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CbabpxaHue

OcHOBHU noHATUA 1 fepuHuLuUn
Cw3pasaHe Ha mogen
BubnunoTeka Simulink

OcHOBHU HacTpoiiku Ha mMogen
Cob3paBaHe Ha NpoekT

© 6 6 0 o

©

Bubnnorteka Simscape
Bubnnorteka Powertrain Blockset

©

©

MapameTpuyen aHanms
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Bteenerne B Simulink
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Bteegernne B Simulink

OcCHOBHIM MOHATUS U AedUHNLNN
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Kakgo e Simulink?

Simulink e cucrema 3a rpacpuyro (610k0BO) Mogenupane, cumynaupaHe u
aHanM3upaHe Ha ANHAMUYHUA CUCTEMW.
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Kakgo e Simulink?
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Kak ce gedpurupa 6nok 8 Simulink?
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aHanM3upaHe Ha ANHAMUYHUA CUCTEMW.

Kak ce gedpurupa 6nok 8 Simulink?

Kak ce npeacraeBnsea gMHaMnW4Ha CUCTEMA U KaK Ce MOAeNMpa B
Simulink?
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Kakgo e Simulink?

Simulink e cucrema 3a rpacpuyro (610k0BO) Mogenupane, cumynaupaHe u
aHanM3upaHe Ha ANHAMUYHUA CUCTEMW.

Kak ce gedpurupa 6nok 8 Simulink?

Kak ce npeacraeBnsea gMHaMnW4Ha CUCTEMA U KaK Ce MOAeNMpa B
Simulink?

Kak ce HacTpoiiku uma cumynaumsaTta’?
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Brnok B Simulink?

Simulink nedpurupa scekn 610k ¢ Tpu
Simulink TWNa JaHHK

ndiawedey |

Bnok

-

Bnagumup Oumuntpos (TVY- Codus) MANrnc: Cem 4 5 Hoemspu 2018 r. 6 /40




Brnok B Simulink?

Simulink nedpurupa scekn 610k ¢ Tpu

Simulink TNa AaHHK
3
g CurHanm - BxogoBe 1 U3xoam Ha GOk
£
S

Bnok

-
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Brnok B Simulink?

Simulink nedpurupa scekn 610k ¢ Tpu

Simulink TNa AaHHK
3
g CurHanm - BxogoBe 1 U3xoam Ha GOk
3 CbCTOSHNA - BBTPELIHN CTONHOCTN
S

ONMCBALLM AMHAMMKATa Ha bJioka

Bnok

-
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Brnok B Simulink?

Simulink nedpurupa scekn 610k ¢ Tpu

Simulink TNa AaHHK
3
g CurHanm - BxogoBe 1 U3xoam Ha GOk
3 CbCTOSHNA - BBTPELIHN CTONHOCTN
S

ONMCBALLM AMHAMMKATa Ha bJioka
biok MapameTpn - cTolHOCTY onpeaensiy

NoBeAEHMETO Ha BsoKa
-
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Brnok B Simulink?

Simulink nedpurupa scekn 610k ¢ Tpu

Simulink TNa AaHHK
3
g CurHanm - BxogoBe 1 U3xoam Ha GOk
3 CbCTOSHNA - BBTPELIHN CTONHOCTN
S

ONMCBALLM AMHAMMKATa Ha bJioka
biok MapameTpn - cTolHOCTY onpeaensiy

NoBeAEHMETO Ha BsoKa
-

Hannute Ha Bcekn 610K B cumynaumoHeH mogen Ha Simulink ca
poctbnhy B Matlab ¢ dynkunsita [sys,x0,str,ts] = model([],[],[]. sizes’)
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Kakeu cuctemn Moxkem ga mMogenupame?

Cnopep 3aBUCMOCTTa MeXy BXOAA W M3X04a
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Kakeu cuctemn Moxkem ga mMogenupame?

Cnopep 3aBUCMOCTTa MeXy BXOAA W M3X04a

Cnopeg Buga Ha NpoMEHAMBUATE
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Kakeu cuctemn Moxkem ga mMogenupame?

Cnopep 3aBUCMOCTTa MeXy BXOAA W M3X04a

CraTu4Hm - ako cerawiHaTa CTOWHOCT Ha n3xo4a 3aBUCK CaMO OT
CerawHums sxoa.

Cnopeg Buga Ha NpoMEHAMBUATE
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Kakeu cuctemn Moxkem ga mMogenupame?

Cnopep 3aBUCMOCTTa MeXy BXOAA W M3X04a

CraTn4Hm - aKko cerawiHaTa CTOWHOCT Ha M3X04a 3aBKUCK CaMoO OT
ceralwHusi Bxog,.

JvHamMmuyHm - ako cerawHaTa CTOMHOCT Ha M3X04a Ha efiHa CUCTEMaA
3aBUCK N OT MPEAULLHN CTOWHOCTM HA BXO4a

Cnopeg Buga Ha NpoMEHAMBUATE
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Kakeu cuctemn Moxkem ga mMogenupame?

