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Key Takeaways

= Problem description

— You can use an EV model to optimize battery pack size, then design the battery system
and validate its performance

é;gteesrﬁ Find Optimal Design Validate
e . Pack Size Battery Pack Performance

= Role of MathWorks tools

— Powertrain Blockset offers system-level models to quantify trade-offs in battery
performance, efficiency and cost

— Global Optimization Toolbox and Simulink Design Optimization efficiently optimize
the design while accounting for competing requirements

— Simscape Battery can be used to perform detailed battery design studies
— These products are complementary parts of the overall workflow
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Automotive Powertrains Are Increasingly Electric

- The automotive sector is focused on reducing CO, emissions

- Battery Electric Vehicles (BEV’s) are a promising option
i icci : Total U.S. Greenhouse Gas Emissions
— Localizes CO, emissions to energy production source by Economic ;‘e o 20'20'
— Can be charged from renewable energy
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= But engineering challenges remain...
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https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions

Vehicle-Level Targets

-  Government agencies rate conventional, HEV and EV’s using
different standardized tests (US city / highway cycle, WLTP, etc.)

= Different metrics to define energy efficiency (MPGe, Wh/km, etc.)
= Vehicle program sets targets - requirements for subsystem teams
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https://en.wikipedia.org/wiki/Worldwide_Harmonised_Light_Vehicles_Test_Procedure

Use System-Level Models to Assess System-Level Targets

How to evaluate

Fuel economy Perform drive cycle test
Range Perform drive cycle test

Acceleration Perform Wide Open Throttle (WOT) test

Cost Assume $ / kWh
é;r —“—-d ‘L“.dl -ll |

Credit: 4x4 Dvnamometer by Adam Navrotny/ CC BY SA 3.0
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https://commons.wikimedia.org/wiki/File:4x4_Dynamometer.jpg
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Right-Level Modeling

- We can answer system-level questions using system-level
models, but what level of fidelity is appropriate for the task?

= Initial estimates use simplifying assumptions
— Fast running 1D models

CFD and /
— I FEA
Neglect thermal / spatial effects Computation
— Simplified controls Time Lumped
Parameter
Spreadsheet Network
= Design-oriented tasks require higher fidelity —
Model Fidelity

— Slower running multidomain models
— Include thermal / spatial effects
— Production-oriented controls
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MathWorks Offering for Virtual Vehicle Simulation

Engineering Tools + Application Expertise

Create Integrate Author Simulate & Deploy
Vehicle Software Scenarios Analyze Simulation

Vehicle Templates C/C++ Interface Scene & Scenarios Visualization Cloud Integration
Subsystem Libraries Reduced Order Models Open Standards Data Analysis Datalake Integration
Modeling Guidelines FMU Integration Drive Cycles Report Generation HIL Deployment

Value proposition:

dvatas . = Proven tools for modeling of physics and software
i = 7 B00= i = Reference applications for reduced time-to-simulation
P Linux | DS Lo = Common platform for model reuse
a&o T bel = Solutions for large-scale modeling and simulation
I Sy C &?g = Flexible platform for growth / new use cases

Hand C/C++ Code
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Powertrain Blockset

Library of blocks Virtual Vehicle Composer app

<\ Virtual Vehicle Composer - O *
E COMPOSER

Mew Open Save | Setup Dataand Scenario logging | Virtual Vehicle Default

Calibration  and Test Layout
. . . FILE CONFIGURE BUILD (OPERATE AMNALYZE LAYOUT a
Energy StDrage DrIVEtraln PrOpLHSIOH Virtual Vehicle Setup Data and Calibration Scenario and Test Logging
and Auxiliary Drive ~ PassengerCar
Chassis Chassis: [\.-’ehicle Body 3DOF Longitudinal v
~ Tire % Fuel economy and energy management
Tire Data

~ Brake Type
Brake Control Unit (FETEIHEEE

~ Powertrain

Ben

Vehicle Contral Unit Parameter N... |Description Unit Value

~ Engine 1 |PintvehMass Vehicle mass kg 1623

Transmission Vehicle Dynamics  Vehicle Scenario Builder Engine Centrolnt 2 e LT
~ Drivetrain 2 pinwvennsic |1 onaitudinal distance from center [ m 17

Engine Dynamomater

Pre-built reference applications

Environmeant »

EV Reference Application

Simulate an EV model with a motor-
generator, battery, direct-drive
transmission, and associated
powertrain control algorithms.

