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AHHoOTanua

[Ipy paspaboTke CI0XKHOW ONTHYECKON TEXHUKHU TPYJ0eMKOH 3a/ayei sIBJISAETCS BbIGOP LIArOBOr0
JABuraress. Pazpa6oTaHa MeTOAMKA IO OLleHKe MOIIHOCTHM LIaroBOrO JABUraTess, OCHOBaAaHHAas Ha
ucnosb3oBaHuu CAITP SOLIDWORKS u Matlab/Simulink. /[T MexaHu3Ma maHKpPaTUYECKOTO 06bEK-
THBa paspaboTaHa JUHaMH4yecKas MOJeJb, 103BOJIAIOLAs ONpe/ieJUTh HEOOXOAUMbIA KpYTAIMUH
MOMEHT, pa3BUBaeMbIil JBUraTesieM, C y4eTOM BO3JE€HCTBUSA NPYXKHH, CJI0XKHOrO Npoduis U mpo-
rPaMMHOI'0 U3MeHeHHUs yIjla IOBOPOTa Ky/J1ayKOBOTO MeXaHH3Ma.

JlaHHas MeTo/AMKa BKJIIOYAeT B cebs HeCKOJIbKO 3TanoB. CyTblo NepBOro sTana ABJsSETCA MoJyye-
Hue u3 3D-mozenu CAIIP SolidWorks mozenu B cpene MatLab. CHagana 3D-Mozies1b 3KCIOPTUPYETCS
B xml-¢daii1 JaHHBIX C MOMOIIbIO TpaHcasTopa Simscape Multibody Link. [Tocsie Toro kak npousBe/ieH
akcnopT B xml-¢aiii, Mosesb UMIOPTUPYETCS HelocpeACcTBEHHO B Simscape Multibody Model.

[Ipy TpaHcasauuy, TenaM Mozenu Simulink mepefaloTcsi COOTBETCTBYIOILIME MacCO-UHEPIIMOHHbIE
XapaKTepUCTHUKH KOMIIOHeHTOB c60pku SolidWorks, a Takke conpspkeHUs Mexay TesaMu 3D-moje-
s SolidWorks, koTopble npeo6pasyroTcs B cTeneHH cBo60Ab! AMHAMUYecKux Tes Simulink. @akTuye-
CKHU NPU TPAHCJALMU OCYLECTBJISETCS IOCTPOEHUE JUHAMUYECKON MOoJleJIi MeXaHU3Ma.

Jlns o6ecnevyeHrs Busyanusanuu Mozenu Simulink reometpus asnemenToB c6opku SolidWorks nepe-
JlaeTcsl C IOMOLIbI0 TPAHCAUPYeMBbIX stl-paiinos.

BTopbIM 3TAanoMm siBiseTcs AopaboTKa NOJy4YeHHON JUHAMUYeCKOH MOJesH.

KiiroueBble C/10Ba: Bo3BpaTHas NPyXUHA, T0YTOBbIGUPAIOIAs IPY>KMHA, TPAHCISAIUSA MOJIEJIH.
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Abstract

In developing the complex optical techniques, the choice of a stepped motor is an arduous task. A meth-
odology for estimating the power of the stepped motor has been developed, based on the use of CAD
SOLIDWORKS and Matlab/Simulink. A dynamic model has been developed for a pancratic lens mech-
anism, which makes it possible to determine the required torque developed by the engine, taking into
account the effect of springs, a complex profile and programmed change in the angle of rotation of the
cam gear. This technique includes several stages. The essence of the first stage is to transform a 3D
CAD SolidWorks model into a model in the MatLab environment. First, the 3D model is exported to
an xml data file using the Simscape Multibody Link translator. After exporting to an xml file, the mod-
el is imported directly into the Simscape Multibody Model. When translating Simulink bodies receive
the corresponding mass-inertial characteristics of SolidWorks assembly components, as well as mates
between the bodies of the SolidWorks 3D model, which are converted to the degrees of freedom of
dynamic Simulink bodies. In fact, when translating a dynamic model of the mechanism is constructed.
To provide visualization of the Simulink model, the geometry of the SolidWorks assembly elements is
transferred using translated stl files. The second step was to refine the resulting dynamic model.

Keywords: returnable spring, take-up spring, broadcast of model.