Cnopep 3aBUCMOCTTa MeXy BXOAA W M3X04a
CraTunyHm - aKo cerawHaTa CTOMHOCT HA M3X0A4a 3aBUCK CaMO OT
CerawHms BXog,.
OnHamnyHm - ako cerawiHaTa CTOWHOCT Ha M3X0Ja Ha efHa CUCTeMa
3aBNCK 1N OT nNpegniHn CTOMHOCTU Ha BXOAa

Cnopeg Buga Ha NpOMEHANBNTE

HenpekbcHaTu - ako curHanute ca gecuHUpPaHM 33 BCEKM MOMEHT OT
BpPEME, CUCTEMUTE Ce MOAENMPAT C ANEPEHLMANHN YPABHEHNS.
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3aBNCK 1N OT nNpegniHn CTOWHOCTN Ha BXOAa

Cnopeg Buga Ha NpOMEHANBNTE
HenpekbcHaTu - ako curHanute ca gecuHUpPaHM 33 BCEKM MOMEHT OT
BpPEME, CUCTEMUTE Ce MOAENMPAT C ANEPEHLMANHN YPABHEHNS.
[unckpeTHn - ako curHanuTe ca AeduHMPaHn 3a JUCKPETHN MOMEHTM
OT BpeEME, CUCTEMUTE CE MOAENMPaT C ANEPEHYHIN YPABHEHNS.
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Kakeu cuctemn Moxkem ga mMogenupame?

Cnopep 3aBUCMOCTTa MeXy BXOAA W M3X04a
CraTunyHm - aKo cerawHaTa CTOMHOCT HA M3X0A4a 3aBUCK CaMO OT

ceralwHusi Bxog,.
JvHamMmuyHm - ako cerawHaTa CTOMHOCT Ha M3X04a Ha efiHa CUCTEMaA

3aBNCK 1N OT nNpegniHn CTOWHOCTN Ha BXOAa

Cnopeg Buga Ha NpOMEHANBNTE
HenpekbcHaTu - ako curHanute ca fedUHUPaHN 33 BCEKN MOMEHT OT
BPEMe, CUCTEMUTE Ce MOZENNPAT C ANepeHUnanHn ypaBHEHNS.
[unckpeTHn - ako curHanuTe ca AeduHMPaHn 3a JUCKPETHN MOMEHTM
OT BpeEME, CUCTEMUTE CE MOAENMPaT C ANEPEHYHIN YPABHEHNS.
XubpugHn - KOMOUHALMA OT ropHUTE
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Kakgo ce cumynnpa?

CumynupaHe Ha AMHAMWYHU CUCTEMA € MPOLEC HA U3YNC/sIBAHE Ha
Pa3BUTUETO Ha BEKTOPA C NPOMEHJUBUTE HA CHCTOSHUETO N U3XO4A Ha
cMcTemaTta 3a AafeH Mepnog OT BpeMme.

Computation of x(t), y(t)

Step size

0=t t t, t t
Time step
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Kakgo ce cumynnpa?

CVIMyJ'IVIpaHe Ha AUWHAMWYHW CNCTEMA € NpoueC Ha N34NCAsABaHE Ha
Pa3BUTUETO Ha BEKTOPaA C NPOMEHANBUTE HA CBCTOAHUETO N N3XO04a Ha
cncTemaTa 3a AafieH Nepuoj oT BpeMme.

Te ce n3uucnssat 3a onpegeneHn MOMeHTU oT Bpeme (time steps),
KOUTO Ca pa3feneHn OT ONpeAeneHn UHTepBanu oT epeme (step sizes).

Computation of x(t), y(t)

Step size

t t; S t4
Time step
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Kakgo ce cumynnpa?

CumynupaHe Ha AUHAMUYHN CMCTEMA € NMPOLEC HA N34MCAsiBaHE Ha
Pa3BUTUETO Ha BEKTOPA C NPOMEHAUBUTE HA CHCTOSAHUETO U U3X0Za Ha
cncTemaTa 3a JafeH nepuog oT BpeEMe.

Te ce n3uucnssat 3a onpegeneHn MOMeHTU oT Bpeme (time steps),
KOUTO Ca pa3feneHn oT onpeaeneHn uHTepeann ot speme (step sizes).
Simulink pewasa gndepeHunaninTe ypaBHeHMs, ONMCBaLLN
OUHAMUYHATA CUCTEMA NOCPEACTBOM YUCIEHO MHTErpUpaHe.

Computation of x(t), y(t)

—

Step size

0=t t t, t t
Time step
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OcHoBHY NpobnemMu Npy MOAENNPAHETO

Mpn mogenupane c anrebpryHn ypaBHeHus
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OcHoBHY NpobnemMu Npy MOAENNPAHETO

Mpn mogenupane c anrebpryHn ypaBHeHus

AnrebpudHn KOHTYpK - 3a anredbpuyHa Bpb3Ka MEXAY BXOAa M U3X04a
Ha 6s0Ka.
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OcHoBHY NpobnemMu Npy MOAENNPAHETO

Mpn mogenupane c anrebpryHn ypaBHeHus

AnrebpudHn KOHTYpK - 3a anredbpuyHa Bpb3Ka MEXAY BXOAa M U3X04a
Ha 6s0Ka.