Optimize Transmission
Control Module Shift
Schedules

Use the conventional vehicle
reference application to optimize the
transmission control module (TCM)
shift schedules.

Sl Engine Dynamometer
Reference Application

Simulate a S| engine plant and
controller connected to a
dynamometer with a tailpipe
emission analyzer.

h (Ml

FTP7S (2474 seconds, Cyclig)

Longitudinal Driver
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Virtual Vehicle Composer App

Unified interface to quickly
configure a virtual vehicle,
select test cases, and review
results

Available with Powertrain
Blockset and / or Vehicle
Dynamics Blockset

Includes options for detailed
powertrain models, vehicle
dynamics and controls

Generated models are
customizable

AUTOMOTIVE

B

= &

=

%
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Driving Scenario  Ground Truth MBC Model MBC Virtual Vehicle
Designer Labeler Fitting Optimization Composer
4\ Virtual Vehicle Composer — O x
I COMPOSER
O X 8 H I & =
Mew Open Save | Setup Dataand Scenarioc Logging | Virtual Vehicle Default
Calibration and Test Layout
FILE COMNFIGURE BUILD OPERATE AMALYZE LAYOUT
Virtual Vehicle Setup Data and Calibration Scenario and Test Logging
~ PassengerCar
Chassis i} Chassis: |Vehicle Body 3DOF Longitudinal v
- Tire {" G Fuel economy and energy management
Tire Data
= Brake Type
Brake Control Unit ezl o
-~ Powertrain |Q|
Vehicle Control Unit Parameter M... |Description Unit Value
~ Engine PintVehMass Vehicle mass ka 1623
Engine Control Unit 2 |PIntVehDstCG... |Longitudinal distance from center ... |m 1.00
- Drivetrain 3 | PlniVehDstCG Lonaitudinal distance from center m 1.7
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EV Model
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EV Model

1.
2.

Set target speed and ambient conditions
Set brake, accel, shift commands to achieve target speed
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EV Model

1.
2.
3.

Set target speed and ambient conditions
Set brake, accel, shift commands to achieve target speed

Set lower-level control commands (e.g., motor torque)

>
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EV Model

1. Set target speed and ambient conditions

2. Set brake, accel, shift commands to achieve target speed
3. Set lower-level control commands (e.g., motor torque)

4. Calculate vehicle response

P Visualization

Reference Generator

Drive Cycle |\ T
| L—l—
A
Help
Driver Commands
Longitudinal Driver

o—Pp{ Environment

v
vy v.v

\_ Vehicle )

Controllers 15
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EV Model

Set target speed and ambient conditions

Set brake, accel, shift commands to achieve target speed
Set lower-level control commands (e.g., motor torque)
Calculate vehicle response

Report results

a & W D

Visualization

VYV

Reference Generator ﬂ V'*.;.,
, P\ g
Drive Cycle | | LR—
| “’[‘gf’% BN
| /

Help

Driver Commands

Longitudinal Driver

Vehicle

o—Pp{ Environment

Controllers 16




Summary: Vehicle Model

- Key takeaways
— Virtual Vehicle Composer app can quickly configure a closed-loop EV model
— Generated model can be customized for your application

= Next step
— Perform optimization study to identify battery size that meets requirements

&\ MathWorks
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Component Sizing Problem Statement

= Objective:
— Design a BEV that provides a good
range at a reasonable price
= Constraints:
— Meets typical driving demands
— Reasonable electric range
— Reasonable acceleration

= Design Variables:
— Number of battery cells in parallel (Np)
— Number of battery cells in series (NSs)
— Gearbox ratio (Nd)
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Component Sizing Problem Statement

= Objective:
min f(x) = w,*Cost - w,*Range

= Constraints:

g,: DriveCycleFault <0
g,: Range > 400 km

O3 to-100kph < 7' S
= Design Variables:

X, 10 < Np <50 (Integer)
X,: 80 < Ns < 140 (Integer)
X5: 7 <Nd<10 (Continuous)




Initial Assessment

30
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55

50

~

J
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e

Default component sizes don’t

achieve system-level requirements.

