuT OJOKM OIpeAesrieHHOM rpynmbl. Paccmorpum

nopoOHee Te OJIOKH, KOTOPbIe OYIyT UCTIOIB30BAThCS B JAHHOU padoTe.
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Puc. 1.3. Oxno Opay3zepa 6ubnmorex Simulink, pa3mensr makera

SimMechanics
1.1.1 Baoxu meepovix men («Bodiesy)
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.

bnok «Body» mpeacrasisier co00i TBEp10€ KECTKOE TeI0 (OTACIbHOE 3BEHO
MEXaHM3Ma, JBIDKEHHS  KOTOPOTO  MOJCIUPYIOTCA) € ONpEJeJICHHBIMU
M0JIb30BaTEJIEM ITapaMeTpaMu.

B kauecTBe 3a7jaBaeMbIX MapaMeTPOB BHICTYAIOT:

- Macca tena (Mass), KoTopasi MOKET ObITh BBIPDAKEHA B PA3JIMYHBIX €IHMHHIIAX
(MMeeTCs BBINMAIArOIINi CIIUCOK, IO YMOJTYAHUIO CTOST KHJIOTPaMMBbI);

- 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 KOOpAMHAT, CBA3aHHOM C €ro LeHTpoM Macc. [ns psana
HamboJee pacHpOCTPAHEHHBIX CHUMMETPUYHBIX TeNl TPOCTOM Te€OMETPHUYECKON
(dbopMbI POPMYIIBI JIJIs1 BBIYUCIICHUS SJIEMEHTOB TEH30pa MHEPIIUY TIPUBEICHBI B Ta0.
1;

- JIEKapTOBBI KOOPJMHATHI XapaKTEPHBIX TOYECK, CBs3aHHBIX ¢ TenoMm (Origin
position vector [X y Zz]). B uacTHOCTH, 0053aTEIbHO JOJDKHBI OBITH YKa3aHBI
KoopauHaThl IeHTpa Tspkectu Tenma CG u, mpu HEOOXOIUMOCTH, KOOPIMHATHI
MPOM3BOJBHOrO YnciIa Apyrux xapakrepusix Touek CS1, CS2, CS3, ... CSN, takux
KaK IIEHTPHl IIAPHUPOB, CBSI3AHHBIX C JIAHHBIM TEJIOM, WJIM TOYKH TPHIIOKCHUS

BHCIIHHUX CHUJI U MOMCHTOB.



Tabn.1 - DneMeHThI TEH30pa UHEPLMH PSAA TEl MPOCTOil POpMBI

DOpMYIE 8 BEYHCISHHA
Popua Tena T
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Jns toro, 4troObl n00aBUTH WM YyOpaTh H300pa)k€HUE BXO]1a/BBIX0OJA
OTIpEe/ICIICHHOW TOUKH Ha IMUKTOrpamme OJ10ka «Body» B OKHE MOJIeNN, UCTIONIB3YETCS
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 (J1r00asi, B TOM YUCIie
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 HENMOABUKHAS 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 0ioka «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 IIOBOPOTa CHUCTEM 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).
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Puc. 1.5 Pacnionoxenue ocelt KOOpIUHAT

biaok «Ground» mpeacraBisger co0OHM HEMOABMKHYIO CTOHKY (OCHOBaHHE),
KECTKO CBSI3aHHYIO C aOCOJIOTHOM MHEpPUUATBbHON CHUCTEMOW KOOpIAWMHAT 3eMIIH.
Hanmare XxoTst 661 0THOTO 3TOTO 0J10Ka 00S3aTENHHO B JTFOOOM MEXaHHYECKOU MOICITH
OTIIETLHOTO MeXaHu3Ma (MHaye NpHU 3alycke MOJEIUpOBaHUsl OyJeT BblJaHa
omnOka). B okHe HacTpoilku 3TOro 0OJIOKa 3aJaeTCsi BEKTOpP KOOPAHMHAT OJHOM
HETOJABMKHOW TOYKHM MEXaHW3Ma OTHOCHUTEIBHO TJI00aThHOW WHEPIIHAIbHOM
cuctembl koopauHat WORLD. K mexanndyeckomy BXxoay/Beixony Omoka Ground,
COOTBETCTBYIOIIEMY 3aJaHHOM HEMOJABHUKHOW TOYKE, JOJDKEH OBITh TPHUCOSINHEH B
OKHE MOJeNi OJIOK HMIApHUPHOTO cowieHeHus (K3 pazzaena Joints), a 3aTem OJIOK
«Bodyy, ot 050K M3 pazzaena Joint, 6110k «Body» u T.4., U1 TOrO, YTOOBI CTANIO
BO3MOYKHBIM JIBI)KCHHE Mocaeayromux Teir Body.

Block Parameters: Ground

Ground

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

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

[[] Show Machine Environment port

Cancel Help Apply

Puc.1.6. Hactpoiika napameTpos 6oka Ground

binok «Machine Environment» mnpeacraBiser co0Oi HACTPOCUYHBIA OJIOK
IapaMeTpPOB MCXAHMYECKOM CpeIbl MOJACIUPOBAHHUS I MAaIIUHBI (MEXaHH3Ma).
Brnox «Machine Environmenty» cBsazan ¢ Mmexanndeckum 0sokoM «Groundy.

[Tpr nMBOWHOM IMIETYKE MBIIBIO 10 JaHHOMY OJIOKY OTKPBIBA€TCS OKHO

YCTaHOBKH IMapaMeTPOB MEXaHUUECKOT0 MoaearupoBanus (puc. 1.7).



Cpenu 3amaBaeMbIX IMapaMeTpOB Ha YETHIPEX BKIAAKaX JaHHOrO OJoka
MUMEIOTCS: BEKTOp CUJI TsDKecTH BuJa [X Y Z], pa3MepHOCTh MexaHu3Ma (2-MepHas
160 3-MepHas cxema), CIocod aHaIM3a, THIT PEHIaloIIero yCTPOWCTBa OrPaHUYCHHUS,
JOMYCKH JIMHEApU3allii, YCTAHOBKA/CHATHE BU3YaJIbHOTO HAOJIOACHUSI.

[To ymomyaHWIO BEKTOp CHJ TSDKECTH YCTAHOBJIEH Kak MJii MEXaHH3Ma,
PAacIIOIOKEHHOTO Ha TOPU30HTAIBHOM OMOPHOM MOBEPXHOCTU C HYJIEBBIMH yIiIaMu

HaKJIOHA OTHOCHTEJILHO IPaBUTALIMOHHON BepTHKaiu, U uMmeeT By [0 —9.81 0].

x
Description

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

Parameters Constraints Linearization Visualization

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

Gravity vector: [0-9.81 0] mfs™~2 =~
| 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

[penmnonaraercs, 4To K KoMy 010Ky «Groundy, CBSI3aHHOMY C OTJCIIbHBIM
MEXaHM3MOM MOJI€NIU, JOJKEH OBbITh NPUCOCIUHEH CBOM COOCTBEHHBIH OJIOK
«Machine Environment». s toro, uroosl 6ok «Machine Environment» moxHO
ObLII0 MpUCOEANHUTH K 6510Ky Ground, B OKHE HACTPOMKH MOCIETHETO JOTHKEH CTOSITh

¢dnaxoxk B nojie Show Machine Environment port.
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1.1.2 Braoxu wmapnupnuvix counenenuii (Joints)

Paznen Joints (puc. 1.8) 6ubmuorexkn SimMechanics— BTopoit o 3HaAYMMOCTH
nocie pasznena Bodies. OH cogep uT 0J0KH MIAPHUPHBIX COWICHEHUH C pa3INiHbIM
YHCIIOM CTEIeHEeH CBOOOIbI, KOTOPBIC COCTUHSIOT MEXKITY COOON OTIENbHBIC OJOKH
«Body» (a Taxxke 6mokx «Ground» ¢ 6;10koM Body). biaromapst stomy, Tena (3BeHbsS
MEXaHHU3Ma) TTOTy4atoT BO3MOKHOCTh OTHOCHTEIILHOTO JIBUKCHHS.

Paznmen Joints comepHUT MSITHAAIATh OCHOBHBIX OJIOKOB, MMHUTHPYIOIIUX
BCEBO3MOXKHBIC BHUBI IIAPHUPHBIX cowieHenwid: 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.
[TuxTorpammel Ha Oyiokax paszaena Joints garoT HarAAHYIO WHpoOpManuio o0 HUX
Ha3HAYCHHUH JJake O3 ONMMCaHusI.

Kpome Toro, B pasnmene Joints NOpHUCYTCTBYIOT JBa JOMOJHUTEIBHBIX
nonapasnena: Disassembled Joints (pa3oOpannble couneHeHus) U Massless

Connectors (0e3MHEPIIMOHHBIE COCTUHUTEIIHN ),
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File Edit View Help
|‘_’_l\f|_u, E »»| | ground w H
Libraries thanics/First Generation/Joints |43 b
> |Py| Simulink )
> |Py| Aerospace Blockset ,’t‘!a ?:i:f:embled
> [*&| Communications System Toolbox -
> [*a| Computer Vision System Toolbox ) IMassless
#1| Control System Toolbox Connecors
> [*4| DSP System Toolbox
> [*a| Embedded Coder Bearing
> [*a| Fuzzy Logic Toolbox
> [Pg| HDL Verifier
3| Image Acquisition Toolbox Bushing
| Instrument Control Toolbox
1| Model Predictive Control Toolbox
> |Py| Meural Metwork Toolbox Custom Joint
1| OPC Toolbox
*1| RealTime Windows Target Cylindrical
*1| Report Generator
#1| Robust Control Toolbox
> [Pa| SimEvents Gimbal
> |P&| SimRF
4 [P3| Simscape
> Foundation Library In-plane
» SimDriveling
i SimElectronics
i SimHydraulics Flanar
F] SimMechanics
4 First;izli'l:sratinn Prismatic
Constraints & Drivers
Force Elements Revolute
Interface Elements
= oints
Sensors & Actuators
Utiltties Serew
> Second Generation
> SimPowerSystems .
Utilties SixDaf
s+ [*a| Simulink 30 Animation
> [Pa| Simulink Coder Spherical
> [*&| Simulink Control Design
> [*&| Simulink Design Optimization
> [Pa| Simulink Design Verifier Telescoping
> |Py| Simulink Extras
3| Simulink Verification and Validation
| Stateflow Universal
1| System identification Toolbox
» [#a| Vehicle Network Toolbox Weld
» [®a| xPC Target

Puc. 1.8 brioku mapHUpHBIX cowieHeHUH Joints

T.k. B manHoi paboTte OyJaeT MCHOIB30BAaThCs TONBKO OJOK «Revolutey, To
paccMOTpHUM MOIPOOHEE TOIBKO ITOT OJIOK.

briok «Revolute» obecriedrBaeT 0iHy BpallaTeIbHYIO CTEIICHb CBOOO/IBI TEIA,
cremyromero 3a 0ixokoM «Revolute» Bokpyr ocu, 3aJaHHON Ha BKIaIKe AXes OKHa

Hactpoiiku 6110ka (puc. 1.9) B Buze Bekropa [X Y Z], ananoruuxo 010Ky «Prismaticy.
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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:

FParameters

Axes | Advanced

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

Cancel Help Apply

Puc. 1.9 Hacrpoiika mapamerpoB 610ka «Revolute

BexTop ocu BpalieHus Takke MOKET ObITh 3aJ]aH B MHEPLUAIbHOU CUCTEME
koopauHat WORLD, B cucteme KOOpAMHAT, CBSI3aHHOM C IMepBbIM TenoM Base
(pekoMenayetcsi), 1100 B CUCTEME KOOPAMHAT, CB3aHHOM C MOCJIEAYIOIUM TEJIOM
Follower.

B omiimume ot 6110ka «Prismati»c, y KoToporo och NpsIMOJIMHEHHOTO JIBUXKCHUS
M CBS3aHHAs C HEW cTemeHb CBOOOJBI Ha3BaHa uMeHeM Pl, B okHe HacTpoWKH
napameTpoB Ojioka «Revolute» och BpallieHHs aBTOMaTHYSCKH Ha3BaHa MMeHeM R1,
1 3TO0 He ciydaitHo. B SimMechanics Bce moctynaTtenbHble CTENEHN CBOOOIbI JTHOOBIX
6110k0B pazzena Joints 0003HavarOTCsI CUMBOJIOM P ¢ MOPSIKOBEIM HOMEPOM TMOCTIE
HETOo, a BCE BpallaTesbHbIE CTENIEHU CBOOOIbI — aHAJTOTUYHO CUMBOJIOM R.

broku cBsi3u Mexanuveckux 6;10koB SimMechanics ¢ 0ObIYHBIMU S-0JI0KaMH
Simulink (BUpTyaJibHblE pPETUCTpPATOPbl W BO30YIWUTENW [BWXKEHUS Sensors &
Actuators).

Jj1s TOrO, 4TOOBI MOKHO OBUIO U3MEPUTH OTHOCUTEIBHBIC IBUKEHUS TeIl MIPH
MOJEJIMPOBAHUU MAlIMH U MEXAaHU3MOB, a TaKke€ COOOLIUThH 3BEHBSIM MEXaHHU3MOB

OTHOCHUTENIbHBIC ABMKCHHS, HEJJOCTATOYHO OJIOKOB Tell M3 pasjaena Bodies u 0110koB
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IIApHUPOB K3 pazzena Joints. ITH OJI0KH OMUCHIBAIOT TOJIBKO CTPYKTYPY MEXaHU3Ma,
HO HE COOOMmAIT eMy HHUKakux ABWkeHuid. CremoBaTelbHO, HEOOXOIUMO
MOAKITIOYEHHUE K JAaHHBIM OJIOKaM APYTHX, MOJSTUPYIONTUX KaKue-Tu00 BO3ACHCTBIS
Y CHUMAIOIIUX ITOKa3aHMS.

OpHako MOAKITIOYEHUE MeXaHW4deckux OjokoB SimMechanics u3 pasmenoB
Bodies u Joints k o0OblyHBIM S-0okam Simulink BO3MOXHO TOJIBKO Yepe3
CTCIIMAIIbHBIC CBA3YIONTUE OJIOKA MEXaHUIECKUX BUPTYAIBHBIX PETUCTPATOPOB TN U
mapHupoB (Sensors) u BO30yauTENeH TN U mapHupoB (Actuators).

ik X
o

File Edit View Help

& 3 »| | ground v 6
Libraries. neration/Sensors & Actuators (47 R
> |Pa| Simulink
» |Pa| Aerospace Blockset o Body Actuator
> |Pa| Communications System Toolbox
> |Pa| Computer Vision System Toolbox
®a| Control System Toolbox Body Sensor
> |Pa| DSP System Toolbox
> |Pa| Embedded Coder .H_ Constraint &
> |Pa| Fuzzy Logic Toolbox i) Driver Sensor
> [Pa| HOL Verifier .
®3| Image Acquisition Toolbox o Driver Actuator
®3| Instrument Control Toolbox Ll
®3| Model Predictive Control Toolbox
> [®a| Neural Network Toolbox ' Joint Actuator
Pa| OPC Toolbox
®3| RealTime Windows Target Joint Initial
®3| Report Generator . Conditien
®3| Robust Control Toolbox
> |Pa| SimEvents o- Joint Sensor
> |Pa| SimRF
4 “i SiI'I'ISCEPE . Joint Stiction
> Foundation Librany P actustor

; SimDriveline

> SimElectronics Varisble Mass &
> SimHydraulics . Inertia Actuater
SimMechanics
4 First Generation
Bodies
Constraints & Drivers
Force Elements
Interface Elements
> Joints
Utilties
> Second Generation

Puc. 1.10 brnoku BupTyaJIbHBIX PETUCTPATOPOB U BO3OyAUTEEH

nBIKeHusd Sensors & Actuators
[TpuamHB! 1151 3TOTO Ciaeayromue. Bxoap! (M OHM K€ OJTHOBPEMEHHO BBIXOJIbI)
MEXaHUYECKUX OJIOKOB TENl M IIAPHUPOB CIIYXaT JJisi JBYXCTOPOHHEW Tepenaydu
CHJIOBBIX B3aMMOJICHCTBHI MEX Ty 3BEHbSIMH MEXaHNU3Ma, KOTOPBIC HMEIOT MECTO TIPH
MIPOCTPAHCTBEHHBIX JIBMKCHUSX TBEPABIX T COIVIACHO 3aKOHAM KIIACCHYECKOM
MexaHuki. OgHako o0brdHbIe S-0510kH Simulink siBasroTcest 1100 UCTOYHUKAMU, JTHO00

nojyvyaresssMu, JU00 MpeoOpa3oBaTeNisIMU  OJHOHAIPABICHHBIX CUTHAJIOB, U
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O03TOMY HE MOTYT OBITh HEMOCPEIICTBEHHO IMOJCOEIUHEHbl K BXOJaM/BBIXOJaM
MexaHudeckux OyokoB. He cimyuaiiHo B Oiok-cxemax SimMechanics Ha TUHUSX
COCTMHEHHUSI MEXaHMYECKUX OJIOKOB HET HM300pakKeHHUU CTPENOK, YKa3bIBAIOIIMX
HanpaBJCHUE BO3JACUCTBUS, a TpaduUyecKkue HU300paKEHUS «BXOJIOB/BBIXOJIOBY
MEXaHMYECKUX OJIOKOB MMEIOT BUJ] HE CTPEJIOK, a KBAJAPATOB C JUATOHAIISMHU.