Mpn mogenupate ¢ gudpepeHunantn ypaBHeHus
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OcHoBHM NpobnemMu Npu MOAEINPAHETO

Mpun mogennpaHe ¢ anrebpuyHn ypasHeHus
AnrebpudHmM KOHTYpU - 3a anrebpuyHa Bpb3Ka MeXAy BXOAa M N3xoga

Ha 6s0Ka.
Mpu mognenupane ¢ andepeHunanHu ypasHeHUs

0buKHOBeHU - KOrato BpeMEKOHCTHUTE yHacTBaLLM B
AnpepeHLManHOTO YpaBHEHME Ca OT eAnH Nopsiabk
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OcHoBHY NpobnemMu Npy MOAENNPAHETO

Mpun mogennpaHe ¢ anrebpuyHn ypasHeHus
AnrebpudHn KOHTYpK - 3a anredbpuyHa Bpb3Ka MEXAY BXOAa M U3X04a
Ha bnoka.

Mpu mognenupane ¢ andepeHunanHu ypasHeHUs
0bMKHOBEHU - KOraTo BpeMEeKOHCTHUTE yHacTBallM B

AnpepeHLManHOTO YpaBHEHME Ca OT eAnH Nopsiabk
T8bpan - Cncremun, KOUTO MMAT €AHOBPEMEHHO MHOTO rOJIEMU N MHOTO

Masikn BpemekoHcTHaTu (stiff)
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oaun 3a pabota cbe Simulink

SIMULINK" New Examples

Recent

> :
(] [5[5] (5 L&
B o S ey S ot T
3 20 2 s
S
B ey Digital Filte b roller
4 vevess
& eves
Projects
-
8 rorve

Cw3pasaHe Ha mogen
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MeToau 3a pabota cbec Simulink

Pl Sk Star Poge

SIMULINK® P e

e [5[5] (5

Blank Lirary Blank Project

Blank Model

{9

Cw3pasaHe Ha mogen
Cw3pasaHe Ha BubnuoTeka.
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MeToau 3a pabota cbec Simulink

Cw3pasaHe Ha mogen

Cw3pasaHe Ha BubnuoTeka.

Cb3paBaHe Ha npoekT - obeanHABa HAKONKO Mofena,
VHULMANN3ALMNOHHN CKPUNTOBE , Bb3MOXHOCT 33 KOHTPOA Ha
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[MpazeH Mo

Mopgen ce cb3gasa 4pes gobassiHe Ha roTosu baokose oT BubAMoTEKM
(nBoen RMB unn ot Library browser)
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[MpazeH momen

Mopgen ce cb3gasa 4pes gobassiHe Ha roTosu baokose oT BubAMoTEKM
(nBoen RMB unn ot Library browser)

Bcekn mMogen mMoxe Aa u3nonssa uAm BpbLLA AaHHU B paboTHOTO
npoctpaHcTeo Ha Matlab

Bnagnmup Oumuntpos (TVY- Codus) MNrnc: Cem 4 5 Hoemspu 2018 r. 11/40



[MpazeH momen

Mopgen ce cb3gasa 4pes gobassiHe Ha roTosu baokose oT BubAMoTEKM
(nBoen RMB unn ot Library browser)

Bcekun mogen moxe ga nsnonssa unm Bpblia AaHHU B paboTHOTO
npoctpaHcTeo Ha Matlab

Bcekun mogen moxe ga nsenksa Matlab ckpuntose npegu, nospeme
nnun cneg ceoeto usbnnneHne LMB->Model Properties->Callbacks

[Fa] Model Properties: untitled B3

Main | Callbacks | History | Description | Data

Model callbacks Model pre-load function:
PreLoadFcn
PostLoadFen
InitFcn
Startfen
PauseFcn
ContinueFcn
StopFen
PresaveFcn
PostSaveFcn
CloseFcn
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Bbeegerne B Simulink

BubnuoTteka Simulink
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OcHoBHUTe baokose B bubnmnoteka Simulink

T T e

wlink Library Browser eols=e o @] R® |

Simulink

Sources: 3a reHepupaHe Ha BXOAHU
curHanm

Sinks: 3a Busyanuzauus

Math: sebpiBaHe Ha anrebpuyHu
MaTemMaTuyecKn aelicTeus

Continuous: Bnokose 3a paboTa ¢
NMPOMEHIMBNTE HAa CBCTOAHUETO B
HeNpeKkbCHaTN cuctemun - gedrHupare
Ha MpefaBaTenHn PyHKLUUM, e
NHTEerpupaHe, Npon3BOLHMU.

ox HDL Support

Discontinuous: Bnokose 3a paboTa ¢
MPOMEH/IMBATE HAa CHCTOSHUETO B
OMCKPETHN CMCTEMM
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OcHoBHUTe bnokoBe B bubnnorteka Source

&8 Simulink Library Browser O =8 (=@ %
< e

Simulink/Sources:

4 Simui ~

Const: KoHcTanTHa

rPcwuvurzzzrroovoo

Clock: TekywoTo Bpeme Ha cumynaums

Signal Builder: 3a reHepupane Ha
NPOM3BOJIHA CUTHAIN

From Workspace: Curnan ot Matlab
BbB BUA [time value]

Pulse Generator: Mpagobroaen curHan,
3afilaBaHe Ha 4YecToTa, aMnaAnTyha
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OcHoBHUTe baokose B bubnnorteka Sinks

< L

Simulink/Sinks.