Time for a redesign!
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Initial Assessment

800

600

- Performed initial parametric study .,
— Sweep of Np, Ns, and Nd 20
— Study problem statement before
launching long optimization study
= Lessons learned

— Range helped by large pack with
higher voltage (Ns) / lower losses (Np)

— Cost scales linearly (as expected) N g Np

— Battery pack size has nonlinear
Impact on performance

140

22



Optimization Workflow

Initial Design
Variables

= Num. of parallel cells
= Num. of serial cells
= Gearbox ratio

Modify Design
Variables

A

System
Simulation

i

Optimal
Design

&\ MathWorks
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Selecting the Appropriate Optimization Solver

= MATLAB can indicate applicable optimization solvers

- Design variable space
— Continuous
— Integer (discrete)
— Mixed Integer

= Local / global search space
— Optimization Toolbox (local)
— Global Optimization Toolbox

Objective with multiple minima

[autoSolver,allSolvers] = solvers(elecProb)

autoSolver = "fmincon"
allSolvers =
"fmincon" "ga" "patternse.. "surrogat.. "
continuous discrete

//;"’;...'\
IR
SN

Objective with single minimum 24



Solve Expensive Nonlinear Problems with surrogateopt

= Concept

Create a surrogate model of the objective /
constraints

Find the best point on the surrogate model,
then sample new points
near the best point found so far (refine solution)
= far from any sample (improve model accuracy)

Benefits

Automatically builds a cheap-to-evaluate
surrogate model

Searches for global solution

Uses fewer function evaluations than other
global solvers

Works with continuous and integer variables
Accepts nonlinear and linear constraints

ot
0
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Using Interpolation to Build a Surrogate Model

~ Searching for Improved Points

Initial Surrogate Model

Random Points
Surrogate

2 4 6 8 10

Description

25

2 Random Points
F Surrogate
0.5 9
Candidate Points |
*  Best Surrogate Point |

0 2 4 6 8

10

3~

25

2t

Updated Points

Surrogate

2 4 6 8

surrogateopt is a global solver for time-consuming objective functions.

surrogateopt attempts to solve problems of the form

min f(x) such that 1

[(Ib<x<ub
A-x<b
Aeq - x = beq
c(x) <0

x; integer, i € intcon.

25

10
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Simulink Design Optimization Makes Problem Setup Easy

4 Response Optimizer

I RESPONSE OPTIMIZATION S lieiyie]]

_i H L New = LG Design Variables Set: DesignVars = EJ |_L_,JJ I_.."il @ [/

. Data to Plot:
Open Save E Salect Evaluate Uncertain Variables Set: None Sensitivity Add Plot Plot Model | Options | Optimize
Session = Session = Requirements Analysis ~ | || DesignVars » - Response - -
FILE REQUIREMENTS VARIABLES PLOTS OFTIONS | OPTIMIZE

R = | [#] Response Optimization Options

o

4 Create Design Variables Set I O X 4. Response Optimization Options = O *
] 8 Gres i Select continuous or & Response Op ? o -
‘ i ) ) General Optimization Parallel Linearization
Create Design Variables set: | DesignVars d ISC rete d esi g n vari ab I es General Optimization Parallel Linearization -
Continuous Variable | Value Minimum | Maximum e v Optimization Method Use the parallel pool during optimization
(v |PintDitfmtiRatio 9036 [7 |10 - ! —
— ‘ | | ‘ PintBattintmRes (0.008846 000931899999 - Method | Surrogate optimization v Algorithm
= PintBattOpenCirctVolt ;(2 832283284 3.361 34 P Gradient descent Stop Time s ;_ y
<& c| |PintBattSocspt [0020406081] | Pattern search i L*-/j
— | PintBattTempBpt |[2431 253126312731 2 Objec““el Surrogate optimization l Select algorlthm Speed u p Run
. ~ ‘PlntBanTxmeCnst | 0.001 Constrain Simplex warch . Maximum evaluations 100 ) ) ) [@l Fast R_estar‘t -
@ | |PintBattvoltSocBpt [00.010.020.030.04 0.05 0 Opt| mization
I Maximally feasible
PIntBrkActBoreFmt 005 e SIMULATE
PintBrkActrBoreRear [ 0.05
Discrete Variable | Value Value Set T =
4 4 4 NISrkFmisias
’ [ |PintBattNumCellPar |10 [10 2 50] | PIniBrkKinFricCHFm 035 Display level lteration ¥
— 1 1 | ] “CumFauliTimes
ol |4 ‘P'“'Ba“N“mce“se' |80 | (802 140) PIntBrkKinFricCiiRear 035 i 0
PintBrkNumPadsFmt | 2
1 —m VelFdbk
PintBrkNumPadsRear 2
[ PintBrkPadMeanRadiusFmt | 0.15 |
I aein Refspd -
ntBrkPadMeanRadiusRear | 0.15 v % 3 Lngl
Update model variables - ! r“ I lll port
Variable Detail » Specify expression indexing if necessary (e.g., a(3) Drive Cycle Source S-.-.'l:-'.
»
i e WLTP Class 3 (1800 seconds)
— | | | 1 1
Help OK Cancel
| | 4 5 6 7 8 falsa =
. nol:
Iteration
a
|4 There is no data for DesignVars, ru
false

