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Software Electronics Battery Pack

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));

-l

} —
1
if (((uint32 T)State Machine DW.is active c2Z State Machine) == 0U) { oy
State Machine DW.is active c2 State Machine = 1U;
State Machine DW.is MainStateMachine = State Machine IN Standby; —

*rty BMS State = 0;
State Machine DW.MonitorCurrLimMode = MonitorCurrLimModeType NoCurrLimFaul:
State Machine DW.MonitorCellVoltageMode =

MonitorCellVoltageModeType NoCellVoltFault;

]

R R OB e

State Machine DW.Delta = (regl32_T)fabs((real_T)((real32_T)
{((*rtu Pack Voltage) - sum gvOCKAG3(rtu Cell Voltages))));
State Machine TH.FanltPresent = false: —
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MILS: Model In the Loop Simulation  SILS: Software In the Loop Simulation RCP: Rapid Control Prototyping
PILS: Processor In the Loop Simulation HILS: Hardware In the Loop Simulation
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| +BattPack

Balancing_Commands

BalCmd 1 HalCmd
Conni Conn
Conn2 Conn2
Conn, Connd
Cell\oltages
Pack
wonn Conns
Conné | Conné
Conn? Conn?
Cell_Module_05 CallMonitoringUnit_05
BalCmd] > -LF i BalCmd
Connl Conn
Conn2 Connz
Conn3 Conn3
Cell\violtages
Connd Connd
ConnS ConnS
ConnBpb——— A ¢nnnt
Conny Conn?
Cell_ Module_ D6 CallMonitoringUnit_06
BalCmd 1 BalCmd
Conni Conn
Conn2 Conn2
Conn, Connd
Cell\Voltages
Connd Connd
ConnS Conns
Connf f—————————Connk
Conn? ’ Conn?
Cell_Module_07 ‘ CallMonitoringUnit_07
BalCmd BalCmd
Conni Connd

System

| -BattPack

Cell_Voltages ——p

Cell_Temperatures ———p

Current f————p<Z

Battery Pack Dynamics

Contactor_Cmd
-BattPack

+BattPack

{ +Charger
| -Charger
t -Inverter Isolation_Status ———

| +Inverter

Contactor_Status ————p»

Contactor Dynamics

1]

BMS_State

Current_Limits

Inverter_State ————»

| +Inverter

| -Inverter

Inverter Dynamics
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BMS_State
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Charger Dynamics
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L
Vout_Char Lz |
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Pack_Currant Lz 1"

T,
Pack_Vallage Lf_r
T e
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single

single

Call_Vollages Lz 1™

»
single

single

.

Cell_Voltages

Pack_\oltage

Pack_Current

\out_Char

Vout_Invir

singhe [1x6]

StateRequast
»

BMS_ TestSeguence

Y

StateRequest

intd

SL_ElltEF{eq uest

Cell_Temperatures

single inglgBatteryModule.slx
rgeCurrentRed) > ChargeCurrmE =iy -
BMS—SGﬂ“&H? Cell_Voltages
CurrentLimits P CurraniLimits ’
» ¥
BalCmn Baomd BalCrmd Pack_Vaoltage
»
boolean :
PosContactorChgrCmd | PcsConiaclorC:hngmd ,
boolean : Pack_Current
PreChargeRelayChgrCmd i PraChargeRelayChgrCmd
boolean [
NegContactorChgrCmd P NegContactorChagrCmd
| Viaul_Chgr
boolean |
PosContactorinvtrCmd P PosContactorinvtrCmd
boolean |
PreChargeRelaylnvtrCmd 1 PraChargeRelayinvtrCmd Wout_Invir
boolean {
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Cell_Temperalures
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File  Home Insel - | _ %ﬁﬁﬁﬁﬁ BMS Test man » _ﬁEnt_'_ﬁé E » 1t 1‘§j$=ﬁ|:.]'%§§
Al - & time v - _ — S—
A B c D E : < = TILBREERE N=AT12 TA=
1 |time _CeH_Vo\tages(l) ICeH_\/oItages(Z) ‘Ce\l_\/a\tages(S) ‘Cel\_\/o\tages(d) ‘CeH_\/o\tages(S) C:‘/E— L-—=-3 _‘/CD'J IJ_R"WLE}F{ Current =
2 Type: single Type: single Type: single Type: single Type: single — / \ * — I —
3 Interp: zoh Interp: zoh Interp: zoh Interp: zoh Interp: zoh ' X I\‘ 7 _X§ E = - — =y e d gy B HvVS4ERE
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B™C Assessments

LowTempFault when min(Cell_Temperatures) < LowTempLimit
verify(BMS_ State==int16(3),'Low Temperature Fault')

HighTempFault when max(Cell Temperatures) > HighTempLimit
verify(BMS_State==int16(3),'High Temperature Fault')

OverVoltFault when max(Cell_Voltages) > OverCellVoltageLimit
verify(BMS_State == int16(3),'Over Voltage Fault')

