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Overview

* |Introduction

« BMS HIL background

* Test methodologies

* |nstrumentation and connectivity
* HIL test software for 10 control

* User interfaces

* Test scripting & data logging

e BMS HIL test scenarios

* Q&A
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BLOOMY QUICK FACTS

e Founded in 1992

* Automated testing equipment
= Battery test & simulation (BTS)
= Trans/Aero/Def Simulation systems (SIMS)

= Universal manufacturing electronics functional test (EFT)

* NI Platinum Alliance Partner
=  Published “The LabVIEW Style Book” © 2007, Prentice Hall

= “BMS HIL Test System Helps JLR Shorten Time-to-Market”
Graphical Systems Design Award in 2016
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Bloomy BMS HIL Tester

e Modular hardware and software

 QOpen platform
= Based on COTS components
= Bloomy BS1200 Cell Simulator
= Maintainable & modifiable

= Design documentation & source
code provided

 Built on over a decade of
BMS testing experience
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What is the BMS?

ili 12V/48V CAN
Battery Management System / W
= Monitorcell V,land T I/0—> N o ...
Estimate SoC, SoH

= Estimating the SoC and SoH Rawrhatyi
Control Signals
= Controlling the rate of charging and Comm Charge, Discharge
discharging C cor

/0

= Cell balancing

. . Ext I

" Monitoring alarm levels and pack voltage o Battery Charger
Monitor V, I, T Bl sattery Junction

= Managing critical safety functions conpaincine [N CEISISCHS e ot po—

Power Input

= Controlling the contactor(s)

=  Communicating to the ECM and other ECUs

Power
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BMSs come in many different flavors

 Module and pack configuration
* Topology, series/parallel

« BMS optimized for end user profile

= EV, grid, UPS, consumer electronics

Battery Cells Temperature Sensors
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What is HIL testing?

@ BLOOMY

HIL = Hardware In the Loop
Technique for development and test of
embedded control systems

= Mathematical model of processes

= Simulation of sensor and control signals

= Measurements fed back into model

Facilitates testing electronic controls without
the actual plant

BMS HIL Simulator simulates battery and other
EV subsystems

Cell model is derived through characterization
of real cells
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What does a BMS HIL system consist of?

Hardware N Software

« Computing T * Real-Time deterministic
= Real-time = |0 & comms control
= Windows = Model execution

e |nstrumentation = High speed data logging

= Simulation e * Windows

= Measurements = = Configuration

= Comms =  User Interfaces

..........

=  Test Scripting
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BMS HIL Test Objectives & Benefits

Objectives Benefits
* Validate functionality , , * QOperator & product safety

BMS HIL Test System

" Mardware & Firmware g B - Exolit repeatability
Tune algorithms —

Control I/0
Safety Interlocks

Fouk Monkog e e Reduced test time

ESS Master Comm.

* Ensure BMS safety  Extended test coverage

Check response timing e Faster time to market

Fault Meonitoring

BMS Communications

,
Cell Pack
Models Model RT Controller

Test edge cases
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BMS HIL METHODOLOGY
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BMS and Module Interaction
“Real World” Pack
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BMS and Module Interaction

“Real World” Module

@ BLOOMY

Pack-Module CANbus
(To Next Module)

Pack-Module CANbus
(From Previous Module)

Module PCBA

Temp
Circuitry

To Next Module

1

+
Cell 6 Meas

Re&

Celle

+
Cell 5 Meas

R5

Cell5

+
Cell 4 Meas

R4

Cell4

+
Cell 3 Meas

R3

Cell3

+
Cell 2 Meas

R2

Cell2

+
Cell 1 Meas

R1

G

Celll

I

Balancing Current

(eg 0-250mA)

(dzsg) Adanieg |193-9 APT
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HIL Testing at the Module Level

e +/-10V Analog Output
 Simulate series cells o J— |
* Output cell voltages - ;j§ —_— %
* Provide balancing currents 3 M ”5 I — e o ¥
« Passive balancing (source) g Cemfas H:é S| @cem ?: ?;,
e Active balancing (sink/source) Ce"“”;“ nl'éé | @m $
- Simulate thermistors T H‘é | O

Balancing Cu frent
(eg 0-250mA)
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HIL Testing at the Module Level
With Fault Insertion ]

Temp
Circuitry || +/-10V Analog Output

Bloomy Battery FIU

|

+ Ba

Cell 2 Meas Bal
|

.

]C:) ce

( ]@ Celll
CAN Interface O - il —O0—0O
L l o

To External V or Ground q—¥ \) \)

Digital Multimeter

* Shorted cell (BS to OV) e

+ Bal
Cell 1 Meas Ba

- - - + Bal R& e
* In-line Fault Insertion Unit (FIU) | © 7 caemes o 5 @
= FET O'/G'
* Open/broken wire faults s | celsmes s 5 @ceus
g — 1 o—0 -
* Short to rail faults 3 e g;;é( - 1@ o £ 2
= ; Ba.g e @ P
° Cell 3 Meas  ga Cell3 g ;—r
Connect to DMM . ( o ] g §
{( —
& :
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HIL Testing of the entire system

e BMS in the “real world”

e Simulate/monitor all 10
e Cells

Pack V & |

Contactors

* Environmental

Vehicle/system

Communications

* Low power, inherently safe
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Pack Voltage
400V
<10mA current 2N
«—
Provide vehicle bus power
 ci + +/-10V Analog Outputs ‘ 400V
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Power Supply O (uuT) Simulation 2 g - g
| Measurements S g 575
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I < =
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Simulate Vehicle CAN % g 8 5,
Vehicle CANbus T (@] =
CAN Interface #1 @) gEc g
Measure Output Emulate ::/ - ! = ~
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I Circuitry ! o) I
_ : o
_: I Pack V Monitor o ~ 5 T
Anal | @ [} <
NAI0E | Contactor E w5
Inputs || 1| s i Contactor Control k: 8220 o
[ Simulation |, _tontactor Lontroll -~ ] 9|2
| ! = e 2 ES
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CAN “Sniffer”
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CAN Interface #2

Power Supplies

Comms Devices

Data Acquisition
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Custom Circuitry

Battery Simulators
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BMS HIL INSTRUMENTATION AND CONNECTIVITY
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BMS HIL Instrumentation Overview

Windows 10 PC

’
RS S

Mass
BMS ITA Harness |
Under Test — nconnect

0,

] \

& N W

L
R/ NENEEENNN

y——

PDU with integrated
safety & interlocks

Real-time embedded controller,

Meas. and simulation instruments
(AIO, DIO, Comms, Switching)