wWoT 26



Optimization Results

Battery costin $
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Optimization Results

[ Optimization Plot Function

File Edit VYiew |Inset Jools Desktop Window Help

Odde | @ 0 »E

Best: 0.927249 Incumbent: 1.05413 Current: 1.18287

2 —
O Best (Infeas)
Incumbent {Infeas)
1871 =  Random Samples (Infeas)
Adaptive Samples (Infeas)
7 Surrogate Reset
16 O Best
* Incumbent
E * w7  Random Samples T .
= 14 r - ) »  Adaptive Samples .
S =L
o Ve - .t e g w
[4 ] 12 B e . e« " - T . [
= . . o ':', . . . e i‘:o
g P e R S s L 7 7 onbegan
g 8 -~ % . v v
7 3 L e EEEEE
08+ = % 7
| v -
v ¥ iy
. 7%
0.6 ¢
D4 1 1 1 1 1 i
0 50 100 150 200 250 300

Number of Function Evaluations

Performed 300 function calls
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Metric Baseline Optimized
(% change)

Cost [$] 7537 8297 (+10%)
Range [km] 371 © 406 (+9.4%) @
ty.100 [S] 6.77 & 6.83(+0.9%) @
Nd 9 7

Battery cells 96s31p 91s36p

Bus voltage [V] 357.8 339.2

Capacity [kwh] 60.3 66.3

28
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Summary: Battery Sizing

- Key takeaways
— Formal optimization tools can iterate on model parameters to meet conflicting
requirements and optimize design performance

— Set up and automate the process easily using Simulink Design Optimization or
MATLAB scripts

= Next step
— Use the information from optimization study to perform more detailed design-
oriented analysis on the battery system

29
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Design Study Workflow

O,

O,

O,

-

\
Size battery pack

within context of full

\_

system operation

J

a Create lumped A
battery pack model
in Simscape Battery
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- J

-

Design battery

~

system in Simscape

\_

Battery

J
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&\ MathWorks
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model fidelity for full design in full
system evaluation system

g VAN /
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Simscape Battery

Battery

S 1 S | §¢ | S22

- Design and simulate battery and —> ¢
energy storage systems L

Simscape J

— Electrothermal cell behavior
— Battery pack design
— Battery management systems (BMS)

= With Simscape Battery you can

— Evaluate pack architectures for electrical
and thermal requirements

— Verify robustness of discharge, charge and
thermal management algorithms

— Validate algorithms using HIL testing

#3, batt_BatteryManagementSystem_tuned * - Simulink - [m} >

batt_BatteryManagementSystem_tuned B

———Pump

—»{S
Battery Management System

ToBat

ODEE UES| @4

Cmd [ —*
BMS €¢——

— Charger
cc/CV

v @ E




Create Lumped Battery Pack Model in Simscape Battery

and Demonstrate Equivalence

b info jp
7 BattTemp |'l| Battvolt [
Lithium |lon Battery Pack
Block Parameters: Lithium lon Battery Pack X

Datasheet Battery (mask)

Implements a model for a lithium ion, lithium polymer, or lead acid battery based off of
discharge characteristics taken at different temperatures. The model can be
parameterized using a typical battery datasheet or through experimental measurement.

