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Battery Equivalent Circuit Block

—2

ﬂZOOSb

Battery

-

T?ZOlSa

Battery
(Table-Based)

Battery

[0

T simeeape

—L®
~T R2023b

Battery
Equivalent
Circuit

Can be used to build packs (Battery Builder or API) No Yes Yes
Electrical parameters (R,, Ry, C;...) Constants SOC/T dependent | SOC/T dependent
Maximum Number of RC blocks 5 5 3
Hysteresis Model No No Yes
Reversible heat Model No No Yes

Fade and Calendar Aging No Yes Yes
Possibility to Inject Faults No No Yes

4\ MathWorks
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= Equivalent Circuit Model (ECM) = Single Particle Model (SPM)
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I : : R2024a
Bk F1& 8 Single Particle Model
EARBIx
Anode Particle Charge Transfer Cathode Particle
dc, _Ja _ ( L (l—a)nan) dc, e
D“W(Ra't)_aaF Jajc =Jo\e RT T —e™ RT DCW(RC’t)_aCF
. ’ .
Electrolyte Anode Side Separator Electrolyte Cathode Side
0¢C, 0 dc, Jo(1—=t3) ace dc d¢C, 0 dc, J.(1—t3)
o, (0, 8) = a(Dea(x;t)—T = (@) == (De—(x t)) gy ) =\ De (o) +——F——



% 7158 Single Particle Model
RIS HL
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 Battery Single Particle
Settings  Description

Block Parameters: Battery Single Particle

MathWorks AUTOMOTIVE CONFERENCE 2024

X
@ Auto Apply @

> Main

> Geometry

> Electrodes properties
> Electrolyte properties
> Reaction kinetics

BERARLEME, i8R, BSER,
EMEMRME RO HES

> Thermal

EEREN, RS, 8BS,

THER, IBRFH

> Initial Targets
> Nominal Values

IR B EY

AR AR B RE

» Battery Single Particle
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The Cell is fully charged

with 1C and then left to rest

for 400 seconds

D
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Simscape Battery FJEE L F=H
FLEE,33 %2 (from 0% to 80% SOC)
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Current Profile
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State of Charge
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Cell State of Charge
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Current Profile
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component batterySingleParticle

%
%
%
%
%
%
%
%
%
%

%

Battery Single Particle

This block models the battery using the single-particle approach
The block considers the open-circuit potential and the overpoten
The block determines the mass transport overpotential for the el
by modeling the concentration of the active material within a re
Similarly, the block obtains the mass transport overpotential fo
by modeling the concentration of the active material in the elec
across the cell's cross section.

To account for the overpotential from the reaction kinetics, the
Thermally, a lumped thermal mass represents the battery and ohmi

Copyright 2823 The MathWorks, Inc.

nodes

foundation.electrical.electrical;
foundation.electrical.electrical;
foundation.thermal.thermal;

L > O
n umn

end

parameters

% Main
ExtrapolationMethod = simscape.enum.extrapolation.nearest;

% Geometry

ThicknessAnode = {3.4E-5,"m"};
ElectrolytelLayerCountAnode = 10;
ThicknessSeparator = {2.5E-5,"m"};
ElectrolytelLayerCountSeparator = 5;

Settings  Description
Battery Single Particle

This block models the battery using the single-particle
approach. The block considers the open-circuit potential and
the overpotentials from the mass transport and reaction
kinetics. The block determines the mass transport
overpotential for the electrode by modeling the concentration
of the active material within a representative spherical
particle. Similarly, the block obtains the mass transport
overpotential for the electrolyte by modeling the
concentration of the active material in the electrolyte across
the cell's cross section. To account for the overpotential from
the reaction kinetics, the block analytically solves the Butler-
Volmer equation. Thermally, a lumped thermal mass
represents the battery and ohmic losses are taken into
account.

Source code I

—y
Block Parameters: Battery Single Particle X
Battery Single Particle @ Auto Apply @

n‘—|OIO}L+

MathWorks AUTOMOTIVE CONFERENCE 2024
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Battery