Kak yxxe 06b1710 oTMeueHo paHee, 6s10ku Tina Body u Joint, a Taxke onucanHbie
Huke Onokn u3 paszzgena Constraints & Drivers Moryt ObITh CHaO>KEHBI
JIOTIOJTHUTEIbHBIMU TIOPTAMU JIJIs1 TTOJICOEIMHEHUST K HUM OJIOKOB Actuator u Sensor.
brnaromapss 3TOMy, CTaHOBUTCS BO3MOXHBIM HCHOJB30BATh BCE OCTAJIbHbBIC
oubmmorexkn Simulink 11 QopMupoBaHUsS CUTHAJIOB M MEPEBOJAA IMOIyYaeMOM
uH(popmanuu o0paTHO B pabouee mpoctpancTBo Simulink.

Bce 6:10ku paznena Sensors & Actuators MOXHO pa3JIeIUTh Ha TPU TPYIIIIBI 110
TUIY OJIOKOB, K KOTOPHIM OHH MOJKITIOUAIOTCA.

I'pynna 1. bnoku uameputeneid u Bo30oyaurtenen apwkenus tei: 1.1. Body
Actuator; 1.2. Body Sensor; 1.3. Variable Mass & Inertia Actuator.

I'pynna 2. bnoku wusmepurtened W BO30yIUTENEH BHXKEHHS IIAPHUPHBIX
cowreHenuit: 2.1. Joint Actuator; 2.2. Joint Sensor; 2.3. Joint Initial Condition; 2.4.
Joint Stiction Actuator.

I'pynna 3. bnoku usmepureneil 1 BO30yauTeNneil ABMKEHUST OTpaHUYUTENeH U
HecTarMoHapHbIx cBs3eit: 3.1. Driver Actuator; 3.2. Constraint & Driver Sensor.

PaccmoTpum noapoOHee 6:10ku «Joint Sensor» u «Joint Initial Conditiony.
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x
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

- R1 =
primitive:
Angle Units: | deg -
Angular velocity Units: | deg/s -
Angular acceleration Units: | deg/s™2 -
[[] Computed torque Units:  HN*m

Joint Reactions
[[] Reaction torque Units:  H*m
[[] Reaction force Units: M
Reaction measured
Base 4

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

[[] Output selected parameters as one signal.

Cancel Help Apply

Puc. 1.11 Hactpoiika napameTrpoB 6110ka Joint Sensor

brok «Joint Sensor» mo3BoisieT B OOIIEM Cilyd4ae HM3MEPUTH CIICAYIOIIHES
XapaKTEPUCTHKH OTHOCHUTEIHHOTO JBM)KCHHS YacTed NMPUMHUTHBA, BEIOPAHHOTO W3
BBINAAOIEro crucka B BepxHeM moJie Connected to primitive (puc. 11):

- yroa (Angle) — yrosn moBopoTa 4acTH MPUMHUTHBA, COSIUHEHHON C TEIOM
Follower, OTHOCUTEIBHO €r0 YacTH, COEAUHEHHOM ¢ TeJloM Base;

- OTHOCHUTEIIbHYIO YTIIOBYIO CKOpocTh (Angular velocity);

- OTHOCUTEJILHOE yTIIoBO€ yckopeHue (Angular acceleration);

- BbrunciieHHbli MoMeHT (Computed torque) — TOJHBIH MOMEHT CHIIL,
BBI3BIBAIOIINI OTHOCUTEIILHOE YTIIOBOE YCKOPEHUE;

- MmoMeHT peaknuu (Reaction torque) — MOMEHT peakIlii OTHOCUTEIHLHO OCH
MIPUMHTHBA;

- peakuus (Reaction force) — cuma peakuuu BA0JIb OCH IPUMHUTHBA.

Jl1st BBIOOpa HEOOXOAMMBIX M3MEPSIEMBIX MApPaMETPOB CIY>KUT MPOCTAHOBKA

(1a)XKOB B COOTBETCTBYIOIIUX MOJIAX. [I0CKOIBKY MPUMUTHUB, BHIOpaHHBIA B MOJIE
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Connected to primitive, MOXeT ObITh OJHOI'O U3 TPEX THIOB (IIOCTyMaTeabHOro P,
BpamiarenbHoro R umu chepudeckoro S), He Bce MEpPEUMCIICHHBIE XapaKTePUCTUKU
MOTYT OBITh U3MEPEHBI JJISI KOHKPETHOTO MPUMHUTHBA.

brok Joint Initial Condition 3aHuMaeT oco0oe MOJIOKEHUE CPEeIU IPYruX
0iokoB pazmena Sensors & Actuators. OH 3amaeT HadadbHOE OTHOCHUTEIHLHOE
MOJIO)KEHUE U HAYAJIbHYI0O OTHOCHUTEIBHYIO CKOPOCTh JABYX YacTeW AJIEeMEHTapHBIX
npuMuTUBOB R-Tuma (Revolute) v P-tuma (Prismatic) kakoro-nu6o mapaupa. [pu
nomou oaHoro 6moka Joint Initial Condition mMoryT OBITH 3aJaHbl HauyadbHBIC
YCIIOBUS TMOJIOKEHUS U CKOPOCTH JIJIsl BCEX MPUMUTHUBOB IIAPHUPA, K KOTOPOMY OH
MOAKIIIOYEH, JTMOO TOJIBKO JJISI YacTH NMPUMHUTHBOB MIapHHpa. BeIOOp IpUMHUTHBOB
OCYILIECTBIISIETCS MMPOCTAHOBKOM (PIIaskKOB B MOJIsIX KOJIOHKM Enable okHa HacTpoiiku
6s10ka. To ecTh HayaJIbHBIC YCJIOBHS 3aJIal0TCS IO OTJECIBHBIM CTETICHSIM CBOOO/IBI
mapHupa. HauaibHoe 1oJ10KeHue — B MOJISX KOJIOHKHU Position, HayanbHas CKOPOCTh
— B noysix konoHku Velocity. Chepruyeckue NpuMUTUBBI S-THIIa HE MOTYT OBITh

HMHUIHAIN3UPOBaHbI IpH oMol 0j10ka «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
' 30 deg ~|0 degfs -

Cancel Help Apply

Puc. 1.12 Hacrpoiika mapamerpoB Omoka «Joint Initial Conditiony
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1.2 TIOPAJOK BBIIIOJIHEHU A PABOTHI
B nannoi# pabore OyaeT paccMOTPEHO HECKOJIBKO MO/IesIel MasiTHUKOB, 8 UMEHHO:
e OpaHO3BeHHBIN HUZNYECKUIN MASITHHUK C IeMI(epoM;

e JIByx3BeHHBIH (PU3NUECKUN MASTHHK.

Hauném ¢ omHO3BeHHOTO (PU3MUECKOrO MasTHHKA ¢ aemmdepoM, OJIoK-cxema

UMUTAIIMOHHOM MOJIeNId KOTOPOTO TpecTaBiieHa Ha puc. 1.13.

I O -
Machine " | CS1$
Environment ~ Ground1 .

Joint Initial Condition

@.—. e <3~ ::

Joint Actuator

A 4

]

Scope1

A 4

Revolute Joint Sensor

-U_DD'*I‘

|-

Gain

Puc. 1.13. Monenbs 0IHO3BEHHOTO MasiTHUKA C JieMIipepom

Crolika B MOJIeTH TpejcTaBisieTcss B Buae 0ioka «Groundy. BpamarenbHas
nmapa CTOHKa-CTepKeHb mpejcraBicHa OnmokoM «Revolute». Cam ke cTepKeHb
3anaéres Gioxkom «Bodyw. [{nst 3amaHus HaYadbHBIX YCIOBUH HCIOJIB3YETCs OJIOK
«Joint Initial Conditiony. [1yis moyydeHus] aHMMaIlU| UCTIoNb3yeTcst 0ok «Machine
Environmenty». C nomoinpto 6110ka «Joint Sensor» 0yayT mojydeHbl JaHHbIC 00 yriie
MOBOPOTA, YIJIOBOM CKOPOCTH M YrioBOM ycKopeHuH. OHu OyayT mojaBaThCs Ha
0510k «Mux», a ¢ Hero curHaibsl OyAyT noctynaTh Ha ocuuiuiorpad. Hactpoiiku Bcex

0JIOKOB TIpejicTaBieHbl Ha puc. 1.14 — 1.23.
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Ground

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

Parameters

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

Show Machine Environment port

0K || Cancel || Help

Joint Initial Condition

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

Actuation

Enable Primitive  Position  Units Velocity Units

4 R0 0

| oK || Cancel || Help | Apply

Puc. 1.15 Hacrpoiiku 6oka «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 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: GND@Groundl
Current follower: CS1@Body
2]

Number of sensor [ actuator ports: =
Parameters

Axes | Advanced

Name Primitive Axis of Action [xy z] Reference C5

RI  revolute o1

| oK | | Cancel ‘ ‘ Help | Apply

Puc. 1.16 Hacrpotiiku 611oka «Revolute»
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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: | 0.2 kg -
Inertia: [0 0 0;000;00 0.00392] kg*m~2 -
Position | Orientation | Visualization

Show Port Name Origin Position Units Translated from Compaonents in

Port Side Vector [x y z] Origin of Axes of
| et +lcc [0-0.140] m | World - | world - =
v Left v Cs1 [000] m v | World ~ | world -
] Right - csz [000] m v CG v |6 h

Cancel Help Apply

Puc. 1.17. Hacrpoiiku 6ioka Body

B okne Mass 3amaércs macca o0ObekTa, a B OkHe Inertia 3amaércs TEH30p
WHEpUUM MasTHUKA. T.K. B JIaHHOM cClly4a€ paccMaTpPUBAETCS OJHO3BEHHBIN
MEXaHU3M, TO TaJIoUKa JIOJKHA CTOATh TOJIbKO y mopta CS1. B oknax Origin Position
Vector 3agatorcst KoopanHathl 38€HbeB. CG — koopanHaThl ieHTpa macc. CS1 u CS2

— KOOPAMHATHI KPalHUX ITOJIO0KEHUH 3BEHA.

X
Joint Sensor ~
Measures linear/angular position, velocity, acceleration, computed
force/torque 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 Output:

Co_nngcted to RL -

primitive:

Angle Units: |deg -

Angular velocity Units: | rad/s -

Angular acceleration Units: | rad/s~2 -

| Computed torque Units: ' N*m ki
Joint React

[[] Reaction torque Units: ' N*m s

[] Reaction force Units: 1 i

Reaction measured

Base -

on:

With respect to C5:  Absolute (World) -

[] Output selected parameters as one signal.

w
Cancel Help Apply

Puc. 1.18 Hacrtpoiiku 6110Ka «Joint Sensor
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Jlnst iostyueHust rpa)MKoB HE TOJBKO yIJIa, HO U YTJIOBOM CKOPOCTH U YTIIOBOT'O
YCKOpPEHHST HY)KHO IIOCTaBUTh Tajodku Bosne Angular velocity u Angular

acceleration.

x
Joint Actuator

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

primitive list.

Actuation

Connected to R1 -
primitive:

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

Cancel Help Apply

Puc. 1.19 Hacrpoiiku Gioka Joint Actuator
=

Muzx
Multiplex scalar or vector signals.
Parameters

Number of inputs:

El

Display option:  bar A

?] 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) configuration parameters:
. . . . . . Solver Diagnostics
Defines the mechanical simulation environment for the machine to which Detn Inport/Export
the block is connected: gravity, dimensionality, analysis mode, constraint » Optimization [¥] Warn if machine contains redundant constraints
solver type, tolerances, linearization, and visualization. I Diagnostics . ] Womn if number of nital consiraints is unstable
Harduware Implementation
Parameters Constraints Linearization Rl Model Referencing ] Mark automatically cut joints
I Simulation Target
I Code Generation i
Analysis mode: Type of solution for machine's motion. N ' HOL Code Genration Visuzlization
Tolerances: Maximum permissible misalignment of machine's joints. Simsczpe (] Display machines after updating diagram
SimMechanics 16 i
Gravity vector: [0-9.81 0] mis~2 - I SimMechanics 26 Show animation during simulation

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

Machine dimensionality: Auto-detect h 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 hd

Configuration Parameters...

Cancel Help Apply

Puc. 1.22 Hacrtpoiiku 6ioka Machine Environment
Ha puc.1.23 npeacraBiens! rpaduku 3aBUCUMOCTEH yTiia TIOBOPOTA, YTIIOBOU
CKOPOCTHU M YTJIOBOT'O YCKOPEHUS MasiTHUKA OT BpeMEHH, a Ha puc.l.24 — pparmeHT

AHUMAal ABMOXXCHUSA MasATHHUKA.

N SN e . B
N X \fﬂ/:}t_jf%if";e}

Puc. 1.23.T'paduku 3aBUCHMOCTEH yriia OBOPOTA, YTIOBOH CKOPOCTH U YTIIOBOTO YCKOPEHHS

MassTHHUKa OT BpECMCHU
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Puc. 1.24 ®parMeHT aHUMalUKA MasiTHUKA

1.3 MOAEJIMPOBAHUME JIBYX3BEHHOI'O MASITHUKA

brok-cxema mojienu npecrapieHa Ha pucyHnkel.25.

Env é

M.achme Ground
Environment

T |Joint initial Condition

[ ]

@ ’
Body é Joint Sensc:‘ Scope
(3]
153
O

1—’E

Joint Sensor1 Scopel

Revolute 1 I [Joint initial Conditiont

al
a
Body1 é

Puc.1.25 Monens IByX3BEHHOTO MasTHHKA
JIy1st moCcTpOeHUs CXeMbI HEOOXOAMMO W3 MPEABIAYIIeH cXeMbl yOpaTh OJI0KH

«Joint Actuator», «Gain» u «Mux» u mo0aBuTh 1o ogHOMY OJIOKYy «Revolutey,
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«Body» u «Joint Sensor». Ha puc.1.26-1.35 npeacraBieHbl OKHa HACTPOEK OJIOKOB,

MpUMEP MOTyYaeMbIX Ipa@uKOB U (PparMeHT aHUMAIIUK IBYX3BEHHOTO MasiTHUKA.

x
Joint Initial Condition

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

Actuation

Enable Primitive Position Units Velocity Units
45 deg ~ |0 deg/s hd

Cancel Help Apply

Puc. 1.26 Okno HacTpoiiku 610Ka «Joint Initial Conditiony»

Joint Initial Condition

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

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

Cancel Help Apply

Puc. 1.27 Okno Hactpoiiku 61oka “Joint Initial Condition»
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3
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: ‘l\ kg -

Tnertia: [1/12 00;0 1/12 0;0 0 0] kg*m~2 v

Pasition Orientation Visualization

Show Port Name Origin Position Units Transl.at_e!:l from Components in
Port Side Vector [x y z] Origin of Axes of
u Top <|CG  [0-0.50] m | world ~ | world - =
el Top ~/cs1 [000] m ~ | World ~ | World -
v 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
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

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

Joint Reactions
[[] Reaction torque Units:  MN*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 611oka «Joint Sensor/Joint Sensorly
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Revolute

Represents one rotational degree of freedom. The follower (F) Body rotates relative to the
base (B) Body about a single rotational 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: CS52@Body
Current follower: C51@Bodyl

Number of sensor / actuator ports:
=

Parameters

Axes | Advanced

Name Primitive Axis of Action [x y z] Reference CS
R1 revolute [0o1] 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 dialeg also provides optional settings for customized
body geometry and color.

Mass properties

Mass: |1 kg -

Inertia: [1/1200;0 1/12 0;0 0 0] kg*m~2 -

Position Orientation Visualization

Show Port Hame Origin Position Units Tra nslated from Components in
Port Side Vector [x y z] Origin of Axes of
a Top ~v|C6  [0-1.50] m = world ~ [ world - =
) Top > Sl [0-10] m ~ | World - | World -
| Bottom ~|CS2  [0-20] m ~ | World ~ | world -

- Cancel Help Apply

Puc. 1.31 OkHo HacTpoiiku 610Kka «Bodyly»

General | HiStDI'Yl St)"|e|
65

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

Tick labels: | bottom axis only v

Sampling

Decimation v | |1

oK Cancel Help Apphy

Puc. 1.32 Hacrpoiiku 6oka «Scope/Scopely»
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Hactpoiiku 6mokoB «Machine Environmenty» u «Ground» w#IeHTHYHBI
HACTpoWKaM NP OJHO3BEHHOM MasiTHUKE M MOKa3aHbl Ha puc.1.14 u 1.22.

