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Key Takeaways

- Energy Storage can extend far beyond just electrical modeling
= Critical to simulate real world power storage challenges

- Use MATLAB & Simulink to accelerate problem solving throughout the design cycle




Growth in Grid Connected Energy Storage

The way we generate energy is changing The way we use energy is changing

Almost 100GW of energy storage projects proposed and under development across the UK



Energy Storage is not just Batteries

How long do we need to store energy for?

Seconds Minutes Hours Days Weeks Months Years

Cost and scalability? Location and infrastructure?
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Evaluate Performance of Grid-Forming Battery

Energy Storage Systems in Solar PV Plants

Build Model of Battery Pack
for Grid Application



https://uk.mathworks.com/help/sps/ug/evaluate-performance-gfm-bess-in-solar-pv-plants.html
https://uk.mathworks.com/help/sps/ug/evaluate-performance-gfm-bess-in-solar-pv-plants.html

Different Phases of Design

= System concepts, sizing and costs

= Detailed component & control design
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= Modelling faults to design protection systems



Concept Stage
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System Exploration

Technoeconomic analysis

Early design with many
assumptions
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Technoeconomic Analysis with MATLAB, Simulink & Simscape
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’i green_hydrogen_microgrid_ROM_8760 - Simulink

SIMULATION MODELING FORMAT

e
[f.l Compare =] Normal v . * %3 —
o 2= > & [ soprime (20305 Q1 @) b
i v }
New Open Save = Frint NAVIGATE | Text _B )1 UM CODE SECTION ~ Run  Step Stop PROJECT | FILE| LIBRARY | PRepae |(Norml ~) Step  Run Step REVIEW RESULTS
v v v |Sbporty = 5§ Fast Restart Back v ~  Forward
v v v - v w h 4 v A 4
FILE TEXT RUN t SIMULATE -
& Hal ﬁ T » C » Users » tgrimble » Dev » green-hydrogen-production » 8760 » ':9‘ green_hydrogen_microgrid_ROM_8760 =
@ Live Editor - C:\Users\tgrimble\Dev\green-hydrogen-production\8760\parsimScenariosLive.mix ® A x @
E parsimScenariosLive.mix l untitled.mix * ?&1 locatonsSearch.m % 1 parsimScenarios.m ”1 + ‘[ . Y
= Q Copyright MathWorks 2021
Energy System Design Exploration with MATLAB & o
Qimulink 8| o
1 loadPriceData; |
> =
3 load('StationData UPDATE');
4 vertcat(StationData.Name) ]
Plotsample £ ) — i
Solar Array (ROM) Electricity Cost J Electrolyzer
5 f = figure;
6 t= tiledlayout(f,2,1); +
7
8 a = nexttile; | d°
9 plot(a,1:1:24%365,StationData(1).Irradiance); Hackanes - 2
10 xlabel("Time (hours)")
11 ylabel("Irradiance (W/m~2)")
12
13 b = nexttile;
14 plot(b,1:1:24,price24)
15 xlabel("Time (hours)")
16 ylabel("Price ($/Mwh)")
Define scenario input objects
@ Energy Storage (ROM) Grid (ROM)
17 simIn = Simulink.SimulationInput('green_hydrogen microgrid ROM 8760")
? , » | &
m-| Zoom: 100%  |UTF-8 LF | script Itn 4 Col 26 Ready Completed 242 simulations 108%  FixedStepAuto

10



Injecting Real World Data

Load Data to Root-Level Input Ports

The irradiance data is 8760 TMY3 from Electricity price data is averaged one day of data

National Renewable Energy Laboratory. from system operators.
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https://uk.mathworks.com/help/simulink/ug/load-data-to-root-level-input-ports-1.html

Goal of Simulation / Level of Fidelity

Control Response Dynamics

* Modeling mechanical balance
« Understanding fault scenarios and
impacts on performance Quasi-Steady State
High Frequency Power « Setting tolerance requirements

Electronic Switching «  Energy flow simulation
» |dealized power sources and loads