- H3 48 1 s | s2 | s2 | s2
HELARTE T
[ w Parallel Assembly Monitoring

Select the charging current based on the

temperature and the SOC
Tl (D

&

<
c 20
CB ‘qc‘)'
\ ) =~ 10
=
3 AARY
0
0
Control
System
¢
________________________ o \Y
~~~~~~~~~~~~~~~~~ 1 50 (6((\
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Cooling plate Cooling plate
25 °C 25 °C
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- MATLAB B ZK B #a)1& 25 %

Y V4

LA X% Battery Builder App

LU—’

New
-

WooNGOWbhwNE

el
N B ®

13

(S H (5] compare * l) <
Open  Save & print ~ NAVIGATE = CODE = ANALYZE = SECTION Run Step  Stop
- - -
g hd v -
FILE RUN

% Create the cell
cell = batteryCell(batteryCylindricalGeometry);

% Create parallel assembly

pAsmb = batteryParallelAssembly(cell,48,...
Topology="Hexagonal", ..
Rows=4);

% Create the module
mAsmb = batteryModule(pAssembly,4,StackingAxis="Y");

% Plot the Battery Chart
batteryChart(mAssembly)

» Battery Builder

EDITOR
o 3 H |s) Compare ¥ [) @
New Open Save ¢ print w NAVIGATE CODE ANALYZE SECTON  Run
v v M v b d v v M

FILE RUN

1 % Import the battery builder

2} import simscape.battery.builder.*

3

4 % Create the cell

5 cell = Cell(Geometry = CylindricalGeometry);

6

7 % Create the parallel assembly

8 pAsmb = ParallelAssembly(Cell=cell,...

9 NumParallelCells=48,...
10 Topology="Hexagonal”, ...
1lal Rows =4);

12

13 % Create the module

14 mAsmby = Module(ParallelAssembly=pAssembly,...
15 NumSeriesAssemblies=4,...

16 StackingAxis="Y");

17

18 % Create battery chart

19 BatteryChart(Battery = mAssembly)

R2023b
BT e - CEEECTSEOR -

M

Step Stop

»l

R2024a
itt—25 1

LIEH

BATTERY BUILDER

& gb Cell

BATTERY CHART

I{P Module Assembly

ot op Parallel Assembly gp Pack
- qp Module
FILE CREATE
v Battery Browser ©
v Cell
ExampleCell

-

Parallel Assembly
ExampleParallelAssembly
Module
ExampleModule
Module Assembly
ExampleModuleAssembly
Pack
ExamplePack

Battery Hierarchy
Cell (ExampleCell)

y: Lateral direction

MathWorks AUTOMOTIVE CONFERENCE 2024

4\ MATLAB R2023b

HOME PLOTS PROJECT

Design Get More Install Package Battery Builder|  Flexible Body
App Apps App App Model Builder

. )
Export
EXPORT | LIBRARY
v Cell Properties
» Read-Only Properties
ExampleCell (& @) (} ~ Identifier
0.07
v Geometry
0.06 |
0.05
c
S
g 0.04
=
8
£ 0.03
>
N
0.02
0.01 » Cell Properties
» Parameterization
0 N » Cell Model Options
0
0
-0.01

0.01

-0.02
bz x: Forward direction

19
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= BN R R R R AR IR EE

Library mREE

LIBRARY DEBUG MODELING FORMAT LIBRARY DEBUG MODELING FORMAT
1 Open ~ ] _— 1 Open ~ ] —
A e o s X ) A e o s X )
ave . - ave ' -
Project = New Library Signal Locked Project = New Library Signal Locked
- ~ B8 Print Browser Table Library - ~ B39 Print - Browser Table Library
PROJECT FILE LIBRARY PREPARE PROTECT ANNOTATION a PROJECT FILE LIBRARY PREPARE PROTECT ANNOTATION a
pouchModulelnterCellPaths_lib = g | < packLumped = | g
. =z . L=
@ |[*a pouchModulelnterCellPaths_lib ¥ v gl e " packLumped » hd g
= £
=
@ 2la i
+] G :
= s .
= = :
batteryCurrent
O o O
+
K 2 T perature
15 = T =
FeF——-F | R O
gAH i
ParallelAssemblies 7 : i
L - L5 i-H
socCell
= socParallelAssembly
Module1 3
vPargllelAssembly
' <
- = Packi ModuleAssemblies
» o » o
Ready 235% 138%

20
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Electric
Connection

TMR2H

Thermal Path
Ambient

‘
+
—[>| CB
> I-l
(] AH
Balancing

Signal

Thermal Path
Plate
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Detailed Grouped Lumped
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| : |

» More to Model Resolution
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Py

&4

/)IL
Thermal path to ambient Thermal path to cooling plate
["a] Block Parameters: ModuleType1 X
ModuleTypel @ Auto Apply @
Settings  Description
NAME VALUE
> Main
v Thermal
> Thermal mass 100
> Cell level coolant thermal ... 1.2

> Cell level ambient thermal ... 25
> Initial Targets

> Nominal Values 8 @)
o

o O =

c o o

o > (o

—~t o 9'_

= = —

+ @)
= 2 S
— o

AH