Ha pwuc.1.33-1.34 mpencraBiensl rpadukyd 3aBUCUMOCTEH yIJia TIOBOPOTA H
VTJIOBOM CKOPOCTH 3BEHBEB JIBYX3BEHHOTO MasiTHUKA OT BpeMeHH, a Ha puc.l.35 —

Cl)pal“MeHT dHUMAall ABUXXCHUA MasATHHUKA.

: S N | /A\\ ‘/ ~
\\\ / \\ : / \\ // \\ /ﬂ \\
\ / \'\ / \ / \ /// ' ]
\ /‘/ :\\ Ve Y / \\ // : ]
A N/ /A |
A a) A -
. / \ _ / \ . ./ \ / \
\ .~ / \ f N\ o _— / \ / f A X \ "
X\ A / \/ \K :\\ N X \ / \“/ \f‘\ /\ / \/ \\ (} \ N / \\/‘ U .
R YAYE LS Y |
\ Y/ \ J L/

Puc. 1.34 Yroa moBopoTa u CKOPOCTh BTOPOTO 3BEHA MAsITHHKA
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Puc. 1.35 ®@parmeHT aHuMaum MasiTHUKA

1.4 BAPUAHTDBI UICXOIHBIX JAHHBIX

O0HO36EHHbII MASIMHUK C CONPOMUBIEHUEM

Koadduruent
Ne HavanbHblii yron COIIPOTUBIIEHHUS
R OTKJIOHEHHS, nemndepa,
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 Hauanpensiii yroiu
Ne OTKJIOHEHHUS OTKJIOHEHHUS
BAapUAHTa IIEPBOTO 3BEHA, BTOPOTO 3BEHA,
rpajyChl 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 COJEPY)KAHUE OTUYETA

B otu€te o mponenaHHol paboTe JOJDKHO COJEPKAThCA ClEayrolas

uHpopmarus.
o Ha3Banue nabopaTtopHoii paboThI U €€ 11eTb.
o Pacuetnas cxema o00BEKTa MOJCIMPOBAHUS — OJHO3BEHHOTO WIIU

ABYX3BCHHOI'O MasATHHUKOB,
L4 I/IMI/ITaI_II/IOHHaH MOACJIb MCXAaHHU3MOB, CXCMbl KOTOPLIX IIPCACTABJICHBI

Ha puc. 1.1 u 1.2.

o Nurtepdericbl 6J10KOB, UCIIOJIBb3YEMbIX B MOJIETH;

o ['paduixu aBMAKEHUST 0OBEKTOB MOJEITUPOBAHNS;

J @®parMeHThl aHUMAaLUK ABUKCHUS UCCIIETyEMbIX OObEKTOB;

o [IpoBepka anekBaTHOCTM pa3pabOTaHHOW MOJENM MyTEeM aHaiau3a

IMOJIy9aCMbIX pPC3yJIbTATOB, BBIBO/IBI 110 pa60Te;
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o CnHcoK UCTIOIb30BAHHOM JIUTEPATYPHI.

1.6 KOHTPOJIBHBIE BOITPOCHI
1. KaxkoB cocras oubaunoreku nakera SimMechanics.

2. KakoBwI ocoOeHHOCTH HMUTAOIUOHHOTO MOACINPOBAHUSA MCXAaHU3MOB B

SimMechanics/MATLAB.

3. Yro Takoe rinolaabHbIE U JOKAJIbHBIE CUCTEMBI KOOPAMHAT MEXaHU3MOB?
4. 3aaHre 3aKOHOB JIBM>KCHHS 3BEHbSIM MEXAHU3MOB U UX UCCIIEOBaHUE.
S. Kak mnpoBepuTh aneKBaTHOCTb NOCTPOEHHOW MOJEIM HA IIpUMEpE

(bU3UIECKUX MasSTHUKOB?

CITMCOK MCITOJIb30BAHHOM JTUTEPATYPBI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MaTemaTHKe ¥ MOJCIMPOBAHHUH /
HbsikonoB B.I1. [TonHoe pykoBoacTBo nonb3oBatens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2.  MogenupoBaHue U BU3yalu3alus ABUKCHUN MEXaHUYECKUX CHCTEM B
MATLAB: Yueonoe nocobue / B.C.lllep6akos, M. C. KopeiToB, A.A. Pynnens u
ap.— Omck: Cub6AJIU, 2007. — 84c.

3. MopenupoBanue MexaTpoHHbIX cucteM B cpene MATLAB (Simulink /
SimMechanics): yae6HOe mocoOue JiIsi BBICHIMX y4eOHBIX 3aBeneHuit / MycamumoB
B.M., I'.b. 3amopyes, N.W. Kanansimmna u ap. — CI16: HUY UTMO, 2013. — 114 c.

4, MopnenupoBanue npoueccoB U cucteM B MATLAB. Yuebnslii kypc /
Jlazapes FO.II. - CII6.: ITutep, 2005, 511 c.
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2. JlabopaTtopHast paGoTa Ne2
MO/JEJIMPOBAHUE ITPOLUECCA YPABHOBEIIIMBAHMA OBPAIIIEHHOI'O

MAATHHUKA B BEPTUKAJIbHOM IIOJIOXKEHNU 3A CHET
YITPABJIIEMOI'O ABMKEHWA TTIOJI3YHA B ITAKETE SIMMECHANICS
CPEJABI MATEMATHUYECKOI'O UMUTAIIMOHHOI'O BJIOYHOI'O
MOJEJIMPOBAHUA SIMULINK/MATLAB

Ieab pa6oThl: O3HAKOMUTHCS ¢ BO3MOKHOCTSIMHE TakeTa SimMechanics s
KOMITBIOTEPHOTO MOJICITMPOBAHUS TIPOIlECCa YPaBHOBCIIMBAHUS OOPAIICHHOTO
MasTHUKA B BEPTHKAIBHOM ITOJIOKCHHUH 3a CUET YIPABJISIEMOTO JIBFDKCHUS ITOJI3YHA.
OCBOWTH OCHOBHBIC PUHITUIIBI CO3/IaHHUS UMUTAIIMOHHBIX MAaTEMaTHICCKHX MOJICIICH
IT0JIOOHBIX MEXAHUYECKHUX CUCTEM.

2.1 BAJJAHUE HA TABOPATOPHVYIO PABOTY

Ha pwuc.2.1 mnpucraBieHa pacyeTHas cXeMma HCCIeIyeMoro oObeKTa —
TOPU30HTAJIBHBIA IMOABMIKHBIM KOpITYC (MOJ3yH) C TPHKPEIUVICHHBIM K HEMY
oOpallleHHBIM MasSTHHKOM. 3ajada 3aKJII0YaeTCs B CTaOWJIM3AllMM BEPTHUKAIBLHOTO
IOJIOKCHHUS OOpamiéHHOr0 MasTHUKA, YCTAaHOBJICHHOIO Ha Ioi3yHe. [loctpoum
CXeMy MeXaHHM3Ma, 3aJavyeidl KOTOporo OyaeT 3a CYéT mepeMelleHHs IOJI3yHa
yep)KMBaTh MAITHUK B BEPTUKAJIBLHOM ITOJIOKCHHUH.

HMcxonnbie TaHHbBIC:

Macca MasgTHuka m= 0.2 xr;

mmHa MastHuka | = 0.02 m

HavyaJbHbIN Yol OTKJIOHEHUS MasiTHUKA OT MOJIOKEHUSI paBHOBECHS (Po=175".
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z |

Puc.2.1 Cxema uccnenyemMoro Mmexanusma: 1-1moyizyH, 2-HeBECOMBIN CTEpP)KEHb, 3-Tpy3

HNmeercs HeBecoMblil cTepxkeHb (2) ¢ rpy3oMm (3), KOTOpBIA KpemuTcs u
BpaIlaeTcsi BOKPYr TOPU3OHTAIBHOM OCH, MPOXOIAIICH uUepe3 CepeuHy BEXHEM
rpanu moi3yHa (1), KOTOpbIM MOKET COBEpPINATh MOCTYMATEeIbHOS ABH)KCHUE BIOJb
ocu X. M3BecTHBI HaYaIBHBIN YTOJI MTOJIOKEHUSI MAsITHUKA, Macca rpy3a MasTHUKA U
JUTHHA MasiTHUKA.

2.2 TIOPAOOK BBITTOJIHEHW S PABOThI

1. Cosnaiite HoBYy10 Simulink-mMo/enb.

2. JIJ1s 3a1aHust CTOMKH UCTIOJIb3yeM 010K «Groundy, KOTOpbI HaXO0UTCS
B pasneine Bodies makera SimMechanics. B mapamerpax 06yioka yKa3bIBaroTCs
koopauHatel [0 0 0], KoTOphIe OyIyT COOTBETCTBOBATH KOOPMHATAM Havasia OTYETa.

3.  Jlanee mpucoeaunsem k 00ky «Groundy ook «Joint Initial Condition».

B nmapametpax 6;ioka ykaxurte nosumnuto Position =0 m (puc. 2.2).
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-ibraries imiechanics/First Generation/Sensors & Actuators |47 0

®4| Instrument Control Toolbox ~ Block Parameters; Joint Initial Condition
e N N
_ :: :g::ﬂ':::f\'_i‘::fﬂ”ﬂ':;gﬂ Tooloox ' Body Actuator Joint Tnitial Condition
P3| OPC Toolbox Sets the initial linear/angular position and velocity of some or
P3| Reak-Time Windows Target Body Sensor all of the primitives in a Joint. Connect to a Joint to see a list of
P4/ Report Generator its primitives.
P&/ Robust Control Toolbox d .3\_-’ Constraint & i
. i . Driver Sensor
P3| SimEvents ) Actuation
> SimRF
e . . Enable Primitive Position Units
4 [Py Simscape Driver Actustor

> Foundation Library
SimDriveline

Joint Actustor

3 SimElectronics
3 SimHydraulics
a SimMechanics
4 First Generation
Bodies
Constraints & Drivers

o
Force Elements 0 Joint Sensor \
\ntgrfﬂce Elements < > 6
+ doints Joint Stiction

Joint Initial
Caondition

Acustor a
Utilities
> Sgcund Generation ’ Varisble Mass & Cancel Help Apply
3 SimPowerSystems Inestia Actuatar

Puc.2.2 baok «Joint Initial Condition»: a)-pacmonoxenue B 6ubIHoTEKE, 0)-ITapaMeTPhI
HAaCTPOMKHU

4, Tak Kak KOPIyC MOXET COBEPIIATh TOJBKO MOCTYNATEIHHOE JIBIKCHHEC
0 OCH X, TO BO3BMEM B KauecTBe OJIoKka compspkeHHs Onok «Prismaticy. B
napameTpax 010ka HeoOxoaumo ykazaTh [1 0 0], uro Oyer o3HayaTh BO3MOKHOCTh
JBYDKEHUS TI0 OCH X.

5. K ogHOMY M3 BX0I0B JaHHOTO OJ10Ka IMOaKII0YaiTe 010K «Joint Sensory,
KOTOPBIN MO3BOJISIET U3MEPUTH XaPAKTEPUCTUKHU OTHOCUTEIHHOTO JBM)KCHUS YacTel
NMPUMUTHBA. B 1aHHOM cllydae BBIOMpaeM NPHUMHUTHB-IIOCTYNATENbHBIA P» u
BBIOMpAEM CIICAYIOIINE TapaMeTphl u3MepeHus (puc.2.4):

-no3unuio (Position) — mepemenieHue 4acTd MPUMUTUBA, COECAUHEHHON C
tennoM Follower, oTHOCHTENIFHO €TI0 YacTH, COEAUHEHHOU ¢ TeaoM Base;

-ckopocTh (Velocity) — oTHOCHUTENIbHAS CKOPOCTh;

-yckopenue (Acceleration) — OTHOCUTENIBHOE YCKOPEHUE;

-peakius (Reaction force) — cuna peakimu BIOJIb OCH IPUMUTHUBA.
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Measurements

Primitive Outputs
Cnnne.cted to 1 -
primitive;
Position Units: |'m 7
Velocity Units: |mjfs - I
Acceleration Units: | m/s"2 -
[7] Computed force Units: 1

Joint Reactions
[[] Reaction torque Units: N*m
Reaction force Units: |N - v

Cancel Help Apply

Puc.2.3 Hacrpoiiku 610ka «Joint Sensor»

6. MopenupoBanue Kopiyca (MoJi3yHa) JaHHOTO MEXaHHW3Ma Pean3yeTcs
npu oMoty 0y1oka «Body» (puc.2.4), KOTOpeId MpeIcTaBIseT COO0H TBEPIOE TEIIO
(oTmenpHOE 3BEHO MEXaHM3Ma, JBIDKEHHS KOTOPOTO  MOJEIHPYIOTCS) C
oTpe/IelICHHBIMHU TOJIb30BaTENIEM MapaMeTpamu. JJaHHbIN 070K HAXOAUTCS B pasjese
Bodies makera SimMechanics.

B kaudecTBe 3a71aBaeMbIX [MapaMeTPOB BHICTYMNAIOT:

- Macca tena (Mass), KOTopast MOKET ObITh BRIpa)KE€HA B PA3IUYHBIX €IUHUIIAX;

- TEH30p WHEPLUHMH Tella OTHOCUTENbHO ero ueHtpa wmacc (Inertia),

IPEICTABIIAIONINKN cO00M MaTpuIly pasMepoM 3x3:

0 0 J.|
rae Jix, Jiy, Jiz, — oceBbie MOMEHTBI HHEPIIUM TeJIa OTHOCUTEIIBHO OCel COOCTBEHHOM
JIOKQJILHOM CHCTEMbI KOOPIMHAT, CBSI3aHHOMU C €0 IIEHTPOM Macc.

st toro, 4toObl J00aBUTH WM YyOpaTh H300pak€eHHWE BXO]1a/BBIX0OJIA
OTIpEe/ICIICHHOW TOYKH Ha MUKTOrpamme 0J10ka «Body» B OKHE MOJIeNH, UCTIONB3YETCSI
yCTaHOBKa WK cOpoc uiakka B KoJioHke Show port.

B xononke Translated from origin of yka3piBaeTcsi UMsi CUCTEMBI KOOPIUHAT,
OT Hayajia KOTOPOW OTCUUTHIBAIOTCS] KOOPAMHATHI TEKYIIEH XapakTepHou Touku. Kak
MUHUMYM OJIHAa XapaKTepHas TOYKa JOJKHA OBITh 3aJaHa B CHCTEME KOOpIMHAT
WORLD mu6o B cucreme koopauHatr ADJOINING. DT1o HeoOxommmo, YTOOBI

CBA3aTh AAHHOC TEJIO C COCCIAHHMMMHM HCIIOABIIKHBIMH WM IIOABHXXHBIMU TCJIaMU.

35



Cucrema xoopauHar WORLD — »53To wuHepuumanbHasi HENOJBWXKHAs CHCTEMA,

cBs13aHHas ¢ 3emuieil, a cucteMa koopauHat ADJOINING cBsi3zaHa ¢ miapHUpOM.

»

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

m

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

Position | Orientation | Visualization |

Show Port " 0Origin Position Units Translated from Components in | &
Port Side ame Vector [x y z] n 0Origin of Axes of

] G [000] (m | world ~ | world -]

Ed left  v|cst  [-0.100] [m =] world ~ | world -|

[l csz  [0.100] [m  ~|world ~ | world -]

Puc. 2.4 Hacrpoiika napamerpoB 6sioka «Body»

7. Taxk kak cTep>KeHb MOKET COBEPIIATh TOJIHKO BpalieHue BOKpyr ocu OZ,
TO BO3bBMEM B KauecTBe OJyioka compsbkeHus 0ok «Revolute» (puc. 12.5). B
napameTpax 0j0ka HeoOxoaumo ykazath [0 0 1], yTto Oyaer o3Ha4aTh BO3MOKHOCTh

BpauieHus BOKpyr ocu OZ.

x
-ibraries. hanics/First Generation/Joints. Found: "Revolute’ Revolute "~
> ["a| DSP System Toolbox ~ | Simscape ¢l Represents ane rotational degree of freedom. The follower (F)
> |Pa| Embedded Coder = Bn.dy rotates relative to the base (B) End}.t about a single rotational
» [Pa| Fuzzy Logic Toolbox Revolute - Rots- axis going through collocated Body coordinate system origins.
. [Pa| HDL Verifier - tional Interface Sensor and actuator ports can be added. Base-follower sequence
- and axis direction determine sign of forward mation by the right-
*4| Image Acquisition Toolbox o sled hand rule.
#1| Instrument Control Toolbox IsassEm
Revolut
#1| Model Predictive Control Toolbox il Eveluts Connection parameters
> %] Neural Network Toolbox . _ Revolute- Current base: CG@Body
%) 0°C Toobox g o .
*4| ReakTime Windows Target UL IKAVEE CS ooy
*3| Report Generator ,L‘ Revolute- =
#1| Robust Control Toolbox Le Spherical Number of sensor / actuator ports: =
» || SimEvents
- e SimRF q= '* ‘b Revolute
4 t’i Simscaps Parameters
> Foundation Library 1 Axes | Advanced
> SimDrivelineg Bz ofln  Revolute Joint
5 SimElectronics Hame Primitive Axis of Action [xy z]
> SimHydraulics R1 revolute [001]
a SimMechanics
4 First Generation
Bodies
Constrainis & Drivers v
Force Elements < >
Interface Elements
> Cancel Help Apply

N, e

Puc.2.5 Bnok Joint Fevolute: a)-pacnionoxenne B 6ubnmorexe,

0)-mapameTpbl HACTPOIKU

8. Ha Bxoxn Omoka «Revolute» mnoakmrouaercs 0ok  «Joint Initial

Conditiony, rae yka3siBaeM HadalbHbIH yroa ¢ =175°.
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Joint Initial Condition

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

Actuation

Enable Primitive Position

Puc. 2.6 Hacrpoiiku 610ka «Joint Initial Condition»

9. K oOnoky «Revolute» mnonkmougaercs Oyok «Bodyly, KkoTopsbrit
MOJIETTUPYET CTEPKEHB € TPy30M. [10CKOIBKY cHila MHEPLMH 33Ja€TCSI OTHOCUTEIIBHO
1eHTpa macc Tena, B 0imoke Bodyl memaercs cooTBercTBylomias puc.2./ 3amuch

TEH30pa UHEPLIUH.

