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* The main objective is to contribute to improving battery system
performance, safety, reliability, service life, lifetime cost, and
integrating different use applications

* In addition, BATMAX is aiming to

* develop framework for efficient parametrization of physics-based models

* develop hardware and sensorisation on cell and system level for collection
and communication of battery measurement data

* create hybrid and Al-driven models to optimise lifetime and management of
the battery (BMS)

e develop adaptable battery management with multi-scale battery digital twin
framework for dynamic operation




The conceptual approach of BATMAX
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Digital twin integration




Utilisation of digital twins for optimal

battery management
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The digital twin running on a
cloud platform will enable

e utilisation of more
complex battery models

* an arrangement for
Hardware in the loop
(HIL), and

* research on several
abnormal situations and
fault states, including also
safety-critical operation
domains

Fig.1: Hardware-in-the-loop
with cloud integration.
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Battery models and algorithms




Hardware in the Loop Test Bench

* To build a 48 V NMC second-order
battery pack model within Simscape
Battery, utilising laboratory
measurement data.

e Deploy the battery model to a real-
time target and set up a complete
MIL-to-HIL workflow in Simulink.

Y * Validate core foxBMS functions cell
balancing, SoC estimation, fault U1 Naksime

monitoring dashboard (P3 machine, BCE12, monitoring unit)

detection and communication in a fpyyiocens

SIL-MIL-HIL

M. Doyle, T.F. Fuller, and J. Newman, “Modeling of galvanostatic charge and discharge of the
lithium/polymer/insertion cell.” J. Electrochem. Soc., 140, 1526 (1993).
J. Newman and K. E. Thomas-Alyea, Electrochemical Systems (Wiley, Hoboken, New Jersey) 3rd ed. (2004).

v
Development PC HIL test system foxBMS slave (cell pyT (foxBMS master

. foxBMS master—slave setup. Fig.2: HIL test setup with foxBMS (master and slave)



Hardware Components

FIU24/TSE12 Daisy
configuration

* The HIL test bench is comprised of
essential components, as detailed
below.

e Performance Real-Time Target Machine
(P3)

e Battery Cell Emulator (BCE 12-0505)

* Fault Insertion Unit and Temperature
Sensor Emulator (FIU24/TSE12-1000-1)

e foxBMS BMS master Performanceh_real(t;r;;e
target machine

 foxBMS BMS slave

* 10603

Fig.4: foxBMS BMS master
connect via daisy chain to
foxBMS slave to BCE+FIU/TSE
© emulators

BCE12-0505

Back end view
BCE/FIU/TSE
connected to
foxBMS slave

Fig.3: FIU daisy chain
connection with BCE
(front end) and foxBMS
slave connection (back
end)

foxBMS
master controller foxBMS slave




Driver Basics and Communication setup (1/3

=g Speedgoat Ethernet Configuration Tool (] =
real-time simulation and testing
Target Maching: HiLbatiarylab * | @) Connectedto Performance real-time target maching (P3)
Target Configuration: B,gjﬁ Store
[[] Show Host Link Interface
Interface Label (In.... Configuration IP Address Subnet Mask 1P Alias
ETH1 (wm1) [EthercATMa.. v
[] Show Advanced Settings
Telp i
Speadgoat
Battery Management Testing Systems
EtherCAT Bus: 0
Setup
BCE/TSE/FIU setup
Speedgoat Speedgoat

BMTS Write BMTS Read
APata e AT Bus: 0, Device: 1 EtherCAT Bus: 0, Device: 1 022 P

BCE12-0505 BCE12-0505

BCE12-0505 write block BCE12-0505 read block
Speedgoat Speedgoat

BMTS Write BMTS Read
AData ey CAT Bus: 0, Devics: 2 EtherCAT Bus: 0, Device:2 D2 P

FIU24/TSE12 FIU24/TSE12

FIU24/TSE12 write block

FIU24/TSE12 read block

Emulatortype Direction  Busname Bus signal Data type Description

Enable boolean  Enable or disable the cells
Wrte  BOE12-0505_set N ISinge AMiSetthe alivltager s N
| single Setthe cell sink current
BCE12-0505 Status unitle Each bit reports cell status or error
Read BCE12-0505_get | single Measured cell current
Set the fault state
1:batwire broken(+)
Fault unit8
3:bat{+) short
s Wite UL e Saisher
S:reverse polarity
sense wire control the interruption of the sense
an
broken (-) {-)line
Write TSE12_set resistance double Indicate the desired resistance (Q)
TSE12 Indicate the resistance setatthe
Read TSE12_get Status single channel output