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Inter cell path Inter cell radiative path
Block Parameters: Module1 X
Modulel @ Auto Apply @
Settings  Description
> Main
> Dynamics
~ Thermal

> Thermal mass 100 J/K i
> Cell level ambient thermal ... 25 K/W e
> Inter-cell thermal path resi... 1 K/W i
> Inter-cell radiation heat tr... 1le-3 m”2 =
> Inter-cell radiation heat tr... 1le-6 W/(K™4*m~n2) ~
> Inter-parallel assembly the... 1 K/W i
> Inter-parallel assembly are... 1e-3 m”~2 i
> Inter-parallel assembly co... 1le-6 W/(K 4*m~2) ~
> Initial Targets T
> Nominal Values
_ H_
AH

» Module with Inter-Cell Heat Exchange

24


https://www.mathworks.com/help/simscape-battery/ug/build-battery-module-with-inter-cell-heat-exchange.html

MathWorks AUTOMOTIVE CONFERENCE 2024

» Apply Parameter Variation to Cells in Module

- s e [
BRSNS R2023b
S E RN
Block Parameters: Modulel X
Modulel @ Auto Apply @
Settings  Description
v Main
> Vector of state-of-charge v... [0, .1, .25, .5, .75, .9, 1] <1x7 double>
|Percent deviation for SOC_... zeros([52, 1]) |
> Open-circuit voltage, VU(S.. [3.5057, 3.566, 3.6337, 3.7127,3.... V v
>|Peruent deviation for VO _v... zeros([52, 1]) |<5sz double>
» Terminal voltage operatin... [0, inf] [0Inf] ¥ v
>|Percent deviation for V ra... zeros([52, 11) |<5le double>
> Terminal resistance, RO(S... [.0085, .0085, .0087, .0082, .0083... Ohm v
>|Percent deviation for RO v... zeros([52, 1]) |<52ﬂ double>
» Cell capacity, AH 27 A*hr v
>|Percent deviation for AHCell zeros([52, 11) |<52x1 double>
Extrapolation method for a... Nearest E
v Thermal
> Thermal mass 100 J/K v
“|Percent deviation for ther... zeros([52, 1]) |<52x1 double>
Configurability Compile-time v
> Cell level ambient thermal... 25 K/W v

25
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the only available strategy is “Passive*

+ il ) Ideal™._
7’ — .
g s |© Switch
et / o \
. ] 7/ \
1 / A \
——— “
Cell_ - 1
NumParalleiCells ! 2 ‘.
| Balancing :
| Resistor —
\ Switch
% Control ,/
. - y
Signal,
M 1]
Starting from 24a External
/ +Bus RN
/
/
=1 Li——__.} =1 .---/
- - L] q- :
I--- I--- --i- -i-i
e == o=y “
' Cell 1\
2
Cell_1 Cell 2 Cell 3 NumParallelCells AN
® ®

i -
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+Bus

custom balancing
strategy

-Bus
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= Animate battery pack visualization

with simulation results

— Display guantities such as current,
temperature, and SOC for each cell

Simscape Battery 2558

= —
Mz 7)N

MathWorks AUTOMOTIVE CONFERENCE 2024

R2023b

= Use playback controls to control

animation and save to a video file

- Playback Controls

L (> (00) (@) 00:00/10:00 [10x v | [ 83 ]
within the battery pack — : =
e - o X = %
Cell Temperature Cell SOC Cell Current
55 __ 09
9 0.85 i
50 & ) 19.96 —~
% - % -1998§
- g’ 07 £ 2002 g
35 2 0.65 Z 2004 O
8 8 -20.06

w
o

Time: 0.00 secs

~ Playback Controls

) (W (@ 000071000 [1x v | (&)

~ Playback Controls

(>]) () (@)

02 025

Time: 0.00 secs

00:00/10:00 [1x v | [ &3]

~ Playback Controls

(] () (@)

02 025

Time: 0.00 secs

00:00/10:00 [1x v | [ ]
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Thermal conductivity plate 9
= The 15t elementary block

(modeling the COO”ﬂg 2 partition in Xand 3in'Y @
- - Thermal lat
channels) is the Pipe (TL) ST MAss P2
block |
\ < S LU A
= The 2" elementary block X" 55 y Distributor segments
L~

(modeling the plate = A -//J
> P
|~

material) Is the thermal |
Thickness of the plate
é@ 1t main cooling channel

Mass @Main channel direction<
= The number of /

pipes/thermal masses \@ Channel hydraulic diameter
depends on the plate b @ 2"d main cooling channel

discretization Distributor segments
@5 Distributor pipe diameter 29
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B E M IRANIME
Z
Y Min Plane Available only at the
Module and Parallel
Assembly Level
: | 0.06
X Min Plane |

IX Max Plane

Y Max Plane 0.25

0.05

0.3

30



R —

0.05

MathWorks AUTOMOTIVE CONFERENCE 2024

298.18
298.17
1 298.16
1298.15
1298.14

o 298.13
298.12
298.11
298.1

—

Il (K

O

mperatureC

)

t

31



FraflmanE

