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ChargeModeRen = Charge_Mode_Enum CV_Mode;
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Components of the BMS

Software

if (((uint32 T)State Machine DW.temporalCounter i3} < 150) {
State Machine DW.temporalCounter i3 = (uint8 T) ((int32 T) (((int32 T)
State Machine DW.temporalCounter i3} + 1))
}
if (((uint32 T)State Machine DW.is active c2 State Machine) == 0U) {

StateiMachineiDW.isiactive7c278tgte7Machine = 1U;
State Machine DW.is MainStateMachine = State Machine IN Standby;
*rty BMS State = 0y
State Machine DW.MonitorCurrlLimMode = MonitorCurrLimModeType NoCurrLimFaul
State Machine DW.MonitorCellVoltageMode =

MonitorCellVoltageModeType NoCellVoltFault;

State Machine DW.Delta = (real32 T)fabs((real T) ((real32 T)
({*rtu Pack Voltage) - sum gyOCKAG3(rtu Cell Voltages})));:
State Marhine DW.FanltPresent = false:

Supervisory tasks
SOC estimation
Contactor management
Isolation monitoring
Fault detection and recovery
Thermal Management
Current & Power Limits
Charge specific behaviour
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Where do you start?
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Building Models in Simulink and Simscape

Block Count: @9 Block Count: 8
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Start with Simulation
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Thermal Model
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BalCmd BaiCmd
Connl 1 Connl
Conn2 Conn2
Conn3 Conn3
Ceallvioltages
Connd Connd
Conns ConnS
Caonné Conné
ConnT ’ Conn?
Call_Madule 05 ‘ CallMonitoringUnit_05
BalCmd] BalCmd
Connd 1 Conn
Conn2 Conn2
Connd Connd
Cellvoltages
Connd Connd
ConnS ConnS
Connb Connb
ConnT ’ Conn?
Call_Maodule 06 ‘ CallMonitoringUnit_06
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Callvioltages
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ConnT Conn?
Call_Maodule 07 CallMonitoringUnit_07
BalCmd BakCmd
Connl Conn

System

4\ MathWorks

Balancing_Commands
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Contactor Dynamics

1]

BMS_State
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+Inverter

| -Inverter

Inverter Dynamics
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BMS_State
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Building and Fitting Equivalent Circuit Models

A

Current

time

discharge pulse

Voltage Exponential relaxation

Instantaneous response

>
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Fitting Equivalent Circuit Models using Parameter Estimation
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Develop your Algorithms

Cell_Temperatures

Vout_lInvir

Vout_Chgr

Pack_Current

Pack_Voltage
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I BMS SoftwahargeCurrentRety
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ChargeCurrMﬁBanBryMOdUIe' slx
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Building a BMS in Simulink and Stateflow

<\ Project - Batt
PROJECT PROJECT SHORTCUTS
LQ{L ﬂ & 01a - ECM Simulink &J 03 - BMS State Machine @ i S RS
A ] BMS_Requi % 01b-ECM Simscape %) 04 -BMS ECU
New  Organize | 4| 02 - State Machine Tests
Shortcut  Groups &M-wwm &w-mss;«m
MANAGE GENERAL 0 - 02- MODELS | 03 - VERIFICATION . =
Views All| Project (152) PY Layout: | Tree v | @~
IH§ Dependency Analysis @ | CellParamEst vig
® | Controller viF
@ Data_Scripts vid
® | Doc vig
c] Images v
® | Lib vig
® | Plant vz
#  Requirements viF
@ slcache 4
src v
@ System vz
E | Tests v
=] .gitattributes ¥
|-] .gitignore v
f:} Battery_System_Configuration.m viE Design
| README.md v
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Select a file to view details
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Run Closed-Loop Simulations of BMS and Plant model

4 Project - B tem - i
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Test and Verify Algorithms

Cell_Temperatures

Vout_Invtr

Vout Chgr

Pack_Current

Pack_Voltage
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MATLAB EXPO 2019

Cell L

[SOCs]
S0Cs

Cell_Voltages Cell_Voltages
CurrentLimits CurrentLimits
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Link Requirements to Implementation
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Test and Verify against Requirements
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Generate C/C++ Code From BMS Algorithm Models

BMS Algorithms

[Current]

[Cell_Voltages]

Cell_Temperatures]

Current
S0Cs

Cell_Voltages

S0OHs
Cell_Temperatures

S0C_SOH_Estimation

[Current]

[Cell_Voltages]

Cell_Temperatures]

[SOCs)]

[SOHs]

Current

Cell_Voltages Current_Limits

Cell_Temperatures
S0Cs Current_Requests

S0Hs

Current_Power_Limits_Calc

[Cell_Voltages]

Cell_Temperatures]

Contactor_Status]

[Isolation_Status]

Cell_Valtages Balancing_Enable

Cell_Temperatures

Contactor_Cmd
Contactor_Status

Isolation_Status BMS_State

State_Machine

[Cell_Voltages]

Balancing_Enable]

[Charger_State]

[Inverter_State]

0 UG (o

Cell_Voltages
Balancing_Enable
Balancing_Commands

Charger_State

Inverter_State

< € Find: | | 4+ v Match Case
Contents 388 if (((uint32 T)State Machine DW.temporalCounter i3) < 15U) {
389 Statei}’[achineiDW.temporalCounteriiB = (uil’ltSiT] ((iﬁtBZiT) (((iﬁtBZiT)
390 State Machine DW.temporalCounter i3) + 1));
Summary ) = = -
Subsystem Report if (((uint32 T)State Machine DW.is active cZ State Machine) == QU) {

Traceability Report

Static Code Metrics Report

[Current_Limits]