« Detailed modelling of « Used for sizing & planning

semiconductors and converter Thermal dynamics purposes (e.g. energy storage)
dynamics

+  Optimizing waveforms and losses - Transient thermal response
at component level «  Coupling thermal dependency to

electrical performance
Time
nanoseconds microseconds milliseconds seconds minutes hours days months years

Detailed component modelling System level modelling
12



Techniques for Reduced Order Modelling

Model Based

“model reduction”

Modal Projection

Modal Truncation

Proper Orthogonal Decomposition

Structural Reduction

Balanced Truncation

Data Driven

“model fitting”

Dynamic Model Identification

Local Linear Linear Parameter
Models Varying
ARMAX

Box-Jenkins Linearization

Hammerstein
Wiener Models

Output-Error Non-Linear
Models ARX

Machine Learning

Regression Support Vector
Trees Machines

Gaussian
Process Models

Neural ODEs

Recurrent

Ensembles Neural Networks

Physically Inspired
Neural Networks

Shallow Convolutional
Neural Networks Neural Networks




ROM Implementation

Performance
assessment

Techno-economic
analysis

rrrrrrrrr

Solar cell & Low
MPPT algorithm fidelity
1ny J, Reduced Order
ty Cycle (ROM) .
irradiance o _|_4® s MOdeIIng (ROM)
®?:radiano§ i E | DT - [i] 1+ Z‘; 2+ (A ‘j
— © e | ] &ﬂL :
f(x)=0 H—2> @ D] | >¥> >
MPPT - ™ — 1- 2 | <
Vsource (ROM) = )
Buck/Boost Converter _ _ Buck/Boost
Capture steady state operating point Quasi-steady lookup table model

14



Clean Instancing for Model Setup

4 green_hydrogen_microgrid_ROM_8760 - Simulink — O =
SIMULATION DEBLUG MODELING FORMAT
Stop Time | 24*3600%2 ™ .
€ @ b
PROJECT | FILE| LIBRARY | Preparg |Normal N Step Run Step
v v v v refes ma- - fwd gponTime = "24%3600%365"

IMULATE

To change this via script:

set_param(gcs,StopTime = "pi"); simIn = Simulink.SimulationInput(gcs);
simIn = simIn.setModelParameter(StopTime = "pi");
u‘l_&?@ﬁimulink gr——

Stop Time | pi

Normal - Stop Time | 24*3600*3

ModelName ‘green_hydrogen_microgrid_ROM_8760"
@ |nitialState 0x0 ModelOperatingPoint

- Externallnput []

% ModelParameters 7x7 ModelParameter

@ BlockParameters  0x0 BlockParameter

@ Variables 0x0 Variable

W@ Fast Restart Normal N

B Fast Restart

Create Simulink.Simulationlnput objects to make . . .
changes to model for multiple or individual simulations simOut = parsim(simIn); .



https://uk.mathworks.com/help/simulink/slref/simulink.simulationinput.html
https://uk.mathworks.com/help/simulink/slref/simulink.simulationinput.html

Detalled Design

16



Peak Shaving

Power

Charging

Discharging

Time
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Peak Shaving with Battery Energy Storage System -

MATLAB & Simulink - MathWorks United Kingdom

How do we model this detailed
battery performance?

> D>F O
@ | in _*_ _*_ _*_
Source impedance and Line X/R=18.8
Main Grid | | |
® Solar Panel
mLoad [«
ContiolRoom, mPV [¢———————
mBESS
OperatorControlRoom
fix)=0 p—o ~ ~ mBESS
L Main Grid
. » ControlRoom ~ | - s -2 ~ mPV
Substation Line X/R=1.44 Line XR=144 " PV/ Plant
mLoad

A 4

ControlRoom

Loads
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https://uk.mathworks.com/help/simscape-battery/ug/peak-shaving-bess.html
https://uk.mathworks.com/help/simscape-battery/ug/peak-shaving-bess.html

Voltage (V)

Current (A)

Cell Parameters

Fit from Data

4.5
4-
35
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60 | 104
a0k Charge pulse
magnitude