—I'

=t JE

Xmin

=+

X maxH

Y minH

Y maxH

okt Uda

298.15

1 298.1

298.05

298

297.95

temperatureCell (K)

MathWorks AUTOMOTIVE CONFERENCE 2024

32



MathWorks AUTOMOTIVE CONFERENCE 2024

FEC A2 R AR B

B AT [R

\

0.05 -]

FEER T

) New Serpentine Plate

Single Sided

SP

0.05 -

SingleSidedAlongStackingAxis DoubleSidedAlongStackingAxis
ITITIIIIII
@ IIIIIIIII
I I
111X
@ 111111111

Double Sided 120240

|

Available only at the Module
and Parallel Assembly Level
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SIS E R G IR NE

B
- The cooling plate blocks model the heal = o ou.
transfer between battery, liquid cooling Tob Tob b
system, and environment T R .
dP > dP > dP >
Edge Cooling Parallel Channels  U-shaped Channels

= Different cooling plate topologies
— Edge, parallel channel, U-shaped channel
— Single- and double-sided plates

Challenge

It is almost impossible to define a plate blocks which
account for all possible configurations

34
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B/t B1/7% ANHR/BMSHE IR
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SIMULATION

N . . ) Selme W2 | ) @ I %) &
propec | e B T | 1 signal ™ [Mormal 2 5 B Dara Simscape logic BB Simulation v
- v Emant v | aowser 55 Table @ Fost Restert Back v v Forwerd Inspector  Results . Aralyrer  Seope  Manager
PROIECT e usrsRy PREPARE srauLATE REVIEWS RESULTS =
gl o oeedvemes =2
§ [ — - g
z =]
o g
iy i
o 4
=+ - -
- Module and Plate 80C Estimator
| Simple medule with cooling plate & BMS
&
0 1. Battery module with 12 pouch cells (plot module)
2. The module has a detailed model resolution + e
3. The module is coupled with a cooling plate with fwo channels
4. The plate is discretized along the X and ¥ direction (2x2) Arbient Termperature icall———»—]
5. The SOC of the module is estimated with a Kalman Filter
6. The estimated SOC is used to tune a CC-CV profile E3 CyelesCell ———»—]
7. The module is actively cocled by battery coclant control
8. Analyze results with Simscape Result Explorer L] socCen = |
[ Celvallage
>
»—] 3
" .
Module and plate visualizatiion AmbH o
temperatureCell Voltage sensor =
0 -——————
- SOCEstm
vGell f———#—]
»< g :E ‘ CellTemperature
3
j g. cp_oul—»—]
3 E]
. i a
SOC_startKImEstimator OC
SOCstant
SOC Eslimator
‘ Coolant control
Input Reservair Output Reservair
SOCEstim max ChargingEnabled
Coolant control
—— fx=0 r
Tenviroment | AmbientTemperature N I g elVoltage
Current
S E— CetanHp0.8 —
FlowTemperature |—p—] Current L
CellTemperature CurraniWhenDischarging
Battery Coolant Cantrol Battery CG-CV
]
[}
» (2
reacly 153% autofodeds)
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Charge and discharge
— CC-CV, current limits

- Passive cell balancing

= Estimators
— SOC, SOH, SOE

= Protection
— Current, voltage, temperature monitor
— Fault qualification

« Thermal management
— Coolant and heater control

» Overview BMS blocks

) ChargingEnabled
J CellVoltage
Current

) CurrentWhenCharging

) CurrentWhenDischarging

Battery CC-CV

PackCurrent

N =
]
*

50C
CellTemperature

)
J Cellvoltage |
)
)

InitialSOC

S0C Estimator

) AmbientTemperature
FlowRateCommand

LY.4

CoolantTemperature

FlowTemperature
> CellTemperature

p

p

Battery Coolant Control

>

) u Command

) Enable BalancingActive

Passive Cell Balancing

N

bV

CellVoltage UndervoltageError

OvervoltageError

PackVoltage SensorFaultyError

Battery Voltage
Maonitaring

MathWorks AUTOMOTIVE CONFERENCE 2024
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O A P B B S
£+3F%& SOC #1 SOE estimator &1k

Block Parameters: SOC Estimator (Kalman Filter) x ‘ e

For continuous-time simulation, set Filter type to Extended

SOC Estimator (Kalman Filter) (mask) (link)
Kalman-Bucy filter or Unscented Kalman-Bucy filter.

| This block implements battery state-of-charge estimation using
a Kalman filter, State of charge and polarization voltage are the

| internal estimator states, current is the control input, and cell
voltage is the measurement. The corresponding state estimation

For discrete-time simulation, set Filter type to Extended Kalmar |
