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* FyZIKaInI modelovani (akauzalnl) Electrical | Battery Fluids | Multibody | Driveline

multi-fyzikalnich systemu w. W §2 S G2
— sestaveni schématu Sim sca pe
— rovnice odvozovany automaticky \_ J

— vyuziti prostfedi MATLAB a Simulink

« S nastrojem Simscape muzete

— analyzovat pozadavky na system
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— vCas odhalit problémy s integraci Resistor  Inductor —(H
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Simscape Electrical

* Fyzikalni modelovani elektronickych,

mechatronickych a energetickych systému

— topologie elektrickeho systemu
reprezentovana schématickym
zapojenim

« Se Simscape Electrical muzete:

— vyhodnotit architekturu
analogoveho obvodu

— vyvijet mechatronicke systemy
s elektrickymi pohony

— analyzovat vyrobu, premenu, prenos
a spotrebu elektrické energie
na urovni distribucni sité
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Solar Cell
« Solarni Clanek jako zdroj proudu ﬂ;
« Komponenty bloku:
— Proud generovany slunecnim
zarenim -
A A A S 1
— Zavislost parametru na teploté * . ¢ - o ' Q
— Thermal Port - modeluje ucinky I ! L
generovaného tepla a teplotu zafizeni d e Yot e 2o
— “Predparametrizace”
— Generovani digitalniho datasheetu @

(od R2024b)

» Lze pouzit také k modelovani
solarnich panelu
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Solar Cell — "predparametrizace” -

* Moznost parametrizovat blok prednastavenymi daty od vyrobcu :

— Jinko Solar, Mitsubishi Electrical, JA Solar, Astroenergy, Amerisolar,...

Nlock Paramete ization Mana
FORMAT
Solar Cell Auto Apply @
Settings  Description N - Manufacturer [ All -
pply all
/ PARAMETERIZE FILTER
Modeling option No thermal port Select part H Part specification
Selected part ii Part number Manufacturer ii Physics ‘anelType i Pm,W i Voc(STO.V Attribute
~ Cell Characteristics AS_BM30_HC_320W | Amerisolar Mono-crystalline Si | Half cell 320.0000 40. Manufacturer
AS_BM_360W_PE__ | Amerisolar Mono-crystalline Si | Full cell 355 0000 47 Part number
RTE R ) ey SRV VRN PRI S, ) p i > AS_6P30_HC_280W | Amerisolar Poly-crystalline Si | Haff cell 280.0000 38, Part series
Diode saturation current, Is 315607 A ~ AS_BP_HC_340W  |Amerisolar Poly-crystalline Si | Half cell 340.0000 8. Web link
AS_BP_HC_360W  |Amerisolar Poly-crystalline Si | Half cell 360.0000 47. Part type
Bicdelsaturanon oarentls2 9 A el ThinFilm_AS_100W | Amerisolar Amorphous Si | Full call 100.0000 115. Parameterization date
Solar-generated current for measureme... |3.80 A ~ ThinFilm_AS_85W | Amerisolar Amorphous Si Full cell 85.0000 114, Parameterization note
CHSMS5001T_110W | Astronergy Amorphous Si Full cell 110.0000 134, Part data file location
e e S P e S [ 1000 Wim*2 - 3C44_30sgmm AzurSpace GalnP/GalnAs/Ge | Ge substrate, at 250 concentration 12.0000 3
Quality factor, N 14 3C44_9sgmm AzurSpace GalnP/GalnAs/Ge | Ge substrate, at 250 concentration 3.9200 2
mY4 oon 2 ahren ~dTa Thin film an nnnn a0 T
Quality factor, N2 2 L4
Series resistance, Rs 0.0042 Ohm [} Compare selected part with block
Parallel resistance, Rp 10.1 Ohm i ii Parameter name Parameterization ii Override datasheet value art value:AS_6M30_HC_320W
Cell Characteristics=Short-circuit current, Isc Datasheet derived 10.14
Panel conﬁguration Cell Characteristics>Open-circuit voltage, Voc Datasheet derived 067
Temperature Dependence Cell Characteristics=Diode saturation current, Is Datasheet derived 3.24823447983853e-07
Cell Characteristics>Diode saturation current, 152 Datasheet derived 9.37081970792037e-10
Cell Characteristics=Solar-gensrated current for mea... | Datasheet derived 10.140005507508
Cell Characteristics>Irradiance used for measureme... | Datasheet derived 1000
Cell Characteristics=Quality factor, N Datasheet derived 1.51118472243322
Cell Characteristics=Quality factor, N2 Datasheet derived 2.60259908345358
Cell Characteristics=Series resistance, Rs Datasheet derived 1.94548269975201e-05
Cell Characteristics>Parallel resistance, Rp Datasheet derived 682.95993142779
Panel Configuration=Number of series-connecied cel... | Datasheet derived 80
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Priklad 1
Solar Cell Power Curve



https://www.mathworks.com/help/sps/ug/solar-cell-power-curve.html
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Maximum Power Point Tracking (MPPT)