High Voltage/Current
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BMS HIL Hardware Block Diagram

N
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.
Programmable Power Supply
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-
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Ve
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i . T T T — =CAN = ¢ = —
Windows PC [
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| v
e i .
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| f" >
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Analog Output
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Comms - -
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H Voltage Output

| Contactors & IL

Pack Current Sim

H Voltage Output

1x Full Current

= Direct Pack Current

(Pack Voltage)
0-1000V, 0-1.5A
-

Y

=
Programmable Power Supply
(Vehicle/System Power)
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System Power
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A

.
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H System Power

]
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|
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BMS HIL Signals

Signal Type

Vehicle/CAN power 1-3

& interlocks
Cell Simulation

Temperature
Simulation

Pack Current
Simulation

Vehicle Discretes

Comms
Contactors

Insulation
Resistance sim

Misc BMS 10
@ BL

12-
200

8-32

2-4

1-4
2-4

4-12

12V or 24V main power

Simulation of individual cells

Simulation of cell/pack
temperatures

Simulation of full pack current
(eg 400A)

Controlling ignition, interlock,
enable, CAN power

BMS-Vehicle, Module, etc

Simulation of contactors to verify
BMS control

Simulating HV resistance to test
BMS monitor circuits

Misc analog/digital inputs and
outputs to/from BMS

Programmable Power Supply

0-5VDC
Sink/Source 500mA

Analog Voltage (+/-10V)
Resistance (0-65k{2)

Analog Voltage (+/-10V)
Programmable PS (up to 150A)

Fixed power supply with industrial
digital output control

CAN, LIN, Serial, IsoSPI

Fixed resistance with industrial
digital inputs for monitoring

Fixed resistors with high voltage
switching

Analog/digital inputs and outputs

[ ' itari bl ;
for simulation/monitoring A I00.Com




BMS HIL SOFTWARE
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BMS HIL Software Components

@ BLOOMY

% Read BMS Data
f ) Readback BattSim Data
afl For Each
{2 Cell X BattSim Readback Votage
{2 Cell X BMS Reported Voktage
X #%9 Cell X Readback-Reported
. ¢ End

Test Sequencer «__

Execute sequential test scripts for s
testing safety and functionality »

Continuous real-time
control & monitoring

User Interfaces BMS Under Test

«
¢ L]
-
Intuitive user feedback and control 5 ’
L d
L d e 7
_— — g s )

o
Simulation & Monitoring
Instrumentation

| 2
RT Sequencer * LabVIEW

e ive cycle tests in real-tim M/\’I‘LAB &
Execute drive cycle tests in real-time ‘\SU\’[ULINK @@

Model Generation

simulate real-world responses
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BMS HIL Software - Real-Time Engine Execution

VeriStand models
iteratively calculate cell
and pack statistics

().
LR

Measurements, calculated,
and user channels are
input into the models

Simulation & Control Models

T aur 3C

OlORCED

Pack Current 0A

Direct Hardware Control

Model execution can be bypassed
for direct control of the BMS

h;oEf“’ Primary
e Control
Loop

Channels are stored fo
calculations and monitoring
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Channel Mapping

values to the instrumentation

(HEz O

e »

Simulation & Monitoring
Instrumentation

Input signals and comms
are mapped back to the
VeriStand Engine

VeriStand transmits updated simulation

Instrumentation outputs provide
real-time stimulus to the BMS
simulating real-world conditions

rene

>

s

BMS Under Test

BMS Communications and
signals are monitored
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BMS HIL Software- Real-Time Engine Configuration

Instrumentation Interfaces

= DAQ, BattSim, FIU

=  Switching, Power Supplies

User and calculated channels

BMS Communications
=  Serial, CAN Databases

Models

= (Cell, vehicle, contactors

Procedures

=  Startup, alarm, safety

Channel mapping
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s Cell_I_Readback B1_ ~
s Cell_I_Readback_B2_
mmm Cell_I_Readback_B2_
mm Cell_I_Readback B2_
m=m Cell_I_set_all B

CAN Frame Properties

Mame |Cel_V_Set B1 1 4

Frame Overview

= Cell_v_1

B cell_v_2 TE B 4 3210

&3 cell v 3 Y R Al A 0

A cel_v_4 Arbitration Id |4 161 :
= Cell_V_Readback B1)E 29bit 10 ? [] 3
mmm Cell_V_Readback_E1 | ;
e Cell_V_Readback_B2_ Payload Length |8 bytes [~] 5
wens Cell_V_Readback_B2 | . g

i L Event Data

s Cell_V_Readback B2, iming Type |Fvent Da [~] ¥
B Transmit Time | 0.005 5

9 Cell_1_Voltage | |

R Cel_2_Voltage 1/0 Mode | CAN [~

4 Cell_3_Voltage

6]
User Channels CellSim_1-24
User Channels CAN Port
CellsimGlobals.I_Sink » Cell_I_Set_All (1152).Sink_I_All
CellSimGlobals.I_Source » Cell_I_Set_All (1152).Source_I_All
I} )
@

)

T _ CellSim_25-48
CAN Port

Cell_1_Set_All (1152).Sink_I_All

2a¥ TempScaling_LUT_1
o= Simulation Model

Outports.Outputs »
Execution.Model Command

Cell_I_Set_All (1152).Source_I_All
LI}

@
w20

Analog Output
1)
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= i BMS HIL
EI% Targets
=t Controller
= = Hardware
=l @ Chassis
=58 DAQ
@ A0
@ 150 A0
@ MF_DAQ
@ Waveform Tasks
"'"- Data Sharing
FPGA
Elg MI-XMET
= 28 CAN
& CellSim_1-24
@& Cell5im_25-48
%E FlexRay
¢ LIN
w8 Timing and Sync
(i SLSC
ff Customn Devices
m Simulation Models
EI'W Uzer Channels
#53 CellSimGlobals
3 CellSimTriggers
# 5 DirectControl
F £) Mux Selectors
fr Calculated Channels
fom= Stimulus

Q)Alarms
Procedures
KMET Databases

i ? Systemn Channels
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User & System Channels

