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Simscape Battery

« Navrh a simulace systému baterii a
skladovani energie

— Elektrotermické chovani bateriovych ¢lanku

— Battery pack design
— Systémy pro spravu baterii (BMS)

« Simscape Battery umoznuje

— Vyhodnocovat architekturu bateriovych sad
z hlediska elektrickych a tepelnych
pozadavku

— Ovérovat robustnost algoritmu vybijeni,
nabijeni a tepelného managementu

— Ovérovat algoritmy pomoci HIL testovani

Battery
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Simscape Battery

Battery Pack Builder (MATLAB API, App)
— Automatické poskladani modelu ¢lanku do bateriové sestavy
— Definice elektrickych a tepelnych propojeni (sériove, paralelni)

— Nastaveni kompromisu mezi rychlosti simulace a urovni detailu

Modelovani chlazeni

— bocni chlazeni, paralelni vedeni, vedeni do U

Algoritmy pro Battery Management

— nabijeni/vybijeni, SOC, SOH, vyvazeni ¢lanku,
tepelny management, ochrana

Umoznuje generovat kod v jazyce C

’i Battery_System - Simulink
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ExamplePack
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» Geometry
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+ Model Options
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Simulation Strategy
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Simscape Battery — Modeling AP _ -
#. Block Parameterization Manager — g X
Select part [A‘IZBMLM‘IZUT A4
- Automaticke sestaveni bateriovych sad (pack) Atriute | ISALMIZVT
Manufacture A123/ANR26650M1
— Volba elektrotermickych vlastnosti clanku z databaze Part numper " °13-FOercePD3032
o Part series Fanasonic/MCA453436A
— Geometrie ¢lanku (cylindrical, pouch...) a jejich Web link | Panasonic/NCAS93445
spojovani .
v Dynamics
’ . r r s vy s ? S d : =
° Efekty, ktere Upl’aVUjI ChOvanI Clanku VI:a(;ihearge dynamics Three time-constant dynamics
,e , . ,e , Fade characteristics defined by 7Lookup tables (temperature dependent) ~
— Samovybijeni, dynamika nabijeni 9 Calendar Aging
. , , Internal resistance calendar aging Enabled ¥
o POkIeS kapaCIty’ StarnUtl Capacity calendar aging Enabled x
> Thermal

« Nastaveni kompromisu mezi rychlosti simulace a
urovni detailu

— Snizeni vypocetni narocnosti vybérem skupin ¢lanku
tak, aby mély stejné tepelné a elektrické vlastnosti
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Simscape Battery — Pack Builder API
4\ MATLAB - | X
APPS EDITOR PUBLISH VIEW E [& @ % @ @ﬂl Search Documentation P
fFpHa A » C: ¥ smiller » ) _ - 0
B4 Cditor - BatteryPackAssemble.m (G Current Folder Command Window 4\ Figures - Figure 1 @ x
| BatteryPackAssemble.m |+ | | Figure 1 |
Py L 10 1t L
2 %% Import classes
3 import simscape.battery.builder.*
4
by %% Model Cell
6 batteryCell = Cell...
7 (Geometry = CylindricalGeometry) ;
8 batteryCell.CellModelOptions.BlockParameters. thermal port
9 BatteryChart (Battery = batteryCell) ;
10 title('Cell') ;
11
12 %% Model Parallel Assembly
13 batteryPSet = ParallelAssembly...
14 (Cell = batteryCell, Rows = 4,...
15 NumParallelCells = 48);
16 BatteryChart (Battery = batteryPSet);
17 title('Cell Assembly');
18
19 %% Model Module .
20 »
4 (Zoom:100%  |UTF-8  |CRLF |script [in s Col 1




Simscape Battery — Battery Builder App

« Sestavte modely baterii pomoci
interaktivni aplikace

— Vytvarejte nove objekty baterii pro
modelovani ¢lankd, modull a sad

— Importujte stavajici objekty baterie z
workspace nebo souboru .mat

— Vytvorte 3D graf objektu baterie a
exportujte jej] do MATLAB figure

— Upravte vlastnosti objektu baterie —
geometricka data a teplotni okrajové
podminky

— Vytvorte z objektu knihovnu pro
Simscape
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4\ MATLAB R2023a

HOME PLOTS

€ 8 68 8

PROJECT

o

PROJECT SHO...