filter or Unscented Kalman filter and set Sample time to a

positive value or -1 to inherit the sample time.
Parameters
Main  System Model

Charge dynamics Two time-constant dynamics v I { . . . . X
For discrete-time simulation, set Filter type to Extended Kalman
Vector of state-of-charge values, SOC (-) filter or Unscented Kalman filter and set Sample time to a
[0, .1, .25, .5, .75, .9, 1] <1x7 double> i | positive value or -1 to inherit the sample time.
Vector of temperatures, T PackCurrent Parameters
[278, 293, 313] | Main System Model
Terminal resistance, RO(SOC,T), (ohm) R 2 O 2 4 Cell\Voltage | Vector of state-of-charge values, SOC (-)
1107, 0083, .0091; .0113, .0085, .0089; .0116, .0085, .0089] : a sSOC R2 02 3 b [0, .1,.25,.5,.75,.9, 1] <Ix7 double>
First polarization resistance, R1(SOC,T), (ohm) CellTemperature Vector of temperatures, T
1033, .0023, .0014; .0033, .0018, .0011; .0028, .0017, .0011] [278, 293, 313]
First time constant, tau1(SOC,T), (s) InitialsSOC Terminal resistance, RO(SOC,T), (ohm)

109, 105, 61; 36, 29, 26; 59, 77, 67; 40, 33, 29; 25, 39, 33] :

Second polarization resistance, R2(SOC,T), (ohm)

1033, .0023, .0014; .0033, .0018, .0011; .0028, .0017, .0011] &

Second time constant, tau2(SOC,T), (s)

109, 105, 61; 36, 29, 26; 59, 77, 67; 40, 33, 29; 25, 39, 33] §

No-load voltage, VO(SOC,T), (V)

71, 3.72; 3.91, 3.93, 3.94; 4.07, 4.08, 4.08; 4.19, 4.19, 4.19] ¢

Cell capacity, AH (A*Hr)
27

oK Cancel Help Apply

error covariance is a 2-by-2 matrix.

For continuous-time simulation, set Filter type to Extended
Kalman-Bucy filter or Unscented Kalman-Bucy filter.

1107, .0083, .0091; .0113, .0085, .0089; .0116, .0085, .0089]

First polarization resistance, R1(SOC,T), (ohm)

1033, .0023, .0014; .0033, .0018, .0011; .0028, .0017, .0011] :

First time constant, taul(SOC,T), (s)

No-load voltage, VO(SOC,T), (V)

Cell capacity, AH (A*Hr)
27

109, 105, 61; 36, 29, 26; 59, 77, 67; 40, 33, 29; 25, 39, 33] :

71, 3.72; 3.91, 3.93, 3.94; 4.07, 4.08, 4.08; 4.19, 4.19, 4.19]

OK Cancel Help Apply

» Charge and Discharge Battery Module with State of Charge Estimator
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BMS =R ZE
1k o

Charge and discharge
— CC-CV, current limits

- Passive cell balancing

= Estimators
— SOC, SOH, SOE

= Protection
— Current, voltage, temperature monitor
— Fault qualification

« Thermal management
— Coolant and heater control

» Overview BMS blocks

)
)
)
)

ChargingEnabled
CellVoltage
CurrentWhenCharging

CurrentWhenDischarging

Current >

Battery CC-CV

PackCurrent

N =
]
*

Cell\oltage [

socp

CellTemperature

InitialSOC

S0C Estimator

LY.4

AmbientTemperature

FlowRateCommand )

CoolantTemperature

FlowTemperature )

CellTemperature

Battery Coolant Control

) u Command

) Enable BalancingActive

Passive Cell Balancing

N

bV

CellVoltage UndervoltageError

OvervoltageError

PackVoltage SensorFaultyError

Battery Voltage
Maonitaring
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5W{AE Faults

Block Parameters: Module1 X

i Modulel @ Auto Apply @

| Settings  Description

> Main

> Open Circuit Voltage
> Overpotential

> Thermal

> Initial Targets

> Nominal Values

v Faults

ParallelAssembly1/Cell... Add fault

ParallelAssembly1/Cell... Add fault
+ ParallelAssembly1/Cell... Add fault

AH

» Inject Faults in Battery Models

Additional
Resistance

Fault

MathWorks AUTOMOTIVE CONFERENCE 2024
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Fault Reaction
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Simscape Battery Onramp Now Available

"i SimscapeBatteryOnramp - Simulink

Self-Paced Online Courses

SIMULATION MODELING FORMAT

g dralning.; Tosks ® SimscapeBatteryOnramp E= | Home My Courses Online Training Suite

& | Course Overview > Battery Systems > (2/2) The Training Env @  |[%&] SimscapeBatteryOnramp » i Si Batt 0

3 = imscape Battery Onramp

g Task 1 @&
This model represents a simple battery management E3 Start course
system with a constant current-constant voltage —
charging algorithm. You will observe the battery BataryPack ChargeLave =||C]