For citation: Ponyatsky V.M., Romanov A.V. Use of the Automated Design-Time Environments for
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org/10.25559/SITIT0.16.202001.139-151

CoBpemeHHble

MH(OPMaLMOHHbIE .
TexHonoruu Tom 16, N2 1. 2020 ISSN 2411-1473 sitito.cs.msu.ru

u UT-o6pasoBanune L



V. M. Ponyatsky,
A. V. Romanov

SCIENTIFIC SOFTWARE IN EDUCATION AND SCIENCE 141

BBeaenue

O HOM M3 aKTya/IbHBIX MPOG6JIEM MIPH CO3/JaHUN MasiorabapuTHOMN
ONTHYECKON TEeXHUKH SABJSETCA BbIOGOpP LIAaroBOTO ABUraTess C
MaKCHMaJIbHOM MOILHOCTbIO, J0CTAaTOYHOM /1S 06ecreyeHus Kop-
PeKTHOM paboThl ycTpoiicTBa. Hamuvue cioxxHoro npodpuias Ky-
JIAYKOBOT'O MeXaHU3Ma, IPOrpaMMHOe U3MeHeHH e yIla I0BOPOTa
KyJ1adKa ¥ BO3/leHCTBHEe LUJIMHAPUYECKHUX NPY>KHUH PaCcTKeHUs U
CKaTHs OCTOXKHSET 3aauy [1, 2].

CymectByoT coBpemeHHble CAIIP, mo3Bosswomme NnpoBOgUTh UC-
c/leloBaHMe AMHAMUKHU U KHHEMATUKHU CJIOXKHBIX MEXaHU3MOB.
[TakeT nporpamm SOLIDWORKS o6ecneynBaeT BbICOKY0 3P PeKTHB-
HOCTb M KauyecTBO pa3paboTKH TBEPJOTeNbHbIX MoJiesiel U y3JI0B U
M03BOJISIET IPOBOAUTH UCC/Ie/l0BaHUE UX JIMHAMUKH U KUHEMaTHKH.
[IporpamMHbIi Mogyab Matlab/Simulink pacuupsier Bo3MoxHO-
ctu CAIIP SOLIDWORKS B yacTv UMUTAL[MOHHOI'O MO/IEIMPOBAHUS
3D-mopeneil. Biarogapsi BKJIOYEHHOW B €ro coCTaB rpadpuyeckont
cpeJie UMUTALlMOHHOTO MoJenrpoBaHusa Simulink, MoxkHO 06beau-
HUTD 3JIEMEHTBI Pa3IMYHOMN PpU3NUeCKON NPUPO/bI U MOJIETUPOBATh
JIBIDKEHHEe MeXaHu3MoB U MamuH. [laker pacumpenus Simulink/
Simscape Multibody no3BosisieT MozeIMpoBaTh MEXaHU3MBbI, COCTOSI-
1K€ U3 MHOXeCTBA TBEP/IbIX TeJl U KX KOMIIOHEHTOB — COeIMHEHHUH,
OorpaHUYUTesIeN IBHKEHHs, yIIPABJISAIOIMX 371eMeHTOB [3-4].
BcrpauBaembiii B CAIIP SOLIDWORKS CAD-tpancnsitop Matlab
M03BOJISIeT reHepupoBaTh U3 3D-Moje M AMHAMUYeCKy0 MoJesb
MeXaHW4YeCKUX CUCTeM U UX cO60pok. [Ipy 3TOM Bce mapaMeTpbl
TBEpAOTEJbHON MOJesH, onpejessiouiie ee AUHAMUKY — KOOp-
JIMHATBl LIeHTPOB Macc, NapaMeTpbl COeAMHEHUHN U Ap., a TaKxke
conpsbkeHus: 3D-Mozenn npeo6pasyloTCs B CTeNEeHU CBOGOJbI U
nepefialoTcs B AMHAMU4ecKyto Mojiesib Matlab.

MeTO,Zl,l/IKa HCC/IeA0BAHUA AUHAMUKHA
OTHKO-MEXdaHHUYE€CKHUX CUCTEM

MeTo MKa HcCIel0BaHUSA BKJIIOYAET B cebs ceytoliye atansl [5].
Jrtan 1. Ixkcnopt 3D-mozgenu SolidWorks B xml-daiin ganHbIX (pu-
CyHOK 1a).

Jrtan 2. UmnopT xml-daiina gaHHbIX B cpeay Matlab (pucyHok 16).
Jran 3. lopaboTKa MOZEJH B COOTBETCTBUU C KHHEMATHYECKOH
cXeMOW MeXaHH3Ma.