User Channels

Us=r Channels:
DirectControl. Temp_1-8 ¥

=== b Int=rmedistePackl S=tpoint
Mux Selectors. SignalSource ¥

Model-Direct. Pack] Command

Battery Models

Channel Multiplexing

Output Scaling

@
T Temp_1-8
Custom Devie=
Temp 1-5 Quiputs » @
| » Input 1: Direct Contral |
» Temp_l1.Input 2

| » Temp_2.Input 2 |
¥ Temp_3.Input 2

<« Mubtiplexed Current Setpoint <<

i ¥ Temp_4.Input 2 |
¥ Termp_3.Input 3

—| ¥ Temp_2. Input 3 |

» Temp_l.Input 3

1 Temp_4.Input 3 |

¥ Temp_1.Z=lector

1 » Temp_2.S=lector |

¥ Temp_3.S=lector

—| ¥ Temp_4.Selector

DirecbControl Cellv_1-24
B51200 I Limits
L]

System Channels
Dilts T ¥
m

[@ System Channels

Aliases

Alimzes
EMS. Mems Coll IOeI_T_2 W
Globals Cell_I_Source «
BMS. Sim.Pack.Pack] <
Globals.Cell_I_Sink. «
BMS.Sim.Temp. Temp_1 4
BMS. Sim.Temp.Temg_2 <
BMS.Sim_Temp.Temp_3 4
BMS5.Sim_Temp.Temp_4 +

T OtherIO
(3} Custom Devie=
== Pad [ Direct == |J- Packl Sel=ctor
@) ¥ PackI.Input 1
@ _ | » PackInput 2 |
. @ = ¥ PackIInput 3
| B BatteryModel_Pack
| g= Simulstion Model
| === ¥ Inports.Live.Curr=ntin
| » Inports. Ex=dT_S
| Outports TRack J [ D)
| Outports. CurrentOut » _
| Dutports Cellvoltages & i1
| L]
| a)
| o= Simulation Madel
| = b Inports_Live.PackCurrentIn
4 ¥ Inports. Exe.dT_S
» Inports. Live. Cel|Currents
Outports TPack * O @
Dutports PackCunrentOul & CellV_1-24
Outports Cellvaltag=s ".] @ T Custom Devics

»» B512040 Direct Control » =

> BE1200 Current Limits > >

<+ Current Readbacks for Cell Model <<

¥ Cellv_1 Selmctzr

| ¥ Cellv_2 Selector |
» Cellv_3.Selector

| ¥ Cmllv_4 Selector |
¥* Pack Model Cell ¥ Inputs

| » Ca=ll Moged Call W Inputs |

¥ Direct Control Cell W Inpuls

Calls 1-12 s;ll

'al

&Y TempScaling_LUT... |

o= Simulation MMod=

Dutports Outputs
* Inports. Setpoints_degC

:] &

Packl.Outgut b =T = > Thru UC Intermedists Pack] Setpoint ==

Instrumentation 10

Input Scaling

EL |
[1n]
¥ Temperatun= Anslog Outpuls
!»— Analog Output. A010_Packl "l

MF_DAQ
MF_DaQ

Anelog Input. AID_Pack' & || = = To Scaled = =
| ——

Outpul » | To Packvhieas Alias

CellSim_1-24
CAM Port

BalteryMod=l_Cell Input Currents: »
| > Cminv_1-24
¥ Outgoing.Event Trigger=d. C=ll_I_Set_All {1152)
k m

<« Curment Readbacks for Cell Model <<



BMS HIL Software - Model Integration

Models define behavior of outside world

e Cells, thermal, pack
. Initial Conditions > l /Instrumentation\
e Contactors, vehicle/system
Live Setpoints . AN
* Models close the loop Mathemelicl — outputs (sim) D
* Provide “real world” testing
. . < Inputs (Meas)
 Mimic the response of real batteries \ )

Tune algorithms and response of BMS
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Model Development Options

TLAB 4\
SIMULINK®

@ T int32_t state normal (double timestamp) override {
‘Change/dis charge cument! | It - -
: static double current[currentLen]:;
Ve static int loop:
s0¢ otz Scopet switeh( (ModelMode) (inports—>Mode)) |
IniﬁnIE-' a — case FIXED CURRENT:
lat capacity(Ah) Divide Suerien {
double cellVoltage[l&] = {0};
int numCells = inports—>Num Series;
SOC-nitial double PackV = 0;
Vbatery double TPackFactor = 07
soc bool thresholdreached = false;
fiu)
Tempesatre //update SoC based on pack current
Teme. efiscds signals->50C = ({({signals->50C/100.0)*inports->Capacity)-{(
Out! Int inports->Current*’e-5)) finports->Capacity) *100.0;
I 10“15 :n: 1
D) 3 Dt 2e T — /fLimit SeC te 0-100
Outs In§ signals-»>50C = (signals->30C < 100) ? signals->»30C @ L H
Eq 18 RC components gignals->50C = (signals->SoC > 0) ? signals->5cC :
Sheikh, Muhammad & Baglee, David & Knowles, Michael & Elmarakbi, Ahmed & Al-Hariri, Mohammad. (2015). A Novel éé :F“:’jfj el vervades _bjfj“}‘ & Sec
Approach for Predicting Thermal Runaway in Electric Vehicle Batteries When Involved in a Collision. if(i <= numCells-1){
10.1115/IMECE2015-51781. cellVoltage[i] = pow(signals->50C, <) +5e-S%std
1 1pow(signals->5oC, *3td: :pow(signals->»50C,2)+
S*3ignals->S5oC+2
1 Mo Error Yt
BatteryModel in BatteryModel cut
05) = ; N
IHIT e
GOHD DaTa
. Error out
error in (no error) dTuvsb—H e | e
= 4 .
=2 Hy Current
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Model Integration into HIL Environment

Develop & Load into Map channels
compile model environment Mmoo :

&P Execution Order

BF | [Models

= =+ Pack_Model
2103 Execution
[ % Add Simulation Model =) =, Model Command

Genersl | ettings | Parameters and Signals | Inports and Outports 5 Model Status
7 ® i Tt Model Time .
Name &t Time Step Duration
= Pack_Model1 =53 Inports

- ® 1 App_State
Path I dT_uS . —
[ C\Users\Public\Doc BMS HIL\VeriStandModels\BatteryMadel LV, I InitCapacity
- Pack_Model. vmedel T InitNumParallel
1 InitMumSeries
1 InitSoc
T Live_Current
Simulation model info I Live TAir
Unknown model rate - 1 LeadResponse
=53 Outports
Path; CAUsers\PubliciDocuments\EMS HIL\VeriStand\Models\BatteryModel-
LV\Pack_ Model lvmodel EE3 Cell Temps