operating between specified safe charging limits. (=3
T i — &= | Learn the basics of simulating a simple battery management

t thi: 2 i t i + g . I .
th)ils a(::r;d:ten:s :(r)e::r: iﬁ::::c:;e:t:eabrzgee e O . system (BMS) for safe charging/discharging in various
chirai algomh; i s i @ temperatures. Use Simscape to simulate battery packs and
p— - their heat exchange and algorithms like coulomb counting and

For now, you can explore this model to familiarize . i A constant-current (CC) constant-voltage (CV) charging.
yourself with the training environment. H

NewPack

TASK ) -2t — [

Course modules

> Course Overview

Connect the signal named } ’ah =
[BatteryPack ChargeLevel)to the Scope block. i Cutant 2 M E
Click Run and double-click the Scope block to —3 — . .Rmy > Battery Discharging Circuit
observe the battery charging and discharging. The -
battery starts charging at 30% and then stops . 1
charging at 90%. (S - > Battery Pack Modeling
Click Submit to move to the next task. Maximum Charging
. Currat 1
> Battery Pack Charging Algorithm
Hint | See Solution | Reset 5}
» |8 > Conclusion
| Ready 78%

» Simscape Battery Onramp
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New Instructor-Led Training

After this two-day training you will be able to:

= Model a cell unit including thermal and fading
characteristics

= Perform cell characterization A Cumrert N o

L
) CellVoltage [

- Construct battery packs and attach cooling plates >CB.|TemperamF soc

N nitialSOC

= Estimate State-Of-Charge and State-Of-Health

SOC E;
(Kalmai

= Design the key functionalities of a battery
management system including supervisory control,
cell balancing, and fault diagnosis

» Battery Modeling and Algorithm Development with Simulink

47


https://de.mathworks.com/learn/training/battery-modeling-and-algorithm-development-with-simulink.html

2024 MathWorks
HREER

1545 |

o’} MathWorks:

© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may
be trademarks or registered trademarks of their respective holders.




RANIKIERY SR L AT 2

MathWorks AUTOMOTIVE CONFERENCE 2024

Parallel Channels Plate | Design | Number of Channels

E] Block Parameters: Parallel Channels

| Parallel Channels
Settings  Description

> Interface

> Plate Material

> Fluid Properties
~ Design

@ Auto Apply @

[ Number of coolant channels

Select channel orientation direction
| > Coolant channel hydraulic diameter
> Distributor pipe diameter

> Coolant channel and distributor roughn...

Channels along Y axis

Distributor segments

<

/@ 15t main cooling channel
b 2"d main cooling channel

Distributor segments
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Parallel Channels Plate | Design | Channel Orientation (in Y)

E] Block Parameters: Parallel Channels X

' Parallel Channels @ Auto Apply @
Settings  Description

> Interface :
> Plate Material
> Fluid Properties Y @
~ Design
Number of coolant channels 2
| Select channel orientation direction Channels along Y axis v+—@ x
| > Coolant channel hydraulic diameter 0.005 m =
> Distributor pipe diameter 0.005%2 001 m b
> Coolant channel and distributor roughn... 1.5e-05 m i

P

Main channel direction
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Parallel Channels Plate | Design | Channel Orientation (in X)

E] Block Parameters: Parallel Channels

| Parallel Channels
Settings  Description

> Interface

> Plate Material

> Fluid Properties

~ Design

Number of coolant channels

2

@ Auto Apply @

X

| Select channel orientation direction

Channels along Y axis

> Coolant channel hydraulic diameter
> Distributor pipe diameter

> Coolant channel and distributor roughn...

0.005
0.005*2
1.5e-05

m
0.01 m
m

==

MathWorks AUTOMOTIVE CONFERENCE 2024
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Parallel Channels Plate | Design | Channel & Distributor Diameters

E] Block Parameters: Parallel Channels X

| Parallel Channels @ Auto Apply @
Settings  Description

> Interface :
> Plate Material
> Fluid Properties Y @
~ Design
Number of coolant channels 2