Jran 4. MojennpoBanre GyHKIMOHUPOBAHUS MEXaHU3Ma.

a) Tpaucnatop

HMHTAIHOHE A7
CAD-chopra

Simscape Multibody Mopens & xml-
Link thaiine

6) HMHTanHoHHAE
MOIETE B Ximl-
thaiine

Simscape
Multibody Model

P u c. 1. Oransl Tpancasuuu 3DMogenn SolidWorks B AnHaMHUuecKyo Mojenb
Matlab: a) - akcnopr 3D-mozesit SOLIDWORKS B xml-¢aiin gaHHBIX (3Tan 1); 6)
- umMnopt xml-¢daiiia faHHBIX B cpey Matlab (atam 2)

Fig. 1. Stages of translating a 3D SolidWorks model into a dynamic Matlab
model: a) - exporting a SOLIDWORKS 3D model to an xml data file (stage 1); b) -

import of xml data file into Matlab environment (stage 2)
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OneHKa MOIIIHOCTH IIaroBOro ABUraTe i
JJIS MeXaHM3Ma NAaHKPaTUYEeCKOTo
00 beKTHUBA

[IpoBesieHa OlleHKAa MOLIHOCTH IIAroBOTO JBUTrATeJsl JJIS MeXa-
HU3Ma [aHKPATHYeCKOro OG'BEKTHBA B COOTBETCTBUHU C NPEAJIO-
>KEHHOUW MeTOJJUKOH [5].

Jdtan 1. IkcnopTt 3D-MoAe/ 1M MeXxaHU3Ma NAHKPATH4YeCKOro
o6bexkTHBa B xml-¢gaiia JzaHHbIX

Ucxopnas 3D-Mozesb MexaHM3Ma MaHKPATUYECKOTO 06'beKTHBA,
BeinosiHeHHasA B SOLIDWORKS, npefcTtaBieHa Ha pUCyHKe 2.

P u c. 2. 3D-Moze/1b MeXaHHW3Ma MAaHKPATHUECKOTro 00 beKTHBA,
BbinoiHeHHas B SOLIDWORKS
1,2 - modToBBIGHpAlOLKEe PYKUHDI; 3,4 — KApeTKH
Fig. 2. SOLIDWORKS 3D model of the pancratic lens mechanism
1,2 - backlash-picking springs; 3.4 - carriages

Jlns akcnopra u3 CAD-cuctembr SOLIDWORKS 3D-mogenu mexa-
HusMa B CAE-cuctemy Matlab Heo6xojMO HasiM4Ke YCTAaHOBJIEH-
Horo CAD-TpaHcasaTopa Simscape Multibody Link u BeimosineHue
C/eYIOUMX AeHCTBUMN:

- Bbl6paTh B NyHKTe MeHI0 MHCTpyMeHTbl KoMaHJAy Simscape
Multibody Link: Export: Simscape Multibody, nosiButcs okHo A5
COXpaHEeHMs BO BHEUTHUN daiiI.

B pesysibTaTe skcnopTa nosiyuyeH gamn:

- 06'beKTHB NaHKpaTHiecKkuit.xml (prucyHok 3).

[Ipu TpaHcasuuu TesaMm Mozenu Simulink nepegaroTcs cooTBeT-
CTBYIOI[ME MacCC-UHEPIIMOHHbIE XapaKTEePUCTUKU KOMIIOHEHTOB
c6opku SolidWorks, a conpspkenus gertaneit 3D-mMozmeneit mpeo6-
pas3yroTCs B CTENeHU CBOOO/bI AUHAMUYECKON Mosiesin Matlab. [lsis
obGecrieyeHUs1 BU3yasusauuu mozesnu Simulink reomerpus ase-
MeHTOB c6opku SolidWorks nepesaeTcs ¢ moMoIib0 TpaHCJAUPY-
eMbIX stl-paiinoB.

Jdran 2. UMnopr xml-¢daiisia MexaHM3Ma NIAaHKPAaTUYECKOT'O
o6GbeKTHBaA B cpeay Matlab

WUmMnopt B cpeny Matlab - ato ytenue cucremoii Matlab co3gannbix
Cad-TpaHciasTtopoM xml u stl-daitnos.

[l umMnopTa Mozesu B Matlab ncnosib3yercs komasza:

- smimport (‘O6'beKTHUB NaHKpaTUYecKkui.xml’).

Ha pucynke 4 mpejcraBjeHa JUHaMHU4YecKass MoJe/b MeXaHH3Ma
NaHKpPaTUYeCcKoro o6beKkTHBa B cpefe Simulink makera Matlab,
HoJIy4eHHas yTeM TpaHcasnuu xml-daia ¢ nomolbko Simscape
Multibody Link.

