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https://www.mathworks.com/videos/master-class-fulfill-range-acceleration-and-cost-targets-using-battery-sizing-1669124206915.html
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Parametrizing the Cell Model

R circuit parametrization

Two possible cases for RC circuit (E., Ry, Ry...) parametrization:

= Look-up tables are known

= Look-up tables must be estimated
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Modeling the Thermal Behavior of the Battery Pack
Madel conduction, convection, and radiation between cells
Path to amblent Path to cooling plate Inter cell path

Implemeantation

Implementation
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Poll Question

What is most challenging to you in Battery modelling? (Single choice)
= Scaling from battery cell to pack

« Developing a fast and accurate thermal model of the battery

= Developing a high- fidelity Battery model to capture thermal gradient

= BMS and HIL testing
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Battery Management Algorithms

« Charge and discharge

JE#

- CC-CV, currant limits
« Estimators

- S0C, SOH
« Protection

- Current, voltage, and femperature monitar :_ = - -
= Fault quaiification

- Thermal management
— Coolant and heatar control

« Support for C-code generation
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" %’Hﬁ?—*?:i] Simscape Battery: Battery Single Particle (R2024a)
Simulink: Python Importer (R2023a)
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PQ-EQIXEJ”’%:': System ldentification: neural state-space model
. Reduced Order Modeling of Electric Vehicle Battery System
—%@%Q: Using Neural State-Space Model

: %éﬁzﬁﬂﬁ#ﬁﬂ (ECM)

Simscape Battery: Battery (Table-Based)
Simscape Battery: Battery Equivalent Circuit (R2023b)

c1 c2
RO R1 R2 .

" et Lumped thermal model



https://www.mathworks.com/help/ident/ug/reduced-order-modeling-of-electric-vehicle-battery-system-using-neural-state-space-model.html
https://www.mathworks.com/help/ident/ug/reduced-order-modeling-of-electric-vehicle-battery-system-using-neural-state-space-model.html
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https://www.mathworks.com/help/sps/ref/batterytablebased.html?searchHighlight=Battery%20table%20based&s_tid=srchtitle_Battery%20table%20based_1
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15
Block Parameters: Battery (Table-Based) X 16 nodes
17 H = foundation.thermal.thermal;
Battery (Table—Based) s Auto Apply o 18 p= foundat%nn.electr?cal.electr‘?cal;
19 n = foundation.electrical.electrical;
: o 20 end
Settings Description s
22 equations
23 % Implement custom equations here
Selected part <click to select> e end
25 end
St
~ Main
> Vector of state-of-charge values, SOC [0, .1,.25,.5,.75,.9,1] < 1x7 double=>
= Pre parametrized cell
= MOLICEL INR 21700 PB4
Cmtom Coat |
1 component (Propagation = blocks) Custom_Cell
. . 2 % Custom cell
3 % Add description here
. IMmple moadel, N0 dynamics s paraneters
5 % Assign custom parameters
6 end
7
8 variables
9 % Assign Custom variables
1a end
> . 11
Dyna"“cs 12 outputs
13 % Assign custom outputs
> Fade 14 end
il
> Calendar Aging 16 nodes
17 H = foundation.thermal.thermal;
18 p = foundation.electrical.electrical;
> ma
Ther I 19 n = foundation.electrical.electrical;
.. 20 end
> Initial Targets 21
22 equations
s Nominal Values 23 % Implement custom equations here
24 end
25 end
=

» Battery (Table-Based)
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https://www.mathworks.com/help/sps/ref/batterytablebased.html?searchHighlight=Battery%20table%20based&s_tid=srchtitle_Battery%20table%20based_1
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current (A)

batte ryCurrent »
@ @ a current (A)
- 0 batteryTempemture
A A temperature (K) |
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Heat generation

. R/ . dU
Qresistive = _ R, Qreversible = ITE

l

~

Lumped thermal model

; Ideal Battery (U)
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Ri(T) Cr(T)

Temperature dependent parameters
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Parameterize Entropic Coefficient with Measurement Protocol and Data Analysis - MATLAB & Simulink (mathworks.com)
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https://www.mathworks.com/help/simscape-battery/ug/entropic-coefficient-measurement-protocol-data-example.html
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Battery model with electro-thermal dynamics and optional faults - MATLAB (mathworks.com)