E

Design Get More Install Package | Battery Builder Flexible Body — Cuny
App Apps App App Maodel Builder
FILE APPS
4\ Eattery Builder - O *
BATTERY BUILDER
Cell Meodule Assembl
\%3] g g 4 EI Duplicate Iﬁ_%l @
Import Parallel Assembly Pack Export | Create
~ | db Module * | Library
FILE CREATE BROWSER | EXPORT | LIBRARY ey
Battery Browser Selected Battery @ | Pack Properties o
» Cell » Read-Only Properties
» Parallel Assembly ExamplePack (Pack) » Identifier
» Module
» Geometry

¢ Module Assembly
- Pack

ExamplePack

z: Vertical direction

b Battery Higrar... ©
14

Lateral direction

x: Forward direction

Simulation Strategy |

» Module Assembly Properties
» Model Options
~ Thermal Model Options

[




P
I 7

£ HUMUSOFT

Battery Builder App — hierarchie objektu

Module

 Parallel
Assembly

Paralel Assembly Chart
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Simscape Battery — Chlazeni

* Model prenosu tepla mezi baterii,
kapalinovym chlazenim a prostredim

— Ovladejte kolisani teploty mezi bunkami

— Kompromis nakladud na ¢erpani a ucinnosti
chlazeni

« Ruzné topologie chladicich desek

— Hrana, paralelni kanal, kanal ve tvaru U

« Uprava rozlideni tepelného modelu

— Definujte mnozstvi a umisténi uzlu

Surf1

fluid_out=

afluid_in

Edge Cooling

Tpbk

dTp

dP >

Surf1
fluid_outs

Tpk

afluid in

dTP

dP >
Parallel Channels
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Surf1
. fluid_out=
Tpb

o fluid_in
dTD

dP D>
U-shaped Channels
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Simscape Battery - Battery Management Algoritmy

S simulink Library Browser - m] X

earch.. v|f ~E~~-O0- @ = @

e N a b |'J en |' a Vyb |'J en |' simxap;;:;te,;fsms;emmm.i

¥ Simscape Ypackcurren "
Foundation Libral N e
i Z 4 " 7 Utilities ” ) Cellvotage ! P oument Mot
— CC-CV, maximalni nabijeci proud e Jearengen och
v BMS N nitiaisoc ro b Jmitialsoc
- Cell Balancing A1nitialRo
- Al g O rltl I Iy p rO Od h ad SO C y SO H y SO E Current Management SOC Estimator SOC Estimator
Estimators (Adaptive Kalman Filter) (Coulomb Counting)
Protection
A PackCurrent
PY Thermal Management 1 N Asoc N -
C ran a Cells ) CellVoltage .
T tu SOH
Cyclers soc p ATemperare  [™ 7] P

HIL

— Sledovani proudu, napéti a teploty s e —— =
— Fault qualification ( : T oy
, ;: Battery Management System l 3
* Tepelny management
A +
« Umoznuje generovat kod v jazyce C =

v @ F
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Simscape Battery
Modely ¢lanku
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Modely bateriovych €lanku v Simscape Battery

.