Block Options

Initial battery capacity: Parameter v
Output battery voltage: Unfiltered v
Parameters

Rated capacity at nominal temperature, BattChargeMax [Ah]: BattChargeMax H
Open circuit voltage table data, Em [V]: Em*1 <100x1 double>
Open circuit voltage breakpoints 1, CapLUTBp []: CaplLUTBp <Ix100 double>
Internal resistance table data, RInt [Ohms]: RInt <4x100 double>
Battery temperature breakpoints 1, BattTempBp [K]: BattTempBp [263.15,273.1.. %
Battery capacity breakpoints 2, CapSOCBp []: CapSOCBp <Ix100 double>
MNumber of cells in series, Ns []: Ns % i
Mumber of cells in parallel, Np []: Np 3 3

Initial battery capacity, BattCaplnit [Ah]: BattCaplnit*BattSoclnit/.75

Block Parameters: Lumped Module

Modulel
Seltings Description

I Main

» Vector of state-of-charge values, SOC

» Vector of temperatures, T

7 Open-drcuit voltage, VO{SOC,T)

> Terminal voltage operating range [Min Max]

» Terminal resistance, RO{SOC,T)

» Cell capacity, AH

Extrapolation method for all tables
¥ Thermal
» Thermal mass
> Cell level coclant thermal path resistance
» Cell level ambient thermal path resistance
I+ Cell Balancing
» Cell balancing switch closed resistance
» Cell balancing switch open conductance
» Cell balancing switch operation threshold
> Cell balancing shunt resistance
I Initial Targets
» ] cell model current (positive in}
» [_] cell model terminal voltage
~ [ Cell model state of charge
Priogity

Value

CapSOCEp
BattTemnpBp
repmat(Em,1.4)
[0, inf]

Rint"
BarntChargehax

MNearest

0.0

05

50

High

0.75

Ohm

Athr

R

Ohm

1/0hm

Ohm

X
B Auto Apply @

4\ MathWorks

CE
S ——n|
&4 H
- CPB
H

-}
Lumped Module
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Create Lumped Battery Pack Model in Simscape Battery
and Demonstrate Equivalence

4\ Simulation Data Inspector - untitled* = [m] * -
> OlEe N a-D k|, el Unit Test

W measV moduleV

375 4

\ MODELING FORMAT

355

| ' ’ i 3 Open = [T Stop Time | 2472 - ——
70 4 ‘ | Lj L\.I:I [ 5] » » £33 Qﬂ L ub D % @J
|1 |’ 1.04 L ] .1 1 \ Project | New ﬁ SO Library Signal T Altiv Step Run Step Data Logic Bird's-Eye M
I ‘ h (11 L ‘ - ~ P Print - Browser Table @ Fast Restart Back + = Forward Inspector Analyzer Scope
l \ | l } . | " # PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS ry
365 4 ’ l l] l ‘ H | 3 battery_equivalence = é;
J ‘\ ' § @ |[*a]battery_equivalence - E [
l | 1 z s
01 l 1 Q Copyright (C) 2022, The MathWorks, Inc. S
| & '
=
| B8

Simscape Battery Voltage

Q8 PHEFFODR +

.| |dataB.curr I >
(B measCurr T ]
350 O ‘ + x
0 200 400 800 800 1000 1200 1400 1600 1800 2000 2200 2400 >CB Compare Voltage
M relErrorV @ E >
AH
A B CPB g moduleV o *
v ————»—]
l relErrorV
— i(x) =0 measV *
1 4
I = A
0] e Simscape Model This model compares the response
; f-"5 of a lumped module in Simscape

a dataB.temp} —pL> Battery to the system-level battery
| 3 06 | measTemp B N

" response in Powertrain Blockset.