Select channel orientation direction Channels along Y axis v | x
> Coolant channel hydraulic diameter 0.005 m \,*—@
> Distributor pipe diameter 0.005%2 0.01 m ¥
> Coolant channel and distributor roughn... 1.5e-05 m i

\

@5 Distributor pipe diameter 53

@ Channel hydraulic diameter
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Parallel Channels Plate | Design | Channel Roughness

E] Block Parameters: Parallel Channels X

| Parallel Channels @ Auto Apply @
Settings  Description

> Interface :
> Plate Material
> Fluid Properties

~ Design
Number of coolant channels 2
Select channel orientation direction Channels along Y axis v
> Coolant channel hydraulic diameter 0.005 m =
> Distributor pipe diameter 0.005*2 0.01 m b
|> Coolant channel and distributor roughn... 1.5e-05 m v 5

Roughness value is applied on all
pipes (coolant channels and
distributor pipes)
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Parallel Channels Plate | Fluid Properties | Flow parameters

@ Block Parameters: Parallel Channels X

| Parallel Channels
Settings  Description

> Interface
> Plate Material
~ Fluid Properties

& Auto Apply @

- |” Reynolds number upper limit for lamina... 2000
> Reynolds number lower limit for turbule... 4000

' |> Nusselt number for laminar flow heat t... 3.66 0—@

' |> Aggregate equivalent length of local re... 1e-3 m &

| |> Laminar friction constant for Darcy frict... 64

> Design

Fluid properties determine:

« Conditions for turbulent flow
* Pipe losses

» Pipe convection heat

MathWorks AUTOMOTIVE CONFERENCE 2024
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Parallel Channels Plate | Plate Material | Thickness

E] Block Parameters: Parallel Channels X

| Parallel Channels
Settings  Description

@ Auto Apply @

> Interface
~ Plate Material
|> Thickness of cooling plate material 2e-3 m v+—@
> Thermal conductivity of cooling plate m... 20 W/(K*m) ~
> Density of cooling plate material 2500 kg/m~3 -~
| Specific heat of cooling plate material 447 J/(K*kg) ~
; > Initial temperature of the cooling plate ... 300 K =

> Fluid Properties
> Design

The thickness is used to determine
the volume (and subsequently the
thermal mass) of the plate

Y

X

O

l

Thickness of the plate @/

MathWorks AUTOMOTIVE CONFERENCE 2024
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Parallel Channels Plate | Plate Material | Thermal Conductivity

E] Block Parameters: Parallel Channels X

Parallel Channels LT Thermal conductivity plate
Settings  Description {

> Interface
~ Plate Material
> Thickness of cooling plate material 2e-3 m =
[> Thermal conductivity of cooling plate m... 20 W/(K*m) v
> Density of cooling plate material 2500 kg/m”~3 |
| Specific heat of cooling plate material 447 J/(K*kg) ~
; > Initial temperature of the cooling plate ... 300 K =
> Fluid Properties
> Design

Describes heat exchange between
different plate segments
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Parallel Channels Plate | Plate Material | Thermal parameters

E] Block Parameters: Parallel Channels

| Parallel Channels
Settings  Description

> Interface
v Plate Material

X
@ Auto Apply @

> Thickness of cooling plate material 2e-3 m =
> Thermal conductivity of cooling plate m... 20 W/(K*m) ~
> Density of cooling plate material 2500 kg/m~3
| |> Specific heat of cooling plate material 447 J/(K*kg) VJ—@
| |_Initial temperature of the cooling plate ... 300 K =
> Fluid Properties

> Design

The density and specific heat are
used to determine the thermal
mass of the plate

Thermal mass plate

MathWorks AUTOMOTIVE CONFERENCE 2024
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Parallel Channels Plate | Interface | Battery Connectivity

E] Block Parameters: Parallel Channels X

' Parallel Channels 8 Auto Apply @/
Settings  Description

v Interface :
| Battery Connectivity Single sided v
1 Y

Number of battery thermal nodes (surf...

> Dimension of battery thermal nodes (s... ones(1, 2) [1,1]
> Coordinates of battery thermal nodes (... ones(1, 2) [1,1]
Number of partitions in X dimension for... 1 x