Code Replacements Report

[Current_Requests Highlight Navigation

|

Previous Next

State Machine DW.is active c2Z State Machine = 1U;
State Machine DW.is MainStateMachine = State Machine IN Standby:
*rty BMS State = 07
State Machine DW.MonitorCurrLimMode = MonitorCurrLimModeType NoCurrLimFault;
State Machine DW.MonitorCellVoltageMode =

MonitorCellVoltageModeType NoCellVoltFault;

Generated Code
[-1 Model files

State_Machine.c (16)

State_Machine.h

State_Machine_private.h

State_Machine_types.h

[+] Shared files (3)

lancing_Commands]

X

Balancing_Logic
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400 StateiMachineiDW.Delta = (reE1327T)fabs((realiT)((realBZiT)
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Generate C/C++ Code From BMS Algorithm Models
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Perform HIL Testing for BMS ECUs
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Testing ECUs with Battery Cells
« Longer test cycles

« Difficult to reproduce results

« Limited test automation

« Difficult to test fault conditions
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Perform HIL Testing for BMS ECUs
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Workflow for BMS Development

DESKTOP SIMULATION

Generate code

from model
(L X 2 2 A S R RN NN RERERES S}

L2 L L E R ]

SIMULINK MODEL

Algorithms for cell
balancing, SOC, SOH

Enviornment, source,
battery, circuit, load

LA R R R RRRNREN] X

[ 2 A A A R E SR ERRERERERER R

Generate code

ssneen P

REAL-TIME SIMULATION

HARDWARE IMPLEMENTATION

-

RAPID PROTOTYPING

Algorithms
running on a
real-time computer

TEERFTY 2

from model

MATLAB EXPO 2019
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Real-time
communication

L ) HARDWARE
PROTOTYPING
Generate code Battery packs, circuit,
from model source, load

Real-time

communication

. "
f I ™y

PRODUCTION CODE

Algorithms running

TESTING

Behavioral models
running on a
real-time computer

' 3
HARDWARE-IN-THE-LOOP

caselsacend on an embedded
microcontroller

Real-time
J communication
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Summary
Multi-Domain
s T €D
Conn3
mz ﬂ# Battery(3)
tt03]

Collaborate Across
Domains
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Long Iteration Cycles

L~

Reduce lteration Time

High Integrity System

fWE e 8E @

Transit

Test and Verify
Behaviour
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Building Blocks for BMS Development

Physical Modelling Parameter Estimation Test Automation

Wl s 2 e @

1 e
- Tost o Oyurnc Rsponse <

Test for Dynamic Re:

T maac

oo s Besurs dvvans

Model Checks

v @ Modeling Standards for Secure Coding (CERT C, CWE, ISO/IEC TS 17961)
¥ & Check configuration parameters for secure coding standards
& Check for blocks not recommended for C/C++ production code deployment
@ Check for blocks not recommended for secure coding standards
¥1@ Check usage of Assignment blocks
“1@ Check for switch case expressions without a default case
C1L3 ACheck for bitwise operations on signed integers
[l ACheck for equality and inequality operations on floating-point values
[ ~ACheck integer word lengths
[ ADetect Dead Logic
[l ADetect Integer Overflow
11 ~ADetect Division By Zero
[ ADetect Out Of Bound Array Access
121 ADetect Violation of Specified Intermediate Minimum and Maximum Values

, it should send NoRequest at
time and after as long as the same |
is enabled:
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Learn More about Battery Management System Design

WHITE PAPER

Developing Battery Management Systems with
Simulink and Model-Based Design

@ https://www.mathworks.com

Battery Modeling

Model batteries when designing battery-powered systems

TEChniCCII Al'ﬁCIBS ClI"ICI Search Technical Artic Technical Articles ~

Newsletters

Mocle“ng and 5imu|aﬂng Battery Performance for Design Optimization

By Cecilia Wang, Romeo Power

Battery Modeling

Examples and How To

Battery Management System Development in Simulink (7:17) - Video

Lithium Battery Model with Thermal Effects for System-Level Analysis
(24:05) - Video

Automating Battery Model Parameter Estimation using Experimental Data
(25:28) - Video

Real-Time Simulation of Battery Packs Using Multicore Computers (22:57) -
Video

Battery Simulation and Controls - Consulting Services

Sifting Through Multisource Data for Safer Battery Materials with Machine
Learning - Article

Papers

High Fidelity Electrical Model with Thermal Dependence for Characterization
and Simulation of High Power Lithium Battery Cells - IEEE 2012

Battery Model Parameter Estimation Using a Layered Technigue - SAE 2013

Simplified Extended Kalman Filter Observer for Battery SOC Estimation -
SAE 2013

Battery Pack Modeling, Simulation, and Deployment on a Multicore Real
Time Target - SAE 2014

Model-Based Parameter |dentification of Healthy and Aged Li-ion Batteries
for Electric Vehicle Applications - SAE 2015
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https://www.mathworks.com/campaigns/offers/battery-management-systems-white-paper.html
https://www.mathworks.com/discovery/battery-models.html
https://www.mathworks.com/company/newsletters/articles/modeling-and-simulating-battery-performance-for-design-optimization.html
https://www.mathworks.com/discovery/battery-models.html?s_tid=srchtitle

Additional EXPO Talks

= Simplifying Requirements-Based Verification with Model-
Based Design
— Fraser Macmillen
— 15:45 - 17:00, Master Classes

p»

Fraser Macmillen, MathWorks

4 1S

=  Predictive Maintenance with MATLAB
— Phil Rottier

— 15:45 - 17:00, Innovation Auditorium

= Developing Fit-For-Purpose Simscape Models to Support ~ meree e
System and Control Design
— Rick Hyde
— 16:15 - 17:00, Model-Based Design

M QT LQ B E x PO 2 D 1 9 Rick Hyde, MathWorks
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