Speedgoat GmbH, “Battery cell emulator (BCE12-0505),” 2026. [Online]. Available: https://www.speedgoat.com/products-services/i-o-
connectivity/bms-and-battery-testing/testing-battery-management-systems-battery-cell-emulator

Speedgoat GmbH, “Fault insertion unit with Temperature sensor emulator (FIU24/TSE12,” 2026. [Online]. Available:
https://www.speedgoat.com/products/temperature-sensor-emulator-with-fault-insertion-unit



Driver Basics and Communication setup

%l Block Farmetes: CAN and LY Selug

CAN_setup (mask) {linkj)

Speedgoat Diver Biock

10613 - CAN Setup

(2007 - 2026, Speadgoal GmbH, www.speedgoat. com
Parametars

# [%l Block Parameters: CAN and LN Setup
CAN_sotup (mask) {lirk)

Speedgoat Driver Block
10603 - CAN Setup

% (% Block Perameters: CAN srd UN Setup
CAN_satup (messk) (link)

Speedgoat Driver Block
10603 - CAN Setup

(D 2007 - 2026, Speedgnat GribH, www. speadooat com © 2007 - 2026, Spaedgoat GmbH, www. speadqoat.com
Parameters Parametess

Setw CANT  CAN2  COAN3 ANG Digital YO Setup  CAN1  CAN2 CAN3 Digtal /O
Narminal Bavd Rate 500 ki Norminal Baud Rate 500 kBawd
[ERS, SIW, TSEG1, TSEG2) 11,10,3) T [BRR SIW TSEGL, TSEG2]
Data Baud Rate Data Baud Rate MBarx

[BRE, SIW, TSEG1, TSEG2]

) 120 Obm Termiration Resistor

[BRP, SIW, TSEGL, TSEG2]

71 120 Ohm Termenation Resistor

Setup (AN CAN2Z  CANG Digital 1fO
Madule Cordiguration

Module 10 1

Madule Type Bos03

Pl Sick {-L: autoseaich] 1

CAN Channel Uperation Mode Selection

Channal CAN 1 Disablod

Channal CAN 2 CAN (M) LS
Chaninal CAN 3 CAN (HS}

Channal CAN 4 Disabled

LIN Chaniel Operation Mode Selection
Channat LIN 1 Dsabled
Chanrel LIN 2 Mesbled

CAN Britialsation And Termination Stnuctires
Initinlisation Gructwes Ammy ||

Termirstion Stctums Ay []

Channel GMO Ersbiod

| o Cancol Healp Apphy

o | cancel

Help Aditdy oKk | cancel Help.

Speedgoat GmbH, “I0603,” 2026. [Online]. Available: https://www.speedgoat.com/products/io603

Associate setup block to
10 603 module

Mapping of drive block
to PClslot of the 10 603
module

Control port baud rate
setting

CAN channel operation
mode selection

2/3

Speedgoat
10603

ol fs

._l_l.i_.

*r—

Indicate CAN messages

CAN Write
Module 1D: 1
Channel: 2

CAN Wnte
Block Farameters: CAN Write
CAN_write (mask) (lirk)

Speedgoat Drive IR
10603 - CAN Write

CAN Msg

© 2007 - 2026, Speedgoat GmbH, www. speedgoat.com
Parameters

Module ID 1

Channel Number 2

Message Type CAN (HS) Ot

° transmitted to the send buffer

Indicate the ID of the CAN I/O

—® 603 module that this drive

block should connect to

Number of Messages 1

|| Show Transmission Control Input

® Displaying CAN message type

®Base sample time

Sample Time [s] -1 @
| Ok | Cancel Help
Status
D 592 |
ID_579
1D_581 |-
Speedgoat  ID_608
c;l\gsg:au 1D_34 -
Madule ID- 1 D55~ @
Channel. 2 D_521 |
ID_562
ID_576 |-
ID_544
ID_528

CAN Read (Decimal)