20+
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Pre-parametrized parts

X

@ Auto Apply @

=click to select=

Arhr

R

Constant temperature

Part specification

Attribute Value
Manufacturer |at23
Part number ALM12VT
[Part senes |
| http./Awwrw. a1 23systems. comi

Web link

i Present block value
I 27

L]

350

o
42 ve 2
‘_p' i
/ —]— Battery E lent
/ atiery cquivalien
A —
4 ~ ——
A " »
539 -- Circuit
o /
is / i
37 _— -
36
35 : : : : - . L
0 0.2 o4 cor 06 0.8 1 Block Parameters: Battery Equivalent Circuit
<107 Rudiu:llarge . . .
87 - Battery BEquivalent Circuit
’ lll' .
85 FANEY Settings Description
_ 85 Vs \
= ! i
] \ / ' Selected part
1 i
B4 \
1 y -
/ ~ Main
8.3 \ -
o » Baftery capacity 27
o 0 02 04 0.6 0.8 1
50C Thermal model
103 charge 4\ Block Parameterization Manager: Battery Equivalent Circuit
87
SELECT
- i ’ B
o -"'r Ap:‘;an Manufacturer| All -
55 . /f I\'|. B FILTER
= \ N
:—’" B4 \"-. / 1 HPartnumber  |iManufacturer |EBatteryType |HGeometry |iCapachymA'he  |iVnominalV  |5Weightg
F \ / |aLmzvr 123 Lithium-ion | Prismatic 4600 132000] 8400000 -
83 Vi AMP20MIHD A123 Lithium-ion Pouch 18600 33000 496 0000
"-._ ,"’ |ANR2BBSOM1 |A123 [ Lithium-ion | Cylindrical 2300 3.3000| 72,0000
I - PD3032 |Korea Powercell | Lithium-ion | Cylindrical 180 37000 7.2000 =
8.2 W . ’
Compare selected part with block
&1 o 1] lz |:|l.|1. Dla I:IS 1 ii Parameter name i Parameterization i Override datasheet value i Part value:ALM12V7
s0C Main>Battery capacity | Datasheet derived | =] |11
| Main>Enable exothermic reactions fault Parameter not set [m] false
Main>Trigger temperature | Parameter not set O 350

Characterize Battery Cell for Electric Vehicles

(m]

X

19



https://uk.mathworks.com/help/releases/R2023b/simscape-battery/ug/battery-cell-characterization-for-ev.html

‘ Battery Builder

BATTERY BUILDER [EETARIZNE@ I
B cel & Module Assembly | _ [é_% @
5 ‘»C] Duplicate
Parallel Assembly @B Pack
Import X Delete Export = Create
v | @ Module v | Library
_FILE | CREATE BROWSER EXPORT | LIBRARY
- Battery Browser : Selected Battery
v ceii =
ExampleCell
GridCell

~ Parallel Assembly
ExampleParallelAssembly
GridParallelAssembly

~ Module

I

~ Module Assembly

ExampleModule
GridModule

ExampleModuleAssembly
GridModuleAssembly

~ Pack
ExamplePack

~ Battery Hierarchy

w Pack (GridPack)
+ ModuleAssembly (GridModuleAssembly)
+» Module (GridModule)
~ ParallelAssembly (GridParallelAssembly)
Cell (GridCell)
v Module (Module2)
~ ParallelAssembly (ParallelAssembly2)
Cell (GridCell)
v Module (Module3)
~ ParallelAssembly (ParallelAssembly3)
Cell (GridCell)
» Module (Module4)
v ParallelAssembly (ParallelAssembly4)

Cell (GridCell)
4

z: Vertical direction

GridPack (Pack)

y: Lateral direction

Simulation Strategy |

x: Forward direction

Pack Properties

» Read-Only Properties
v |dentifier

Name

v Geometry
Position
StackingAxis

v Pack Properties

ModuleAssembly

InterModuleAssemblyGap

MassFactor

» Model Options
» Thermal Model Options

el

GridPack

| GridModuleAssembly

Select...

0.001

4!