XY Graph

Dislay: /sbopassiza TekywaTta
CTOWHOCT, NofobHO Ha BONTMETBP

Scope: 3a n3obpaszeare Ha rpachukm,
nofobHo Ha ocumnockon

To Workspace: 3anucsa gaHHuTe B
mMaTpuua [time value]
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OcHoBHUTe baokose B bubnnoteka Math

% Simulink Library Browser
<

Simulink/Math Operations.

4 Simui ~

Complex to
RearInag

Math function: ocHoBHM aHanNUTN4HK
hYHKLMN - EKCTOHEHTA,
JIOrapuTbM,CTENEH, PELUMNPOYHO,
Mozyn

Ju1

Sum, Gain, Divide, product, bias, abs -

eNeMEHTAPHN MAaTEMATUNYECKN il
P
onepauuu
,
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OcHoBHUTe baokose B bubnnoteka Continuous

BRES:

Integrator Integrator,
Secor

PID Controler

Integrator: HTerpupaxe, kato uma :

Bb3MOXHOCT 33 33/1aBaHE Ha BBHLUHO :
HY/MpaHe, HavasHaTa CTOWHOCT. o }
BapunanTu c aggoliHo uHTerpupaHe nau
C orpaHu4eHue | e

T
Transter Fen

PID: Hactpoiika Ha perynaTop,
BBH3MOXXHOCT 33 33aBaHe Ha BCEKW OT
KoebULMEHTUTE, BBHLIHO UK
BBbTPELLHO 3aJaHNEM BUS Ha
peann3auusTa v Ha4yasHO YCIOBUS

Transfer Fcn: 3agasaHe Ha npon3BosiHa
npegasaTenHa gyrkums ( ot
Jlannacoso npeobpasysaHue).
State-Space: 3anuceaHe Ha MaTPUYHO
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OcHoBHUTe bnokose B bubnnorteka Discrete

s = - > ©
< v v

Simulink/ Discrete

4 Simui ~

Memory: 3akbCHeHNe C eaHa CTBINKA
Ha BXOAA - 33 EIMMUHNPaHE Ha
anrebpuyHm KoHTYpuU.

Discrete PID: Hactpoiika Ha
perynaTop, Bb3MOXHOCT 3a 3ajaBaHe
Ha BCEKN OT KOEPULMEHTUTE, BBHLIHO
WAN BBTPELIHO 3a4aHUEM BUJ HA
peann3auusTa v Ha4yasHO YCIOBUS

Discrete Transfer Fcn: 3agasane Ha
npom3BosHa npegasatenta dpyHkuus (
ot Z - npeobpasysaHue).

Discrete State-Space: 3anucsaHe Ha
MaTpUYHO ONMCAHNE Ha AMHAMWYHATa
CUCTEMA.
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[Mpumep

Simulink JemoncTtpauus

[a ce cbcraen cnctema, nocpeactesom Simulink 3a asTomaTnyHo
perynupane Ha ckopoctTa Ha asTomobun (Cruise control). Cuctemarta ga
N3NbAHSBA CNegHNTE 3agadqn:

[a yerte >xenaHaTa CTOMHOCT Ha CKOpocTTa Ha aswkerue [km/h]
[a yeTe TekylaTa CTOWHOCT Ha CKOpOCTTA Ha AsuxeHne [km/h]

[a ynpaBnsiBa yCKOpeHMETO 4pe3 Bb3heliCTBME Ha nejana 3a
yckopetune B gnanasona (0 - He e HATMCHAT A0 1- HAMBAHO HATUCHAT)

VYnpaenennerto ga ce peannsupa nocpeacrasom [V perynaTop:

u(t) = Kpe(t)+ K,-/O e(r)dr
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Bbeegerne B Simulink

OCHOBHIM HACTpOIKN HA MOZEN

Bnagnmup Oumuntpos (TVY- Codus) MANrnc: Cem 4 5 Hoemspu 2018 r. 20/ 40



Hactpoiikn 3a mogen

<4 Configuration Parameters: Cruisesix/Configuration (Active) eeE= o e

H AayaJIHO B pe Me ( Sta rt * Commonly Used Parameters | = All Parameters :

time) n KpanHo Bpeme
Data Import/Export

Stop time ‘
HDL'Gode, Generation Minstepsize:  auto Absolute tolerance:  auto

Zero-crossing options

Zero-crossing control: [Use local settings ] Algorithm: Nonadaptive =)
“Time tolerance: 10%128%ps Signal threshold:
Number of consecutive z2ro crossings: 1000