Modification date/time: 1:33:35.000 PM 4/13/2020
File size (Byte): 120320

File version: 1.0

Product name: My DLL

Internal name: My DLL

Company name: NI

™ Legal copyright: Copyright @ 2014 NI
File description: My DLL
= a Model bitness: 32-bit

oK ][ Cancel ][ Help

I Cell Temps(1,1)
Cell Temps(1,2)
Cell Temps(1,3]
Cell Temps(1,4)
Cell Temps(1,5)
Cell Temps(1,6)
Cell Temps(1,7}
Cell Temps(1,8)
Cell Temps(1,9)
Cell Temps(1,10)
Cell Temps(1,11)
I Cell Temps(1,12) b
E Cell Voltages
1 Current
I SeC
E% Parameters
& signals
-+ TempScaling_LUT_1
BW User Channels
E CellSimGlobals

FER C Al Trimmnee
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BMS HIL Software - Cell Model Example

— — High Current N

Initial Conditions: Power Suppl

Al et LAl e s Fower supply
Cell SoC

Pack Temp
Cell characteristics
Capacity J BMS Under Test

LN

Mum Parallel

- ~ Voltage Output
Cell Model (per cell Module

Sim
> Pack »—— cale

Setpoint Channel: \ . Sim T. s Current
Air Temp ya im femp

Setpoint Channel: ¥
Commanded Current + Calculated Ehannel>_+ Calc Calc Calc Calc

Cell current Power SoC Cellv Temp

Pack |
Sim [AO

h

> Sim Temp >

v

\L J " A

i )

Battery Cell
Simulator

= 5im Cell Voltage >—— Set
Woltage

Read
Current

< Balancing Current <

A
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Advantages of Model-Based BMS Testing

* Evaluate different cell chemistries/suppliers
* Evaluate different BMS architectures and tune algorithms
* |ncorporate interaction with other vehicle systems

* Repeatably test real-world and edge condition scenarios

= |mpossible, impractical, too dangerous, or too expensive

4 BMS_Software
StateRequest BMS_Info

Battery_Model

StateRequest 0
1) I Set Plant Configuration
t: est
»

{12112} \\
BMS_Info

BMS_Info

StateRequest
6(1
" To_PLANT

N y

From_BMS
— »

BMS_to_PLANT

}
{15} PLANT_to_BMS

BMS_to_PLANT (15}

{16}

] 6(16)
6 {16} z | ¢ PLANT to BMS
D

elay Subsystem

https://www.mathworks.com/solutions/power-electronics-control/battery-models.html
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BMS HIL USER INTERFACES
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L] - = = = = == - -
BMS HIL Software - Engine User Interfaces = iz |
Coll 1. Volmge Colld CelLV o
1 azvis O mA ov 0
Coll 2 Voltage  Cal 2 G2 oz All Channels
2 VIS Lo oy 0 All Channel State
BT T e [ Normal |
E . U I t f 1 o = 5 D
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BMS HIL Software - Automated Test Operator Interfaces

o) ]
Auto m ated Test l |Se r I nte rfa Ce File Edit Execute Debug Configure Tools Setp Help UUT Information
w- Universal Test System | stop  Terminate | Abort Exit
All All All Testing
= - = v2.2.5.7
* Windows-side client —
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.. om . Executions Trace Execution Results Elapsed Time:|  00:00:17
. I SS:‘d(‘ Nl;'ber: MainThread Terminate
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53 mﬂ Step Description Settings Status Serial Number
g 3 Setup () = abort
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* Advanced debugging | -
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BMS HIL TEST SCRIPTING AND DATA LOGGING
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BMS HIL Software - Automated Sequencing

* Python, NI TestStand, etc

* Test script development & execution
=  Sequential scripts, flow control
= Pass/fail determination

=  Results collection

* |nteract with real-time system
= Get/Set channel values

=  Control model setpoints
 Automate common tasks/tests

e Tests are non real-time

@ BLOOMY
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B-E-F5EEURL MY SIE 6% B BUL
»8 Insertion Palette >3 x Iﬂ BMS HIL Test Scenarios.seq Ug] BMS HIL Low Level Functions.seq 1 5 X
Step Types S Steps: CAN 12V Test « B | Sequences -~ 1
e 22 Step Description Settings * | Sequence Comment -
B0 = |
%) Disable BMS CAN Comms (... Call__BMS CAN - Enable-Disa... Disable Tracing Interoclk Test
£-(3 Database ~ T Wait Timelnterval(1) [ECAN T2V Test 3
*C3 Data Streams ?’U Set CAN 12V OFF Call __Set CAN 12V State in B... Result Recording: Disabled Drive Cycle Test =
20 VI . Look for CAN comms to stop < = '
Unility Qé For Localsi = 0; Localsi < 10; Loc... s -
_ g Call __BMS CAN -Get Data n ... Result Recording: Disabled anetles O &
t ’-] 0 n Timelrterval(2) Name Valu ~
and Tests Call__BMS CAN -Get Datain ... Result Recarding: Disabled - B¢ Locals (CAN 12V Test)
nels Locals BMS_Data PackVottag
- o E ResultList
IE¥StartiE - ; Goto Done Watting Disabled Post Action - El =
doublehttribute = 0.0
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boolAttrikbute = F |£ Done Waiting Disabled | 8 i 0
stringhAttribute = \l’eﬁfyC.»‘\N 12V Off Disables... Pass/Fail Test Right click fo insert Lacal
tupleAttribute = () _ < o ocal>
listAttribute = [0,0,0,0,0] ) Set CAN 12V ON Call __Set CAN 12V State in B... Result Recording: Disabled = B} Paramcters (CAN 12V Test)
T watt Timelnterval(1)}
def Definition 1 (X, ¥): i - -Dii i i
= . ini "ilfn? ) rE r T B Ena.ble BMS CAN Comms Call __BMS CAN - Enable-Disa... Disable Tracing At click 0 7 Parameters
print ("Test 1") E Wait Timelnterval(1) - -
z X |§ Look for CAN comms to rest... LR - ] | ’ 3
def Definition 2 (X, Y): bSeﬂings for Verify Initial CAN Comms ~ 00X

print ("Test 2")
re n Y

-la=zs Demo (ocbject):
Test_1 =0
Test_2= 1

self.first = first
self.last = last
self.population = 3
self.population += 1
self.population2 += 1

Demo_function(self, example):
example.Test 1 = 0
Test_2 = 1

Test_3 = 1

=f _ init  (self, first, last, population):

stties | Data Source

General Name:

