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Modelovani baterioveho systemu z hlediska komponent

Model bateriového systemu
Fyzické komponenty (baterie) Softwarove komponenty (BMS)

Systémova uroven Detailni modely Model algoritmu Integrace C/C++
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Modelovani baterioveho systemu z hlediska simulace/nasazeni

Model bateriového systemu
fyzické komponenty a/nebo software

Pro simulaci v PC Pro béh v realném Case
ACIETESRIOlE Detailni simulace RCP / HIL simulace Embedded systém
simulace

ridzna uroven detailu
rizna délka simulace
= jak dlouho bude simulace trvat

Software
Fyzické obecné
Fyzickeé
specializované RT
Software
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MATLAB a Simulink pro modelovani bateriového systemu

Optimalizace a ladéni Ridici logika pro BMS
parametru modelu

Simulink
Design
Optimization

Simscape
Battery

Simscape
Electrical

Modelovani bateriovych sestav
a algoritmy pro BMS Modelovani vykonové elektroniky

(a mechatronickych systému)
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MATLAB a Simulink pro modelovani bateriového systemu

Simulink
Control
Design

Nasazeni
aplikaci

Simulink
Design
Optimization

Prediktivni

Verifikace Jeliedoe

a testovani Simscape

Battery

Simscape
Electrical

Simscape*
*Fluids
*Driveline
*Multibody

Meéreni
a zpracovani
signalu

Generovani

Dynamika Dynamika kédu

vozidla

robota
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Simscape Electrical

o B3 - LD s |
» Fyzikalni modelovani elektronickych a B e B e
elektro-mechanickych systéma = =
— vykonova elektronika, elektrické pohony, ... gé "”“__“
— topologie elektrickeho systému reprezentovana = T
schématickym zapojenim |nla (&)
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Simscape Battery

* Fyzikalni modelovani bateriovych sestav
— elektrotermalni chovani ¢lanku

— navrh architektury sestaveni ¢lanku

« Algoritmy pro BMS

— Battery Management System

Battery
2 | s | 2 | §2
Simscape

Energie (kWh)
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Simscape Battery — hlavni funkce

10

Battery Pack Builder (funkce, App)
— automatické poskladani modell ¢lanku do bateriové sestavy
— definice elektrickych a tepelnych propojeni (sériove, paralelni)
— nastaveni kompromisu mezi rychlosti simulace a urovni detailu
Modelovani chlazeni
— bocCni chlazeni, paralelni vedeni, vedeni do U
— ruzny pocet pfipojeni
Algoritmy pro Battery Management

— nabijeni/vybijeni, SOC, SOH, vyvazeni Clankd,
tepelny management, ochrana

Aplikacni priklady

— nabijeni elektrického vozu, microgrid s BESS
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Simscape Battery — aplikace pro elektricka vozidla

 Elektricky a chladici systém s pohonem,
vykonovymi menici a systemem HVAC

« Simscape Battery vyuzity pro

— navrh bateriove sestavy s danymi pozadavky

— porovnani riznych architektur reseni
— vyvoj BMS algoritmu k odhadu SOC a SOH

— vyvoj algoritmu pro rychlonabijeni s minimalizaci | g _— @ @¢ — J
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Modely Baterie

* Na zakladé ekvivalentniho obvodu
* Battery
— jednoduchy parametricky model

Battery (Table-Based)

— parametrizace pomoci tabulek hodnot

« Je mozné zahrnout efekty
— tepelné ucinky
— dynamika nabijeni

— degradace v zavislosti na starnuti

—
T

Settings Description

Battery

Auto Apply @

£ THUMUSOFT

* Main
Mominal voltage, Vnom
Current directionality
Internal resistance
Battery charge capacity
Expose charge measure
* Dynamics
Charge dynamics

ment port

First polarization resistance
First time constant
Thermal Port
Initial Targets
Nominal Values

Battery (Table-Based)

Block Parameters: Battery (Table-Based)

&

Battery
(Table-Based)

Auto Apply @

Settings Description
Selected part <click to select=
* Main

Vector of state-of-charge values, SCC
Temperature dependent tables
‘Current directionality

Vector of temperatures, T

Open-circuit voltage, VO[SOCT)

Terminal veltage operating range [Min ...