13

Body i

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

Mass properties

m

Mass: 5| kg -

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

Fosition | Orientation | Visualization |
Show Port Origin Position . Translated from Components in M
Port Side Name Vector [x y z] Units Origin of Axes of
& G [0-10] (m  ~[world - | World -]
7] Ccs1 [000] [m | world ~ | World -
&l cs2  [0-10] (m  ~[world - | World -
[ 0K ] [ Cancel l [ Help ] Apply

Puc. 2.7 Hacrpoiika mapamerpoB 6ioka «Body1»

10. K Beixomy Omoka «Revolute» moakmrouaercss 070k «Joint Sensorly
(puc.2.8).

[TapameTpsl 115t USMEPEHUS, CIIETYIOIIHE:
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- yroix (Angle) — yrosn moBopoTa 4acTv IPUMHUTHBA, COSTUHEHHON C TEIIOM
Follower, oTHOCHTENFHO €TI0 4acTH, COSMHEHHOM ¢ TeJoM Base;

- OTHOCHUTEJIbHYIO YTJIOBYIO CKOpOCTh (Angular velocity);

- OTHOCHUTEJIbHOE yTlIoBoe yckopeHue (Angular acceleration);

[Tomumo 3TOTO, BCTaBIsIeM rajnouky Ha diaxok «Output selected parameters

as onc signal» JJIA TOTO, YTOOBI MOKHO OBLIO HU3MCPUTD BCC 3 mapamMecTpa B OATHOM

X
- ~
Primitive Outputs
Connected to Rl -
primitive:
Angle Units:  rad =
| | 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 -
on:
With respect to C5: | Absolute (World) -
Output selected parameters as one signal. v
Cancel Help Apply

Puc. 2.8 Hacrpoiiku 6710Ka «Joint Sensor1»

11. UYepes asnemeHnT «Demux» pa3zduBaeM H3MEpPEHHBIC MapaMeTpbl Ha 3
gactu. Kpome 6110k0B «Scope» eme npucytctByet 610k «Continuous Angle» (puc.
2.9, B), KOTOPBII TO3BOJISIET MOJMYUYUTh MPABWIILHOE 3HAUEHUE OTHOCUTEIHHOTO YIJIa

MOBOPOTA.
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Continuous Angle (mask) (link)

Outputs a continuous, unbounded angle given a
discontinuous, bounded angle and the angular
velocity. Choose units for the angle and the angular
velocity (rate).

_ibraries.

st GenerationiUtities

Found: "Continuous angle’

*3| Instrument Control Toolbox A
Model Predictive Control Toolbox

> Neural Network Toolbox

A 0OPC Toolbox

Real-Time Windows Target

Report Generator

Robust Control Toolbox

> Foundation Library

» [Pa] simbriveine

b [Pa| simElectronics

b SimHydraulics

4 SimMechanics

4 First Generation

Bodies.
Constraints & Drivers
Force Elements
Interface Flements
Sensors & Actuators
Utiities.

Parameters
Angle measured in: | rad n
Rate measured in: rad/s >4 V)
oK ‘ Cancel Help Apply
B)

1@

Joint Sensor1

Angle

Continuous Angle — D

Rate

Scope3

Continuous Angle

=

Scope2

(.

Scope1

‘ Simscape 1
= Continuous
pa—
- Angle

Puc. 2.9 13mepenne mapaMeTpoB: a)-pacroiokenue B 6udanoreke, 6)-uacrpoiiku Continuous

12.

Angle, B)-cxema MoAKIIOYEHUS

3HaueHne HM3MEPEHHOTO yIia CpaBHMBaeM ¢ 3HaueHueM ¢=180°,

omubOka momaercss B PID-perymstop (puc.2.10), oTKyJa CHrHaj IMOCTyHaeT B

Ka4CCTBC YCKOPCHHUS, CKOPOCTH M IICPCMCIHICHHA II0JI3yHA, 3a CYCT ABUIKCHUSA

KOTOPOI'o U YACPKUBACTCA O6p8,H.[€HHBII>i MasATHUK B BEPTHKAJIbHOM COCTOSHHUU.

13.

perymnstopa. Jlanee curHanbl OOBEAUHSIOTCS B OJJUH C TIOMOIIBI0 610ka MUX 1

PID{2) Controller (mask) (link)

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

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

Parameters

Proportional:
300

Integral:
10

Derivative:
70

Derivative divisor(M):

100

Cancel Help Apply

Puc.2.10 Hacrpotika 6i1oxa PID-perynstop

YrtoOsl 3a1aTh IBUXKEHHE, J1BA pa3a uHTerpupyercs curuai c PID-

39



nonarorcs Ha «Joint Actuatory. Curnan ot «Joint Actuator» nogaercs Ha

«Prismatic» (puc.2.11).

: 6
5
Integratar Joint Actustor

PID Controller
{with Approximate
Derivative)

FID ————

Puc. 2.11 brnok-cxema 3agaHusi TBHKESHUS TIOJI3YHA

Koaddummentst Hactpoiiku [TU]I-perynsaropa npeacraBieHsl Ha puc. 2.12.

Controller parameters

Source: internal '

Proportional (P): |300 ‘
Integral (I): |50 ‘
Derivative (D): 1100 \

Puc. 2.12 Koaddunuents! [TN]]-perynaropa
Jlo6aBuM B Mozenb Bsizkoe Tpenue (puc. 2.13). K curnany Reaction force na
ocu Y npucoeaunsiercs 6ok Gain. Jlanee npucoenunsercs 010k «Joint Actuatorly,

BBIXOJI KOTOPOTO MPUCOEIUHACTCS KO BXOay O10Ka «Prismaticy.

L.\.@}

Jaint Actuator1 Gain

Puc.2.13 MonenupoBaHue BSI3KOTO TPEHUS

VimuTaiionHas MoIeb paccMaTpuBaeMoro oobekTa B cpeae SimMechanics

npejicTaBieHa Ha puc 2.14.
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Machine
Envircnment

Jaint Initial Condition

1
5

Integrator1

Joint Actuator

PID Controller
{with Approxdimate
Derivative)

F'II}L

Revolute

Jaint Actuator

Je

Joint Sensor

Joint Initial Conditicn1

Angle
‘Continwous Angle |:I

h

P Ratz

Scopel

Continuous Angle

A

Scope2

,IE

Scoped

[

Puc. 2.14 Cxema Mozienu noji3yHa ¢ 0OpaleHHbIM MasiTHUKOM

HOJIy‘—IeHHBIe pe3vJiabTaThbl:

Pe?:y.]'IBTaTLI B BHAC Fpa(bI/IKOB MNePCeMCIICHUA, CKOPOCTH U YCKOPCHHUA ITI0JI3YHA

(puc.2.15) B mporecce TpHUBENCHUS OOPAIIEHHOTO MAasTHHKAa B BEPTUKAIBHOE

MTOJIOKEHHUE TIOKA3aHbI B OJIOKE «SCOPEey.

Puc. 2.15 I'paduku: a) -nepemenieHus, 0) -CKOPOCTH, B) -yCKOPEHHS MOJI3yHa

I'paduk cua peakiyy, BO3HUKAIOIIMX IMPH JBMXKEHUH Toj3yHa (puc.2.16)

MmoKasaH B 0J10ke «SCope 5».
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Puc. 2.16 I'paduk cun peakiuy, BOSHUKAIOMINX MTPH JBMKEHUH MTOJI3YHA

I'padux yria noBopota mastHuka (puc.2.17) mokaszan B 061oke «Scopely.

Puc. 2.17 I'paduk yria moBopoTa 0OpanieHHOTO MasiTHIUKA

I'paduk yrmoBoro yckopenus masTHuka (puc.2.18) mokazan B Oyoke

«Scope2y.
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Puc. 2.18 I'paduk yrioBoro yCKOpeHHUsI MassTHUKA

I'paduk «ommbku» yria moBopoTa MasTHUKa (puc.2.19) mokazan B Omoxe

Scope 6.

Puc. 2.19 I'paduk «omubdkm» yria moBopoTa MasiTHUKA

BoiBoa: [Ipu BeImomHeHUH JaHHON pabOTHI OBLTO MPOBEICHO KOMIIBIOTEPHOE
MOJIETTUPOBAaHUE TpoOIecca MPUBEACHUS OOPAIIEHHOTO MAasTHUKA B BEPTUKAIbHOE
MIOJIOKEHUE 3a CYET YIPaBIsIEMOrO [JBIJKEHHA IIOJI3yHA C B Cpene
MATLAB/Simulink/SimMechanics. Bbouin mony4densl rpaduku mepeMerieHus
CKOPOCTH M YCKOpPEHHUs NOJI3yHa M MasTHHKA, a Takke Trpaduku CUJ peakluH,
BO3HUKAIOIIMX IPU JBUKEHHUM MON3yHA. Takxke ObUI MOIydeH rpapuk OmMOKU yria
oBopora MasTHUKa. [IpencraBiaeHHbIE pe3yabTaThl IOKA3bIBAIOT, YTO IIpU
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cooTBeTCTBYROIIEN HacTtpouike I[IM][-perynstopa mnpeacTtaBisgeTcss BO3MOKHBIM

IMPUBCCTHU MAJATHHUK B BCPTUKAJIBHOC ITOJIOKCHHUC ITPUMCPHO 34 4 CCKYHIBI.

2.3 BAPUAHTDHI 3AJAHUA

Tabmuua 2.1 — BapuaHnTsl 3a1aHus

Ne Bapuanra | ] 2 3 4 5 6 7 8 9 10
Macca 6 7 3 55 |6 5 45 |7 65 |4
nebananca, KT

Hnnna 1,2 11 |1 1,5 1,7 1,2 1,3 1 1,4 1,1

MasTHHKA, |, M

Havanbhblit 170 |165|140 |135 |175 |161 130 |150 |155 |172
yroia
M0JIOXKEHHUS

MasATHHKA, (Do

2.4 KOHTPOJIBHBIE BOITPOCHI
1. 3a cu€r yero ygaeTcssi NPUBECTH OOpPALIEHHBINM MASTHUK B BEPTHKAIbHOE

HOJIOKECHUE?

2. Kak popmupyercss He0OX0AMMOE MepeMeIIeHUE T0JI3yHA JIJIsi TPUBEICHUS
00pallleHHOT0 MasiTHUKA B BEPTUKAJIBLHOE MOJIOKEHUE?

3. Kakoli MakcMManbHBI HaYaJIbHBIA YTrOJ MOXET HMETh OOpalleHHbIN
MasiTHUK, M3 KOTOPOTO €ro MOXHO ObLJI0 Obl TMPUBECTH K BEPTUKAIHLHOMY
HOJIOKEHUIO?

4. Kak MOXHO YMEHBIIUTh BpeMsl Mpolecca MPUBEACHUS MasTHUKA K
BEPTUKAJILHOMY MOJIOKEHUIO?

5. Kakyro poiib urpaer Bsi3Koe CONPOTHBJICHNE B OCH 00OpAaIlIEHHOTO MasiTHUKA?

CIICOK UCTIOJIb30BAHHOM JIUTEPATYPHI
1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MaTemaTHKe ¥ MOJICIHMPOBAHHUH /
HbsikonoB B.I1. [TonHoe pykoBoacTBo nonb3oBatens - M.: COJIOH-IIpecc. — 20083.
— 576 c.
2.  MopaenupoBaHue U BU3YaTH3aIUs ABKCHUNH MEXaHUUYECKUX CHCTEM B
MATLAB: Yueonoe nocobue / B.C.lllep6akos, M. C. KopeiToB, A.A. Pynnens u
ap.— Omck: CubA/IU, 2007. — 84c.
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3. MopenupoBanue mexaTpoHHbIX cucTeM B cpene MATLAB (Simulink /
SimMechanics): yue6HOe mocoOue st BhICIIMX Y4eOHBbIX 3aBeieHui / MycaaumMoB
B.M., I''b. 3amopyes, N.W. Kanansimuna, u np. — CI16: HUY UTMO, 2013. - 114 c.

4, MopenupoBanue npoieccoB u cucteM B MATLAB. YueOnbiit kypc /

Jlazapes FO.IL. - CI16.: ITutep, 2005, 511 c.
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3. JIaGopatopHas padota Ne3
KOMITBIOTEPHOE MOJAEJIMPOBAHUE IBNKEHUA MEXAHU3MA C

3YVBUATHIM 3ALEINUIEHMEM B ITAKETE PACIHIMPEHMA SIMMECHANICS
CPEJIbI MATEMATHUYECKOI'O UMHUTALIMMOHHOI'O BJIOYHOI'O
MOJIEJIMPOBAHUS SIMULINK/MATLAB
Ilens pabomur:

e (O3HaKOMHUTBCS C TakeToM pacmupeHus SimMechanics cpembl
MAaTeMaTUYeCKOr0  WUMHTAI[MOHHOTO  OJIOYHOTO  MOJICIMPOBAHUS
Simulink/Matlab #a mpumepe MoaenupoBaHHs IBHKCHHS 3y04aTOro
MeXaHU3Ma.

e [IpoBecTH KOMIBIOTEPHOE MOJCIUPOBAHUE JBMKCHUS MEXaHU3Ma C
3y04aThiM 3alrerieHueM. [IpoBepHUTh MPAaBUIBHOCTH IOJNYYCHHOM

MOACIIN.

3.1 KPATKHUE TEOPETUYECKHWE CBEJIEHUA
B nmanHoil pabGoTe MpOBOAMUTCS MOICIMPOBAHUE JBUKCHHS MEXaHHU3Ma C
3y04aThIM 3allerICHUEM, & UMEHHO JIByXCTYIIEHYATOr0 PEayKTOpa.
Kunematuueckass cxemMa paccMaTpMBaeMOro MeEXaHU3Ma  YIPOIIEHHO

npencraBieHa Ha puc. 3.1.

7]
|~

/4

Iar |

Il
A
Il

Puc. 3.1 Kunemarnueckas cxema ABYXCTYIICHYATOI'O pECAYKTOPA
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Jns MmomenupoBaHus 3yOuaroro 3anerieHus B SimMechanics He00X01UMO
paccYuTaTh HEKOTOPHIC U3 OCHOBHBIX T€OMETPHUICCKUX ITapaMeTPOB 3y0UaThIX KOJIEC.

Hckombie mapamMeTpsl pUBeACHHI B Ta01.3.1.