»
%051 Read 138% de23t

Voltage Relative Error . ode2dt | 4
9 De-6
0 200 400 800 800 1000 1200 1400 1600 1800 2000 2200 2400
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Create Lumped Battery Pack Model in Simscape Battery
and Demonstrate Equivalence

W Batty ™ moduleV ;
ars 4
370 4
| | |
\ .
365 4
.
360 |
| |
Simulink Voltage
355
350
'] 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
W relErrorV
5 De-5 4
-1.7e-21 4 ]

-5.0e-6 4 |
|
|

1065 ] Voltage Relative Error

-1.5e-5 1 T T T T T T ™ ™ T T T T

o 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

System Test

" ion/.../Electric in Blockset - Simulink - u} b
SIMULATION DEBUG MODELING FORMAT
| S rn, (3 Open ~ EE Stop Time | 2474 - @)
| @ | (s} N ' = 4 @ b % @
Project | New Eseve -~ Librsey Signal ~ ||| Accelerator ") Sep Run Stap Data Logic Bird's-Eye  Simulation -
- v & Pint ~ Browser Table W Fast Restart Back v v  Forward Inspector  Analyzer Scope Manager
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS. =
(8 |= u Powertrain Blockset =
[ = P p— -
© % EvRef ppli » 3 Car ¥ [P Electric Plant ¥ [Pa] Powertrain Blockset ¥ -
1
1 g Q
[+
- A MolGonEvMapped
- D MotTrgCmd
B MotTeo 1 R4
g BattEv_BT_Lumped - Simulink - o x
L]
SMULATION DEBUG MODELING FORMAT APPs =5 -3 © o
A | da é Open ~ gs T ! = Stop Time [ inf 4 @ » - &
BattEv_BT | Project | New &8 ¢ 7 Library signal 7 | | Accelerator ) Sep R swp Data
N ~ B Print ~ Browser Table @ Fast Restart Back~ v  Forward Inspecior
B mt PROJECT FILE IBRARY PREPARE SIMULATE REVIEW RESUL -
BattEv_BT_Lumped =
@ [PalBattev_BT_Lumped b -
( } . #|BattTemp & o B9}
témp ] G BatiCurr =
AmbTmg ., ot - 5(5) f <BaiiSoc
Temp Selection = Compare Voltage
Batte|
P = ) BaltTemp BattVoll [ .
» [BattTmp} & BatTemp
7 relErorV.
(@D #»{BMS_info BattSOC » Lithium lon Battery Pack
— BatiSoc o *
BMS_Info BattSoc
Copyright 2015-2022 The MathWorks, Inc.
1 B —
00Ls +1 T
Battery Discharge =:3
AH
CPB Battv
Lqued Module
f(x)=0 Ir L
] iCelModel}———————+3
icell
£ socCelModel [-—————————»—]
socCell
» @d s6x1] .
~ socPA  [96x1] -
ty
emperatureCelModel f————— = —
tempCell
_ VCelModel f-————
] vCen
1o5x1)
- L)
5] vParallelAssembly oy =
» "] Probe
Ready 115% ode23t
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Design Battery Systems in Simscape Battery

= Create battery pack with higher resolution

Lumped (1 cell model for entire pack) Grouped (1 cell model for each parallel assembly)

96 cell models

// -
- //-/ 0
Define module Define module
Ns = 96; % number of parallel assemblies in series Ns = 96; % number of parallel assemblies in series
batteryModule = Module(ParallelAssembly = batteryParallelAssembly, numSeriesAssemblies = Ns); batteryModule = Module(ParallelAssembly = batteryParallelAssembly, numSeriesAssemblies = Ns);
Define simulation strategy Define simulation strategy
batteryModule.ModelResolution = "Lumped"; batteryModule.ModelResolution = "Grouped";

batteryModule.SeriesGrouping = ones(1,Ns);
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Passive Cell Balancing

= Cells within a parallel assembly will naturally balance

= One cell balancing circuit for each series-connected parallel assembly

-3 H
¥ 1 Nid

Q4 PREDR +

No external charge cycle - all
SOCs bleeds to lowest SOC level

Qi rPhFoOR +

Constant Current Constant
Voltage (CCCV) charge cycle




Q4 rPLHFOIDR +

Passive Cell Balancing During CCCV

= Animation can bring further clarity to a
large number of time-series responses
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Thermal Management

= Change the simulation strategy of cooling plates to meet your

model resolution needs

°
=

Connections dependent on
cooling plate architecture
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A
B g
HI

&\ MathWorks
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Thermal Management

- Parallel cooling channels oriented along the x-axis

1 Channel, Time = 161s 3 Channels, Time = 161s 5 Channels, Time = 161s

306 306
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Thermal Management

- Parallel cooling channels oriented along the y-axis

1 Channel, Time = 191s ot 3 Channels, Time = 191s N 5 Channels, Time = 191s

306
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Select Appropriate Model Fidelity for Full System