Terminal resistance, RO[SOCT)
Cell capacity, AH
Self-discharge
Extrapolation method for all tables
Expose SOC measuremen t port

Dynamics

Fade

Calendar Aging

Thermal

Initial Targets

Nominal Values

[0,.1,.25,.5,.75, 9, 1] < 17 double>
Yes e
Disabled w
[278, 293, 313] K ~
[349, 35, 3.51: 3.55 357, 3.56;.. |V w
[0, inf] ok | v v
[0117, 0085, 009: .011, 0085, ... | Chm ~
27 Athr ~
Disabled w
Mearest ~
Ne ~
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Odhad parametru baterie z namérenych dat

« Odhad parametru modelu aby chovanim odpovidal realné baterii (méreni)
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experiment
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Odhad parametru baterie z namérenych dat

current

>
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Odhad parametru baterie z namérenych dat
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Modelovani sestavy bateriovych ¢lanku

« Topologie sestavy bateriovych ¢lanku

Modul Sinhin
—_— (o o
| m— =1 Joc=1 — oy Je= =l
=l e | — | I |
1| ] o == ——t-
S N | e o | P | o A
B | = = —— = =
— == o o - e

22 ‘ Module =1 2o i] = f] =
i Assembly = =
@ VModule

Parallel

energie (KWh)

® Assembly

Paraliel Assembly Chart

pocet ¢lanku
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Simscape Battery — Battery Pack Builder
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« Automatickeé skladani bateriové sestavy
— elektrotermalni vlastnosti ¢lanku z databaze
— geometrie (valec, kvadr, ...) a topologie sestaveni
— spojeni do modulu a sestav
« Uprava chovani ¢lankd
— samo-vybijeni, dynamika nabijeni, starnuti baterie

* Nastaveni kompromisu mezi rychlosti
simulace urovni detailu

Detailni
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|4\ Block Parameterization Manager — a x
Select part [P.123.I'ALM12U? -
AT23ALMAZVT
Attribute
A123/ANR26650M1
Manufacture
K.orea_Powercel/PD3032
Part number
Part series Panasonic/NCA463436A
Web link | Panasonic/NCA593446
v Dynamics
Charge dynamics Three time-constant dynamics =
v Fade
Fade characteristics defined by Lookup tables (temperature dependent) ~
v Calendar Aging
Internal resistance calendar aging Enabled i
Capacity calendar aging Enabled o
> Thermal
Seskupené Soustfedéné
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) Battery Builder

BATTERY BUILDER BATTERY CHART

‘3%' oh Cell

o Parallel Assembly

Import
~ | oh Module

eH
eH

FILE CREATE

Module Assembly

Pack

[ Duplicate |%

X Delete Export

BROWSER EXPORT

LIBRARY

Battery Browser

= Cell
ExampleCell
NewCell
- Parallel Assembly
ExampleParallelAssembly
~ Module

ExampleModule

~ Module Assembly
ExampleModuleAssembly
- Pack
ExamplePack

Battery Hierarchy

Cell (NewCell)

Selected Battery

0.05

z: Vertical direction

y: Lateral direction

NewCell (Cell)

x: Forward direction

Cell Properties

» Read-Only Properties
~ ldentifier

Name

~ Geometry
Position
StackingAxis
Geometry
Length
Thickness
Height
TabLocation
TabWidth
TabHeight

» Cell Properties
» Parameterization
} Cell Model Options
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Ukazka: Vytvoreni sestavy bateriovych Clanku

» Vyuziti grafické aplikace Battery Builder pro vytvoreni sestavy

@

£ THUMUSOFT

Selected Battery

z: Vertical direction

y: Lateral direction

MNewPack (Pack)

x: Forward direction

Simulation Strategy
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Vyvoj algoritmu pro Battery Management System (BMS)

« K cemu slouzi BMS
— monitorovani napéti a teploty ¢lanku
— odhad stavu nabiti baterie (SOC) a jeji kondice (SOH)
— omezeni vstupniho a vystupniho vykonu pro tepelnou ochranu a ochranu proti prebijeni
— fizeni profilu nabijeni
— vyvazeni stavu naviti jednotlivych ¢lanka v sestavé

— nouzove odpojeni bateriové sestavy od zateze
« Simulink poskytuje nastroje pro
— modelovani baterie
— modelovani vykonové elektroniky, ktera propojuje baterii a BMS
— vyvoj systéemu ridici logiky a detekce poruch

. — navrh pozorovatele stavu pro odhad SOC a SOH
1
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Algoritmy Simscape Battery pro navrh BMS

— CC-CV, omezeni proudu
— vyvazeni nabiti ¢lanku
Odhad SOC a SOH

— Integrace proudu (coulomb counting)

— Kalmanovi filtry

Ochrana

— proud, napéti, sledovani teploty

— kvalifikace poruch

— fizeni chlazeni a ohrevu

Nabijeni a vybijeni

Tepelny management

Battery Coolant Control

) ChargingEnabled
) CellValtage ) CellVoltage
Current } CurrantLimit >
) CurrentWhenCharging
) CellTemparature
) Current¥henDischarging
Battery Charging
Battery CC-CV Currenit Limit
b
A PackCurrent N o
N L
) Current o ) CellVoltage
soc
50C > ) CelTamperature
A initialsS0C
A nitialS0C
S0C Estimator
[Coulomb Counting) S0C Estimator
[K.alman Filter]
) Current ) CallVoltags UndervoltageEmor }
)Chargingl].imil CvercurrentEmor > CvervoltageEmor >
) DischargingtLimit ) Fack\Voltage ‘SensorFaultyEmor }
Battery Current Battery Voltage
Maonitoring Maonitoring
) AmbientTemperature i 7
FlowRateCommand > ).ﬂunbiaanBmperaturB
) CoolartTemparature Com >
FlowTemperature } ) CoolantTemperature
) CellTemperatura