Tabmn. 3.1 OcHOBHBIE TapaMeTPhl, HEOOXOAUMBIE ISl TOCTPOCHHUSI 3y0UaTOTO
3alleTIeHUs B CTPYKTypHOU Mojenu SimMechanics
Uwucno 3yOneB Z1, 22,23, Z4
m — MoAayJb pvaCTHBIﬁ CTaHI[apTHBIe 3Ha4YCHUA MOAYJISA, 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 — II€PEAaTOYHOE OTHOIIECHHE _ Zy _ Z BeJOMOro
3y04aToi Mmapel Unk = 7 "7
n BelylIero
d-1uameTp aenuTeNnbHOM m-Z,
OKPY>KHOCTH 3y04aToro Kojieca =
[~ yron HakioHa 3y0beB 11 IPAMO3y00ii Iepeaaun paBeH
HYJTIO
@, — MEKOCEBOE PACCTOSHUE d,+dy, m-Z,+m-Z,

Ay

2 2
Ha pwuc.3.2 npencraBieHa OJIOK-cxeMa MOJEIM HCCIEIyeMOro OObEKTa B

SimMechanics.

g .I'.ITI.I'
H
—
i

&

f

F

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

Conthuous Angie? Soope

-

‘ Gound3

sH.—F—au-::mﬁiszt' Elfz 4E

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

k4

e I—b-‘\‘un :|
-.@- | " ia.':nnz- Angile
Juolnt Senson? Confthiuous Angiei

e Scoopa2

Puc. 3.2 Biiok-cxema MoeNTH TIOCTIEI0OBATEIBHOTO 3y0UaTOr0 COSTUHEHUS
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Ha pucynke 3.2:

° omok «Machine Environment» 3amaeT rpaBHTallMOHHBIC CHIIBI JIIS
MOICIIH;

° omoku «Groundy, «Revolutey, «Bodyy, «Joint Sensor», «Scopey, «Joint
Initial Conditiony dopmupyrT reoMerpuio 3ydouaToro koseca Zj, 00eCHeUnBaIOT
BpallaTeIbHYI0 CTEleHb CBOOOABI IMEPBOrO Baja, 3aJal0T HadyalbHbIE YCIOBHA,
(OpPMHPYIOT BBIXOJIHOM CUTHAT,

° omoku «Groundly, «Revolutely, «Bodyly, «Joint Sensorly, «Scopely
(bOpMHPYIOT TEOMETPUIO 3y0UaThIX Kojec Zp U Z3, 00€CIeunBaOT BpaliaTeIbHYIO
CTeIreHb CBOOO B BTOPOTO Basia, (JOPMHUPYIOT BHIXOIHOM CHUTHAIT,

o omoku «Ground2y», «Revolute2», «Body2», «JointSensor2y, «Scope2x»
bopMUPYIOT TeOMETpUI0 3y04aToro kosieca Z4, OOECIEUMBAIOT BpaIATEIIbHYIO
CTereHb CBOOOIBI TPETHETO Bajia, (GOPMUPYIOT BHIXOIHOM CUTHAI,

° omoxu «Gear Constraint Z,/Zy» u «Gear Constraint Z4/Zs» moaenupyror
3alleIUIeHUE 3yObeB B Mape KOJIEC C MOMOIIBIO TEPEIATOYHOIO OTHOIICHHMS;

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

HMHUTHUPYIOT HI[G&J'IBHI)Iﬁ JABHUI'aTClIb.

3.2 ITIOPAOK BBITIOJIHEHM A PABOTHI
B kauectBe mpumepa pacCMOTPUM MEXaHH3M CO CJIEAYIOIIMMU HCXOTIHBIMHU
JaHHbIMU (CM. Ta071.3.2)

Tabm. 3.2 - VicxoaHbie JaHHBIE UCCIIEyEeMOT0 MEXaHU3Ma
Monynb pacyeTHBbIN,

Yucno 3yOneB

MM
m 71 ) Z3 Z4
1 20 60 20 42

CobepeM cxemy, TpPUBEICHHYIO Ha puc. 3.2. 3anuiieM mapameTpbl u
BBITIOJIHUM HAaCTPOUKY Kaxkaoro Oioka cornacHo [Ipunoxenuto 3.1.

Kak y>xe ObLI0 CKa3aHO BBIIIE, AJIS1 IPOSKTHUPOBAHUS 3y0UYaTOro 3alleTICHHs B
SimMechanics Heo6x0aUMO paccuuTaTh HEKOTOPHIEC U3 OCHOBHBIX T€OMETPHUUCCKUX
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apaMeTpoB 3yOuaThIX KoJiec.
JInst TOro, 4ToOBI HE BBHINOJHATH BCE BBIUYUCICHHUS BPYYHYIO, 3aIlUIIEM
HeoOxoauMbIe opmyrsl B komanaHoe okao (Command Window) MATLABa:

% Yucno 3ybves

z1=20;

22=60;

23=20;

74=42;

% mo0yne pacuemubiil

m=1;

% ouamempwvl 0eNUMENbHLIX OKPYHCHOCMEl
dl=m*z1;

d2=m*z2;

d3=m*z3;

d4=m*z4;

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

% wupuna 3y04amozo 6eHya
b=3;

% nIomMHOCMb Mamepuania Kojieca(cmais)
gm=7.8e-6;

% maccwl konec (niomuocms *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;

% MomeHmbl uHepyuu
1=m1*d1"2/8*1e-6;
12=m2*d2"2/8*1e-6;
13=m3*d3"2/8*1e-6;
[4=m4*d4"2/8*1e-6;

% mMampuyvl MOMEHMO8 UHEPYUU
J1=[000;000;00 I1];
J2=[000;00 0;0 0 12+13];
J3=[000;000;0 0 14];

ITocne BBOJld YKA3aHHBIX BBIIIC JAHHBIX 3allyCTHM CUMYIIALIUIO. PGSYJ'IBTaTBI

paboThl aHUMUPOBAHHON MOJIENIM 3yO0UaToro MexaHu3ma IpeacTaBieHbl Ha puc.3.3.
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L.

Puc. 3.3 Pe3ynbTarsl paboThl aHUMHUPOBAHHOM MOJIeJIM 3y04aToro 3auerieHus B

SimMechanics

Ha puc. 3.4-3.6 npuBeneHbI MoJTydeHHbIE TpadUKH YIIIOBBIX CKOpocTel (paz/C)

BAJIOB PEAYKTOpA.

Puc. 3.4 I'padux yriiooii ckopoctu | Basa pexykropa
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Puc. 3.5 I'padux yrimosoii ckopoctu |l Bana pexykropa

Puc. 3.6 I'paduxk yriosoii ckopoctu Il Bana pexykropa

Ilposepka npasunvnocmu
J1J1s TOro 4TOOBI YAOCTOBEPUTCS B MPABUILHOCTH MOJTYYEHHOU MOJEIH, HY>KHO
cesiaTh MPOBEPOUHBIN pacyeT, OMpPEAeNIMB YIJIOBble CKOPOCTH BAJIOB PEAYKTOpa C

IMOMOIIBIO TICPECAATOYHOTO OTHOIICHUA.
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HCpCI[&TO‘IHBIC OTHOIIICHMUA:

2=z, ~ 20 7
U= 2 =2 _ 515
T 7,7 =20 o
U06HJ, = U12 ) U34_ = -3 (_215) = 64‘5,
Wy W
Uiz =—; Upgy = —
- I oo Wirp
CrnenoBarenbHo, ipu w; = 1 pag/c yriossie ckopoctu |l u 11l BanoB paBHbI:
Wy 1 paa
=—=—=-033—;
w” UlZ _3 (o
e 1 _ paa,
O = 5o as 0.157;.

ITocuntanubie pPE3yJibTaThbl COBIIAJAIOT C PE3yJibTaTaMH, IMOJYYCHHBIMH Ha

rpadukax (puc. 3.4-3.6). 3HaUUT, MOJIC)Ib BBIIIOJTHEHA MPABUIIBHO.

3.3 COIEP)KAHUE OTUETA

Otuer JOJDKCH COACPIKATh CIACAYIOIIHC Pa3CIIbI:

o Hassanue nabopaTopHoii paboThI U €€ 11eJib;

° HUcxonnpie 1aHHBIC

o Kunemarnueckas cxema MexaHU3Ma;

o Cxema Mojenn MexaHu3Mma B makere SimMechanics ¢ Hactpoiikamu
OJI0KOB;

o Pe3ynbTaThl MOIETUPOBAHKS B BUJIE€ AHUMUPOBAHHOW MOJIEIH;

. ['padyiku yriaoBeIX CKOpPOCTE BaJIOB PENYKTOPA;

o [IpoBepka MozeNIn Ha MPABUIIBHOCTE;

° BriBog
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3.4 BAPUAHTDBI 3AJJAHUN

Ta6:n. 3.3 — BapuanTsl 3a1aHuii

Bapuant Mozys. Yuco 3yoneB Bapuant Mozyse. Ywucno 3yobeB
MM MM
Ne m Z1 | 22 | Z3 | Z4 Ne m Z1 | 22 | Z3 Zs
1 0.3 25 | 60 | 40 | 70 11 0.3 30 | 66 | 20 | 44
2 0.4 20 | 60 | 30 | 72 12 0.4 40 | 60 | 25 | 50
3 0.5 30 | 90 | 20 | 42 13 0.5 25 | 55 | 40 | 56
4 0.6 40 | 80 | 25 | 90 14 0.6 20 | 78 | 30 | 66
5 0.8 25 | 50 | 40 | 70 15 0.8 30 | 54 | 20 | 54
6 1.0 20 | 50 | 30 | 60 16 1.0 40 | 84 | 25 | 50
7 1.25 30 | 60 | 20 | 56 17 1.25 25 | 15 | 40 | 88
8 1.5 40 | 70 | 25 | 75 18 1.5 20 | 36 | 30 | 66
9 2.0 25 | 30 | 40 | 64 19 2.0 30 | 72 | 20 | 42
10 2.5 20 | 45 | 30 | 48 20 2.5 40 | 56 | 25 | 70

3.5 KOHTPOJIBHBIE BOITPOCHI

1. Kakum O0KOM MOJENHpYeTCs MIJIMHIPUYECKOE 3y0daToe 3alleryieHue B
nakere SimMechanikcs/MATLAB? KakoBbl HaCTpO#KH 3TOr0 OJ10Ka?

2. Kak poBepuTh aIeKBaTHOCTh MOJIEIH 3y0UaTOro MexaHu3ma?

3. Kak okcrepuMeHTanbHO TPOBEPUTHh (DAKTUUYECKOE TMepelaTOuHOe
OTHOIIIEHUE MOJICIMpYyeMOM 3y0uaToit nepegadu?

4. Kak 13MEHUTDH HAIIPABJICHHE BPAIICHUS BAJIOB MOJIETTUPYEMOT0 MeXaHn3Ma?

5. Kak paccuuThIBalOTCSA  PaaWyChl  JCIHUTEIBHBIX  OKPYKHOCTEH

HMJIMHAPUYECKHUX 3y0UaThIX KoJiec?
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CICOK UCTIOJIb30BAHHOM JIUTEPATYPHI

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

2. MATLAB 6/6.1/6.5 + Simulink 4/5 B MmaTemaTHKe ¥ MOACITUPOBAHUH /
HbsikonoB B.II. [TonHoe pykoBoactBo nosb3oBatens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

3. MogenmupoBanue U BU3yaau3amus IBIKCHIN MEXaHUUECKUX CUCTEM B
MATLAB: Yuebnoe noco6ue / B.C.Illepb6akos, M. C. KopsiToB, A.A. Pynnens u
ap.— Omck: Cu6AJIU, 2007. — 84c.

4. MopenupoBanue mexatpoHHbIX cucteM B cpene MATLAB (Simulink /
SimMechanics): yueOHOe mocoOue /IS BHICIINX YUeOHBIX 3aBeneHui / MycaiuMoB
B.M.,, I'.b. 3amopyes, 1.1. Kanansimuua, u ap. — CI16: HUY U'TMO, 2013. — 114
c.

S. MoaenupoBanue nporeccoB u cucteM B MATLAB. Yuebnsiii kypc /
Jlazapes lO. - CII6.: ITutep, 2005, 511c
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Ilpunoscenue 3.1. Hacmpoiika 610x06

Hactpoiiku 6;10ka MachineEnvironment

Ew | | Machine Environment
Machine | BEKTOp [0 -9.81 0] m/'s"2
Emronment | rpaprTanHH
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;1oxkoB Ground

" Groundl
A _E [TonoseHne [[o 0 0] | m
Groundl | Show Machine Environment port
| §_ | Ground2
: ! [Mogoxenne [al2 0 0] m
Ground2
Ground3
: [Noaoxenie [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;10ka Joint Actuator
Actuation
Connected to
primitive: [ R ]
Actuate with: [Mcrtiun - ]
Angular units: [rad - ]
Angular velocity units: [rad,"s *]
Angular acceleration units: [radfs“‘z *]

56



Hactpoiiku 6;oxoB 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 6;10k08B Joint Sensor

("] Angle Units: |deg
Angular velocity Units: [radj’s *]
("] Angular acceleration Units: |deg/s"2
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4. JTabopaTopHas padora Ned
KOMIIBIOTEPHOE MOJEJIMPOBAHUE POBOTA-MAHUIIYJIATOPA

C IMPOCTEUIIINM 3AXBATHBIM MEXAHU3MOM B ITAKETE
MATLAB/SIMULINK/SIMMECHANICS
Ilenv pabomur:
® O3HAKOMHUTBhCSI C  TakeToM  pacmwmpeHus  SimMechanics  cpensr
MaTEeMaTUIECKOTO UMHTAIMOHHOTO OJ109HOTO MO/ICITUPOBAHUS
Simulink/ MATLAB.
® TPOBECTH KOMIIBIOTEPHOE MOJCIHPOBAHHE POOOTA-MaHUMYIATOpa C
NPOCTCUIIIMM ~ 3aXBAaTHBIM  MEXaHM3MOM. [IpoBepHTh  MPaBHILHOCTH
HOJTYYESHHOW MOJICIH.
4.1 KPATKUE TEOPETUYECKUE CBEJJEHUA
B nanHO# paboTe MPOBOAWUTCS MOJCIMPOBAHHE POOOTA-MAHUITYIATOPA C
MPOCTEHIINM 3aXBATHBIM MEXaHU3MOM.
Kunemarnyeckass cxemMa pacCMaTpHBaeMOTO MEXaHH3Ma  YIPOIICHHO

npejcraBiieHa Ha puc. 4.1.

15

A

Puc. 4.1 KunemaTtudeckasi cxema po00Ta-MaHUITYJISITOPA C 3aXBATOM:
1 — croiika; 2, 3, 4 — 3BeHBs po00Ta; 5 — OCHOBaHUE 3axBaTa; 6 — ryOKHU 3axBarta
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Ha pwuc.4.2 npencraBiena Omok-cxema SimMechanics-mMonenu pobora-

MAaHUITYJIATOPA C 3aXBATOM.

[ ev o— 3— sHH ceiffyes2 B F csiflycs2 :
Vachne dfl df : csiifes2
Environment Ground Weld Column Podiem
Cylindrical Revolute Richsg1
— (o
Gain Joint Actuator
Podjem
Integrator ’_’._tl
Integratar1 »os \&i
Gaint o 1
L T e PO
S e Joint Actustor
Gaing Vrashenie richaga
[ csffpyesi F ff B f: o Py e : T t
R Revolute3 HVAT e Richeg2 Revolue !
Gear Constraint
!
K csMpest Integrator3 z
PALEC2 Revoluted oty yeorr i Integrator2 'B__I
povorcty paloev UM
JLy '@ Sine Wave1
Gaind Joint Actustor
Vfashenie richaga2
Puc. 4.2 Biiok-cxema Moien poO0Ta-MaHHUITYIIATOPA C 3aXBATOM
Ha puc.4.2:
° omok «MachineEnvironmenty 3agaeT rpaBUTallMOHHBIEC CHIIBI M CTOMKY]
o omoku «Columny, «Podjem»,» Rychag 1-3» — onpeaeisitoT TeOMETPHIO
3BE€HbEB POOOTA;
. omok «Weld» 3amaer Hepa3beMHOE COCAMHECHHE HAIMPaBJISIONICH CO
CTOMKOM;
. onok «Cylindricaly — mogenmupyet MMIMHAPUIESCKYIO KHHEMATHYECKYIO
napy 4-To Kjacca ¢ moCTynaTeIbHBIM U BpaIlaTeIbHBIM JBHKEHUEM;
o omoku «Revolutey, «Revolutel,2» — BpamaTenbHble KMHEMATHYCCKUE
napsl 5-To Kjacca, COeUHSIONINE 3BEHbs poO0Ta MEX Ty COO0Oi;
. omoku «Schvaty, «Palecl-2» MmoneaupyroT 3BeHbs 3aXBara,;
o omoku «Revolute 4-5» — omnpeaensoT BoamateabHBIC MAPHUPBI 5-TO
KJjiacca;
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° ook «Gear Constrainyt — gomoHUTENBHAS TIepeada MeXAy ryokaMu
3axBaTa;
° omoxu «JointActuator», «Rampy, «Constanty, «Constanty1 umutupyroT

I/II[eaJ'H)HBII‘/II ABUT'aTCIIb.

4.2 TIOPAJIOK BBITIOJIHEHWS PABOThBI
B kadecTBe mpuMepa pacCMOTPUM MEXaHU3M C HCXOJHBIMH JIaHHBIMH,
peACTaBIeHHBIMU B Ta011.4.2.