Number of partitions in Y dimension for... 1
> Plate Material
> Fluid Properties

 Design /

Sets whether to use one or two
cooling plates

The Interface parameters are
automatically filled when you
create a battery with plate in the
Battery Builder App

MathWorks AUTOMOTIVE CONFERENCE 2024

59



RENKEIR B B S e AL R AR

Parallel Channels Plate | Interface | Number of Battery Nodes

E] Block Parameters: Parallel Channels X

' Parallel Channels 8 Auto Apply @/
Settings  Description

v Interface :
Battery Connectivity Single sided v
I Number of battery thermal nodes (surf... 1 f—@
> Dimension of battery thermal nodes (s... ones(1, 2) [1,1]
> Coordinates of battery thermal nodes (... ones(1, 2) [1,1]

Number of partitions in X dimension for... 1
Number of partitions in Y dimension for... 1
> Plate Material
> Fluid Properties
> Design

Number of thermal masses used
to model the pack cells. Depends
on the chosen Model Fidelity

O

P

The Interface parameters are
automatically filled when you
create a battery with plate in the
Battery Builder App

MathWorks AUTOMOTIVE CONFERENCE 2024
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Parallel Channels Plate | Interface | Dimension and Position of Battery Nodes

E] Block Parameters: Parallel Channels X

Parallel Channels @ Auto Apply @
Settings  Description

v Interface :
Battery Connectivity Single sided v ‘
Number of battery thermal nodes (surf... 1

> Dimension of battery thermal nodes (s... ones(1, 2) [1,1
> Coordinates of battery thermal nodes (... ones(1, 2) [1,1

Number of partitions in X dimension for... 1
Number of partitions in Y dimension for... 1
> Plate Material
> Fluid Properties
> Design

Position AND dimensions of the
battery cells. Needed to estimate
where the cell are positioned and
what the contact surface with the

plate is

O

P

The Interface parameters are
automatically filled when you
create a battery with plate in the
Battery Builder App

MathWorks AUTOMOTIVE CONFERENCE 2024
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Parallel Channels Plate | Interface | Partitions

E] Block Parameters: Parallel Channels X

| Parallel Channels L) Lumped plate (no partitions)
Settings  Description {

v Interface
Battery Connectivity Single sided v
Number of battery thermal nodes (surf... 1
> Dimension of battery thermal nodes (s... ones(1, 2) [1,1]
> Coordinates of battery thermal nodes (... ones(1, 2) [1,1]
Number of partitions in X dimension for... 1
Number of partitions in Y dimension for... 1

> Plate Material

Discretization of the plate. In how
many segments is the plate
divided?

MathWorks AUTOMOTIVE CONFERENCE 2024

> Fluid Properties
> Design /
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Parallel Channels Plate | Interface | Partitions

E] Block Parameters: Parallel Channels X

' Parallel Channels 8 Auto Apply @/
Settings  Description

2 partitions in X @

v Interface
Battery Connectivity Single sided v
Number of battery thermal nodes (surf... 1
> Dimension of battery thermal nodes (s... ones(1, 2) [1,1]
> Coordinates of battery thermal nodes (... ones(1, 2) [1,1]
Number of partitions in X dimension for... 1
Number of partitions in Y dimension for... 1
> Plate Material
> Fluid Properties

== >

Discretization of the plate. In how
many segments is the plate
divided?

MathWorks AUTOMOTIVE CONFERENCE 2024

63



RENKEIR B B S e AL R AR

Parallel Channels Plate | Interface | Partitions

| E] Block Parameters: Parallel Channels X

Parallel Channels @ Auto Apply @
Settings  Description
| |AMI I
v Interface :
Battery Connectivity Single sided v
Number of battery thermal nodes (surf... 1
> Dimension of battery thermal nodes (s... ones(1, 2) [1,1]
> Coordinates of battery thermal nodes (... ones(1, 2) [1,1]
Number of partitions in X dimension for... 1
Number of partitions in Y dimension for... 1 13
> Plate Material
> Fluid Properties
> Design

Discretization of the plate. In how
many segments is the plate
divided?

2 partitionin Xand 3inY @

Y Diss
~ Tx<
X

VAW
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