Scripted Battery

4\ MATLAB R2023b - o X | &
L].:P 3 H |l Compare ¥ El)ﬂ b Eéj % % % C:: Profiler E} % i D @>
New Open Save 4 Print ¥ Go To 4 FyY Refactor E] el e L& Analyze Run E’ fnid Acyarce Run Step Stop

v v - v [ Bookmark ¥ v il Section P23 Run to End v

FILE NAVIGATE CODE ANALYZE SECTION RUN a

@ EalF 7 » C» Users b tgrimble » Dev » expo-battery-2023 » 2-Pack v P
B Editor - C:\Users\tgrimble\Dev\expo-battery-2023\2-Pack\packBuildApiPlot.m

packBuildApiPlotm ¢ | 4

2z nexwiiie(L,[Z,1]); -9
53 assemblyChart = simscape.battery.builder.BatteryChart(...

54 Parent = t, Battery = batteryModuleAssembly);

55 title(assemblyChart, "Module Assembly™)

56

57 %% Pack

58 batteryPack = simscape.battery.builder.Pack(...

59 ModuleAssembly = batteryModuleAssembly);

60

61 % Plot

62 nexttile(t,[2,1]);

63 packChart = simscape.battery.builder.BatteryChart(...

64 Parent = t, Battery = batteryPack);

65 title(packChart, "Pack™)

66

67 %% Build Battery Library

68 libName = "packLibFromMATLAB";

69 simscape.battery.builder.buildBattery(batteryPack,...

70 LibraryName = libName,...

73 MaskParameters = "VariableNamesByInstance",... =
72 MaskInitialTargets = "vVariableNamesByInstance"); =

4 »

1111+ 2 usages of "libName" found Zoom: 100% |UTF-8 LF script ln 68  Col 4

Cell

Pack

Parallel Assembly

0.2

0.1 0
0 0.2
0 o4

Module Assembly

e

2 0.

o8
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Battery Pack Model Fidelity
Pack Equivalent
Visualization Thermal Model

— =

« Lumped resolution
— One electrothermal element

{|
{|

= Grouped resolution

— Any number of arbitrarily
grouped elements

= Detalled resolution
— Every cell modeled individually

More to Model Resolution



https://www.mathworks.com/help/simscape-battery/ref/simscape.battery.builder.module.html?searchHighlight=Module&s_tid=srchtitle_Module_1

Thermal Connections

batteryModule = simscape.battery.builder.Module(...

ParallelAssembly = pAssembly,...
NumSeriesAssemblies = 3,...
ModelResolution = "Detailed");

23



Thermal Connections

InterCellThermalPath = "on",...
InterCellRadiativeThermalPath = "on");

24



Thermal Connections

[
Ambient

AmbientThermalPath = ...
"CellBasedThermalResistance");

25



Thermal Connections

h

Ambient

CoolantThermalPath = ...

"CellBasedThermalResistance");
—e

Coolant

26



Thermal Connections

[
Ambient

L

Cooling Plate

CoolingPlate = "Bottom",...
CoolingPlateBlockPath = ...
"batt_lib/Thermal/Parallel Channels");

27



Cooling Plate Connection

= Adjust granularity of plate

= Connect to pack of
any resolution

Block Parameters: Parallel Channels X |

v Interface
Number of partitions in X dimension ... 1
Number of partitions in Y dimension ... 1

Connect Cooling Plate to Battery Blocks

X dimension ... 2
Y dimension ... 1

X dimension ... 2
Y dimension ... 3

28


https://www.mathworks.com/help/simscape-battery/ug/coonect-cooling-plate-to-battery-module-parallel-assembly.html

Control Algorithms & Deployment

EE Simulink Library Browser -

Simscape/Battery/BMS/Estimators

¥ Simscape

A PackCurrent "