Tab6n.4. 2 Vicxo/iHbIe JaHHBIE UCCIIETyEMOTO MEXaHU3Ma

OO6o3HayeHUE 3BCHA JlinHa 3BeHa, MM
L1 800
L2 300
L3 300
L4 200
LS 50
L6 80

Cobepem cxemy, MpUBEACHHYIO Ha puc. 4.2. BBIMOIHUM HaCTPOUKY KasKI0TO
osnoka coriacHo IIpunoxenuto 4.1. Ilocne 3amyctuMm cumyssauuio. Pe3ynbraTel

paboThl aHUMUPOBAHHOW MOJIENIA POOOTa-MaHUTTYJIATOPA MPECTaBICHBI HA puc.4.3.
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Puc. 4.3 Pe3ynbTaThl pabOThl aHUIMHPOBAHHON MOJIEIH pOOOTa-MaHUITYISATOPA C 3aXBAaTOM

B SimMechanics

4.3 COOEPXXAHUE OTUYETA

Otuer JOJDKCH COACPIKATh CIACAYIOIIHC Pa31CIIbI:

o HazBanue nabopaTopHoii paboThI U €€ 11eTTb;
o KunemaTndeckas cxema MEXaHH3Ma;
° Cxema Mozenu MexanusMma B maxkere SimMechanics;

° Hactpoiiku 6;10k0B SimMechanics;
o Pe3ynbraThl MOACIMPOBAHNS,

. I'paduky wm3MeHEeHUN KOOpAWHAT W TPOCKIUHA CKOPOCTEH IIEHTpa

TSKECTH CXBaTa HA KOOPAHWHATHBIC OCH,

° MPOEKIIMUA TPACKTOPHUH LIEHTPA TSHKECTU cXBaTa Ha Mmiockoctu XY, XZ,
YZ;
° BriBoEbI.
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4.4 BAPUAHTBI 3AJAHUN

Tab6:n. 4.3 BapuaHTsl 3a1aHui

Howmep JInvHBI 3BEHBEB, MM
BapHUaHTa PR Lo, Mu Ls, vt Lz, vt 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. Ckonpko cTemeHedl cBOOOABI HMMEET MOJACIUPYEMbId MaHUNYJIATOP U
CKOJIbKO IIPUBOJIOB AJI1 HETO HEOOXOUMO HCIOIb30BATH?

2. KakoBbI rabapuThl 30HbI OOCITYKUBAHUSI MOJCITUPYEMOTO MAaHUTTYJIATOpa?

3. Kakue xuHemMaTWyeCcKue Taphl HCHOJB3YIOTCS B MOIEIUPYEMOM
MaHUITyJIsTOpE?

4.Kak 3a7a10Tcs MaTpUIbl HHEPLIMU 3BEHEB MaHUITYJIsITOpa?

5. Kakue OJOKM HMCHONB3YIOTCS ISl MOCTPOCHHSI TPaUKOB M MPOSKIUN

TpaeKTOpUu cxBara’?

CITMCOK UCIIOJIb30BAHHOM JINTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B maTemaTnke U MOAECIUPOBAHUU /
HesikonoB B.I1. [Tomxnoe pykoBoactBo monbs3oBareis - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2. MopnenupoBaHue U BU3yadu3alus JBUKEHUN MEXaHUYECKUX CHUCTEM B
MATLAB: Yueonoe nocobue / B.C.lllep6akos, M. C. KopeiToB, A.A. Pynnens u
ap.— Omck: CubA /I, 2007. — 84c.

3. MonenupoBanue MexatpoHHbix cucteM B cpene MATLAB (Simulink /
SimMechanics): yaeOHOe mocoOue sl BBICIIMX y4eOHBIX 3aBeneHuit / MycamumoB
B.M., I'.b. 3amopyes, N.W. Kanansimumna u ap. — CI16: HUY UTMO, 2013. — 114 c.

4. Mopnenupoanue nporeccoB u cucteM B MATLAB. YueOnsrit kypc /
Jlazapes FO.II. - CII6.: ITutep, 2005, 511 c.

63



Ilpunoscenue 4.1 Hacmpoiika 010Kk06

Hactpotiku 6;10ka Machine Environment

zw }— | Machine Environment
Machine Bektop [0 0 -9.81] m/s"2
Environment rPaBHTALHH
Hactpoiiku 651oxa Column
Mass: 1
Inertia: eye(é) kg*m~2 ~
Position ‘ Orientation | Visualization |
Show Port Origin Position 3 Translated from Components in
Port Side i E Vector [x y z] L) Origin of Axes of
P G [00.40] (m v world ~ | world - | B
v] Left v|cst  [000] [m  ~|world ~ | world v ;
V] cs2  [00.80] (m  ~|world v | world v
Hacrpoiiku 6;10xa Body
csidges2 [E
Podjem
Inertia: éye(3) kg*m~2 ~
Position | Orientation I Visualization l
Show Port Origin Position 5 Translated from Components in
Port Side e Vector [x y z] ANES Origin of Axes of
] left v|CcG  [00.4-0.15] (m  ~|world ~ | world v [E
vl left  ~v|cS1  [00.40] (m  ~|world ~ | world x| -
v cs2  [00.4-0.3] (m  ~|world ~ | world v
& cs1dges2 B
Rtnagt
Mass: 1
Inertia: eye(é) kg*m~2 ~
Position I Orientation | Visualization ‘
Show Port Origin Position X Translated from Components in
Port Side W—c Vector [x y z] ki Origin of Axes of
[l left  ~v|cG  [0.150.4-0.3] (m  ~|world ~ | world v
vl left  ~v|cst  [00.4-0.3] Im  ~ | world v | world v )
Fl cs2  [0.30.4-0.3] (m  ~|world ~ | world -]
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& csipos1 B

Reag
Mass: 1 kg ~ I
Inertia: eye(3) kg*m~2 ~ l

Position | Orientation | Visualization |

Show Port o — Origin Position Units Translated from Components in
Port Side Vector [x y z] Origin of Axes of
F G [0.404-0.3] (m  ~|world ~ | world v
V] Right v |CS1  [0.30.4-0.3] Im  ~ | world ~ | world v | X
V] cs2  [0.50.4-0.3] m v world ~ | world | —
& cs2
- cmGQM o
HVAT
Mass: 1 kg =
Inertia: eye(3) kg*m~2 ~ l
Position | Orientation I 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 5| e
V] Left  v|CS2  [0.50.4-0.34] Im  ~ | world ~ | world x| —
v Left  v|CS3  [0.50.4-0.26] Im v | world v | world x| B
R csgest B
PALEC1
Mass: 1 kg x
Inertia: eye(3) kg*m~2 ~
Position | Orientation | Visualization |
Show Port Origin Position Z Translated from Components in
Port Side o Vector [x y z] L Origin of Axes of
F CG  [0.5250.4-0.34] (m  ~|world ~ | world - B
[l Left  ~v|CS3  [0.550.4-0.34] [m  ~|world ~ | world 5| | (%
vl cs1  [0.50.4-0.34] lm | world ~ | world »|| —
v] Left  v|CS2  [0.50.4-0.34] (m  ~|world ~ | world x| (B
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& csoest [B-

PALEC2
Mass: 1
Inertia: eye(3)

Position l Orientation I Visualization ]

kg*m~2 ~

Show P?rt s Origin Position
Port Side Vector [x y z]
F CG  [0.5250.4 -0.26]
O Left v |CS3  [0.55 0.4 -0.26]
Fl CS1  [0.50.4-0.26]
vl Left v|Cs2  [0.50.4-0.26]

(400

Uniits Transl(.;:lrtige;:I f;;)m Comp;\)::sng in
im  ~|world v | world v
Im  ~ | world ~ | world v
'm ~ | world ~ | world v
[m > ][World . ][World > ]

Hactpoiiku 6moka Ground

Ground
) § il TMoxoxeHue

1[0 0 0]

| m

Ground Show Machine Environment port
Hacrpoiiku 6;10x0B JOINts
Weld
DT
— Ocp aBIKEHHA [0 0] Referens CS | World
Weld
Weld1
nHAT
— Ocp aBH:KEHHA [0 0] Referens CS | World
Weld
5. F Cylindrical
% Ocp IBHKCHHA [0 0] Referens CS | World
Cylindrical Ocp IBHKCHHA [0 0] Referens CS | World
n "f Revolute
"
Ocp aBHKCHHUA [0 1] Referens CS | World
Hevolute
' ? 5 Revolutel
Ocp aBHKCHHA i 1] Reteeas €5 World
Revolute1
5 Revolute2|
f
3 ’
OcH IBHAKCHHA [0 0] REETEEIES World
Rewolute2
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Revolute3

B
F .

(F i [0 1 0] Referens CS World
Revoluted

Hactpoiiku 611oka Gear Constraint

(2:) Gear Constraint 1
FZa\F

Pa:lHyc :[e:mrenbnoﬁ Opr'/KHOCTH Be.:Iymero H B€IOMOIO
Gear Constraint1 Kosec

0.04 11 0.04

Hacrpoiika 6ioxos Joint Actuator

. !.\
*E‘
Joht Acksztor

Podjem

Actuation

Connected to
primitive: [ £l = ]

Actuate with: | Motion

Position units:

Velocity units:

[cm/s v]

Acceleration units: [cm/s"z v ]

o™
-0
Joht Actator
powomnty patev

Actuation

Connected to
primitive: [Re ]

Actuate with: [Motion

Angular units: [rad

Angular velocity units: [rad/s

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

("] Angle Units: | deg
Angular velocity Units: [radfs *]
("] Angular acceleration Units: |deg/s"2

68



5. JlabopaTopHas padora Ne$

KOMIIBIOTEPHOE MO/JEJIMPOBAHUE TEJIA, bPOIIEHHOI'O I1O/]
YI'JIOM K T'OPU30HTY, C IIOMOILIBIO [TAKETA SIMMECHANICS CPE/IbI
MATEMATHUYECKOI'O UMHUTAILIMOHHOI'O BJIOYHOI'O
MOJEJIMPOBAHMA SIMULINK/MATLAB

Leap padoTsl: NOCTPOESHUE MOJETN JBUKEHUS Tesla, OPOLIEHHOTO MO/ yIIOM

K TOPU30HTY C YYETOM COIPOTHBIICHUS CpeIbl cpejacTBaMu makera SimMechanics

Cpeanbl MAaTEMATHYCCKOT'O HUMUTAIITMOHHOTO OJI0YHOTO MOJCIINPOBAHUA

Simulink/ MATLAB

5.1 BAJJAHME U TTOPSJIOK BBITTIOJTHEHUS TABOPATOPHOI PABOTHI

Ha PHC. 5.1 NpcaAcCTaBJICHa paCcuCTHadA CXEMa ABUIKCHUS TCIIA, 6pOI]IeHHOI‘O I1oAq

YIJIOM K TOPU30HTY.

A
y
_«a
Z8 Ia7y
mN A
29 47 X T
. X
'g 8
P L

N N

Puc.5.1 PacueTHas cxema JABMKEHUS Tesa, OPOIIEHHOTO MO YTIIOM K TOPU30HTY

HUcxonnbie jaHHBIC:
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e Macca tena m = 1(kr);
e Hauanpnas ckopocts Vo= 10 (Mm/c);
e VYroim MeEXIy BEKTOPOM HaydaJbHOH CKOPOCTH W TOPU30HTAIBHOM

IUIOCKOCTBIO o = 45°;

e VYroa Mexay IIOCKOCThI0 Opocanus U ockio X - = 60°;
H.
o Kondodumuent conporusnenus Bozayxa yu = 0.5 TC

bnok-cxema ImporpaMmsbl U1 MOACITIHPOBAHUSA paCCManHBaGMOﬁ CUCTCMBI
IIpeACTaBIIeHa Ha puc.5.2.
¥ | To Workspace
. y | To Workspace1
TuWurkspaceZ

mammg®]
|
: XY XY

<[ I
.
> rdinates > @I
[ b~ i—F S| & ] >
Machine rce ﬁcsz : XY ZY
Environment Ground B—‘ Body Sensor velocity
Custom Joint Body [ @I
1C “ ]
S Body Actuator »
Joirt Initial Condition acceleration XY ZX

» <0 STOP

Compare  stop Simulation
To Zera

Puc. 5.2 brnok-cxema nporpammsl, MOJIETHPYIOLIEH IBHKEHUE Teja, OPOLIEHHOTO M0/
YIJIOM K TOPU30HTY, C Y4ETOM COIPOTUBIIEHUS CPEIbl

B 6moke «Custom Jointy, MoaenupyrolieM HacTpauBaeMyr KHHEMATHUECKYFO
napy, 3ajaeM TPH MOCTyMaTelbHbIe CTerneHu cBoOoabl (puc. 5.3). A B Gioke «Joint
Initial Conditiony» 3amaaum HaYaIbHYIO CKOPOCTH TeJIa IO TPEM KOOPAMHATHBIM OCSIM

(puc.5.4).
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"4 Block Parameters: Custom Joint (=]

Custom Joint i

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 revolutes align.

Connection parameters

Current base: GND@Ground i
Current follower: CG@Body
. ]
Number of sensor / actuator ports: 1] o
Parameters
Advanced B
Name - Primitive Axis of Action [x y z] Reference CS

P1 - Prismatic *i[100] @
P2 - Prismatic v|010]

P3 - Prismatic *|[001] World

® -

[ 0K H Cancel H Help ] Apply

Puc.5.3 Unrepdeiic 6moka «Custom Joint»

& Block Parameters: Joint Initial Condition (=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
il P 0 10%(cos{pi/4))*(cos(pif3)) | m/s -
Ell P2 0 10*(sin(pif4)) m/s -
il Pa 0 10%(cos(pi/4))*(sin(pif2)) | m/s -

[ OK ][ Cancel ][ Help ] Apply

Puc.5.4 Wnrepoeiic 61oka «Joint Initial Condition»

C nomomipio 6510k0B «Body Sensor» (puc. 5.5) u3mepum MpoeKIuM CKOPOCTH,
KOTOpbIE 3aTeM HKCIOJb3yeM JIJIsl pacueTa CHJIbI COMPOTHBICHHS BO3AyXa U

MOCTPOCHHMSI IPOCKIMK TpaeKkTopuH Ha riockoctu XY (puc.5.6), ZY (puc.5.7), ZX
(puc.5.8).
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"4 Block Parameters: Body Sensor e |

Body Sensor

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

Measurements

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

[”] Rotation matrix [3 x 3]:

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

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

Output selected parameters as one signal.

[ oK H Cancel ][ Help Apply

Puc.5.5 Untepoeiic 6iioka «Body Sensor

4] X Xy ==
XY Plot
4
3.5
2
2.5
2
z 2
=
1.5
:
0.5
0
] 1 2 3 4
X Axis
Puc.5.6 Ilpoekuust TpaekTOpUHU ABUKEHUS HA TIOCKOCTh XY
& Xy zv G=REEN X
XY Plot
6
5
4
=
23
>_
2
1
0
0 1 2 3 4 5 6
X Axis

Puc.5.7 Tlpoekums TpaeKTOpUHU ABUKEHUS HA TIIOCKOCTh ZY
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XY Plot

0 1 2 3 4 5 6
X Axis

Puc.5.8 Tlpoekius TpaeKTOpuu IBUKEHUS HA IIIOCKOCTh XZ

Ha puc. 5.6 u 5.7 BugHO, 4TO U3-3a CONMPOTUBIICHUS BO3/yXa Mapadoia uMeeT

HC CUMMCTPHUYHBIC BCTBU.

[Toctpoum npoekiuu koopauHat Ha ocu X, Y u Z (puc.5.9).

[4] ccordinates

A ERNEFLLIEIE -

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

[Toctpoum npoekiuu ckopocteit Ha ocu X, Y u Z (puc.5.10).
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E velocity o= S|

RIEER LI .

Puc.5.10 IIpoexnuu ckopocreit Ha ocu X, Y u Z

[Ipoekuuu ckopocTeil Ha ocu X U Z UMEIOT YOBIBAIOIIYIO XapaKTEPUCTUKY U3-
3a conpoTHUBIEeHUs Bo3ayxa. [lo ocu Y rpaduk Toxxe yObIBaeT, HO ropaszio ObIcTpee,
9YeM M0 JPYTUM OCSAM, TaK Kak B JIAHHOM CIydae YMEHBIIECHHIO CKOPOCTH KpOMe
COTIPOTUBIICHUS BO3/IyXa €IIle CIIOCOOCTBYET CHIIA TSKECTH

C mnomomipto O0k0B «TO Workspace» (puc.5.11) BeiBemeM B pabouce

MIPOCTPAHCTBO MPOrPaMMBbI IEPEMEHHBIE X, Y U Z.