Characterize Cell Thermal Runaway with Accelerating Rate Calorimetry (ARC) Test - MATLAB & Simulink (mathworks.com)
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https://www.mathworks.com/help/simscape-battery/ref/batteryequivalentcircuit.html#mw_372c0b48-f3b3-4aaa-9702-7cbd8acefca8
https://www.mathworks.com/help/simscape-battery/ug/characterize-cell-thermal-runaway-arc.html
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Model Voltage Hysteresis in Battery - MATLAB & Simulink
- MathWorks & [F

Battery Equivalent Circuit B AutoApply @
Settings  Description
Selected part <click to select>
> Main
Vv Open Circuit Voltage
> State of charge breakpoints, SOC socVec
> Open-circuit voltage, OCV(SOC) ooec v v
> Terminal voltage operating range, [Min ... [0, inf] ol v v
Hysteresis model One-state model v |
> Maximum hysteresis voltage, Maximum... maximumHysteresis .
> Instantaneous hysteresis voltage, Insta... instantaneousHysteresis \ v

> Hysteresis rate, HysteresisRate{SOC)
> Overpotential
> Cycling Aging
> Calendar Aging
> Initial Targets
> Nominal Values
> Faults

rateHysteresis

16


https://ww2.mathworks.cn/help/releases/R2024a/simscape-battery/ug/model-battery-hysteresis-voltage-example.html
https://ww2.mathworks.cn/help/releases/R2024a/simscape-battery/ug/model-battery-hysteresis-voltage-example.html
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<\ Parameter Estimator® - batteryParameterEstimation — ] X
I PARAMETER ESTIMATION VALIDATION ITERATION PLOT 9
j ﬁ Eil E E E] E:}L E‘i Cost Function: Sum Squared Error ~ D
Open Save New Select Select Sensitivity | Add Plot Plot Model | @ More Options ~ Stop
Session ¥ Session ¥ | Experiment Experiments = Parameters Analysis « v Response Estimation ~
FILE EXPERIMENTS PARAMETERS PLOTS OPTIONS ESTIMATE
Parameters Experiment plot: synthData EstimatedParams
Em
synthData
RO V out EstimatedParams
R1 42 = 60 r
Measured Em
— Simulated
tau1 al 4 RO
- —e&—R1
— 50 —&— tau1l
Experiments 38} o 1
synthData T
36 . R [ —
40
34}
@
o 3.2 )
= =]
£ T 30
Results 2 Current =
E o -
<
5t
20
10
15} )
Preview 20t 10
-25¢
-30 | 0(—) L J
0 1 2 3 4 0 _ 8 10
Time (seconds) %10° Iteration
I4

» Estimate Battery Parameters 18


https://in.mathworks.com/help/autoblks/ug/generate-parameter-data-for-estimations-circuit-battery-block.html

Model-Based Calibration Toolbox (MBC)
FEL it S 3 R E 7~ 151

4\ MATLAB R2023a

HOME PLOTS

<@ Eal 5 T » v Users » xiangchz » OneDrive - MathWorks » Documents » Demos » Public Demos » MBCBatteryDemo »

Current Folder
Name -

CapacityFix
CapacityFixOld

] o 1 ) L& variable v
E ® gp O (S Find Files &. My 2

New New  New Open {i|compare [mport Clean |
Script LiveScript v v Data Data (% Clear Workspace v

VARIABLE

HPPC - BAK N18650CL-29

* = CapacityFix.zip
“ convertBatteryExData.m

& MBC Battery Demonstration for R2023b.pptx

% sBattery.slx

% sBattery_23a.slx

% sBattery_raw.slx

% sBattery_raw_23a.slx

Show fewer details

Parallel pool on Processes has been running for
about 1 h 24 min (since 1:40 PM) and will shut
down if still idle in 33 minutes. (Reset to 60
minutes) (Shut down now)

Number of workers: 4

ew details

E @ Preferences (%

iy Save Workspace

MATLAB EXPO
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Characterize Battery (Table-Based) Block Parameters in CAGE - MATLAB & Simulink (mathworks.com) 19



https://www.mathworks.com/help/mbc/calibrate/use-feature-filling-to-characterize-battery-parameters.html
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4\ MATLAB R2023a

)-L ﬁj\ %q] g_lt Ilj_lb E g’ 5&@ E‘- *ﬁ HOME PLOTS PROJECT PROJECT SHO...
{5 FiBattery Builder App B 06 a |