FV Vykon

u
Rostouci intenzita }
slun. zareni

FV Napeéti

MPPT umoznuje nastavit vstupni napeti a proud panelu
: tak, aby bylo dosazeno maximalniho vykonu.



MPPT Algoritmy

Perturbation and observation (P&O)

— Malymi zménami napéti (perturbacemi)
sleduje, zda vykon roste nebo klesa, a podle
toho nastavuje nové pracovni napeti.

Incremental conductance

— Sleduje zmeny vodivosti panelu a odhaduje

MPP presnéji nez P&O.

Fractional open-circuit voltage

— Odhaduje MPP na zaklade méreni napéti

naprazdno panelu.

— Je rychly, ale méne presny

Artificial Intelligence-Based MPPT

P
£ HUMUSOFT"
v
Compute_Power
entry:
P =V, Q
Calculate Difference
entry:
deltaP = P - Pprey;
deltaV =V - Vprev;
1 2
[deltaP < 0] [deltaP >= 0]
C?z [deltaV < 0] [deltaV <=0 1(25
[deltaV >= Q] {Vref_prev = Vref;}
[deltaV > 0]
i v v
Decrement_Vref Increment_Vref
entry: entry:
Vref = Vref_prev - delV; Vref = Vref _prev + delV,

Save_ PreviousValues
entry:
Pprev = P; Vprev =V,

Implementace algoritmu P&O v nastroji Stateflow

What Is MPPT Algorithm?



https://www.mathworks.com/products/stateflow.html
https://www.mathworks.com/discovery/mppt-algorithm.html
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Simscape Electrical
Vodikove systemy
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Fuel Cell

* Model vodikového palivového Clanku

— Simplified: napéti v zavislosti na nominalnich podminkach

— Detailed: napéti v zavislosti na tlaku a prutoku vodiku a vzduchu

— Moznost modelovat aktivacni dynamiku
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Priklad 2
Fuel Cell System
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https://www.mathworks.com/help/sps/ug/fuel-cell.html

Electrolyzer

* Modeluje elektrolyzeér jako zatéz (load)

— Vypocita mnozstvi vyprodukovaneho H, v zavislosti na mnozstvi
spotrebovaneé elektriny a teploté vody

.
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B purge - volPurgingb=
pHE=

Bl
mdatH2 [

=T

maotHZ 0=

PEM Electrolysis

Cathode (-)

Anode (+)
Membrane

H,O — 2H*+% O, + 2e Anode
2H* + 2e- - H, Cathode

HO —H;+% 0, Total Reaction
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*i Electrolyzer System - Simulink prerelease use - O
SIMULATION MODELING B o
o Electrolyzer_System =
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Priklad 3
Green Hydrogen Microqgrid
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https://www.mathworks.com/help/sps/ug/green-hydrogen-microgrid.html
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Simscape Battery

Battery
2 | s | 2 | §2
Simscape J

&
£ THUMUSOFT



P
B 7

£ HUMUSOFT'
Fuel Cell Equivalent Circuit .,
Yy,

 model PEM palivoveho Clanku T

— prvky elektrickeho obvodu R2024b

— dynamicky model obsahu vody v membrane, ktery

urcuje ohmicke ztraty Clanku
A; A
., o i i—-1 A +1

« Potencial ¢lanku l

— Tafelova rovnice |
. PFepéti ¢lanku W | | Wou

Model membrany

Anode Side Cathode Side

16
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Simscape Driveline
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Wind Turbine ,,
>V
* Model jednotlivych turbin, nebo celé vetrné farmy D..g"’ N
« Muzete analyzovat: Wind Tﬁrbine

— vykon turbiny
— vyrobu energie

— vliv riznych geometrii, konfiguraci, fidicich algoritmu,...