. Showing the received
message list



VT_ID_Fesut_|
File: IVT-S_12082020 dbe
WT_MagCourt_Result_| Message: IVT_Msg_Resut | CAN Mag b—
Standard I0: 1313
lgf_lilmmll_l
VT_ID_Result W
VT MsgCount_Resut W
IVT_Result_W Fle: IVT-5_12082020.dbe
IVT_Result_W_Channal_Erer  Mesange: IVT_Mag_Reault_ W TAN Meg B
IVT Result W Measurement Error  Standard [D: 1318
IVT Result W_CCS
}ﬁ Result W_System_Error
3 T _ID_Resuk U1
WT_MsgCount_Resull L1
IVT_Result U1 Fibe: IVT-5_12082020.dbe
IVT_Resull_U1_Channel Error  Message: IVT_Msg_Resut Ui CAN NMsg b
IVT_Resull UM _Measuremrent Erar Standard ID: 1314
e Resull_U1_0OCS
S8 Resut Ut Sisten B
VT _ID_ Resut LD
WT_MsgCourt_Resull U2
IVT_Resul_L2 File: IVT-5_12082020.dbc
WT_Resull_U2_Channel_Errcr  Message. IVT_Msg_ Resul_UZ CAN Msg
WT_Resull_U2_Measurermrsnt_Errer Standard ID: 1315
e Resull U2 OCS
it m_Err
YT D Feet U
WT_Msglount_Resull U3
IWT_Resul_U3 File: IVT-S_12082020.dbe
WT_Resull_U3_Channel_Eros Message. IVT_Msg_Reswl_U3 CAMN Msg
T _Resull LA Measursmant_Errar Standard ID: 1316
E Result U3 OCS
[T
peral
A CaliTemparature_002
§ CeilTemperature_ 003
3 CellTernperature_004
d CellTermperature_005 Fiie: fexbrrs dbc
Pl it Bt Mestage: |_CellTsmparatures CANMsg |—
Y CeliTamperature 008 Standard 1D: 608

) Cell Temperature 0049
J CellTemparature 010

CellTemperature_011
(TTamparature_012

CAN Pack messages

> CAN Wsg

File; foxbms dbe CellVioitage 006
Message: _Cellvoltages Cellvoitage_007
Stancard ID- 592 CellVioitage 008

CellVioitage_010
Celivoltage 011
Cellvoitage 012
Cq&ﬂdtaga 013
f CellVoltages Mux

river Basics and Communication setup (3/3
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> CAN Msg

Current —

File: foxbms.dbe Power
Message: {_StringValuesP0
Standard ID: 579 \oltage

f StringValuesP0_Mux

> CAN Msg

Eneray

MaximumSoc

File: foxbme. dbe MaximumSoe

Massage: f_StringStateEstimati MinimumSoc
Standard ID: 581 WMiri Sos

Soh

! Mux

— I CAN Msg

CellTemperature_000

CellTemperatre_001

CelTemperature_002

CelTemperature_003

CellTermperature_004

File: Faxbms.dbe CellTemperature_005

" f CollT hice Celrl'vremperam %?
e L F @ p

Standard ID: 508 CellTamperature_008

CelTemperature_009

CelTemperature_010

CelTemperatura_011

CellTemperature_012

f CellTemperatures Mux

|

1

—#{CAN Msg

IWT_ID_Result_|
File: foxbms.dbc
Message: VT _Sting0_CurrentiVT_MsgCount_Result |
Standard ID: 1313
WT_Result_|

TTTTTTTTTTTTTT

CAN Unpack messages




Monitor foxBMS and Battery Data
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Cloud-side data flow from HIL

s E -\.‘ﬁ!‘.rd'rn::’ -dhaimn Fictrss i- Eagl E H i b nizsd: bl Fictares ‘ L1 'E E puiibativian. i Fictures= B 1. 2020323 1ERCBmS

—uy Rl Edit: Tebs  Hedp




oe

Conclusions m ]

* 2nd order NMC battery built in Simscape employing lab data.

« 2d order battery Model successfully implemented on the P3 real-
time target machine, allowing a smooth shift from MIL to HIL
without changing the model’s design.

* By connecting the real-time simulation to the BCE, FIU, and TSE via
EtherCAT, and setting up a master—slave foxBMS system, the we
verified essential BMS functions such as passive cell balancing,
State-of-Charge calculation, and temperature monitoring.




Battery
management by
multi-domain digital
twins

Thank you for

your attention.

Find out more about BATMAX:
Twitter: @batmaxprojecteu
Linkedin: BATMAX project
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