Foundation Library o soc

. : CellVoltage L] p ) Current N."
Utilities N
~ Battery ACelTemperatu soc >

N ;

v BMS Fnitiaisoc Roly  AmnitieisoC

Cell Balancing 3

’ Battery Management Systems In Simscape Battery

Current Management SOC Estimator SOC Estimator

Estimators (Adaptive Kalman Filter) (Coulomb Counting) &

Protection N Pyl
A PackCurrent

e oo wy Algorithm Physical System
Cyclers Y CellTemperaturg soc p femperstre Rl ¢ g[ =k CDdE *
HIL ’ RO
Thermal Alnitialsoc LI L I o R [ "
. SOC Estimator SOH Estimator _b, Error Voltage _’P I

(Kalman Filter) - Battery

4 batt_BatteryManagementSystem_tuned - Simulink - m] X _

SIMULATION DEBUG MODELING FORMAT

v B

D . Convert to
? ) ToBat . =J_LiviLL:C COde v
Battery Management System ‘E :0 P r O C eS S O r _I n - E E
D = A e the-Loop (PIL = =
Ba;taeg : — p ( ) UL

Load

— 1?2 L Convert to

‘ Relay = %hglrgsr . ,.LLL'.LLL v C Code
Hardware-in-

the-Loop (HIL) [ == || ]

v @ #
p
2
o
p
s}
A
(IRRNTET]
LULLLLL



https://uk.mathworks.com/help/simscape-battery/bms-block-libraries.html

Customization

Customization and flexibility are at the core of MATLAB & Simulink

Nu @ P (98] <FunctionName>

fen

MATLAB Function Logic C Caller —l I— | l— Custom cell

= Customize physical models with Simscape language
Lossy
— . i=(C, +C.v) dv + Y Ultracapacitor
elcome 1 > te v dl‘ ’,vd
34 equations » . Ia]
B 35 i == (CO0 + Cv*ve)*ve.der + ve/Rd;
36 v == ve + i*R;
imports custom code Into a Simulink library containing callable functions and types. 3 ? end :

Simscape Customization
Start Load 30



https://www.mathworks.com/help/releases/R2023b/simscape/customization.html

Fault Robustness

9

32



Faults & System

¥ Battery
¥ BMS
P Cell Balancing
b Current Management
P Estimators
¥ Protection

3 P

oo L ye
|

Protection

]

T, Y

Battery Current  Battery Temperature

Monitoring Monitoring

P Thermal Management

T ¢
p ER— |

Battery Voltage
Monitoring

pe

Fault

Fault Qualification

1600

1400

4 1000

§ 400

batteryTemperature (degC)
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’i fault_test - Simulink prerelease use

SIMULATION

MODELING

FORMAT

SIMSCAPE BLOCK

gug 3 Open  ~ ]
5]