Bu3syasn3zanus MoJiesid MexaHU3Ma aHKPaTUYeCKOT0 06beKTHBA,
BhINoJiIHeHHas B Simulink ¢ nomouiklo stl - ¢paiinos, mpescraBieHa
Ha pUCYHKe 5.
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[# D:\Romanov\IFOMLLK.203322.120 O61ekTvs naHkpaTvueckmid\Models\translation\HoBaa nanka\!FOWLLIK.203322.120 O6rekvs M. — O -

1 <?xml version="1.0" encoding="UTF-&" standalone="no" ?>

2 <SimscapeMultibodyImportXML version="2.0" xmlns="urn:mathworks:SimscapeMultibody:imporc” xmlns:xsi="http://wuw. w3 ||

3 <Created by="" on="05/31/18||15:06:07" using="Simscape Multibody Link Versipon 5.2" from="S5olidWorks 24.5.0"/>

4 <ModelUnits mass="kilogram” length="millimeter"/>

5 <DatalUnits mass="kilogram" length="mecer"/>

& <RootAssenbly name=" OftexTME naHEpaTHusckKit” wid="!06teRTME DaHKpaTHUYecKMA" version="1213">

7 <AssemblyFile name=" 0OBBeKTWME NaHkpaTHdeckyii.SLDASM™ type="SolidWorks Assembly"™/>

8 <«InstanceTree>

9 <Instance name=" Mafifa-1" uid="hlaiﬁa—1"’ entityUid=" Manfa*:*-02">

10 <Transform>

11 <Rotation>0 0 1 -0.40852605867761688 0.91274665673522593 0 -0.91274665673522593 -0.40852605867761688 O« /Rotation>

12 «Translation>0.079388919168312116 0.0057372170451097538 O«/Translation>

13 <«/Transform>

14 </Instance>

15 <Instance name=" Kopnyc-1" uid="Kopnyc-1" grounded="true" entityUid="Kopnyc*:*-01 (nom onronapy) ">

16 <Transform>

17 <«Rotation»1 0 0 0 1 0 0 0 1</Rotacion>

18 <Translation>-0.0066110808316879044 0.01673721704510981 -0.028000000000000001</Translation>

19 <«/Transform>

20 </Instance>

21 <Instance name="0npasa-1" uid="Cnpasga-1" entityUid="Cnpaga¥®:*[lo yMOITIaHMO">

22 <Transform>

23 <Rotation»1 0 0 0 1 0 0 0 1</Rotacion>

24 <Translation>0.0628889191668312102 -0.019262782954890194 0«/Translation>

25 <«/Transform>

26 </Instance>

27 <Instance name="0BrexTME-1" uid="06rexTHME-1" entityUid="06rexTHME" rigid="trus">

28 <Transform>

29 <Rotation»1 0 0 0 1 0 0 O 1</Rotacion>

30 <Translation>0.057227506996770053 -0.019262782954890204 0«/Translation>

31 <«/Transform>

32 <Instance name="Konsuo-1" uid="Komsuo-1" entityUid="Komeno*:*0cHOBHaA"> L
< >

KAML/HTML source file Ln 9 Col 32

P u c. 3. xml-¢aiin jaHHBIX
Fig. 3.xml data file

5 x 203322_120, * - Simulink - o IEN
File Edit  view Display Diagram Simulation Analysis Code Jools  Help
HHo-8 « He-E- 04O Pp = FH-w | =) | @i~
T — :
@ = | B
(]
& S -
- {3
O
RE i —
-
[
Ready vm'i:mw«u:u
P u c. 4. Mogesib MexaHM3Ma NMaHKpaTHYecKoro o6bekTrBa B Simulink
Fig. 4. Model of a pancratic lens mechanism in Simulink
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4 Mechanics Explorers - Mechanics Explorer-x 203322_120 - =
File  Explorer Simulation View Tools Window Help L] | A X
aa|@.& ﬁ|eGmﬂﬂ58|E§D|B@|Via\w:onvention:ZupD(\"Top} v\‘ﬂ\bt’:'-l*qcl.|)—ﬁ|¢ 0 -

Mechanics Explorer-x 203322 120 3
o 3Rg_129_UTE_T39T_80_2_RIGID
T x3%9_129_016_1491_80_3_RIGID
S x3x8_129_016_1491_80_5_RIGID
f x687225_134_1_RIGID
B x711163_1_RIGID
T x711192_102_1_RIGID
T x711344_103_1_RIGID
T x713664_1_RIGID
S x715613_103_1_RIGID
-5 x715613_103_2_RIGID

L. ReferenceFrame

-l Solid v

1) () (> uLI

0% @| el |T|me|C|

P u c. 5. Busyanusanus MoJiesd MeXaHW3Ma MaHKpaTHYeCcKoro 06beKTHBa

Fig. 5. Rendering a model of a pancratic lens mechanism

Jrtan 3. lopa6oTKa Mo e/I1 MeXaHU3Ma NAaHKPATUYeCKOTo
06beKTHBA

Peasuzayust modesu wazosoz2o dguzamensi

JlJ151 OLeHKH MOII[HOCTH IIar0BOI0 IBUraTe/Isl MEXaHU3Ma MaHKpa-
THUYECKOT0 06bEKTHBA HEOOXOAMMO MPOBECTH CIEeAYIOLIMe Aopa-
60TKH MOJIEJIN:

. peann3oBaTh BO3JENCTBUS NMPYXUH (JI0PTOBBIGHpPAIO-
LIUX ¥ BO3BPATHOH).