Tasking and sample time options
‘Automatically handle rate transition for data transfer

Higher priority value indicates higher task priority

ok [Ccancal ] [_rem

Bnagumup Jumunrtpos
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Hactpoiikn 3a mogen

& Configuration Parameters: Cruisesi/Configuration (Active)

H AayaJIHO B pe Me ( Sta rt * Commonly Used Parameters | = All Parameters
time) u kpaiiHo Bpeme —

Starttime: 0.0 Stop time:
Data Import/Export

(Stop time) v

CEE= e

Hardware Implementatin | Type: [Varblestep g v >
[Mpomennunea nan o

HDL'Gode, Generation Min stepsize:  auto Absolte tolerance: auto
d;) MKCMPaHa CTbMKa Ha SN —— ==

MHTerpnpaxe T

Zero-crossing control: [Use local settings ] Algorithm: Nonadaptive =)

Time tolerance: 107128%ps Signal threshold:

Number of consecutive zero crossings:

1000
Taskng and sample time options
Automatically handie ate trasition for data transfer
vigherprorty value ndiates igher task priry
@ o) Coma ] [rep ]
Bnagnmup Oumuntpos (TVY- Codus) MANrnc: Cem 4
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Hactpoiikn 3a mop

Hauanno epeme(Start
time) n kpaiiHo Bpeme
(Stop time)
[Mpomennunea nan
dpukcnpana cTbnkKa Ha
WHTErpupate

MeTtopn 3a 4ucnexo
NHTErpupaHe

& Configuration Parameters: Cruisesi/Configuration (Active)

CEE= e

* Commonly Used Parometers | = All Parameters
Select: Simulaton time
Sober Start tme: 0.0 Stop tme: 10,0
Data Import/Export
Optimization Solver options
Diagnostics i
Hardware Implementation Type: [Veriable-step =] solver: [auto (Automatic slver selection) -
Model Referencing
Smulation Terget ~ Addtional options
Code Generaton
Gverage Max step size:  auto Relative tolerance: 163
HDECode: Genctstion: Min step size:  auto Absolute tolerance:  auto
Intal step size: auto Shape preservation: [Disable All -
Number of consecuive min steps: 1
Zero-crossing options
Zero-crossing control: [Use local settings ] Algorithm: Nonadaptive =)
“Time tolerance: 10%128%ps Signal threshold: [a
Number of consecutive z2ro crossings: 1000
Tasking and sample time options
Automatially handle rate transiton fo data transfer
Higher priorty value indicates higher task pririty
9 ox ) [cancal ] [_riep
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Hactpoiikn 3a Mo

T CEE= =

& Configuration Parameters: Cruisesi/Configuration (Active)

H AayaJIHO B pe Me ( Sta rt * Commonly Used Parameters | = All Parameters

Select: Simulation time.

time) n kpaiiHo Bpeme e [

Optimization Solver options

(Stop time) eI | i e T ——

Model Referencing

Simulation Target  Additonal options
Code Generation

[Mpomennunea nan

HX Gode: Genesatian| Minstepsize:  auto Absolute tolerance:  auto

dpukcnpana cTbnkKa Ha S

Number of consecutive min steps: 1

Shape preservation: [Disable All

MHTerpnpaxe T

Zero-crossing control: [Use local settings ] Algorithm: Nonadaptive =)

Metog sa “ucneno —— E
MHTErpupaHe

Higher priority value indicates higher task priority

36op Ha makcumansa,
MWHWNMaAJZIHA CTbNKa No I
aHanorus ¢ Pspice 9 e
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OcHoBHNTE HaCTpoOIiKn

Relative tolerance - onpegens obuwaTta rpewka, KaTo NPOLEHT Ha
nonyyeHata croiiHoct (le-3 o3naqasa 0.1%)
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OcHoBHNTE HaCTpoOIiKn

Relative tolerance - onpegens obuwaTta rpewka, KaTo NPOLEHT Ha
nonyyeHata croiiHoct (le-3 o3naqasa 0.1%)

Absolute tolerance - makcumanHaTa CTOWHOCT Ha rpewkaTa. [1pu auto
Simulink 3agaBa nbpeoHavanto le-6, cnes Toea ro 3agasa Ao
MaKMMC/IHaTa rpelka nosydeHa 3a 3agagenus Relative tolerance
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OcHoBHNTE HaCTpoOIiKn

Relative tolerance - onpegens obuwaTta rpewka, KaTo NPOLEHT Ha
nonyyeHata croiiHoct (le-3 o3naqasa 0.1%)