= =

New Library T Stop Data Bird's-Eye Simulation b
~ = Print - Browser Table = Inspector Scope Manager
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS a
fault_test = Property Inspector ® x
@ | (i) Model 'fault_test' is being compiled or simulated and Fault Simulation is ON. S Esliaal | i EErET - E e s R e
& P Enable
3 10 4 gL Active fault for simulation: [Resistor_fault - |
i Select fault to view: Resistor fault -
= : > (Resistor_ J
LE| . /// [ Add new fault ]
e
-
l&l _—
4] ¥ Fault
O
2 Name: | Resistor_fault |
Fault behavior: fault_test FaultModel/Resistor_fault
04 - -
0 2 4 8 10 12 14 18 18 20 Trigger
Trigger type: (Timed v |
fix)=0 ‘L‘N\Nﬁ_ " @ >p Current ’- Inject fault behavior after the specified simulation time.
oy T I
| 1 | — Trigger fault at ime 15
Con?iOI:gtion o= ovel | |
¢ R =10 Ohm T=293.15K -
Temperature Source Desceman
Controlled Voltage 1 Description
@ Source - M . @ H|
Convective Heat
/ Temperature Transfer
465.1
PS Ramp
V=50V+t*10V/s e
= l
» bl
Ready 135% auto(daessc)
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Py, batteryFaultsModel - Simulink = O X 4\ MATLAB R2023b O X
SIMULATION MODELING FORMAT .. Pa. AL [BEEERIED Try the New Desktop e Y ) Search Documentation ,O
L — 3 R =] H g
'StopTlme 4& D HD dL::, ™ H QCompare A3 Heading 1 [> @»
PROJECT | FILE| LIBRARY | PREPARE [.N°”“a' =) Step Run Step REVIEW RESULTS New Open Save &4 Print v NAVIGATE | Text ]E ,{ E !_d | CODE  SECTION Run  Step Stop
@ Fast Restart Back v - Forward 1 v v & Export ¥ ey |_| = =
N 4 N £ v v v v v —_
SIMULATE a FILE TEXT RUN -
g batteryFaultsModel = |9 ﬁ ﬁ » C: » Users » tgrimble » Dev » expo-battery-2023 » v| P
5 @ E Live Editor - C:\Users\tgrimble\Dev\expo-battery-2023\programmaticFaults.mix ® H X
% S ] | programmaticFaults.mix | + \
2 @ . S
Load our previously generated battery module
#)
= ; load("faultModuleData.mat","batteryModule™);
| 3 batteryModule
(&
] ’ + Visualise the module
CintH
a—n" 4 f = uifigure;
(T) 5 packChart = simscape.battery.builder.BatteryChart(...
- 6 Parent = f, Battery = batteryModule,SimulationStrategyvisible = "on");
h m
’H’B Module1 Fault APIs for Simulink and Simscape
7 modelname = "batteryFaultsModel”;
8
fx) = 0 9 faultableBlocks = simscape.findFaultableBlocks(modelname)
\
Solver N Add a single fault
—— ElectricalReference 10 InternalShortFault = Simulink.fault.addFault(...
r=s \ 11 strcat(faultableBlocks(1),"/ParallelAssembly1(10)/Cell1(1)/Internal short"));
N 12 InternalShortFault.addBehavior(strcat(modelname, " FaultModel™));
(@ Setup fault triggers programmatically
N
-H 13 InternalShortFault.TriggerType = "Timed";
» 14 InternalShortFault.StartTime = 30;
15 InternalShortFault.activate; R
Ready 152% VariableStepAuto | I~ |Zoom: 100% | UTE-8 |LF | script

35



Battery Cell Fault Modeling

Property Inspector ®

+* Faulted Model Element: ‘Battery Equivalent Circuit/Exothermic reactions’

[l

Battery Equivalent Circuit

Block Parameters: BatteryEquivalentCircuit_fault

v Auto Apply @

K/min

Jimol

A X

of

condition

thermal

Enable Settings | Description
Active fault for simulation: |JE><0TJ1ermicReacli0nFaurL - |
: * Faults
Select fault to view: | ExothermicReactionFault - | -
) ) Modeling fidelity Analytical
- |~ ke et J Tabulate with state of charge
. » Current interruption temperature 420
-_If Battery Equivalent | |7 Fault :
— Cirevit » Total heat of reaction 23e3
T T Name: ik | » Exotherm onset temperature 350
Fault behavior: ExothermicReactionFaultModelBatteryEquivalentCircuit_fault » Exotherm onset temperature rate 0.02
Trigger » Activation energy 160e3
Trigger type: | Always On - | » Order of reaction 1
Inject fault behavior throughout the simulation. » Percent of thermal mass vented 40
Additional Internal Exothermic
Resistance Fault Short Fault Reaction Fault L -
v Definition of time or
Heat-wait-seek Self heating rate > S S d e pe n d e nt fau ItS .
0 (HWS) 0.02 °C/min
s = oo v Support modeling
' = Rapl ]
2 el runaway events.
R © Exotherm onset temperature
— ® temperature (100-200°C)
= g (~70-100°C)
‘ ﬁ Normal operation
\
Venting
I L . .
Exoth t  Thermal
Time (s) Inject Faults in Battery Models

36


https://www.mathworks.com/help/releases/R2023b/simscape-battery/ug/add-faults-to-battery-models.html