Peasn3anus BpalieHHUs KyJauKOBOT0 MeXaHU3Ma

MopenvpoBaHie BpallleHHe KyJjauka peaJu30BaHO 6JI0KOM
Revolute Joint, o6GecrnevyrBaiIIUM BpallaTeJbHYI0 CTeNeHb CBO-
60/pb1. /lopaboTka 3akJro4asach B BBeZleHUH B 610K Revolute Joint

. peasM30BaTh MOJe/Ib LIaroBOT0 JIBUraTes; JIOTIOJIHUTEIbHOTO BXOJ]a «q» M MOJKJ/IIOYEHHsI Yepe3 3TOT BXOJ,
. peasn30BaTb 06paTHBIN X0/ LIArOBOT0 JIBUTATEIS; MOJyJIsl, peaJiM3yIollero BpallleHre aroBoro Apuraress - Motor
. peann3oBaTh NepeMeHHbIM NPOPUIb KyJadyKOBOrO Me-  (PHUCYHOK 6).
XaHU3Ma;
™) Copy_2_of_x 203322_120___dvigatel2/Motor * - Simulink = = =
File Edit Miew Display Diagram  Simulation  Analysis Code Tools Help
- - e o EEe-E e W ® > = - | = @ -] & -
®758343_105_2_ RIGID LUTHM®T > I A_MI16_6gx4_109 _30_023 17475 _80_111_ RIGID > |22[323717172717R_IGID ONPABA C NTMH3AMK > | Motor > 4| >
- -
vt [ s Ps
—zesk—&
FA
e
F5
(T}
[ES
= < > >
Ready View 76 warnings 175% odeds

P 1 c. 6. Peasinzanus AMCKPeTHOrO BpalljaloIlero MOMeHTa Ha BaJly LIaroBOro JABUraTe/is

Fig. 6. Realization of discrete torque on the stepped motor shaft
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HAYYHOE NMPOrPAMMHOE OBECMEYEHWNE B OBPA3OBAHUN 1 HAYKE

B. M. TToHATCKWY,
A. B. PomaHoB

B Moze/n 1aroBoro ABUraTesisi peaJii30BaHO 33ZlaHKe Bpalljaro-
I11ero MOMEHTA, NPOrpaMMHOe U3MeHeHMe yIJIa I0BOPOTa, OTpaHu-
YyeHHe 110 MaKCUMaJIbHOMY MOMEHTY U PEXUM peBepca.
Peaausayust npogduis KyAauko8020 MeXaHU3MA

Bolin go6asiens! 6;10ku Spline u Point On Curve Constraint. C mo-
MoIbio 6s10Ka Spline 3a/1a10TCsl KPUBbIE, ONMCHIBAIOIIKE TPODUIB

KyJIJaYKOBOT'0 MeXaHU3Ma. JlaHHbIN 6JI0K HAXOAUTCS B IIOCUCTEME
KyJIJaYKOBOT'O MEXaHU3Ma.

[TapameTpsbl 6s10Ka Spline ¢ BU3yanusanuei KpUBOU, ONMUCHIBAIO-
el NpodHIIb KYJIa4KOBOI0 MEXaHNU3Ma, IPe/CTaBIeHbl HA PUCYH-
ke 7. KoopHAThl TOUEK UHTEPHOJIALUY 33/JaHbl B MacKe IO/CH-
CTeMBbI KyJIaUKOBOT'0 MeXaHH3Ma.

A

Spline : Spline

ol

Description

poudQLIdIddITHITE| L

Represents a 2-D or 3-D spline curve passing through the
interpolation points specified. The curve, which can be epen or
closed, is continuous and based on cubic interpolation between
adjacent points.

The interpolation points must be parameterized in terms of their
coordinates, which are resolved in the reference frame. For 2-D
splines, point coerdinates are assumed to lie in the XY plane.
Specify an N-by-2 matrix to define a 2-D spline and an N-by-3
matrix to define a 3-D spline.

Port R is a frame port that represents the reference frame of the
spline curve. Port Gis a try port that rep the spline
curve defined by this block.