(" 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 di ion) ']

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

Q [ QK I[ Cancel ][ Help ] Apply

Puc.5.11 Nurepdetic 610ka «To Workspace»

[Toctporm TpeXMEpHYIO TPACKTOPUIO, NPUCBOMB IMEPEMEHHBIM X, Y U Z B

paboyeM TPOCTPAaHCTBE MpPOrpaMMbl 3HAYEHHUS COOTBETCTBYIOIIUX KOOPJIUHAT
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MaTepraabHON TOUKH ¥ 3a7aB B komaniHoM okHe MATLAB xomanmy «plot3(z,X,y,'r-

",grid» (puc.5.12).

|4 Figure 1

File Edit View Inset Tools Desktop Window Help

NEde | b AAOEEL- S 08|01

25 -

1.5

0.5 4

0.5 ﬁw
4
0 2 Pl 3

Puc.5.12 TpexmepHas TpaeKTOpUsl MaTepUaIbHON TOUKU

Takum oOpazoMm, B xoje jabopaTopHOil paboThl OblIa pazpaboTaHa MOJETb

TCJla, 6pOHIeHHOFO o YyrijiioM K TOPHU3OHTY. Taxkxe B MOACIN YYHUTBIBACTCA

COIIPOTUBJICHUC CPCADI.

5.2 COIEP)KAHUE OTUETA

OtueT nomKeH COACPKATh CICAYIOUE Pa3aCIIbl:

HazBanue nabopaTtopHoii paboThI U €€ 11e1Tb;

Pacuernas cxema oOBekTa MOACIUPOBAHUA C YKAa3aHUCM HCXOIHBIX

3HAYEHHUU U NTapaMETPOB;

Cxema Mozenu MexanusMma B maxkere SimMechanics;

Hactpoiiku 6;10k0B SimMechanics;

Pesynbprarsl

KHHEMATHYECKUX XapaKTEPUCTUK MOJCIUPYEMOTO O0OBEKTA;

MOACIUPOBAHUA

B

BHUAC

BPECMCHHBIX

MPOEKIIMH TPACKTOPHUH Teja Ha miockoctu XY, XZ, YZ;

IIPOCTPAHCTBEHHAs TPACKTOPHSI MOJIETA TENA;

BriBoEI.
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5.3 BAPUAHTbBI 3AJTAHUI

Tab6:n. 4.3 BapuaHTsl 3a1aHui

Ne Bapmnanra 1 2 3 4 5 6 7 8 9
Motyib 10 20 30 15 25 35 40 45 5
HavyaJbHOU
CKOPOCTH TeJa,
Vo, M/c
Yron o 40 60 35 55 50 45 65 30 46
Yron 45 30 40 35 60 30 55 60 50

Macca tema, m, 1.5 0.8 0.6 0.5 1.2 0.2 0.3 04 0.7
KT
Koaddunuent 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1

COIIPOTUBJICHHUA
H-c
cpensbl, U, 7

5.4 KOHTPOJIBHBIE BOITPOCHI

1. Kak oOecreuyuTs BO3MOKXHOCTh MOJEIUPOBAHUS ABUKEHUS CBOOOJHOIO
Tella B mpocTpaHcTe B makere SimMechanics/MATLAB?

2. Kak mocTpouTh NPOCTPAaHCTBEHHYIO TPACKTOPHUIO TIOJIETa Tena, OpOIIEHHOTO
MOJT YTJIOM K TOPU30HTY?

3. Kak onpenenutbs MakCUMaJIbHYIO BBICOTY MOJIETa Tena?

4. Kak onpenennts MaKCUMaIbHYIO JaJbHOCTD IOJIETA TEna?

5. Kakoe BnusHHME OKa3bIBaeT CONPOTHMBIICEHHWE BO3AyXa Ha IOJIET Tela,

OpOIIIEHHOTO O/ YIJIOM K TOPU30HTY?

CIICOK UCTIOJIb30BAHHOM JIUTEPATYPHI
1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MaTemaTHKe ¥ MOJCITUPOBAHHH /
HpsikonoB B.I1. [Tomxnoe pykoBoactBo monbs3oBarens - M.: COJIOH-IIpecc. — 2003.
— 576 c.
2. MopnenupoBaHue ¥ BU3yaJIM3alUs ABMKCHUN MEXaHUYECKHX CHCTEM B
MATLAB: Yuebnoe nocobue / B.C.Illepbakos, M. C. KopsiTo, A.A. Pynnens u
np.— Omck: CubA I, 2007. — 84c.
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3. MopenupoBanue MexaTpoHHBIX cucTeM B cpeae MATLAB (Simulink /
SimMechanics): yue6HOe mocoOue st BhICIIMX Y4eOHBbIX 3aBeieHui / MycaaumMoB
B.M., I''b. 3amopyes, N.W. Kanansimuna, u np. — CI16: HUY UTMO, 2013. - 114 c.

4, MopenupoBanue npoieccoB u cucteM B MATLAB. YueOnbiit kypc /

Jlazapes FO.IL. - CI16.: ITutep, 2005, 511 c.
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6. JABOPATOPHAS PABOTA Ne6
MOJIEJTMPOBAHUE ®PUKIIMOHHBIX ABTOKOJIEFAHUI B ITAKETE
MATLAB/SIMMECHANICS

Heanb padoThi: pa3paboTKa MPOrpamMMbl JJisi KOMIIBIOTEPHOTO UMUTAIIMOHHOTO

MOICIMPOBaHUS (PPUKIIMOHHBIX aBTOKOoJeOanuii B cpene SimMechanics/MATLAB.

JInsi BO3HUKHOBEHUS (PPUKIMOHHBIX aBTOKOJICOAHMIT HEOOXOIUMBI YCIIOBUS,
MPUCYIIHE aBTOK0JIEOATEIbHBIM CHCTEMaM. DTUM YCJIOBUSIM COOTBETCTBYET HAJTUIUE
B CHCTEME HCTOYHUMKA DSHEPrUU HEKOJIeOATEIBHOTO XapakTepa, KojeOaTeabHOMH
CHCTEMBI, KIAMAHHOTO MEXaHU3Ma, IMOJANIEr0 MOPUUAMU SHEPTUI0 B
KOJIe0aTeIbHYIO CUCTEMY, U OOpaTHOM CBSI3HU.

PacueTHas cxema ucciaenyemMoi CUCTEMBI IPeCTaBIeHa Ha puc. 6.1,
Teno maccor M HaXOAUTCS HA TTOJABUKHOM JICHTE, IBUKYILEHCS C IMIOCTOSTHHON
CKOpOCTh V, U yAepKHBACTCS MPYKUHOU KEeCTKOCThI0 C. MeXay TeloM U JISHTOMN

NENUCTBYET CHJIA CYXOT'O TPEHUSL.

4

8.7 N
N/
AL

'

Puc.6.1 PacueTHas cxema

Hcxonurie naHHbIEe:

m = 0.5 kr - macca tena;
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¢ = 10 H/M - x03pbUIUEHT KECTKOCTH PYKUHBI;
lo = 0.3 M — HavanbHas ATMHA HeTe)OPMUPOBAHHOMN TPYKUHBI;
V = 1 M/C — CKOpPOCTh IBH)KCHUS JICHTHI,

f=0.5 K03 P PHUIHEHT CYyXOT0o TPEHUSI.

6.1 ITOPAIOK BbIIIOJIHEHIM S PABOTHI
Ha puc.6.2 mpencraBieHa O0K-CXeMa IPOrpaMMBbI ISl MAaT€MaTHYECKOTO
MOJICIMPOBAaHUS  pacCMaTpUBAaEMOM MEXAaHUYECKOM CHUCTEMBl, peau3yIouei

¢puknnoHHbIe aBTOKOJIeOaHMs, B cpeae SimMechanics/MATLAB.

Vertikal Mapr

Machine
Environment ~ Ground?

1
5
Integratori
0

Body Spring & Damper

ACT

1
s

Integrator

. Joint Actuatort Joint Actuator []| Joint Initial Condition
Cuna TpeHuA v E—
Constant P %/. ]
- : L[
Fr ocn
] Joint Sensor Acceleration 3
Product| x
L] x
- L]y
Sign 3
z

Puc.6.2 Brok-cxema mporpammsl B cpee SimMechanicssMATLAB

Hactpoiiku Bcex OJIOKOB, HCIIOJIB30BAHHBIX B CXEME MOJCIMPOBAHUS
paccMaTpUBaEMON CUCTEMBI, MpecTaBieHsbl B [Ipunoxenun 6.1.

PaccmoTpum 1 mpoaHaiM3upyeM pe3ybTaThl MOACIMPOBAHUS B BUE IPadKOB
3aBUCUMOCTEH OTHOCUTEIBHBIX U AOCOITIOTHBIX KWHEMATHYECKHUX XapaKTEPUCTUK
MOJI3yHa.

Ha puc.6.3 npencrasien rpaduk abCOMIOTHOTO NepeMeIleHUs MOoI3yHa.
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Puc.6.3 I'paduk aGCoNFOTHOTO IEpEeMEICHUS TTOI3yHa

N3-3a AeNCTBUS NPYKUHBI TIOJI3YH IEPEMEIIAETCS O KBA3UTAPMOHUYECKOMY
3aKOHY B IIpeJieax OJHOI0 U TOIO YK€ Juara3oHa KOOpAUHAT BIOJb OcH X.

Ha puc.6.4 npeacrasien rpaduk OTHOCUTEIBHOTO TIEPEMEIICHUS MTOJI3YHA.

onn - ol
5@ ad dRhEas 1

2

Puc.6.4 I'paduik OTHOCUTEIHHOTO TIEpEMENICHHUS TIOI3yHa

OTHOCHUTENBHO I[BHH(ym@ﬁCH JICHTBI IIOJISYyH CMCHIACTCA BJICBO, TdK KAaK OHa
ABUIKCTCS BITPABO.

Ha puc.6.5 npencrasnen rpaduk abCoIOTHON CKOPOCTH MOJI3YHA.
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Puc.6.5 I'padux aGCOMOTHOI CKOPOCTH MOI3yHA
AOcomroTHas CKOpPOCTH IIOJ3YHA Koy1€0JIETCSI OTHOCHUTEIBHO HYJI, TaK KakK
ITOJI3YH CHa4dalla IBUKCTCA C HaHpaBJ'IHIOH_Ieﬁ BIIPpaBO 3a CUYET CHUJIbI TPCHMU:, a 3aTCM,
I10CJIE€ TOTO, KaK CHJIa HATSHKEHUS NPYKUHBI HAYMHACT PEBLIMIATE CUITY TPEHUS, OH
nmepemMeuIacTCs yiKe I10Q IICﬁCTBHGM IIPY>XHUHbI, KOTOPAasA BO3BPAIIACT CI'0 B UCXOIHOC
IIOJIOXKECHUCEC, BJICBO.
Ha puc.6.6 npencrasieH rpaduk OTHOCUTENBHONW CKOPOCTH TMOJI3YHA.

ocn - oS
8o ai RS 0afK a

05

Puc.6.6 I'paduik OTHOCHUTETHHON CKOPOCTH MOJI3YHA

OTHOCHUTENBHO I[BH)KyIHCfICH BIIPABO JICHTBI CKOPOCTD ITOJI3yHA MCHSCTCA OT

HYJICBOI'O 3HAYCHUSA O OTPULATCIIBHOI'O 10 KBASUTAPMOHUYCCKOMY 3daKOHY.
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BbIBO/I: B X0j1¢ JTaHHOM J1ab0paTopHOi paboThl pa3paboTaHa MpOrpaMmy it
MaTEMaTHYECKOI0 MOJEIUpOBaHusS (PPUKIMOHHBIX aBTOKOJCOAHHWH B cpene
SimMechanics/MATLAB, mnoctpoeHsl rpadukud aOCOIMIOTHOIO IEpPeMEICHUs,
OTHOCHUTEJIBHOTO TIEPEMEIIICHUS, A0COTIOTHOM CKOPOCTH U OTHOCHTEILHON CKOPOCTH

JaHHOT'O TCJIa.

6.2 COJJEP)KAHUE OTUETA

OTueT OIHKEH COACPIKATh CIICAYIOIINE Pa3iebl:

o HasBanue nabopaTopHoii paboThI U €€ 11eJib;

. PacuetHast cxema 00BEKTa MOJECIMPOBAHUSA C YKA3aHHEM HCXOIHBIX
3HAYEHUHN U TapaMeTPOB;

° Cxema Mojzenu MexanusMma B makere SimMechanics;

. Hactpoiiku 6110xk0B SimMechanics;

. PesynbTaThl MOICIHUPOBaHHMS B BHAE BPEMEHHBIX TpadUKOB

KNMHCMATUYCCKUX XAPAKTCPHUCTUK MOACIINPYCMOTO O6’beKTa;

° BriBoibI.
6.3 BAPUAHTBI 3AJJAHUI
Tabm. 6.3 BapuanTsl 3a1aHmii
No BapuanTa 1 2 3 4 5 6 7 8 9
CxopocTh 10 20 30 15 25 35 40 45 5

nenTsl, V, M/c
Macca tema, m, 1.5 0.8 0.6 0.5 1.2 0.2 0.3 0.4 0.7
KT

Koadduunent 0.4 0.6 0.3 0.5 0.8 0.2 0.7 0.9 0.1
CYXOTO TPEHHS
f

6.4 KOHTPOJIbHBIE BOITPOCHI
1. Kak oOecreunTh BO3MOKHOCTb MOJICJIMPOBAHUSI CYXOr0 TPEHHs B TMaKeTe
SimMechanics/MATLAB?
2.Uto Takoe aBTOKOJNeOaHus? Kakue mpumMepsl aBTOKOJI€0ATEIbHBIX CHUCTEM
BbI 3HaeTe?
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3. Otdero BO3HMKAIOT (GPUKIIMOHHBIE aBTOKOJIeOanusa? [IpuBenure npumepol
(PUKITMOHHBIX aBTOKOJICOAHUA.

4. Yrto sBIAETCS WCTOYHUKOM ODHEPTUU HEKOJICOATEIHHOTO XapakTepa B
MOJIeTHPyEeMOii cucTeme?

5. C kakoii 4acTOTON MPOUCXOAAT PPUKIIMOHHBIE aBTOKOJICOAHUS ?

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MatemaTuke U MOJCITUPOBAHHH /
HbsikonoB B.I1. [TonHoe pykoBoacTBo nonb3oBatens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2.  MopaenupoBanre W BU3yalu3amusl ABMKCHUN MEXaHUYCCKUX CHCTEM B
MATLAB: Yueonoe nocobue / B.C.lllep6akos, M. C. KopriToB, A.A. Pynnens u
ap.— Omck: CubAJIU, 2007. — 84c.

3. MopenupoBanue mexaTpoHHbIX cucteM B cpeae MATLAB (Simulink /
SimMechanics): yue6HOe mocoOue Jisi BBICIIMX Y4eOHBIX 3aBeieHui / MycaaumMoB
B.M.,, I'.b. 3amopyes, N.W. Kanansimmna, u ap. — CI16: HUY U'TMO, 2013. - 114 c.

4, MopnenupoBanue nporeccoB u cucteM B MATLAB. YueOnbiit kypc /

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

Machine Environment

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

the block is connected: gravity, dimensionality, analysis mode, constraint

solver type, tolerances, linearization, and visualization.

Parameters | Constraints | Linearization | Visualization |

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

Tolerances: Maximum permissible misalignment of machine's joints.

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

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

Ground

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

Parameters

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

Show Machine Environment port

0K || Cancel || Help Apply
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Groundl

Ground

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

Parameters

Location [xy,z]: |[—3[]1[]] | |cm *|

Show Machine Environment port

oK | cancel || Help |

Prismaticl

Prismatic

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

Connection parameters

Current base: GND@Ground
Current followrer: 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. Qutput is a Simulink signal. Multiple output signals can be bundled into one signal.

Measurements

With respect to CS:  Absolute (World) -
Position [x;y;z] Units: |cm '|
Velocity [';y';2'] Units: |cmf5 - |
[] Angular velocity [Rx';Ry';Rz'] Units: deg/s e

[] rotation matrix [3 % 3]:

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

Signum

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

Farameters

[ Enable zero-crossing detection

Sample time (-1 for inherited):

1 v

| ok | cancel | Help

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

Connection parameters
Current base: GMND@Groundl
Current follower: CG@Ver. Napr
[]
Mumber of sensor [ actuator ports: | i | =
Parameters
Axis of Action [x y z]
[-10 1 0] v
p
0K | | Cancel | ‘ Help | Apply

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

customized body geometry and color.

Vertikal Napr

Mass properties
Mass: |1| | |k9 v|
Inertia: | eye(3) | kg*mr2 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  +/CG  [3010] am v | World ~ | World M
] Right  ~ cs1  [-3010] cm  * | World ~ | world -
] Right = CS2 [-3020] cm | World - | 'World -
] Right ~|CS4 [-3040] cn = | World + | world ~]| |*
] Right = CSs [-30-20] cm  * | World - | World - 3
] Right = CS3 [-3000] cm v | World - | World -

0K | | Cancel | | Help | Apply
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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 & 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): 1100 |
Damper constant (b): 0 |
Spring natural length (ro): 30 |
Units

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

0K || Cancel H Help ‘ Apply

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:
Actuate with: |Generalized Forces - |
Applied force units: |rnN - |
0K | | Cancel | | Help | Apply
Product
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Product

Multiply or divide inputs. Choose element-wise or matrix product and
specify one of the following:

a) * or { for each input port. For example, **/* performs the
operation 'ul*u2/u3*u4'.

b) scalar specifies the number of input ports to be multiplied.
If there is only one input port and the Multiplication parameter is set to
Element-wise(.™), a single * or [ collapses the input signal using the
specified operation. However, if the Multiplication parameter is set to
Matrix(*), a single * causes the block to output the matrix unchanged,
and a single [ causes the block to output the matrix inverse.