Description: =

Fun Options Verify Initil CAN Comms Pass/Fai Test -
Looping
Post Actions Type:
Switching PassFail Test Ta E
Synchronization Comment: 3
Expressions Adapter: n
Frecondtions

<None> -
Requirements one
Addtional Resutts lcon:
Property Browser <Adapter lcon> =
& Step Settings 'E Output Lfé Analysis Results I
sbal= [Model: SequertialMocel.seq |1 Step Selected [3] Number of Steps: 40
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BMS HIL Software - Real-Time Sequencing

* RT engine-based

e Stimulus profiles
* High speed drive cycle playback
e CSV-based channel control

* Real-time sequencing
e Set/read channels
e Pass/fail determination
* Flow control

 Execute in Real-Time
* High-speed channel data logging

@ BLOOMY
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Double - Clean Up . P
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Sequences * 0 x File Edit
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o 4.2 4.2 Aliases/BMS 1/BMS Da @
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7.5 3.5 3.5 Aliases/BMS 1/BMS Da 2
10 4.2 4.2 Aliases/BMS 1/BMS Da <
Aliases/BMS 1/BMS Da| o
123 33 33 Aliases/BMS 1/BMS Da| = [
15 a2 42 Aliases/BMS 1/BMS Da| 3
175 35 350 Aliases/BMS 1/BMS Da| ot
Aliases/BMS 1/BMS Da| o
20 4.2 4.2 Aliases/BMS 1/BMS Da ]
25 3.5 3.5 ( Aliases/BMS 1/BMS Dal 24
25 a2 a2 Aliases/BMS 1/BMS Dal 2%
| NN | Aliases/BMS 1/BMS Da &8
27.5 35 3.5[,—_' “Aliases/BMS 1/BMS D g
30 4,2 4,2 Aliases/BMS 1/BMS D4 @
‘... Aliases/BMS 1/BMS Da Fi
323 33 33 ‘Aliases/BMS1/BMS D3 8
35 4.2 4.2 Aliases/BMS 1/BMS D <
375 35 35 Aliases/BMS 1/BMS Da u
Aliases/BMS 1/BMS Da £
40 4.2 4.2 Aliases/BMS 1/BMS Da 2
425 3.5 3.5 Aliases/BMS 1/BMS Da ]
5 a2 a2 Aliases/BMS 1/BMS Da u:
Aliases/BMS1/BMS Da B
415 3.5 3.5 Aliases/EMS 1/BS1200 S -0 | \ | " ) d
50 a2 a2 AlbsesEMS 1/ESLI06 | = 2 000000000 00:00:50000 0001:40000  00:0230000  00:03:20.000  00:04:10.000  00:5:00.000
. . H
52.5 35 35 Displaying values 0 to 100000 - n
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BMS HIL Software - Data

Automated test script results
* Discrete measurements
* Pass/fail data
« XML, CSV, or Excel files
* Database storage

Real-time channel logging
* At PCL rate (400 - 1000Hz
* Any real-time channel
* CSV, Excel, TDMS

@ BLOOMY

_ogging

Limits
Nominal Low Limit High Limit Comparison Type
Step Status | Measurement |Units Value
Verify +15V Input Voltage Failed | 50.00221359436 | VDC 14 16| GELE(»= ==)
Verify -15V Input Voltage Failed |50.00221359435 |VDC -15 -14| GELE(z= ==)
Verify 5V Input Yoltage Failed |50.0022135%435 |VDC 4 6 GELE(== ==)
Verify +15V Input Current Passed 0.005 0.001 0.25 GELE(== ==)
VETH [ EFT Module for TestStand - SQL Report Generator - x 0.25 GELE(}= - =}
] SQL Database Report Generator
veritl EFT Module for TestStand Q P e 0.25| GELE(>= <=}
mi| Database Setup Results Single UUT Report  SQL Queries Dutabase Connected
TestRun ID
1182 v
Unit Station
Part Number 16 Cell BMS Sequence Model Te: Cellseq Result Station ID BLOOMY-121521
Revision Seq. Checksum “eciTenios o Timestamp Fixture ID
Serial Number  cell model Limit File ExecutionTime (s) g 9 Test Socket 3
Work Order/Lot Limit Checksum Exit Code Failed Operator administrator
Unit ID 154 TestType Exit Description Failed Notes
E= Test Run Data 12 waveform Data
StepName StepSubName StepType Result Measurement Units LimitHI 4]
Set Up Model Execution.Download Configuratio SequenceCall Passed 0 0
Set Up Model Execution.Download Configuratio PassFailTest Passed 1 0 1
Set Up Model Execution.Verify CSV Param File L. NumericLimtTest Failed, aX . 0 il
¥; TOMS File Viewer - BMS1 - Pack - RT Log (02-18-2020-08-12-07).tdms . o o e S
Set BMS to Cell Model Mode SequenceCall
File Edit
Turn on CAN Comms SequenceCall
Verify Balancing On NumericLimitTest [ - jmlw/ Analog values (graph) |
: Targets/Controller/Sys
Health Alert (1) NumericLimtTest - Targets/Controller/Sys ) ;
Cell 7 Current (1 NumericLimitTest 10 4 |

Health Alert (2)
Cell 7 Current (2)
Health Alert (3)

Cell 7 Current (3)

Health Alert (4)

NumericLimitTest
NumericLimitTest
NumericLimitTest
NumericLimitTest
NumericLimitTest
NumericLimitTest
NumericLimitTest
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Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Dz
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Dz
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da

Aliases/BMS 1/BMS D3
Aliases/BMS 1/BMS D3

B Aliases/BMS 1/BMS Da

Aliases/BMS 1/BMS D3
Aliases/BMS 1/BMS D4

Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/B51200
Aliases/BMS 1/B51200

200
190
180
170
160
150

EMS 1 Logging
Aliases/BMS 1/BMS Data/Pack_Current  Aliases/BMS 1/BMS Data/Te

ge

/BMS Data/Pack_Volta

Displaying values 0 to 100000

-10- U o ! ! I |
00:00:00.000  00:00:50.000  00:01:40.000  00:02:30000  00:03:20.000  00:04:10.000  00:05:00.000




BMS HIL TEST SCENARIOS
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Cell Voltage Verification and Balancing Test

" B st g T * Set one cell at a time to balancing voltage
e - Verify Balancing V & | from BS1200

e * Verify BMS response (status & meas)