P

Interpolation P... | becam_spline mm
End Conditions |Matural (Open) W

P,
P

Type From Geometry v

Visual Pmperli...| Simple v

P u c. 7. TlapameTpsl 6J10Ka Spline
Fig. 7. Spline block parameters

iz Mask Editor : x304545_107_1_RIGID KYJIAYKOBbIA MEXAHKN3M

t &Dialog| Initialization | Doc o

| Icon & Ports | Pi

Initialization commands
50.43%

50.44

50.44

50.44

50.44

50.44

50.44

50.44]
Ebp=1.1;
Rbc=0.96&;
Hbc=0.5;
Gbc=0.75;
Abc=5.4;
tO=pi*110/180;
Pbc=0.96;

th = (40:1:2000)'*pi/180;
¥s = -z+54;
¥ = y;

Zs = x;

Dialog variables

bcam_spline = [Xs Y3 Z3];
rh =
Xo =
Yo =
ic =

(40:1:350) '*pi/180;
-z1+51;
viz
=1z
bcam

. spline? = [Xc Yc Zc]:

[] Allow library block to modify its contents

Preview | OK || Cancel H Help H Apply |

P u c. 8. Macka nojicucTeMbl KyJJaiKOBOTO MeXaHU3Ma
Fig. 8. Cam Subsystem Mask
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MaTemMaTH4YeCKOe ONMHCAaHWe KPUBBIX, TMOBTOPSIOUUX NPOGHUIb
KyJladKa 3a/laH0 B MacKe NOJCHCTEMbI Ky/JaYKOBOTO MexaHH3Ma
(pucyHok 8). Macka - HacTpauBaeMbIH M0JIb30BaTEJbCKUN HHTEP-
¢deiic, KOTOPBIN CKpPbIBAET COZepKaHUEe W PA3IMYHbIE HACTPOUKHU
J1s1 6s10Ka u3 6ubsanoreku Simulink. B Hamem ciy4yae 3To ypaBHe-
HHUS KPUBBIX, OIIMCBIBAIOLIMX MPOQUIIb KyJTa4KOBOTO MeXaHU3Ma.

CBsa3b npoduia KyJa4KOBOTO MeXaHHW3Ma U KapeTKH OCYyILeCTBJIsA-
etcs 6;10koM Point On Curve Constraint us 6u6norexu Simscape,
MO3BOJIAIOLIUM KapeTKaM JBUraTbCsl TOJBKO B/I0JIb KDUBOM, OMHU-
cblBaloled NMpodu/ib KyJauyKOBOrO MeXaHM3Ma. B mapamerpax

6s10Ka Oblya Bei6paHa onnus Force Vector, Heo6xogqumasi AJs U3-

MepeHHs CUJIbI KaK TpexMepHoro Bektopa [Fx, Fy, Fz].

ModeauposaHue 8o3deticmausi npyi#cuH

MopenvpoBaHye JIIOGTOBBIOUPAIOLIUX IMPYKUH OCYLIECTBJISET-

cs1 ¢ momolbio 6sioka Spring and Damper Force u3 6u6anoTeku

Simscape. 3D-Mozesnb 0P TOBBIGUPAIOLIEN TPYKUHBI U BUJL 6JI0KA

Spring and Damper Force u3 6u6110TeKku Simscape npe/icTaBJ/IeHbI

Ha pUCYHKe 9.

Ha pucynke 10 npeacraByiieHa 3D-Mo/iesib BO3BPaTHOU MPYKUHBI.
Mogiesib BO3BpaTHOM NPY>KHUHBI NIpe/iCTaBJeHa Ha pucyHke 11.

&

Spgand
Oanpa e

6)

P u c. 9. Mogesb 110 TOBBIGHPAIOIEH TPYKUHBI:

a) - 3D-Mozesb 10$TOBLIGHpatOIel MPYXKUHBI, 6) - 6,10k Spring and Damper Force u3 6u6anoTexu Simscape

Fig. 9. backlash spring model:

a) - 3D model of the backlash spring, b) - Spring and Damper Force block from the Simscape library

Attt .

P 1 c. 10. 3D-Mo/ie/1b BO3BPATHOM NPY>HHBI

Fig. 10. Restoring spring 3D model

g, Copy_7_of x 203322 _120 obratnHOD2/Motor5/Subsystem * - Simulink - =
File Edit Wiew Display Diagram Simulation Analysis Code Tools Help
BE-o-E| <« 4 Ee-E-e d® [ Za R ES >0 - =
92_3_RIGID MNOALLIMMHMK *x753572_103_1_RIGID NMPYXMHA BxoAHON CTyn. curHanl Subsystem 1 Subsystem X |4y »
@
[E3l
—
—
(]
) é}_ Cz
=)
>
Ready Wiew 1 warning 125% odeas
P u c. 11. Moze/ib BO3BpaTHOM MPYKUHbI
Fig. 11. Restoring spring model
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Jdran 4. MogeimpoBaHue GyHKIIMOHNPOBaHUA MeXaHU3Ma MaKCHMaJIbHOMY MOMEHTY W IlepeMellleHHe KapeTOK, OCYLecT-
NaHKpPaTU4eCKOro o0beKTUBa BJIsieMOe C ToMolbio 6s10koB Spline u Point On Curve Constraint.