Design Get More Install Package | \Battery Builder JFlexible Body — Cuny
App Apps App App Model Builder

FILE APPS

<\ Battery Builder - o

BATTERY BUILDER BATTERY CHART

I m p I emen tatl on R, [T D> Module Assembly |0 L @

o Parallel Assembly gp Pack

Import Export
- 2 C& S
= 3072 cells disposed on four modules x
¥ Battery Browser < | Selected Battery 9 | Cell Properties (v)
~ Cell » Read-Only Properties

= Electrical scheme 96s32p Ernsece S

~ Parallel Assembly

ExampleParallelAssembly 0.07
~ Module v Geometry
ExampleModule
~ Module Assembly 0.06
ExampleModuleAssembly
~ Pack 0.05
ExamplePack
3
=]
o 0.04
=
~ Bty i 2 3
attery Hierarchy o | £ 003
Cell (ExampleCell) 2
N
0.02
0.01 » Cell Properties
» Parameterization
0 » Cell Model Options
b
0
-0.01 2
! 0.01
. -0.02
y: Lateral direction 0.9 x: Forward direction

-15 1.5

)

» Battery Builder o1



https://www.mathworks.com/help/simscape-battery/ref/batterybuilder-app.html
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Detailed Grouped Lumped

Implementation

Selected a Grouped model resolution by
dividing each module in four cell groups.
|

Simulation Strategy |

0.08 +

» More to Model Resolution

22


https://www.mathworks.com/help/simscape-battery/ref/simscape.battery.builder.module.html?searchHighlight=Module&s_tid=srchtitle_Module_1
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w
S
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Add Vectorized and Scalar Thermal Boundary Conditions to Battery Models - MATLAB & Simulink
(mathworks.com)
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https://www.mathworks.com/help/simscape-battery/ug/battery-thermal-boundary-conditions-vectorized-scalar-example.html
https://www.mathworks.com/help/simscape-battery/ug/battery-thermal-boundary-conditions-vectorized-scalar-example.html
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Sufhyid_outs

Tpb
afluid_in
dTb>
dP >
Edge Cooling

T Edge cooling along Y axis at X=Xmax
]

1 fluid_out

X

fluid_ir

Edge cooling along X axis at Y=Ymin

Y
f

X

fluid_in fluid_out

Sufhyid_outs

e fluid _in

Tpb
dTP>

dP >

U-shaped Channels

eg: Number of flat channel partitions = 3

/[\Y

Channels along Y axis

Partition Width

-
2 N 2N
! M IR BB
gl IR IR
fluid_in fluid_out

T Channels along X axis
1
1

ﬂuid_outl :l: ﬁ I"

fluid,_in [ ———

X
-->

‘I‘Partition
1*width

X7

MATLAB EXPO

SL“'f?luid_-::lutﬂ
Tpb
e fluid -in

dTl>

dP B>

Parallel Channels

eg: Number of coolant channels = 3

¢Y Channels along X axis

1 Coolant Channel
' |4
i
/
L3 Distributor Pipe
=
X
fluid_in fluid_out
Y Channels along Y axis

, Coolant Channel Distributor Pi
. l \\ [ 1sr1u0r. ipe
/ -\ ‘\ fluid_out

U \4\.;

fluid in
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Simulink = o X
SIMULATION DEBUG MODELING FORMAT APPS 2|5 o ® B (2] (+]
= dy 3 0pen ~ EE Stop Time - =0 R —
I =] = Sopfme %1 U @ P 3 Ig V)
Project | New &l save ~ Library Signal i \‘Nmma\ ) Step Run Step Data Simscape Logic Bird's-Eye Simulation i
= ~ B Print v Browser Table o Fast Restart Back « = Forward Inspector Results ... Analyzer Scope Manager
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
« batteryCoolingSimple
® @battechclingSlmple » hd
@ Battery Pack Control algorithms
" |
= — ]
LOF :
[ B icel —»—
&
fyclesCell —»—]
socCell >
-—“p C Rate Control S
>
peratureCell
E
T °
- 2 E vcel —»—]
\ < [ [
J MbduleAndPlzte »|  Coolant flow control ~ |——
= £
[ Controlled flow rate
A
B
M fix)=0
- < controlledFlow = Solver
L] Configuration
» § E; ]
Ready 117% daessc

=- Q Search
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Electric Vehicle Thermal Management

1. Configure scenario (see code). Radiator
{i} drive cycle, (i) cool down, (i) cold weather |
Plot power consumption in the system (see code) I
Open Model Workspace to explore parameters (see definition script)

MATLAB EXPO

2.
3.
4. Explore simulation results using Simscape Results Explorer
5.