TR2022

L

“TR2023b

Battery Battery EqQ. Battery Single Fuel Cell Eq.
(Table-Based) Circuit Particle Circuit

-
O

O
2

20240 |R2024

RC parametry Zavislost SOC/T Zavislost SOC/T Ne Pouze odpor
Pocet RC bloku 5 3 Ne 1
Elektrochemicky model Ne Ne Ano Ne
Hysterezni Model Ne Ano Ne Ne
Injekce chyb Ne Ano Ne Ne
Zdrojovy kod pristupny? Ne Ano Ano Ano
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Modely bateriovych Clanku

Ekvivalentni obvod

Tabulkovy model

— OCV pocitano z tabulky (stav nabiti a
teplota)

« Databaze parametru od vyrobcu
« DalSi déje
— Dynamika nabijeni/vybijeni,

samovybijeni, ztrata kapacity (fade),
starnuti

— Tepelné zavislosti

» Teplota baterie je poCitana
z ohmickych ztrat

13
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[ ]
: (Table-
|

I Based)

v Dynamics
Charge dynamics

Part number

Fart series
Web link Panasonic/NCAB93446

Three time-constant dynamics 54

4| Block Parameterization Manager —

Select part [ A123/ALM12V7

AT23ALMAZVT
A123/ANR26650M1
Korea_Powercell/PD3032
Fanasonic/NCA463436A

Attribute

Manufacture

Meamam e BT ATTOTSE AN

v Fade

Fade characteristics defined by
v Calendar Aging

Internal resistance calendar aging Enabled

Capacity calendar aging Enabled

> Thermal

Lookup tables (temperature dependent)
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Blok Battery Equivalent Circuit block

* Vicedomenovy fyzikalni model
H———o
R

Elektricky model Clanku

— Clanek popsany RC obvodem

~q>, gl
— Rdzné urovné podrobnosti = = ‘l I ‘ I— o
, os Q
— Hysterezni model X N
r >
* Tepelny model . I
0 |
2 - . . . AN— Cy —>
— Clanek jako jeden elektrotepelny prvek
— Teplo z vykonovych ztrat Ry
En Rsp
— Vratné generovani tepla
: = <D
« Simulace poruch =

» Battery Equivalent Circuit



https://www.mathworks.com/help/simscape-battery/ref/batteryequivalentcircuit.html

Parametrizace bloku Battery Equivalent Circuit
Block Parametrization Manager

| &

PARAMETERIZE

Al
Apply all

<4\ Block Parameterization Manager: Battery Equivalent Circuit

4 SELECT

FILTER

- O

X

Select part Part specification Compare selected part with block

i Part number ii Manufacturer iiBatteryType i Geometry i Capacity,mA*hr i Vnominal,V i Weight,g i Diam
[ALM12v7 A123 Lithium-ion Prismatic 4600 13.2000 840.0000 ||
AMP20M1HD A123 Lithium-ion Pouch x 19600 3.3000 496.0000
ANR26650M1 A123 Lithium-ion Cylindrical 2300 3.3000 72.0000
PD3032 Korea Powercell | Lithium-ion | cylindrical 180/ 3.7000 7.2000]
INR_21700_P45B | Molicel | Lithium-ion | cylindrical 4500/ 3.6000 70.0000|
NCA103450 Panasonic | Lithium-ion | Prismatic 2200 | 3.6000 38.3000
NCA463436A Panasonig bt 2 san 6000 12.4000
NCA593446 Panasoni 6000 20,6000
NCA623535 Panasoni . . e . ~ 6000 17.6000
NCA673440 Panasoni I§ d I? pozici je VIC? ne’z 65 6000 20.3000|
NCA793540 Panasoni ruzny0h parametrizaci pro 6000 24.7000 |
NCAB843436 Panasoni{ baterie 6000 23.0000
NCR18500A Panasoni 6000 33.5000
NCR18650BD | Panasoni 6000 49,5000
NCR18650BF Panasonic | Lithium-ion | cylindrical 2835 3.6000 46.5000 |