Unified Fault Framework

P4 BMS_ClosedLoop - Simulink prerelease use =5 u] X
MODEL BLOCK
L;J ﬁ_r‘ ‘?‘l Open ~ HS S = Stop Time Qﬂ \:) l“> ﬂ LT_E i)
Project’ | New H Save ~ Library Log Model Signal - "}!‘Z’j"f‘" > Step R Step Data Sequence Logic Bird's-Eye Simulation i
- ~ = Prnt ~ Browser Signals Table W@ Fast Restart Back ~ - Forward Inspector Viewer Analyzer Scope Manager
PROJECT FILE LIBRARY PREPAR SIMULA REVIEW RESULTS ™
§ « BMS_ClosedLoop iz
& ® ||%alBMS_ClosedLoop » v
fla
Ig E2
3 |= [
E & StateRequest 2 .
“lm| ( 1 ) Set Plant Configuration
StateRequest
/ BMS_Software \ / Battery_Model \
StateRequest BMS_Info e StateRequest
_Info
BMS_Info |
== 6{196}
BMS_Input
=P BMS_Input VIS_Output =@ P1 From_BMS
BMS_to PLANT
2 PLANT !o BMS
BMS ECU PLANT -7
BMS_Output
] 6{196}
z
6{196}
Delay Subsystem
-
« El
Ready 338%

FixedStepDiscrete
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Design Logic

Fault Logic

Model faults without
modifying the design

Simulink

Fault
Analyzer™

Fault Table
Fault Conditional
Enable Model Element/Fault Name ActiveFault | Trigger
~ = Environment/Constant6/Outport/1
# HighTemperaturefault O Conditianal: highSpeedCondition
# LowTemperaturFault Conditional: SampleConditional
~ = Environment/ConstantT/Outport/1
# HighPressureFault Timed: 20
£ LowPressureFault O Always On
~ 1= Environment/Constant2/Outport/1
£ Grade fault Always On
£ Grade fault 1 O Always On
* 1= Environment/Constant3/Outport/1
£ wind_x_fault Always On
~ 1} Passenger Car/Electric Plant/Simscape/Inductor/Industor
# Inductor_fault Behavioral

Manage faults across
multiple domains

Details: DesignStudy
Specification Run Options

FE@E-

Root Parameter Set

Fault Set_1

Fault

Component

HighTemperatureFault

EvReferencepplic...
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Simulate, explore and
analyze fault effects

1 warning
= Simulation ermored out without Deteciion Method working.

Perform systematic safety
analysis using simulation
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https://www.mathworks.com/help/releases/R2023b/fault-analyzer/index.html
https://www.mathworks.com/help/releases/R2023b/fault-analyzer/index.html
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Conclusions

= Energy Storage can extend far beyond just electrical modelling
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« Use MATLAB & Simulink to accelerate your design and problem solving
throughout the design cycle
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Learn More with MathWorks Onramps
and Instructor-Led Training

Power Systems Simulation Onramp

5 modules | 1.5hours | Languages

Learn how to progressively build and validate power systems using Simscape Electrical.

Power Electronics Simulation Onramp

5modules | 1hour | Languages

Learn the basics of simulating power electronics converters in Simscape.

Simscape Onramp

9 modules | 1.5hours | Languages

Learn the basics of simulating physical systems in Simscape.

Simscape Battery Onramp

5modules | 1hour | Languages

Learn the basics of simulating battery systems in Simscape.

Circuit Simulation Onramp

7 modules | 2 hours | Languages

Learn the basics of simulating electrical circuits in Simscape.

Self-Paced Online Courses - Physical Modeling

Training — Courses in MATLAB,

Simulink, Stateflow and Simscape

Modeling Electrical Power
Systems with Simscape

Model three-phase systems,
analyze and control electrical
power systems, model power
electronic components, and
speed up simulation of electrical
models.

INTERMEDIATE

Battery Modeling and
Algorithm Development with
Simulink

In this course, you will learn how
to use Simscape and Stateflow to
model battery packs and develop
supervisory controls for battery
management systems.

INTERMEDIATE
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https://uk.mathworks.com/learn/training.html
https://uk.mathworks.com/learn/training.html
https://matlabacademy.mathworks.com/#physical-modeling
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