Absolute tolerance - makcumanHaTa CTOWHOCT Ha rpewkaTa. [1pu auto
Simulink 3agaBa nbpeoHavanto le-6, cnes Toea ro 3agasa Ao
MaKMMC/IHaTa rpelka nosydeHa 3a 3agagenus Relative tolerance
Shape preservation - npu M3KAKOYEH Ce yBENMYaBa TOYHOCTTa Npu
PE3KU MPOMEHN HA MPOU3BOLHATA HA PELLEHMETO, 32 CMETKA Ha
BPEMETO Ha CMMynauns
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OcHoBHNTE HaCTpoOIiKn

Relative tolerance - onpegens obuwaTta rpewka, KaTo NPOLEHT Ha
nonyyeHata croiiHoct (le-3 o3naqasa 0.1%)

Absolute tolerance - makcumanHaTa CTOWHOCT Ha rpewkaTa. [1pu auto

Simulink 3agaBa nbpeoHavanto le-6, cnes Toea ro 3agasa Ao
MaKUMCNHAaTa rpewka nosydeHa 3a 3agageHus Relative tolerance
Shape preservation - npu n3k/tOYeH Ce yBeNMYaBa TOYHOCTTA NpU
PE3KM MPOMEHU Ha MPOU3BOAHATA HA PELUEHUETO, 33 CMETKA Ha
BPEMETO Ha CMMYnauus

Number of consecutive min steps- aedbuHnpa konko nbTM cumynaTopa
fa npobBa C no-manka OT 3afjafeHaTa MUHMMANHA CTbMKa Npean Aa
ce reHepupa cboblyeHme 3a rpeiuka
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[TpomeHnuBa unn pukcupaHa CTbrKa

Variable time step - lpomennnea cTbnka, gasa no-gobpu npu
CYMyAaLMs Ha NPOLIECK HAa KOMMIOTBLP, NOpaAn no-mankus bpoii
N34UCAEHUA
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[TpomeHnuBa unn pukcupaHa CTbrKa

Variable time step - lpomennnea cTbnka, gasa no-gobpu npu

CUMY/IaLnst Ha MPOLECH HA KOMMIOTHP, NOPaAM no-Mankus bpoii
M34ncieHns

Fixed time step- ®ukcnpana cTbnKa, 3a4b/KUTENHA NPU FEHEPUPAHE

Ha KO 33 MUKPOKOHTPONEPM WA NPOrpamMmpyema aoruka (cucremu B
peasHo Bpeme)
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N3nonseaH METOL 3a HNCNEHO NHTErpupaHe

HenpekbcHaTu cnctemn ¢ obrkHoseHn gndpepeHunanin ypaBHeHNs no
nogpasbupane e ode4db.
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N3nonseaH METOL 3a HNCNEHO NHTErpupaHe

HenpekbcHaTu cnctemn ¢ obrkHoseHn gndpepeHunanin ypaBHeHNs no
nogpasbupane e ode4db.

0Ode23 e no-6mbp30.
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N3nonseaH METOL 3a HNCNEHO NHTErpupaHe

HenpekbcHaTu cnctemn ¢ obrkHoseHn gndpepeHunanin ypaBHeHNs no
nogpasbupane e ode4db.

0Ode23 e no-6mbp30.
Odel13 e no-to4Ho.

HuckpeTHu cuctemu no nogpasbupane e odel
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N3nonseaH METOL 3a HNCNEHO NHTErpupaHe

HenpekbcHaTu cnctemn ¢ obrkHoseHn gndpepeHunanin ypaBHeHNs no
nogpasbupane e ode4db.

0Ode23 e no-6mbp30.
Odel13 e no-to4Ho.

HuckpeTHu cuctemu no nogpasbupane e odel

3a Tebpan SudepeHunanin ypagHeHus -
odelbs,0de23s,0de23t,0de23tb
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[Mpoektn 8 Simulink

SIMULINK" New Examples |

[a ce cb3pafe NpoekT Ha Cb3aafeHns MOAEN 1 4a Ce LEMOHCTpUpAT
Bb3MOXHOCTITE 3@ KOHTPOJI Ha BEPCUANTE
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CumynupaHe Ha eIeKTPOHHI CXEMY
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CrumMmynupaHe Ha €1EKTPOHHI CXEMY

Bubnnoteka Simscape
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BubnuoTteka Simscape

28 Simulink Library Browser PRI ] e

@ A EE s @

Driveline - 3a MmogenupaHe Ha MOTOpPHM

NPEBO3HMN CPeACTBa @
Electronics - Moaenn Ha enekTpoHHM
eNeMEHTN .
Fluids - cumynaumsa Ha xugpasandHu

cucTemn

Power systems - mozenn Ha iirmﬁliiliii3?521;521

€/1EKTPUYECKN MALLMHW, NPEKBHCBaYN, “E

CUSIOBI €NEKTPOHHIN YCTPOIACTBa,
Bb30OHOBAEMU U3TOUHMLM

Utilities - enemeHTn 3a Bpb3KA C ApYru

enemenTn oT Simulink 6ubnnoTtekaTa RE

Robotics System Toolbox

Foundation Library - Basoeu enemenTtn
B €NEKTPUYECKN, MArHNTHN,
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Bnok Electronics Ha Simscape

2 Simulink Library Browser & =l (= @] =
< B

Simscape /Electronics.