3a/laH MaKCHMaJIbHbIi MOMEHT IIaroBOTO JIBUraTeJIs, COOTBETCTBY-
[Ipy MozieTMPOBAaHUM HCIOJIb3YETC MOJesb maroBoro Asurare-  rouuil FL20STH42-0804A c kpyTsamuM MoMeHTOM, paBHbIM 200 T cM.
Jisl, 33/Ial0lero BpalLaloIMid MOMEHT C MPOTPaMMHBIM u3MeHe-  HapucyHkax 12 - 18 npejcTaBiieHbl pe3y/ibTaThbl MOZJEJNPOBAHUS
HHUEM yIJla BpallleHHWs C PeXXMMOM peBepca M OTpaHUYEHHEM IO  KyJa4yKOBOIo MexaHusMa aJsa t=2.18 - 2.23 c.

4 Simulation Data Inspector - 220419.mIdatx* - E'
@ Q 4 nE(EE | qaaRr|aR
nspech Gonpate Saturation:1
\F 3
wRun7:Copy 8 of x__ 203322 120__.
Divide:1 =
B Gain3:1 — o
+ JEETE
— Switch1:1 ME—
fit1 — L
4 Divide1-1 —
- Divide2:1 —
n Gain10:1 — |
Gaini1:1 —
Gaing:1 {f—
Name Saturation:1
® o
Units o0t
Data Type double
Sample Time Coniinuous
Model Copy_8_ofx_____ 002
Block Name Saturafion
Block Path Copy 8 of x_____
Port 4 003
Dimensions U]
Channel
Run RUN7:Copy 8 of X ... || 504
Ovemide Global Toler..  no
Absolute Tolerance. |0 2181 2188 2187 2100 2193 2198 2190 2202 2205 2208 2211 2214 2217 2220 2223 2228 2220
P u c. 12. KpyTtamuit momenT IIIJ], H m
Fig. 12. Stepped motor torque N m
4 Simulation Data Inspector - 220419.mldatx* - D
@ Q 4 S (ma e Apiiyag
Inspect Compare B Switch1
m -
Gaing:1 = ||oous
In4:1 —
B In5:1 —
s Sum13:1 — 0010
¥ OE——
Sum15:1 N
i anz 00135
| Switch:1 —
n Demux1-1 — | 0130 \
Demux1:2 r—
Demux1:3 —
¢ = = = 00125
Name Sum14:1
@ Line e
00120
Units
Data Type double
Sample Time Continuous 00115
Model Copy 8 ofx_
Block Name Sumi4
Block Path Copy 8 ofx__ .. |[00110
Port 1
Dimensions ]
Channel =
Run Run 7: Copy_8_of_x_..
Override Global Toler... no i
Absolute Tolerance 0 2181 2184 2187 2190 2193 2199 2189 2202 2205 2208 2211 2214 2217 2220 2223 228 2208

P u c. 13. Cuia, JeficTByo1as OT BO3BPAaTHOM npyxuHbI, H
Fig. 13. The force acting from the restoring spring, N
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D PS-Simulink Converier28:1

- ol
R O -

Simulation Data Inspector - 220419.mldatx*

Compare B PS-Simulink Converter25:1

Demux3

PS-Simulink Converterf1:1

PS-Simulink Converter12:1
| PS-Simulink Converter25:1

PS-Simulink Converter29:1[1]
PS-Simulink Converter7:1[1]
PS-Simulink Converter29:1[2]
PS-Simulink Converter29:1(3]
PS-Simulink Converter7:1[2]
PS-Simulink Converter7:1[3]

Name PS-Simulink Converte

e — 280
Units N

Data Type double

Sample Time Confinuous R
Model Copy 8 of x___

Block Name PS-Simulink Converte..

Block Path Copy 8. ofx s
Port 1

Dimensions n _—
Channel

Run Run7:Copy_8_of x_.