4 b
» List of Pre-Parametrized Components

P
£ HUMUSOFT"
| E] Block Parameters: Battery Equivalent Circuit X |

Battery Equivalent Circuit
Settings

@ Auto Apply @

D

Description

|Selected part
¥ Main

<click to select>

| > Battery capacity 27 A*hr -
Thermal model Constant temperature N
Extrapolation method f... Nearest -
> Open Circuit Voltage
| E] Block Paran:;t;s-: B;uery Equivalent Circuit . o X
q
| Battery Equivalent Circuit 8 Auto Apply @
1 Settings  Description
Selected part |A123:ALM12V7|
v Main
> Battery capacity 4.911 hr*A E
Thermal model Lumpe al mass N
Extrapolation method f... Linear -

» Open Circuit Voltage


https://www.mathworks.com/help/sps/ug/pre-parameterized-components.html

S HUMUSOFT
Blok Battery Equivalent Circuit - poruchy
Add. Resistance Fault Internal Short Fault Exothermic Reaction

——
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Blok Battery Single Particle (od R2024a)

17

* Modeluje baterii elektrochemickym modelem

— Zachycuje dynamické chovani ¢lanku, difuzi lithia a
reakce na rozhrani elektroda/elektrolyt

— Zachycuje degradacni mechanismy, jako je depozice

lithia a praskani elektrod

Zdrojovy kod

components(ExternalAccess=observe)
anodeModel = batt.cells.electrochemical.electrode(
cathodeModel = batt.cells.electrochemical.electro
electrolyteModel = batt.cells.electrochemical.ele
thermalModel = batt.cells.thermallLumpedMass(therm

reactionKineticsModel = batt.cells.electrochemical
end

f
£ HUMUSOFT
o
s [
O e
I =
Batte
Single Particle
Block Parameters: Battery Single Particle X
Battery Single Particle
> Main
> Geometry
> Electrodes Properties
> Electrolyte Properties
> Reaction Kinetics
¥ Thermal
> Battery thermal mass 77 K~
> Arrhenius reference temp... 298.15 K v
> Activation energy for diffu... 39000 J/mol ~
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Battery Single Particle vs. Battery Equivalent Circuit

Empiricky model

Model ekvivalentniho obvodu

Jednoducha implementace a
pochopeni

Omezena presnost

Elektrochemicky model
Single Particle Model
VysSsi presnost a slozitost
Vyzaduje podrobné parametry



https://de.mathworks.com/help/simscape-battery/ref/batterysingleparticle.html
https://de.mathworks.com/help/simscape-battery/ref/batteryequivalentcircuit.html

A HUMUSOFT
Blok Single Particle Model
Parametry a nastaveni

Geometrie elektrOdy, separétoru, Block Parameters: Battery Single Particle X

elektrolytu

| Battery Single Particle 8 Auto Apply @
Settings  Description

> Main
Geometry
Electrodes properties
Electrolyte properties
Reaction kinetics
Thermal

> Initial Targets

> Nominal Values

e

Difuzivita elektrody, stechiometrie,
objemovy zlomek

Objemovy zlomek elektrolytu,
prevodové Cislo, vodivost, difuzivita

Konstanty rychlosti pfrenosu naboje na
anodé a katodé

Tepelna kapacita a aktiva¢ni energie

SN
L
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Simscape Battery
Modelovani sad baterii (battery pack)
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Jedinecneé parametry pro kazdy modul nebo paralelni sestavu

 Uvnitf generovane knihovny —_—— —

LIBRARY MODELING APPS SIMSCAPE BLOCK

 Modelovani sad (pack) s e =1
5 @ e}
o] V' 4 r r L] [ r o +E - +E N .g
ruznym chovanim jednotlivych ¢ « Pun . [ j e Sl . [ j i
E3
w V4 o
clanku
o r 4 D
— RuUzné typy bunek : :
Module1 Module2 |
— Nové a degradované buriky
ModuleTypel 8 Auto Apply @
Settings Description
¥ Main
> Vector of state-of-char... ModuleAssemblyl.Modulel.SOC_vecCell
> Open-circuit voltage, V... ModuleAssemblyl.Modulel.V0_vecCell V ~
? TI Block Parameters: Module2
> Tt ModuleTypel ® Auto Apph
> € Settings Description
E
ﬁ: Ice,v Main
" v:' > Vector of state-of-c... ModuleAssemblyl.Module2.SOC_vecCell
J | > Open-circuit voltag... ModuleAssembly1.Module2.VO_vecCell v
21 _ | Terminal voltage o... ModuleAssemblyl.Module2.V_rangeCell vV
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Odchylky parametru v ramci Module/Pack