Model Predictive Control Tool =
MPLAB® 16-bit Device Block:
Neural Network Toolbax

o x

o
Rey
Rot

Semiconductor devices - Mogenun Ha
NONYNPOBOSHUKOB €NEMEHTU

Additional Components - Spice T
6a3npaHn MoAenn Ha NacuMBHM 1 el

Companents

dKTUBHWN €NEMEHTN

Sources - Mogenn Ha batepus,
cpoToBONTaNYHa knetka, dc/dc
npeobpasysaTen e

Semiconductor Devic
s

Sensors - MOAENMN Ha EIEKTPUYECKN ]
CEH30pY N3MEepPBALLYM HafsIraHe,
CBET/INHA, pPa3TOsiHNE, EHKOAEPU, CUNA,
TONAUHa. o

Utiities

First Generation (16
4 Power Systems
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Bnok Power Sy

Machines - Mmoaenun Ha enekTpuyeckn
MaLLUWHU - aCUHXPOHHU, CUHXPOHHU, C
MOCTOSIHHW MarHUTK.

Passive Devices - mogenun Ha TpndbasHm
TOBapu - 3B€3/a, TPUBIBIIHUK,
NpeHOCHa Mpexa

Semiconductors - mogenun Ha
u3npasutenn (ynpasnsemu u
Heynpaeasiemn), 6a3oBu enemeHTn 1
TOMINHHEH PEXUM

Bnagnmup Oumuntpos (TVY- Codus) MANrnc: Cem 4

S5 Simulink Library Browser

=8 [=[E] =

< e

Simscape /Power Systems/Simscape Components

Electrical Sensor: =
Electrical Source:
Gas
Hydraulic
Magnetic
Mechanical
Physical Signals
Thermal
Thermal Liquid
Two-Phase Fluid
Utiities
Driveline
4 Blectronics

4 Actuators & Drivers
Drivers
Rotational Actual
Transiational Act

4 Integrated Circuits
Logic

Passive Devices
Semiconductor Devic,
Sensors

Sources

4 Aditional Componer
SPICE-Compatib]|

Fuids

4 Mutbody
Body Elements
Constraints.
Curves and Surfaces
Forces and Torques | _
Frames and Transfor) =
Gears and Couplings
Joints
Utiities
First Generation (16

4 Power Systems.

4 Simscape Componen
Connections
Machines

4 Passive Devices
Fautts
Fundamenta
Time Varying
Transformer:

4 Semiconductors

4 Fundamenta
Thermal
Sensors
Sources
Switches & Brea)

Connections

Sensors

5 HoemBpu 2018 .

Machines

Sources

Control
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Bnok Foundation Library/Electrical

S5 Simulink Library Browser
< B

Simscape/Foundation Library Electrical

Model Predictive Control Tool =
MPLAB® 16-bit Device Block:
Neural Network Toolbax

o x

o
Rey
Rot

Blectrical Sources

Electrical Elements - 6a3oBn nacushu -
R,L,C, TpancdopmaTopu, OV, anoa,

Hydraulic
Magnetic

KJ1HOY Wi

trical Sensor:
Blectrical Source

Electrical Sensors - cenzopn 3a mepeHe
Ha TOK U HanpeXeHWe BbB BEpuUra

Electrical Sources - HeynpaBsiemn s e
W3TOYHWLM Ha NPOMEHANB UK S b

nocrosiieH Tok u ynpasasiemun( ['TYH,
FTYT, THYH, THYT)

Utiities

First Generation (16
4 Power Systems.
4 Simscape Componen
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Brok Utilities

S5 Simulink Library Browser
< B

Simscape/Foundation Library Electrical

Model Predictive Control Tool =
MPLAB® 16-bit Device Block:
Neural Network Toolbax

o x

o
Rey
Rot

Blectrical Sources

Electrical Elements - 6a3oBn nacushu -
R,L,C, TpancdopmaTopu, OV, anoa,

Hydraulic
Magnetic

KJ1HOY Wi

trical Sensor:
Blectrical Source

Electrical Sensors - cenzopn 3a mepeHe
Ha TOK U HanpeXeHWe BbB BEpuUra

Electrical Sources - HeynpaBsiemn s e
W3TOYHWLM Ha NPOMEHANB UK S b

nocrosiieH Tok u ynpasasiemun( ['TYH,
FTYT, THYH, THYT)

Utiities

First Generation (16
4 Power Systems.
4 Simscape Componen
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CrvmMmynmpaHe Ha €IEKTPOHHI CXEMY

Bubnnoteka Powertrain Blockset
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Bubnnoteka Powertrain Blockset

Drivetrain - Mogenu Ha cbegnHuTeny,
MJaHETAPHN MEXaHU3MU,
audbepeHLmManu n rymu

Energy Storage and Auxiliary Drive -
Mogenu Ha akymynatophu batepun,
craptepu u dc/dc npeobpasysatenu