Main | Signal Attributes

Number of inputs:

2 |

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

Sample time (-1 for inherited):

! |«

0 | 0K || Cancel || Help | Apply
Prismatic
Prismatic

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

Connection parameters
Current base: C52@Gor. Mapr
Current follower: CS4@Polzun

EIND)

Mumber of sensor [ actuator ports: |3 |

Parameters
Advanced
Name Primitive Axis of Action [x y z]
P1 prismatic [100] |
£
OK || Cancel | Help | Apply |

Polzun
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Body

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

customized body geometry and color.

Mass properties
Mass: 0.5 | kg -
Tnertia: | eye(3) | kg*m~2 v |
Position | Orientation | Visualization |
Show Port Name Origin Position Units Translated from Components in
Port Side Vector [x y z] QOrigin of Axes of
] Left - CG [01a] cm World ~ | World -
] Right ~ CS6 [010] cm World ~ | World -
] Left ~ €51 [-200] cm World - | World -
o Right =~ CS2 [-220] cm World ~ | world -] *
] Right = €53 [220] com World - | World - 3
] Rigt ~+ CS5 [200] cm World ~ | World -
& Right ~ Cs4 [000] cm World ~ | world -
W
0K || Cancel || Help || Apply |
Constant

Constant

Main  Signal Attributes

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

Constant value:

0

Sample time:

Interpret vector parameters as 1-D

Sampling mode: Sample based

|inf

9
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oK | Cancel

Help | Apply
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3
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 Name Origin Position Units Translat_e!j from Components in
Port Side Vector [xy z] Origin of Axes of
& Left - G [000] cm | World ~ | World -
] Right =+ /cs1 [-900] cm v | World - | World -
v Right +|cCSz [1000] cm v | World - | World -
] Right + CS3  [2500] cm | World ~ | world - *
4
b
0K | | Cancel | | Help Apply

Joint Actuator

Joint Actuatorl

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:

Actuate with:

P1

Motion

Position units:

Velocity units:

Acceleration units:

|CITi

|cmf5

| cmys™2

0K

|| Cancel || Help
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Integrator

Continuous-time integration of the input signal.

Parameters

External reset: |none - |

Initial condition source: |interna| - |

Initial condition:
0

] Limit output

Upper saturation limit:
inf

Lower saturation limit:
-inf

[| Show saturation port

] Show state port
Absolute tolerance:

|auto

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

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

g | OK || Cancel || Help | Apply

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

Actuation

Enable Primitive

Integratorl
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Integrator

Continuous-time integration of the input signal.

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
x
Muzx ”
Multiplex scalar or vector signals.
Parameters

Number of inputs:

E |
Display option: |har - | v
g | OK | | 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. JJabopaTopHas padora Ne7
KOMIIBIOTEPHOE MOJAEJIMPOBAHUE JTUHAMMWYECKOI'O TACUTEJIA

KOJIEFAHUI B TAKETE SIMMECHANICS CPEJIbl MATEMATUYECKOT'O
NMUTALNUOHHOI'O BJIOYHOI'O MOAEJIMPOBAHU A SIMULINK/MATLAB

Heab: o03HaKOMHUTBCA C TMakeroMm pacmmpeHus SimMechanics cpeapt
MaTEeMaTHYECKOI0 MMHUTAIIMOHHOTO OJ10uHoro MoaenupoBanus Simulink/ MATLAB
Ha MpUMEpPEe MOJCIUPOBaHM Impoliecca pabOThl JUHAMHYECKOTO TaCHTEIs

KOJICOaHMIA.

7.1 IIOPAIOK BbIIIOJIHEHW A PABOTDI

Ha pwuc.7.1 npencraBneHa pacy€THass cXxema CHCTEMBI JIHUHAMHYECKOTO
racutens KojieOaHui.

y

/171 /7],
L (- X

Puc.7.1 PacuérHas cxeMa CUCTEMBI C JMHAMUYECKUM racuTelIeEM KoeOaHui

HUcxonupie faHHBIC.
my; = 1 (Kr) — Macca OCHOBHOTO TeJa;
C; = 100 (H/™M) — xoapdurimenT :KECTKOCTH OCHOBHOM TIPYKUHBI;
m, = 0.1 (Kr) — macca TMHAMHYECKOTO TaCHUTEJIS;

C, =10 (H/ M) — KOOPOUITMEHT KECTKOCTU MPYKUHBI JUHAMAYECKOTO
racuTesns;
w = 10 (¢™1) — yacToTa BHENMHEr0 CHIOBOrO TaApMOHUYECKOTO
BO3MYLIAOIIEr0 BO3ACHCTBUS,
Py =10 (H) — amminTyna BHEIIHETO CUJIOBOIO FTAPMOHHYECKOTO
BO3MYILIAIOMIETO BO3IEUCTBUS.
Ha puc.7.2 npencraBieHa 0J0K-cxeMa MOJEIM OCHOBHOW KOJeOaTeIbHOM

CHCTCMBI, COCTOSIIIIG?I U3 OCHOBHOIO Te€jla Maccol Mp; u YHOpyroro 3JICMCHTA

xKecTkocThto Cj, HaxonsdmieWcs T1Oj JEeWCTBHEM BHEIIHEH TapMOHUYECKOM
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BeIHY X 1arotnei cuitel P(t)=Pg sin(wt), 6e3 ucnoap30BaHus JTHHAMHUYECKOTO TaCHTES

kosne6anuii. CoOCTBEHHAs 4acTOTa pacCMaTpUBAaEMOM CUCTEMBI paBHA

e 100 o
p= m; . 1 €

Jaint Initial Condition
S
ﬁ - Sine Wave
I A I I s e T
Machine I Cs6 § B - e
Verlical I F gee i

Environment Ground Weld Dempl oe felo
- - Ground1
Prismatic Demphiruyschee telo
Prismatic1
@& I IC
Joint Spring & Damper Joint Sensor2

Joint Spring & Damper1

%/‘ —>E| Joint Initial Condition1

Joint Sensor1 Scope3

Scope2?

Puc.7.2 brok-cxema Jist MOAETMPOBAHUS BEIHYKACHHBIX Kojebanuii Tena B SimMechanics

Tak xak yactota ®=10 BeIHYXato1Iel TapMoHnYeckoi cuibl P(t)=Pg sin(mt)
paBHa COOCTBEHHOM uyacToTe KosebaTenpHOi cuctemMbl P=10, TO BO3HHUKHYT
pe3oHaHCHBIe KonebOanms. Ha puc.7.3 mnpencraBieH rpaduK HapacTarOMIAX

PE30HAHCHBIX KOJIeOaHUII OCHOBHOT'O T€Jla Macchl M.

Puc.7.3 I'paduk HapacTaromux pe30HAHCHBIX KOJI€O0aHW OCHOBHOTO Teja

be3 ramenuss konebaHuW B CHUCTEME PE30HAHCHBIE KojieOaHus OyayT

HCOIpaHNYCHHO HapacTaThb. I[J'ISI nux IIOJaBJICHU A 6y1[eM HCIIOJIB30BAaTh
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JUHAMUYECKUNA TaCUTENb B BHUJIE JOMOJHUTEIBHON Macchl My, MPUCOCIUHIEMON K
OCHOBHOMY Ty MOCPEJICTBOM YIIPYroro 3JieMeHTa XecTKOCThio Cp. 3HaueHHs
MacChl U KECTKOCTH TUHAMHUYECKOTO TacUTeNs KOJeOaHWi TOHKHBI 00eCTICUnBaTh
HapIUaIbHYI0 4acTOTy (COOCTBEHHYIO 4YacTOTy IPH HEMOJIBH)KHOM Macce Mmy),

PaBHYIO YaCTOTE () BBIHYKIAIOIIEH CHJIBIL:

/cz f1o
~2 = |—=10(cY).
m, |01 ()

Torma konebGaHuss JMHAMUYECKOTO TacUTENd YpaBHOBECAT JEHCTBHUE
BBIHYXIAIOIIEH CHJIBI U TEM CaMbIM YCTPAHAT KOJI€OAHUSI OCHOBHOTI'O TeJa.
Ha puc. 7.4 npencraBieHa OJOK-CXeMa, MOJCIHUPYIONIAs  CHUCTEMY

IUHAMHYECKOro racureis koiaebanuii B SimMechanics/MATLAB.

Sopsr
IC -
Jnd Indsl Londd on * m
-,
f i L3

" { 0 | soewave

Bt Aurmainian 1 Coorestiant

1 Fosa |
LS
1 Drwnphwesrso o F [ 4 9
. ] Dlemghrysches bes

CH— | IC
m,_Em | M = MDM.,

Jart Spng & Damper Joink Sareecy s

Puc.7.4 EHOK'CXGM@., MOACIIMpPYrOoIasd CUCTECMY JUHAMHUYCCKOI'O raCUTEIIA KoJIcOaHUH B

SimMechanics/MATLAB

HacTpoiiku nucnonap3yeMbiX B Mojienu OJIOKOB mpeacTaBieHbl B [Ipunoxenun

7.1

Ha puc. 7.5 npencrasien ¢pparmMeHT anumanuu mojaenu B okue MATLAB B

MPOU3BOJIbHBI MOMEHT BPEMEHU.
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Puc.7.5 @parmMeHT aHUMAIMK MOJICIMPOBAHUS TUHAMUYECKOTO TaCUTENs KOJeOaHU B OKHE
MATLAB

['paduk konebaHuit OCHOBHOTO TeJa MPECTaBlIeH Ha puc. 7.6.

Puc.7.6 I'padux xoneOaHU OCHOBHOTO Tena

K 6 cexkynmam koneGaHusl MOJHOCTHIO 3aTyXalOT, CIEAOBATEIbHO, TallICHHUE
MIPOUCXOINT.

JluHaMUYeCKU TacuTeNb MOCJIE OCTAaHOBKM OCHOBHOIO Tejia KOJeOJeTcs ¢
MOCTOSTHHOU aMmrututynou Ay (puc?.7). Ilpudem 3HaueHne STOM aMITUTY/IbI TAKOBO,
YTO BEJIMYMHA YOPYrod CWiIbl JOMOJHUTEIBHOM TMPYXKUHBI KeCcTKocThio (o
KOMIICHCHPYET BBIHY K Iaromyto cuy P(t):

Po =CoAz;
10=10*1.
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Puc.7.7 I'paduk koneGaHuil TMHAMUYECKOTO racUTENs KoieOaHui

Takum o6pa30M, I[mojaydcHa MOICIIb IIpomecCa IWMHAMHYCCKOI'O TIalllCHHA

KOJICOaHMIt

cpeacTBaMu  maketa  pacmmpenus — SimMechanics  cpemsr

MaTEMaTHYECKOI0 UMUTAIIMOHHOTO 0109HOr0 MoaeaupoBanus Simulink/ MATLAB.

7.2 COJEP)KAHUE OTUETA

Otuer JOJDKCH COACPIKATh CIACAYIOIIHC Pa3CIIbI:

Hassanue nabopaTopHoii paboThI U €€ 11eJIb;

PacuetHast cxema 00BEKTa MOIECIMPOBAHUS C yKa3aHHEM HCXOIHBIX
3HAYCHHUI U [1apaMeTPOB;

Cxema Mozenu MexanusMma B makere SimMechanics;

Hactpoiiku 6;10k0B SimMechanics;

PesynbTaThl MOZEIHpPOBaHMsS B  BHAE BPEMEHHBIX TpadUKOB
KMHEMATHYECKUX XapaKTEPUCTHK MOCTHUPYEMOTO 00BEKTA;

BriBoIbI.
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7.3 BAPUAHTbBI 3AJTAHUI

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
OCHOBHOTO

Tena, M1, Kr
Koaddurment 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.J1714 4yero ucroyib3yroT AMHAMUYECKOE TalleHue KojaeOanuii?
2.3a cYeT 4ero MpOUCXOIUT TUHAMUYECKOE TallleHue KoJeOaHmii?
3. Kak mpaBuibHO HACTPOUTH TUHAMHYECKHI racuTeNh KoieOanuii?
4. Kakoe BiusiHUE Oy/IeT OKa3bIBaTh BSI3KOE CONMPOTHUBIICHUE, ICUCTBYIOIIECE B
Kose0aTenbHON cucTeMe?
5. KakoBa Oyner aMIUIMTYyJbl KOJEOAHUM JUHAMUYECKOTO TAaCUTENs MOCIe

[MOJaBJIEHUS KOJeOaHU OCHOBHOI MacChI?

CITMCOK UCITOJIb30BAHHOM JINTEPATYPHI

1. MATLAB 6/6.1/6.5 + Simulink 4/5 B MaTemaTHKe U MOJCITUPOBAHHH /
HesikonoB B.I1. [TonHoe pykoBoacTBo nonb3oBatens - M.: COJIOH-IIpecc. — 2003.
— 576 c.

2.  MopaenupoBaHue U BU3YaIH3aIUsl ABIKCHUNH MEXaHUYECKUX CHCTEM B
MATLAB: Yueonoe nocobue / B.C.Illep6akos, M. C. KopriToB, A.A. Pynmens u
ap.— Omck: CubAJIU, 2007. — 84c.

3. MonenupoBanue mexaTpoHHbIX cucteM B cpeae MATLAB (Simulink /
SimMechanics): ydyeOHoe mocobue i BhICIINX Y4eOHbIX 3aBefeHui / MycainuMoB
B.M.,, I'.b. 3amopyes, N.1. Kanansimmmna, u ap. — CI16: HUY U'TMO, 2013. - 114 c.

4, MonenupoBanue nporeccoB u cucteM B MATLAB. YueOnsiit kypc /

Jlazapes FO.II. - CII6.: ITutep, 2005, 511 c.

100



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
I et P1 0.05 m__ <0 m/s v
L
Cancel Help Apply
OcHosnoe meno
Mass properties
Mass: |1.5 | kg -
Inertia: |eye(3) | kg*m~2 -
Position Orientation Visualization
Show Port N Origin Position Units Translated from Componen
Port Side ame Vector [xy z] n Origin of Axes
] Left - CG [000] m - World ~ World
i Right =~ Cs5 [000] m -~ CG - cG =
| Right - |/CS6e [000] m adifec - CG
1 Left -|CS1  [-0.05-0.050] m - CG v CG
1 Right -|/CS2  [0.05-0.050] m - CG - CG
] Right - CS3 [0.05 0.05 0] m - CG - CG
1 Right ~|/CS4  [-0.050.050] m ~ CG ~ CG
Jlunamuueckuti eacumens KoneOaHuil
Mass properties
Mass: |D.15| | kg @
Inertia: |eye(3) | kg*m~2 -
Position  Orientation  Visualization
Show Port Nam Origin Position Units Translated from
Port Side Vector [x y z] Origin of
v Left ~|CG [000] m ~ World - W
1 Right ~|CS5 [000] m ~CG -lcq B
] Right v C56 [0D00] m v |CG ~ | Cq
1 Left ~|CS1 [-0.02 -0.05 0] m - | CG ~|cd
1 Right ¥ |CS2 [0.02 -0.05 0] m ~ | CG ~|cd
1 Right ~|CS3 [0.02 0.05 0] m v | CG - |Ca
1 Right v | C54 [-0.02 0.05 0] m v | CG - |Ca
< >
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Body Actuator

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

Actuation

With respect to CS:

Generalized forces

Sine Wave

i’_i] Source Block Parameters: Sine Wave X
Sine Wave -

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

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

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

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

Parameters

Sine type: |Time based |

Time (t): |Use simulation time =

Amplitude:
7

Bias:
0

Frequency (rad/sec):
10

Phase (rad):
o

< >

Body Actuatorl

(] Applied torque

Applied force

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

Mass properties
Mass: |1| | |k9 '|
Inertia: | eye(3)  kgtmr2 v

Position | Orientation | Visualization |

Show Port Name Origin Position Units Translat_e!i from Components in
Port Side Vector [x y z] Origin of Axes of
vl left  ~ C6  [000] m v | World v | World M
] Left ~|Cs1  [0-0.05 0] m ~ | World ~  World -
1 Left v 53 [00.050] m ~ | World ~ | World -
v Right ~ cs2 [000] m  ~ | World ~ | world ~|| *] .

Joint Spring & Damper

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

Spring Damper Spring . . Force/

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

k b x0 Units

m v [m/s il |

Fl 100

" oc ][ cancel |[ e || sowy

Joint Spring & Damperl

Joint Spring & Damper

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

Spring Damper Spring L . Force/

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

k b x0 Units

10 0 0.05 m ~ m/s * N v

| 0K || Cancel || Help | Apply
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