- Prifazeni odchylek tepelnych a elektrickych parametrt clanku

« Odchylky jsou definovany jako procentualni odchylka od referencni hodnoty

cellParameterDeviation
100

cellParameter = 1 + < )referenceValue

« Odchylky muzete pfifadit riznym parametrum clanku: n

— Tepelna kapacita

— Kapacita

— Napéti naprazdno (Open Circuit Voltage)

— Okamzity odpor R,
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Vizualizace vysledku

« Animace vysledku simulace

— Zobrazeni veliCin, jako je proud, teplota a

objekt batterySimulationChart

SOC, pro kazdy Clanek - Playback Controls
— Lze exportovat ve formé videa > (00) | @] 00:00/10:00 [10x ¥ | [ & ]
< - O X ||®m - o X ||« = O 3
Cell Temperature Cell SOC Cell Current
= 55 :
o 19.94
()]
50 § o 19.96 %
45 g {:(: 19.98 :;C:
g 5 2 5
0 40 g_ % 20.02 %
35 g % 2004 O
3 O 20.06
30
02 025 02 025
Time: 0.00 secs Time: 0.00 secs Time: 0.00 secs
~ Playback Controls ~ Playback Controls ~ Playback Controls
(>) (m) (@) 00:00/10:00 (1x v | (] (] (m) (@) © 000071000 (1x | ] (] (m) (@) © 000071000 (1x | ]



https://www.mathworks.com/help/simscape-battery/ref/simscape.battery.builder.batterysimulationchart.html
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Simscape Battery
Systémy pro spravu baterii (BMS)
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Nabijeni a vybijeni baterii

« Bloky Charger / Discharger / Cycler — idealni chovani

« Blok Battery CC-CV — nabijeni pomoci algoritmu ,constant-current (CC),
constant-voltage (CV)"

Battery charging and discharging

Felay is used to make the battery toggle

between charging and discharging 1. Modify model parameters

2. Plot results (see code)
3. Explore zimulation results using Simscape Results Explorer

[ -
J:l_ 4. Learn more about this example

Copyright 2022 The MathWorks, Inc.

2

Constant ambient temperature

¥

. 3 ChargingEnabled
@
= ¥ CallVioltage
Current

15 | CurrentWhenCharging Current (A)

D—’ CurrentWhenDischarging Break i e
algebraic Temperature (K)

—{} Joc
i

EH_.}D }...-H,-|

¥

b
— L

L B i

Y

‘.7
|
||

L

fx)=0 .

Battery Charging and Discharging (example)



https://www.mathworks.com/help/simscape-battery/ref/charger.html
http://www.mathworks.com/help/simscape-battery/ref/discharger.html
https://www.mathworks.com/help/simscape-battery/ref/cycler.html
https://www.mathworks.com/help/simscape-battery/ref/batterycccv.html
https://www.mathworks.com/help/simscape-battery/ug/battery-constant-current-constant-voltage.html

A HUMUSOFT
Vyrovnavac napeti
 Vyrovnavani Clanku Ize aktivovat pomoci
volitelného vstupu pri vytvareni packu —
» Blok Passive Cell Balancing lze pouzit na o [ —
module, module assembly nebo pack
- Vyrovnavani napéti Ize ovladat pomoci: A |
— vektoru hodnot SOC -
— vektoru hodnot napeti
) u Command D
) Enable BalancingActive D

» Build Model of Battery Pack with Cell Balancing Circuilt



https://www.mathworks.com/help/simscape-battery/ug/build-battery-pack-cell-balancing.html