Propulsion - Mogenn Ha gsuratenn c
BBHTPELLHO FOPEHE WU ENEKTPUYECKU
Transmission - MOLENN Ha CKOPOCTHU
KyTum

Vehicle Dynamics - mogen Ha
MexaHu4YHaTa AUHAMMKA Ha aBTOMObuUA

Vehicle Scenario Builder - cv3gagane
Ha LMK 3a TeCT Ha edpeKTUBHOCTTA

Utilities - Bpb3ka ¢ Simulink 6nokose
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[Mprmep?2

Simulink JemoncTtpauus

3a usrpagerus npoekt Ha Cruise control ga ce gobasn mogen Ha
aBToMObu no n3bop. 3a onpocTsiBaHe Ha MOAENa Aa Ce MOZeNMpat
cnefHUTE CUAN:

_ 1 2
AepoguHamundna cuna Fgrag = 5pCqAv
Cuna Ha Tpuere F,oy = Kv
OevratentHa cuna Fe

[a ce kombuHnpaT baokoeeTe Ha aBTOMOBMA N HErOBOTO aBTOHOMHO
ynpasaeHnne n ga ce kohdurypupaT koeduumneHTnTe Ha perynaTtopa. [a ce
npueme, ye agete cunm ce nspasHssaT npu 100km/h
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NHTerpupare ¢ Matlab

[NapameTpuyeH aHann3
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DyHkuMy 3a KOMyHUKauus cbe Simulink

MporpamHo cb3gaBaHe Ha CUMYJAMHK ODEKT cTaBa C pyHKLMs in =
Simulink.Simulationlnput('modelName’)
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DyHkuMy 3a KOMyHUKauus cbe Simulink

MporpamHo cb3gaBaHe Ha CUMYJAMHK ODEKT cTaBa C pyHKLMs in =
Simulink.Simulationlnput('modelName’)

modelName.slx TpsibBa ga e B cbliaTa AUpeKTOpUSt OT KOSITO Ce
N3BNKBA CKpuNTa.
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DyHkuMy 3a KOMyHUKauus cbe Simulink

MporpamHo cb3gaBaHe Ha CUMYJAMHK ODEKT cTaBa C pyHKLMs in =
Simulink.Simulationlnput('modelName’)

modelName.slx TpsibBa ga e B cbliaTa AUpeKTOpUSt OT KOSITO Ce
N3BNKBA CKpuNTa.

3apaBaHe Ha HOBA MPOMEHNBA 338 CUMYAALMUS NMOCPEACTBOM
setVariable(in, Fcy',Fcy(i))
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DyHkuMy 3a KOMyHUKauus cbe Simulink

MporpamHo cb3gaBaHe Ha CUMYJAMHK ODEKT cTaBa C pyHKLMs in =
Simulink.Simulationlnput('modelName’)

modelName.slx TpsibBa ga e B cbliaTa AUpeKTOpUSt OT KOSITO Ce
N3BNKBA CKpuNTa.

3apaBaHe Ha HOBA MPOMEHNBA 338 CUMYAALMUS NMOCPEACTBOM
setVariable(in, Fcy',Fcy(i))

Mporpamuo nssnkeaHe Ha Simulink cnmynauus ¢ yHkuyuns
simOutputs = sim(simlIn)
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DyHkuMy 3a KOMyHUKauus cbe Simulink

MporpamHo cb3gaBaHe Ha CUMYJAMHK ODEKT cTaBa C pyHKLMs in =
Simulink.Simulationlnput('modelName’)

modelName.slx TpsibBa ga e B cbliaTa AUpeKTOpUSt OT KOSITO Ce
N3BNKBA CKpuNTa.

3apaBaHe Ha HOBA MPOMEHNBA 338 CUMYAALMUS NMOCPEACTBOM
setVariable(in, Fcy',Fcy(i))

Mporpamuo nssnkeaHe Ha Simulink cnmynauus ¢ yHkuyuns
simOutputs = sim(simlIn)

3anuceat ce camo npoMeHausuTe nHgnumpanu B Simulink. RMB->
Log Selected Symbols

SimOutputs e cTpykTtypa. simOutputs(1, 2).logsout4.Values spbLua
BEKTOP CbC CTOWHOCTUTE OT BTOpaTa CUMynauns
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Simulink Oemonctpauus 2

[a ce HanpaBu napamMeTpuy4eH aHaAW3 Ha M3rpajeHaTa cUCTEMA 3a
KOHTPOJINpaHe Ha CKOpPOCTTa Ha aeToMobun. Ha obwa rpacuka ga ce
n3006pasnT 3a pasAUYHM XKENaHN CTONHOCTU HA ABWXKeHWe(Uan napameTpu
Ha perynaTopa) u3xo4a Ha cuCTemaTa.
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JlntepaTtypa
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Ha koroto my ce 4eTe BKbLUY . . .

Simulation of Dynamic Systems with MATLAB and Simulink.

An Engineers Guide to MATLAB.
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