[s1]
51 é [
—3 Pack 1

[sz2 |
52 é
— Pack 2

Learn more about this example g DDy
Copyright 2020-2022 The MathWorks, Inc. Coolant Jacket f
B o
B
S —— A
Coolant Jacket 2
_— - \ B o
f(x)=0p 0 ﬁlﬂ .
Scenario A

Coolant Jacket 3
drive cycle
DCDC

s3]
53 é
—3 Pack 3

— Pack 4

T

Current
Demand

PTC

]

. - — H m
o ° ~ Iscal 5
B X sC3 {2 =3
Q Coolant Jacket 4 A
T
Controls Battery I
]
' .
Cabin

-

-

g Charger Motor Inverter

]

Measurements

» EV Thermal Management System
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https://in.mathworks.com/help/hydro/ug/sscfluids_ev_thermal_management.html
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Drive C cIe scenario ShOWS serlal to parallel mode transition

Vehu:le Speed [km,fhr] Heat Flow Rates [W]

Batteries

Motor

i Condenser iy ~
Chiller II.K" .“/- T ."'/. 'L
- | Evaporator [ | | | l I" — i
Radiator h "._. f—% \ f \
R B i'l'\__ J. N
- 1 e AN ! [\ ‘g

Cabin Temperature [degC]

Batteries IComponerl*.t Temperaltures [degf?]

DCDC
40 Charger

Cabin Motor
Environment Inverter

Setpoint 35

chiller bang-bang control | e

% [ compressor ramps up

' ' ' — when chiller is on ' ' '
\ Valve Commands/ Pump ar] Compressor Commands
. . & . .

T N T T T T
¢ 1r Radiator Condenser Fan

Compressor
Motor Loop Pump

Parallel Serial Mode 0.8

Chiller Bypass 0.6 — Battery Loop Pump
Radiator Bypass Cabin Blower

045

0.2

0

1 1 1 1 1 1 1 1 1 1 1
1500 2000 2500 3000 35 5 1500 2000 2500 3000
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Battery

Speed

150

100

50 1

10 20

30

40 a0

HMI Command HVAC
Distance
- BatRelay
AmbT
ChgRelay Energy/Distance CabinTp
CabinSP
DehgRelay Rangs Est
; . AT OnfiOff
|\ AWD @ |
BEV Plant Model
1. Open project page
Energy

2. Set parameters for model
3. Learn more about this example
4. Explore simulation resulis using
Simscape Results Explorer

"| Consumption

5
P VehSpdRef

Drive Cycle Source
FTPTS (2474 seconds, Cyclic)

Controller

L HMI.Ej

Emv [—M Enw
Caban —M Cabin

VehicleElactraThermal

Scenario

Vehicle

Energy (kWhr)

2500

2000 |

1500 |

1000

500

NEDC Range Plot

» EV Range Estimation at different environment and operating conditions

400

350

300

250

200

150

100

50

MATLAB EXPO

Range (km)

I Viotor 1
I Motor 2
[CHvAC
I Aux
Range

34


https://in.mathworks.com/matlabcentral/fileexchange/124795-electric-vehicle-design-with-simscape
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MATLAB Onramp

Simulink Onramp

Simscape Onramp

Simscape Battery Onramp

Simscape Battery Essentials

MATLAB EXPO
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Battery Modeling and Algorithm
Development with Simulink (Instructor-led)

= Shipping Examples
Simscape Battery — Examples

TREIE ) S e
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https://www.mathworks.com/help/simscape-battery/examples.html?s_tid=CRUX_topnav
https://www.mathworks.com/videos/series/simscape-battery-essentials.html
https://matlabacademy.mathworks.com/details/simulink-onramp/simulink
https://matlabacademy.mathworks.com/details/simscape-onramp/simscape
https://www.mathworks.com/learn/training/battery-modeling-and-algorithm-development-with-simulink.html
https://www.mathworks.com/learn/training/battery-modeling-and-algorithm-development-with-simulink.html
https://matlabacademy.mathworks.com/details/matlab-onramp/gettingstarted
https://matlabacademy.mathworks.com/details/simscape-battery-onramp/orsb
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