Battery Heater Control

e
= J:/’/ i ®
2 HUMUSOFT
)u Command }
MEnabls Balancingciive [

Passiva Cell Balancing
Jqsoc N *.@

o

) Temparature SOH
Aro

SOH Estimator

UndertemperatureError }
CellTemperatura

CrvartemperatureErmor }

Battery Temperature
Maonitoring




Ukazka: Ochrana baterie EV pri nabijeni a vybijeni

Battery Command Lamp Indicator Waming | |Plotter
BatRelay
| Resat |
3 3
ChgRelay =
Cumr Chg Curr Dchg Tp =330
— i l:l i G
Wolk o iolt KMiIn
DchgRelay
30 60 ap 120 30 60 o0 120
Tamg Max Tamg Min Tp <Z33¥ i i i i i i i i
Protect Battery During charge and Discharge for _ -
Electric Vehicle L
1. Define battery parameters (Model Parameters). D_\D' PS5
2. Explore simulation results using Simscape Simulation Explorer. - —
3. Simulate different fault scenarios from live script .
4. Learn more about the example.
Copyright 2022 The Math\Works, Inc. E
Lamp
Indicatar u—h-D—‘!,
C] d | !
d - 3 SoC SoC . o
O] 1 ——info = & TH Tp F:LL ]
q SM—s Ve[« ‘-'P..:'r.: y
| W W Load +
b I | % g Charger
BMS o — — LoadResistancs CCICV
Sensor | Pack .
[ﬁlﬂ Ps Q_D‘_ 4 flx) =0
M
B 8 - 1 .
< A A
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Modely baterie v dalsich nastrojich
« Simscape Electrical L L Battery
— stejné zakladni modely baterie jako v Simscape Battery T patiery T (Table-Based)

» Jednodussi modely baterie jsou dostupné i nekterych dalsich nastrojich:

1 - Irifee >
« Powertrain Blockset Yoatcun o
= +
) BattCurr - Batt\iolt >
) Y > ¢
BatiTi Yl BattViol
atiTemp atthol BafiSoc >
Datasheet Batiery Equivalent Circuit Battery Estimation Equivalent Circuit Battery

» Simscape Driveline ——  Battery

? (System-Level)
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Vyuziti Al v oblasti elektrickych systému

 Redukované modely (ROM - Reduced Order Modeling)
Virtualni senzory

Ridici systémy zaloZené na Al

* Predpovidani spotreby, dodavky a cen energii

Prediktivni udrzba systému
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Vyuziti Al pro odhad SOC

« Odhad SOC pomoci neuronove sité

— uceni na zakladé laboratorné zmérenych udaju z realné baterie

napéti =————p 4 A

proud =———p

teplota = > SOC

vypoctena stredni hodnota napeti ==
vypoctena stfedni hodnota proudu = \_ y

McMaster

University @

24 https://www.mathworks.com/videos/series/how-to-estimate-battery-state-of-Charge-using-deep-learning.html
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Priklady a dalsi moznosti modelovani v oblasti baterii

* Prediktivni udrzba
— odhad zbyvajici zivotnosti baterie metodami machine learning (regresni model)

— odhad zbyvajici zivotnosti baterie metodami deep learning (CNN)

* Reduced Order Modeling

— nahrada fyzikalniho modelu baterie neuronovou siti

* Techno-ekonomické modelovani

— fizeni nabijeni mnoha pfipojenych EV k siti individualné pro dosazeni optimalnich vysledku

25
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Uzivatelska reference

Mahindra Electric Uses System-Level Simulation to Optimize
Battery Thermal Management System for an Electric Vehicle

CELL MODELLING

Challenge i
Develop new logic for better energy efficiency of an EV :
battery thermal management system

Solution

Create and validate a system-level simulation model for an
electric vehicle and tune parameters to optimize energy
efficiency

K ey 0 llt comes Cell modeling with thermal behavior.

= Created and validated a system-level simulation
model for an electric vehicle with battery, cooling
circuit, refrigeration circuit, vehicle, and driver

= Developed concepts and tuned parameters to choose
the best components at its best operating point

* Developed new compressor operation logic and tested e =i e SR T e

it for better energy Ef‘ﬁCIEI‘IC}F - Vipin K. Venugopal, Mahindra Electric

“1D simulation has been used in Mahindra Electric
to optimize the BTMS. In this system model, the
battery. cooling circuit and refrigeration circuit were
effectively implemented using Simscape. The
vehicle, driver, and equivalent circuit model were

26
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