UnderVoltFault when min(Cell_Voltages) < UnderCellVoltageLimit
verify(BMS_State == int16(3),'Under Voltage Fault')

default

TAMESR GitlI/\) Z=44
iR T EUTEER
GitLRT N Githt Jenkinsh'
(CREIFERRER  Jenkins Simulink 4 || #
%}R*ﬂ ZitCE Test%;{‘f S : Create a Bug
ave test results Issue in GitLab

Simulink
Project

to Git

Commit and GitLab
push changes Triggers Simulink

(

Create a Merge
Request in GitLab

Jenkins Runs

Jenkins Test
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Summary: |Range

Description ~ Rationale

The aircraft shall be controllable for all
distances within line-of-sight

ZHOEBICHTHETIVE ZHDEBICHTHTAN —R%E

% %t % CTREER T % Xt % CREERT T
EHITT5—
Implemented Verified
G O ,
wnwa || m; = b= ____| Implemented: 16, Justified: 0, None: 2, Total: 18
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Summary: |Range

Description ~ Rationale
i B

The aircraft shall be controllable for all
distances within line-of-sight

AT OEHRERRERE
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BEHITT45—

1E1E & 1E &IREE
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(4] TestCase1 x| [ Visualize
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Cell_Voltages
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PosContactorChgrCmd

PreChargeRelayChgrCmd : C / C+ + : - I: E Jﬁ
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» >
. & EJLEF
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PreChargeRelaylnvtrCmd

P \Vout_Invir

Cell_Temperatures  NegContactorinvtrCmd

- St$tEReq uest

a

38



4\ MathWorks

Embedded Coder® :
5L/ M-J71 )V hbeEEE /#BiAHAC/C++ 11— R B &AL

I (OSvY) void rst_cntr_step(void)
[0 )™ W {if (reset) { 5 )
e _ K 5 C y=0; C \ h
T } else {
. vy += (int1l6_T)(k * u);
h
+ h
VIMHE - B + I-T42ILR
_ 2ET. B 2L ®E57U> 00— R E BRI E
B, T . Y
o . - TH/EHEE - BT IIVORAFFREAUR )= 8
- B RIBOSA TSR L EFL-O- RREOTEEERL
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Embedded Coder £/ #EgE

R CI— RERK B ELELIE EFI)I-ERI-REY>Y | RiEE-DAIVAX
SE-HARRCRETY | FMEMHOSVI-PeEMLET | LE1— S —YEUFT/(CEF] | E&EL-REI—ILTEITER)
if ;rfsg? { N e g o
} e|Se { C ‘ i = j .gﬁt'}/lmized
y += K * u; | State = sum_int I 5 |
} o - | ° =y
static s16 sum_.int; Csp Fiters  Basic Math
MCU/DSPERIOYY | SEICI—KRERDIAHG | 7)) - 01— RS IERELE HRBRUBICT I
SBR - S F(CEFITY BIfFVINEEDERNEIEE | ERI-FOREFECE | SHRLZ-XCHELTOET

C2000 MCU

SM320F28335

C2802003005x/08x

% TExas x Cax
|N§H{l MENTS PIEIFR7.INTS
Int Trigger

X —8BMCU/DSPTHIABIgE

Y ssem b

S-Function

ink Coder
> Asynchronous
Custom Code
- Desktop Targets

SIL: Software In the Loop
PIL: Processor In the Loop

A MISRA C/AGC

1SO26262
| IEC61508
AUTOSAR

J—-FOF A - BECARHIERTY (RMIMEVARERICEENET) 40
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Task / Module

Throughput (uSec)

Model Hand-Code
Current Magnitude and Phase 1.42 131
Process
ABC to dq0 _Frame 0.76 0.52
Transformation
Resolver Harmonic Learn 0.48 0.22
Angle Position Determination 0.93 0.84
PI-Current Regulator 7.62 7:51
Torque Mode 482 472
dg0 Rotating to Staponary 0.94 082
Frame Transformation
Complete 100 uSec Task 65.37 63.83

*MathWorks Automotive Conference Michigan 2015

EEI—NER ~a3—FDM4RE~

4\ MathWorks:

Visteontt /S —kL A2 &IV TR
Code Size
Hand Code 928

Auto | No overflow/underflow check | 904

Code | Check OF/UF everywhere 1562

Check only where necessary | 934

*Based on Tasking Compiler for ST10

Table 2 ROM and RAM comparison between a
floating-point hand code and auto code.

Hand Code Auto Code
ROM 6408 6192
RAM 132 112

X SAE Technical Paper 2004-01-0269, March 2004
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View License
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This example project can be used as a reference design to get started with designing Battery Management System with MATLAB and Simulink.

This example project can be used as a reference design to get started with designing Lithium lon Battery Management System (BMS) with MATLAB and Simulink. MATLAB Release Compaitibility
Created with R2019b

Project includes Simulink models for BMS Algorithms such as: Compatible with any release

1. State of Charge estimation using Extended Kalman Filter, Unscented Kalman Filter Platform Compatibility

2. Passive Battery Cell Balancing

3. State Machine for Pre-charging and Contactor Management

4. Fault Management - Over/Under Voltage, Over Current, Over Temperature etc.
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