<End Group>
= Main (18)
?U Set All Cell Voltages to Nominal

N CAN 12V Py Igniti
I:4,@,v[_3'| Set Cell y to Balancing . BMS ower gniton
E Wait for settling BattSim . .
£ Ver [ ) Thermistor Sim
g ety cuments Manual Actual Voltage  Current Actual Manual
?[_)! Readback all cell V & | from simulators Setpoints  Setpoints Readback Readback Conn Bl T B Setpoints  Setpoints
az For = =] con
" Cell 1 42v|E a2v 4202V 151 mA 4205| Cell 1 Voltage Sl Connecied__[REEEIE=IE
{ Ifthis is the balancing channel, use bala g limits . Temp_L 193 20 207 Thermistor 1
BN Cell 2 42V 42v 4201V 149 mA 4201 Cell 2 Voltage = :
Temp_2 201 20 20 Thermistor 2
: i = =
P Verfy Cell x Balancing Cument [ Cell3 | | azsv[s | azsv| | azsv| | 27smal D Cell 3 Voltage ] Temp.3 02 » 2% Thermistor 3
e ST s Cell 4 42v= 42v 4200V 148 mA 4199 Cell 4 Voltage Temp_4 199 ) 202 Thermistor 4
i i [@] Verify Cell y Nominal Cumertt with Cell x Balancing cell’s 2Vl 22V | a1v] | 12mA | G2 SVETEE e — = dlo Lo
+ End Cell6 42V : 42V 4201V 14.9 mA 4200| Cell 6 Voltage Temp_6 il 2 20| Thermistor 6
¢ Cell 7 42v|E 42v 4198V 151 mA 4202| Cell 7 Voltage Contactors
Cc1 C1 Meas
P . . Cell 8 42v|E 42v 4201V 151 mA 4199| Cell 8 Voltage . .
% Verfy BMS Data Balancing States c2 . . €2 Meas
Cell g 42v|E 42v 4199V 149 mA 4203| Cell 9 Voltage
?U Guery Health Alerts - ca . . €3 Meas
Verify Balancing On Cell 10 42V = 42V 4198V 148 mA 4200| Cell 10 Voltage
Cell 11 42V 42v 4201V 151 mA 4204| Cell 11 Voltage N
<End Group> = Current Sim
Cell 12 42V|= 42v 4200V 153 mA 4205| Cell 12 Voltage SoC 928 A | M I
= Cleanup (3) ctua anual
T Set BMS x Al Volt Maminal Setpoint Setpoint
[E: & £ LErERmhaE Pack_Current 0 0 =
:@ Query Health Alerts Pack Setpoint
Verify Balancing retums QOFF 504 Pack_Voltage 50101 50398 Vrms| Pack Voltage Measure
<End Group>
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Over/Under Voltage Protection Test

e Set one cell at a time to over/under voltage

| = Setup (5)

£ vt  Verify BMS contactor outputs

s * Verify BMS response (status & meas)

2 I
CAN 12V Power Ignition
i Select cell to test .
& BattSim BMS ° ®
& End
<End Group> [ ] Thermistor Sim
= in m Mam.Aa\ Acw.al Vo::‘ltzgek Cu;rsntk Actual 0]
i} Set BMS x All Vaolt Maminal Setpoints  Setpoints Readback Readback Conn Onboard Temp 224 Setpoints  Setpoints
B oet x oitages to Nomina cell 1 42v|2 42v 4202 151 mA 4205 Cell 1 Voltage SlComnected  QEEEERDIE
El Set BMS x Cell y to Overvoltage . Temp_1 198 20 20 1, Thermistor 1
Cell 2 42V|= 42v 4201V 149 mA 4201| Cell 2 Voltage - .
Temp_2 201 20 20 Thermistor 2
Cell 3 42v|3 42v 4199V 152 mA 4202| Cell 3 Voltage Temp_3 202 2 202 Thermistor 3
r Verfv BMS Dat Cell 4 s2v= az2v 4200V 148 mA 4199 Cell 4 Voltage Temp_4 19.9 20 20 % Thermistor 4
e Verify a 5 - :
T 0 Heatth Alert [ Cell5 | | asv[3 [ asv| [ assov| | 2821mal : | 4472] Cell 5 Voltage ] Temp_3 201 20 20 2 Thermistor 5
¥ Queny Hed erts - = ;
[ .rg'r Cell 6 22v|s a2v 4201y 149 ma 2200 Cell 6 Voltage fempee 21 « Eill o =TT O
Verify CELL_VOLTAGE_TOO_HIGH ‘
Cell 7 42v|5 a2v 4198V 151 mA 4202| Cell 7 Voltage Contactors
<End Group: = c1 . . C1 Meas
Cell 8 42v|3 42v 4201V 151 mA 4199 Cell 8 Voltage = -
= Cleanup (3) . cz( ) €2 Meas
i Cell9 42| 42v 4199V 149 mA 4203 Cell 9 Voltage = =
@ Set BMS x All Voltages to Mominal - ca( ) C3 Meas
Cell 10 42v|3 42v 4199V 148 mA 4200/ Cell 10 Voltage = =
@ Query Health Alerts -
. Cell 11 42v|3 42v 4201V 151 mA 4204| Cell 11 Voltage o
Verfy CELL_VOLTAGE_TDO_HIGH cleared . Current Sim
Cell 12 42V| = 42V 4200V 153 mA 4205| Cell 12 Voltage SoC 928
<End GI‘DIJP‘; Actug\ Manqal
Setpaint Setpoint
Pack_Current 0 0 of
Pack Setpoint
504 Pack_Voltage 50101 50.398 Vrms| Pack Voltage Measure
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Temperature Trip Test

= Setup ()

E Temperature Trip - High

@ Select themistor to test
+ End
<End Group::
= Main (2)
@I Set BM5 x All Themnistors to Mominal
El Set BMS x Themistor y to High Temp

£ Verify BMS Data Temp
% Query Health Alerts
Verfy TEMPERATURE_TOO_HIGH
Themistor X From BMS
<End Group
= Cleanup (3)
El Set BMS x All Themistors to Mominal
% Query Health Alerts
Verify TEMPERATURE_TOO_HIGH Cleared
<End Group:

@ BLOOMY

e Set one thermistor at a time to over/under Temp

 Verify BMS contactor outputs

* Verify BMS response (status & meas)