Evalu

ation

For many scenarios, lumped battery model is

sufficient for system integration

Other fidelities can be
Incorporated as needed

4 BattEv - Simulink

SIMULATION MODELING FORMAT
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&\ MathWorks
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Evaluate Battery Design in Full System

SIMULATION

[Electric in Blockset - Simulink

DEBUG MODELING FORMAT
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Summary: Battery Design

- Key takeaways

— Matching model fidelity to the engineering question being asked enhances
overall workflow execution

— Design information is effectively shared across different engineering teams

= Next step
— Where to go for more information

&\ MathWorks
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Agenda

Context

= Vehicle model

Battery sizing

Battery design

Summary

&\ MathWorks
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MathWorks Training Can Increase Your Productivity

= (General purpose training courses
— Optimization free online onramp
— Optimization paid training services
— Simscape free online onramp
— Simscape paid training services
= Automotive-specific training
— Simulink Fundamentals for Automotive Applications training services
— Battery Modeling and Algorithm Development with Simulink training services

— Powertrain Blockset jumpstart training services

Advance Your Skills with MATLAB and Simulink
Training

Virtual, in-person, and self-paced courses accommodate a
variety of learning styles and organizational needs.

Learn more: BroWss oaliotn
MathWorks Training Services

4\ MathWorks

46


https://matlabacademy.mathworks.com/details/optimization-onramp/optim
https://www.mathworks.com/learn/training/optimization-techniques-in-matlab.html
https://matlabacademy.mathworks.com/details/simscape-onramp/simscape
https://www.mathworks.com/learn/training/modeling-physical-systems-with-simscape.html
https://www.mathworks.com/learn/training/simulink-fundamentals-for-automotive-system-design.html
https://www.mathworks.com/learn/training/battery-modeling-and-algorithm-development-with-simulink.html
https://www.mathworks.com/services/consulting.html
https://www.mathworks.com/learn/training.html

MathWorks Consulting Services Can Support You

X

*
«Q)~»

Learn more:

Model assessment
Model Simulation performance

ArCh itectu re Interface standardization

Build process automation
Database/Repo interface

COnStrUCUOn Model-Building know-how

GUI driven workflow
User Tool compatibility support

Expe rience Artifact creation

MathWorks Consulting Services

Provide expert-level guidance

Automate workflows
Develop custom Ul's

@iiviwe

4\ MathWorks

n f

Drive Cycle Source
FTP75 (2474 seconds)
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https://www.mathworks.com/services/consulting.html

Additional Resources

= Overview of MathWorks’ automotive solutions:
— MATLAB and Simulink for Electric Vehicle Development
— Building Your Virtual Vehicle with Simulink
— Upskill for the Electric Vehicle Transition

= Products highlighted in this study:
— Powertrain Blockset
— Simscape Battery
— Global Optimization Toolbox
— Simulink Design Optimization

4\ MathWorks
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https://www.mathworks.com/solutions/automotive/electric-vehicle.html
https://www.mathworks.com/solutions/automotive/virtual-vehicle.html
https://www.mathworks.com/campaigns/offers/next/upskill-for-the-electric-vehicle-transition.html
https://www.mathworks.com/products/powertrain.html
https://www.mathworks.com/products/simscape-battery.html
https://www.mathworks.com/products/global-optimization.html
https://www.mathworks.com/products/sl-design-optimization.html

4\ MathWorks

Key Takeaways

= Problem description

— You can use an EV model to optimize battery pack size, then design the battery system
and validate its performance

é;gteesrﬁ Find Optimal Design Validate
e . Pack Size Battery Pack Performance

= Role of MathWorks tools

— Powertrain Blockset offers system-level models to quantify trade-offs in battery
performance, efficiency and cost

— Global Optimization Toolbox and Simulink Design Optimization efficiently optimize
the design while accounting for competing requirements

— Simscape Battery can be used to perform detailed battery design studies
— These products are complementary parts of the overall workflow
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- ) MathWorks:

Thank you

Mike Sasena Danielle Chu
Automotive Product Manager Simscape Product Manager
msasena@mathworks.com dchu@mathworks.com

© 2023 The MathWorks, Inc.
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