18
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Priklad 6
Wind Turbine
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https://www.mathworks.com/help/sps/ug/wind-turbine.html
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Jazyk Simscape pro modelovani vlastnich komponent

4\ MATLAB =n EoR ==
B Editor - C\+MyComponents\LossyUltraCapacitor.ssc ® 8 x
r ] 1 component LossyUltraCapacitor [+
« Jazyk na bazi MATLABU pro textovou tvorbu |z : e e i
3 % Models an ultracapacitor with resistive losses.
, . . , ’ 4 nodes
domen kom Onent a knlhoven f Zlkaln I ho 5 p = foundation.electrical.electrical; % +:top
] p y 6 n = foundation.electrical.electrical; % -:bottom
7 end
d I 4 7 8 parameters
mo e Ovanl 9 cCo=4{1, '"F' }; % Nominal capacitance C0O at V=0
10 Cv = { 0.2, 'F/V'}; % Rate of change of C with wvoltage V
11 R = {2, 'Ohm' }; % Effective series resistance

V A A 4 4 M TL B 12 Rd = {500, "Ohm' }; % Self-discharge resistance
— Vyuziva MATLA B .

14 variables

, ooy 15 i={0, 'Aa' }; % Current through variable
— OOQOP pro opakované pouziti modelu i v 10 T, )i % Yeltage aoross wariable
17 ve = { 0, 'V! }; % Capacitor voltage
18 end
. . 16 function setup
— Generuje bloky pro Simscape 2 iER<0
21 error ('Resistance must be greater than zero' )
22 end
23 end
. 24 branches
‘E‘ Block Parameters: Lossy Ultracapacitor @ 25 i : p.i ->n.i; % Through wvariable i from node p to node
Lossy Ultracapacitor 26 end
. . o 27 equations
Models an ultracapacitor with resistive losses. 28 v = p.v - n.v; % Across variable v from p to n
Source code 29 i == (CO0 + Cv¥ve)*ve.der + ve/Rd; % Equation 1
30 v == ve + i*R; % Equation 2
Settings 31 end

32 end =
Parameters Variables < - i, N o

o Simscape moael ‘_\ Ln 32 Col 4
Mominal capacitance CO at V=0: 1 F - __% K
Rate of change of C with voltage V: 0.2 Fv = F
Effective series resistance: 2 Ohm Lossy :i- (C C ‘L} ) ‘I!’} ‘I!’}
Self-discharge resistance: 500 ohm Ultraca paCItor D | Vv I_ |
OK l [ Cancel ] [ Help Apply

21 What Is the Simscape Lanquage?



https://www.mathworks.com/help/simscape/lang/what-is-the-simscape-language.html
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Jazyk Simscape — MEA PEM palivoveho Clanku
M Electrical Load
Hydrogen - . Oxygen
Source Anode Anode Gas Membrane Eldctrode Cathode Gas Cathode Saurce
Recirculation Humidifier Channels Azzembl Channels Humidifier
1 ™/ S . @
. B B A =4 8 A B B A oz
egquations .
% Stack wvoltage c | [ Min M fep D Mi cb——
wo== H_CE]_]_ & "V_tCIt-al; i — Tin = i BT - s &
‘ | | | i
% Heat generated il Cathede Exhaust
— <
-Q == power dissipated; =
% Equate water wvapor mass flow rates at GDL and membrane g 5[3
= = . T '
% to solve for relative humidity at ACL and CCL I H - Performance
nflux HZO0 A * MW HZ0 * area cell * N cell == mdot HZ0; MEA
. . _ _ — — Cooling System Thermal Mass yM2 ol
nflux HZ20 C * MW H20 * area cell * N cell == mdot HZ0 + — g
——af{x)=0 Ait;:ieu M2 Tracking

% Assign mass flow rate to the internal moisture source

% to model transport of water across membrane

transport HZ0 A.M == -mdot HZ0;
transport H20 C.M == mdot H20;
transport H20 A.T == T stack;

transport HZO0 C.T T stack;

>>openExample('simscape/PEMFuelCellSystemExample’)
22
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Priklad 7
PEM Fuel Cell System
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https://www.mathworks.com/help/simscape/ug/pem-fuel-cell-system.html
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Moznost volby komplexnosti modelu

A

7)) Model ve formé

S tabulky

Q bez dynamiky

-l

£ e

TS o :(rl\t/_ka i _-_j;_ . Detailni model véetné
>8 zavislosti ndape I PERRE o dynamiky proudéni plynt
S na proudu ,‘\ G I >pfuel H, | H,O e

S | 1 — SR = D>pair -~ -

S H, [H,0 —

______ B> qfuel

Oz
:jT -0 B> qair

Detailni matematicky
model bez dynamiky

Mira detailnosti a komplexnosti modelu
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Dekuji za pozornost.

Otazky?