Override Global Toler... no 004
Absolute Tolerance 0 2481 2484 2187 2190 2193 2108 2109 2202 2205 2208 2211 2214 2207 220 2223 2226 228

P u c. 14. Cusa, feficTBytomas ot JrodToBbIGUpatoLe npyxuHbl Nel1, H
Fig. 14. The force acting from the backlash spring No. 1, N

] |
|mE el

Simulation Data Inspector - 220419.mldatx*

®

Compare u PS-Simulink Converter28:1
2 132
Demux:3 —
PS-Simulink Converlert:] === || -1.33
PS-Simulink Converter{2:{  me—
PS-Simulink Converter25;{ || 138
s | |
PS-Simulink Converter2g:1[1]  — 141
PS-Simulink Converter7 1[1]  e—
PS-Simulink Converter2g:1[2] 44
PS-Simulink Converter29:{[3] e
PS-Simulink Converter7:{[2] | se— 147
PS-Simulink Converter7:1[3] = == sl el /1
‘ 150 —
Name PS-Simulink Converte. il
Line — 1.53
Units N
Data Type double 156
Sample Time Continuous
Model Copy_8_of_x. 5 158
Block Name PS-Simulink Converte..
Block Path Copy 8 of x__ 182
Port 1
Dimensions m 185
Channel
Run Run7: Copy_8_of x_. 188
Override Global Toler... no
b Tolbtane 0 2181 2186 2187 2100 2103 2108 2180 2202 2205 2208 2211 2214 2217 220 2223 226 220

P u c. 15. Cuiia, feficTByo1as ot o ToBbIGHpatoLe npyxuHbl Ne2, H
Fig. 15. The force acting from the backlash spring No. 2, N
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4 Simulation Data Inspector - 220419.midatx*
® Q ~ |mE|aeanilnon
Inspect Compare mSumidt
Switch1:1 r— 08
fit1 —
a Divide1:1 —
Divide2:1 —— &3
i Gain10:1 —
Gain11:1 (—)
1 Gaing:1 — o
Gaing:1 p—
i Ind:1 = o
In5:1 S —
Sum13:1 —
& | ]
Name Sum14:1
@ Line —
Units b
Data Type double
Sample Time Continuous o
Model
Block Name
Block Path Copy 8 ofx__ . 18
Port 1
Dimensions U}
Channel e
Run Run 7:Copy_8_of x_.
Override Global Toler...  no
Absolute Tolerance 0 2181 2184 2187 2180 2193 2198 2199 2202 2205 2208 2211 2214 2217 2220 2223 226 220

P u c. 16. CyMMapHbIi MOMEHT, IeHCTBYIOIMI Ha KY/JIa4KOBbIH MexaHu3M, H M

Fig. 16. The total moment acting on the cam mechanism, N m

g |

4 Simulation Data Inspector - 220419.midatx*
1 K2
® Q 4 |mE|aaaailnrod
Inspect Compare ' PS-Simulink Converier11:1
. — 5.0e+4
Sum14:1 —
a Sum15:1 —
Sum21 4t
Switch:1 —
i Demux1:1 | 20e
Demux1:2 —
f Demux1:3 —
— 20e+4
Demux:1 p—
Demux:2 f—
1.0e+4
Demux:3 =
PS-Simulink Converter11:1 -
o) e = ,
Name PS-Simulink Converte. v
® Line — 10844
Units 1
Data Type double T
Sample Time Continuous
Model Copy_8.
-30e+4
BlockName PS-Simulink Converte
Block Path Copy_8_of x
Port 1 40z
Dimensions M1
Channel 5.0e+4
Run Run 7: Copy_8_of x_...
Override Global Toler...  no
20ee4
2180 2185 2100 2185 2200 2205 2210 2215 2220 2225 2230

Absolute Tolerance 0

Puc.17.YrnoBoe yckopeHHe Ky/JauKOBOT0 MeXaHU3Ma, Tpaji/c
Fig. 17. Angular acceleration of the cam mechanism, deg / s
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Simulation Data Inspector - 220419.mldatx*

4

® Q 1
Inspect Compare mSvich 11 mftt
PS-Simulink Converter7 1[3] | m—

a wRun7: Copy_8_of x 203322_120__...
Divide:1 — 338
Gain3:1 —

i Saturation:1 335

¥|  Switch11 —

1 IS

Divide1:1 —

n Divide2:1

Gain10:1

Gain11:1

Name fitd

333

Line —

a3
Units deg
Data Type double

330

Sample Time Continuous

Mode! Copy 8 of x_____

Block Name ft =
Block Paih Copy 8 ofx___

Port 1 328
Dimensions ]

Channel a27
Run Run7: Copy_8_of x_.
Qverride Global Toler... no

Absolute Tolerance 0

2181 2184 2187 2190 2183 2106 2100 2202 2205 2208 2211 2214 2217 2220 2223 2228 220

P u c. 18. U3meHeHue YTJIOBOTO MMOJIOXKEHUA KYJIQYKOBOTI'0 MeXaHM3Ma OTHOCUTEJIbHO IPOTPAaMMHOTI0 ITOJIOXKEHUS, TP

Fig. 18. Changing the angular position of the cam mechanism relative to the programmed position, deg
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