.
Odhad stavu nabiti — State of Charge (SOC)

* Metoda ,,Coulomb Counting”
* Odhaduje SOC na zakladeé proudu a kapacity Clanku

1
S0C = SOC(t,) + j Lyare
Crated

 Blok SOC Estimator (Coulomb Counting)

Current .
N Current N N .
| |
socpD AH
N InitialSOC — . —
InitialSOC

SOC

27

&
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https://www.mathworks.com/help/simscape-battery/ref/socestimatorcoulombcounting.html

N . A——
State of Charge (SOC) Estimator

« Pomoci Kalmanovych filtra

PackCurrent N

)
— Extended Kalman filter (discrete-time simulation) Ncemwotage [
— Extended Kalman-Bucy filter (continuous time simulation) celremperatrd | | T
— Unscented Kalman filter (discrete-time simulation) reser
— Unscented Kalman-Bucy filter (continuous time simulation) :Z”fngt N soch
— Adaptive Kalman Filter (cell resistance RO included as an Y ceremperaturd—
additional state). Can be coupled with SOH estimator ::I:zc — R

 Blok SOC Estimator (Kalman Filter)

28


https://www.mathworks.com/help/simscape-battery/ref/socestimatoradaptivekalmanfilter.html?s_tid=doc_ta
https://www.mathworks.com/help/simscape-battery/ref/socestimatorkalmanfilter.html?searchHighlight=soc estimators&s_tid=srchtitle_soc estimators_1
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State of Health (SOH)

* Odhaduje SOH na zakladé rychlosti zmeny vnitrnino odporu baterie.
REOL R RO

SOH =
REOL _ RO,new

« Adaptivni Kalmanovy filtry Ize pouzit k odhadu stavu nabiti (SOC) a vnitrniho
odporu R, které slouzi k vypocCtu SOH

Y soc N e

) Temperature SOH

Y RO

29 Battery State-of-Health Estimation



https://www.mathworks.com/help/simscape-battery/ug/battery-state-of-health-estimation.html
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State of Energy (SOE) Estimator

« Pomoci Kalmanovych filtrd
— Pouzité Kalmanovy filtry jsou stejné nelinearni filtry jako pro odhad SOC

« Takeé: Adaptive Kalman Filter (odpor Clanku RO zahrnut jako dalsi stav)

— Lze spojit s estimatorem SOH
* Lze nastavit kapacitu Clanku jako s dodateCny vstupem:
— SOE Estimator (Adaptive Kalman Filter, Variable Energy Capacity)

— SOE Estimator (Kalman Filter Variable Capacity)

» Battery State-of-Health Estimation



https://www.mathworks.com/help/releases/R2023b/simscape-battery/ref/soeestimatoradaptivekalmanfilter.html
https://www.mathworks.com/help/releases/R2023b/simscape-battery/ref/soeestimatoradaptivekalmanfiltervariableenergycapacity.html
https://www.mathworks.com/help/releases/R2023b/simscape-battery/ref/soeestimatorkalmanfiltervariableenergycapacity.html
https://www.mathworks.com/help/simscape-battery/ug/battery-state-of-health-estimation.html

SOE Estimator — Energy Counting

&
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« Odhaduje zbyvajici hodnotu SOE na zakladé proudu a kapacity Clanku.

« Kapacita ¢lanku C, ;. muze byt konstantni nebo vstupni parametr:

« Chyba odhadu je velmi citliva na zadanou pocatecCni hodnotu

SOE = SOE(t,) +

Current

Voltage

InitialSOE

SOE

» SOE Estimator

(Energy Counting)

f Vbattlbatt

rated

it‘:urrent
) Voltage

) EnergyCapacity

a InitialSOE

SOE



https://www.mathworks.com/help/releases/R2023b/simscape-battery/ref/soeestimatorenergycounting.html?s_tid=doc_ta
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Dekuji za pozornost.

Otazky?