Cell 1
Cell 2
Cell 3
Cell 4
Cell 5
Cell6
Cell7
Cell 8
Cell9
Cell 10
Cell 11

Cell 12

Manual
Setpoints

e o e R e o S B e
Sl |s| s s s]l s &s] &8
- = = = = = = = = - =

F
P
=<

| 3 I I 3 1 X R Y X T

BattSim

Actual Voltage  Current

Setpoints Readback Readback Conn

42V 4202V 151 mA
42V 4201V 14.9 mA
42V 4198V 152 mA
42V 4200 148 mA
42V 4200 152 mA
42v 4201V 149 mA
42v 4198 v 151 mA
42v 4201V 151 mA
42V 4199 v 149 mA
42V 4199V 14.8 mA
42V 4201V 151 mA
42V 4200V 153 mA

Pack Setpoint
504

4.205

4.201

4202

4.200

4202

4203

4.200

4.204

4205

BMS
=

CAN 12V Paower Ignition

Thermistor Sim

Actual Manual
Setpoints ~ Setpoints

> Connected _Thi Fault
| 10| | 1605 Thermistr:ll‘l]

20 20 % Thermistor 2
20 20 % Thermistor 3
20 20 % Thermistor 4
20 20 % Thermistor 5
20 20 % Thermistor 6

. C1 Meas
. C2 Meas

C3 Meas

Onboard Temp 224
Cell 1 Voltage
[ Temp_1 ‘ 155|
Cell 2 Voltage
Temp_2 201
Cell 3 Voltage Temp_3 T
Cell 4 Voltage Temp_4 199
Cell 5 Voltage Temp_5 201
Cell 6 Voltage ey e
Cell 7 Voltage Contacters
o @
Cell 8 Voltage .
c2
Cell 9 Voltage =
c
Cell 10 Voltage
Cell 11 Voltage
Cell 12 Voltage SoC 928
Pack_Current 0
Pack_Voltage 50.101

Current Sim

Actual Manual
Setpoint Setpoint
0 1=

-
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Pack Current Trip Test

e Set pack current over threshold

= Main (15)
|£ Mominal Verfication
@I Set Pack to Mominal Cumert
E Enable Magna Supphy
Log Mominal Current Setpoirt
E Wait for Settling
Y Read back BMS Data

[i@] verfy BMS Reported Pack | - Nominal

|£ OwerCument Verfication
@l Set Pack to OverCument
Log OwerCurrent Setpoint
3 Wait for Settling

) Read back BMS Data

(@] verfy BMS Reported Pack | - Over
[i@] Verify EXCESSIVE PACK CURRENT Fautt

<End Group:
= Cleanup (5)
@I Set Pack to Mominal Cumert
E Disable Magna Supply
3 Wait for Settling
) Read back BMS Data

Verfy EXCESSIVE PACK CURRENT Resets

<End Group

@ BLOOMY

Cell 1
Cell 2
Cell 3
Cell 4
Cell 5
Celle
Cell 7
Cell 8
Cell 9
Cell 10
Cell 11

Cell 12

 Verify BMS contactor outputs

* Verify BMS response (status & meas)

Manual
Setpoints

Fed
¥}
<

42V

42V

42V

42V

42V

42V

42V

42V

o
Fa
=

A0 [P F0 B JE EE SR EE R R R R

-
o
=

Readback Readback Conn

BattSim
Actual ~ Voltage
Setpoints
42V 4202V
42V 4201V
42v 4199V
42v 4200V
42V 4200V
42v 4201V
42v 4198V
42V 4201V
42V 4199 v
42v 4199V
42v 4201 v
42V 4200V

Pack Setpoint
50.4

Current

15.1 mA

149 mA

152 mA

148 mA

15.2 mA

149mA

151 mA

15.1 mA

149 mA

148 mA

151 mA

153 mA

4205

4201

4202

4.200

4.202

4203

4.200

4.204

4205

BMS
(e J)

CAN 12V Power Ignition

Thermistor Sim
Actual Manual

Onboard Temp 24 Setpoints ~ Setpoints
cell 1 Voltage o Cu"nect‘ed Thl Fault
Temp_1 193 20 20 Thermistor 1
Cell 2 Voltage = .
Temp_2 201 20 20|, Thermistor 2
Cell 3 Voltage Temp_3 202 20 20 % Thermistor 3
Cell 4 Voltage Temp_4 199 20 20 > Thermistor 4
Cell 5 Voltage Temp_5 201 20 20/ Thermistor 5
Cell 6 Voltage Temp_6 201 L 20 Thermistor 6
Cell 7 Voltage Contactors
1 C1 Meas
Cell 8 Voltage
c2 C2 Meas
Cell 9 Voltage
c3 C3 Meas
Cell 10 Voltage
Cell 11 Voltage "
Current Sim
Cell 12 Voltage SoC 923 Actual Manual
Cnflnninf ":EIPD‘DI
[ Pack_Current 517.3| | 520 D ]
Pack_Voltage 50.101 50.398 Vrms | Pack Voltage Measure
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Fault Response Tests

= Main (15)
E Set All Thermistors to Nominal
E Set Mo Faults
H Wait
2 Query BMS Data
Verify Mo initial Faults

Inject hardware faults

Verify BMS response (status & meas)

E Fault Themistor to GMD

E Wait

2 Query BMS Data &

Verify GND Faul % Cell Faulting Test :
—7 1 __=E"-"="'g= Ze:':":'."_" channel to test Verlfy CO nta Ctor Outp utS
>
E‘ Fault Themnistor -c %Seled cell to test
E Wait ,é. End
B Query BMS Dati  <End Group>
Verify Shorted F = Main (10)
<End Group= @ Set BMS x All Voltages to Mominal
| B Open Fault Cel

Faults include:
e Cell (open, short, short to rail/gnd)

= Cleanup (4)
E‘ Set No Faults E wait for health aler to clear
E Wit @ Query Health Alerts
% Query BMS Dat Verify CELL_VOLTAGE_TOO_LOW
Verfy Mo Faults Verify Cell X Voltage Readback when Open

EndGoups | D Read Back BST200 Vo * Thermistor (open, short, short to rail/gnd)

: | Verify Cell X Cument When Open

<End Group
= Cleanup (7)

e Comms (bad data, short to rail/gnd)

@ Reconnect Cell

@ Guery Health Alerts

Verify CELL_VOLTAGE_TOO_LOW cleared

Verify Cell X Voltage Readback when Fault Cleared . .
2 Read Back BS1200 V4l ° I I t t

VerifyC.eII ¥ Current after Open Fault Cleared nS u a I O n res IS a n Ce
<End Group
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Charge/Discharge Test

Si3) Set Start Time
B Read back BMS Data

Log Initial SoC

@ Set Pack to Discharge Cumert

Six) Init interval count

+¢ While

' E Wait Log Interval
24 Read back BMS Data
Log SoC (Interval x)
= If

" ., Goto DonelLooping

& BEnd

- f Increment Count

¢ End

|E DoneLooping
%! Set End Time
2 Shut OFf Pack Curent
[ Read back BM5 Data

Final SoC
Dizchange Time

@ BLOOMY

Pack Current

* Discharge, then charge

|ldeally with model in the loop
Set pack current to 1C, 2C, 3C, etc

Monitor BMS outputs and alarms

Monitor BMS from 95% =2 5% =2 95% SoC
Compare against model/expected SoC

92.10%
Cell Model SoC

Pack Voltage Measure | 6582 VDC

BMS Readback Data

BMS:-Status
Balancing Pack

0.1 Pack_Current

' 9028 SoC

654 Pack _Voltage

Cell 1 Voltage
Cell 2 Voltage
Cell 3 Voltage
Cell 4 Voltage
Cell 5 Voltage
Cell 6 Voltage
Cell 7 Voltage
Cell 8 Voltage

40992
40978

4097
4.1017
4.1026
42597

3.761
42949

41087
41068
41026
4.0959
4.0943
4.1064
41117
4.1036

Cell 9 Voltage

Cell 10 Voltage
Cell 11 Voltage
Cell 12 Voltage
Cell 13 Voltage
Cell 14 Voltage
Cell 15 Voltage
Cell 16 Voltage

Temp_1 25
Temp_2 25
Temp_3 25
Temp_4 249
Temp_5 257
Temp_6 25
Temp_7 323
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SoC Estimation Tuning

e Control pack current through drive cycle test
 Compare model output SoC with BMS algorithm

KM AN

Model SoC

H— ..J——L,.\ L«J—-.\h

Pack Voltage

L

Pack Current

-1.25—' [ 1 [ 1 [ 1 [ [ 1
00:00:00.000 00:15:00000 00:30:00.000 004500000 01:00:00.000 01:15:00000 01:30:00.0 01:45:00.000  02:00:00.00 02:15:0¢
®
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Drive Cycle Testing

El Get SoC Values
Initial SoC Readback
Initial SoC Mode!
% Enable Magna Power

&2 Set Initial Model Cument to 34
T Wait 2

ai For

&2 Set Model Curent to 200A

T Wait 10s

% Get SoC Values

SolC Readback (2004, terstion x)

SoC Model (2004, feration x)

%E‘Siﬂmgﬂt; _timestar:p (ms}__ ;elllv:ltage CeIIIZ\SuItage-
] 2 0 42 4.2

E‘ Gt Sol j 2.5 3.5 3.5

5 4.2 4.2

SoC Reas 75 35 35
6 10 4.2 4.2

SoC Mod- 12.5 3.5 3.5
8

15 22 12
3 17.5 3.5 3.5

i‘% Set Mode 20 a2 2.2

1 2.5 3.5 3.5

E Wait 605 . 25 a2 12

13 7.5 3.5 3.5

E‘ Get SoC 14| 30 22 4.2[
Sol Reg's 325 3.5 3.5

16 35 a2 12

SoC Modi7 375 35 35

18 a0 a2 12

% BEnd 19 125 3.5 3.5
120 a5 a2 12

21 475 3.5 3.5

22 50 a2 12

23 52.5 3.5 3.5

@ BLOOMY

Real-time CSV or TestStand-based

Model in the loop

Control & log parameters, measurements,

BMS response in real-time

Verify BMS response to driving personas

Playback of actual test track data

210
200

- Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Dz
Aliases/BMS 1/BMS Da

~ Aliases/BMS 1/BMS Da

- Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Da =
Aliases/BMS 1/BMS Da

- Aliases/BMS 1/BMS Da

- Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS1/BMS Da
Aliases/BMS 1/BMS Da.

- Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS D3
Aliases/BMS 1/BMS D3

Aliases/BMS 1/BMS Da

k_Current  Aliases/BMS 1/BMS Data/Te

BMS1 Logging

ge  Aliases/BMS 1/BMS Data/Pacl

Aliases/BMS 1/BMS D3
Aliases/BMS 1/BMS D4

~ Aliases/BMS 1/BMS Da

- Aliases/BMS 1/BMS Da

- Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da
Aliases/BMS 1/BMS Da

- Aliases/BMS 1/B51200

- Aliases/BMS1/B51200 ~

Displaying values 0 to 100000

/BMS Data/Pack_Volta

¥ TOMS File Viewer - BMS1 - Pack - RT Log (02-18-2020-08-12-07).tdms . = | B |
File Edit
[ || [ Propetie | Valuestable) | Analogvalues graphl |
i~ Targets/Controller/Sys
i Targets/Controller/Sys . .
Aliases/BMS 1/BMS D4 D |

-10- U o ! ! I |
00:00:00.000  00:00:50.000  00:01:40.000  00:02:30000  00:03:20.000  00:04:10.000  00:05:00.000
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BMS HIL CASE STUDIES
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LG XEV BMS SOFTWARE VALIDATION @ LG Chem

Power Inc.

* Proprietary BMS software algorithms developed, tested,
validated by LG

 Simulate a wide range of battery systems
= 500V packs for EV
= 200-300V full hybrid, PHEV
= 48-200V micro, mild hybrids
= 12V start-stop systems

* Able to reconfigure HIL simulator for different xEV
programs without new capital appropriations
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JAGUAR LAND ROVER

 Evaluated 3 cell chemistries
 Validated 4 BMS architectures

 Accelerated firmware validation from
more than 1 month to less than 1 week

“Major BMS firmware releases can now be rolled out within one
week with good confidence of success, whereas similar projects
in the past used to take well over a month, and with substantially

less confidence.”
Miguel Angel Gama-Valdez, Principle Engineer, Jaguar Land Rover

 Download whitepaper

https://www.bloomy.com/support/resources/white-paper/bms-hil-test-
system-helps-jaguar-land-rover-shorten-time-market-hybrid
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https://www.bloomy.com/support/resources/white-paper/bms-hil-test-system-helps-jaguar-land-rover-shorten-time-market-hybrid

SUMMARY
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Battery Management System HIL Testing

Real-time

[ BT

Safet )1
y =~ Throughput
=
Repeatable Coverage
Eliminat
(;;"f;":t‘se Extremes
_ Tune Algorithms
Time to market _— M
ASIL — Reduce cost
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MORE INFORMATION

Grant Gothing

grant.gothing@bloomy.com

Peter Blume

peter.blume@bloomy.com

www.bloomy.com
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