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Speaker Introduction

Tata Consultancy Services
loT & Digital Engineering
Head of Centre of Excellence for FuSa, MBSE, Auto
Electronics

e 20 +Years in Automotive Embedded Systems- (EV, ADAS, Body Electronics)
* INCOSE CAB representative for TCS
* SME-Functional safety, Functional Safety L2 Certified by TUV SUD

* Technical manager for BMS software, Project lead for modeling and simulation( E/E
features)

* Tools Expertise — MBSE tool chains, SysML tools, Safety Analysis tool chain,
Requirement Management, ALM tool chains
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Tata Consultancy Services
loT & Digital Engineering
MBSE - Solution Lead, Auto Electronics Centre of Excellence

12 + Years experience in Automotive Embedded Systems
Experience in MBSE (UML, SysML), ADAS, Body domain
Member INCOSE, INCOSE India Chapter

Tools Expertise - MBSE tool chains, SysML tools, Requirement Management,
ALM tool chains

Key member in deploying MBSE practices across various accounts

Certified Scrum Master



TCS Automotive Experience Summary

O India

0w

O usa South Korea
O Brazil  © Europe O China  Q lapan
% 11,000+
) Engineers 7000+
Electrical & Electronics Engineers
@ Working in
15+ Countries 4000+

Vehicle & Powertrain Engineers

O Spread across
k>, 50+ Customers
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TCS recognized as a
Leader in ACES Automotive Engineering Services
by Everest Group

EE

Architecture  gafety &

Security
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TCS Automotive Electrical & Electronics Portfolio
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Challenges in Electric Vehicle Development



Automotive Trend - Vehicle Electrification — Challenges

O~0
O]
S

'Y
Handling inter- disciplinary Oéﬁ

teams

Faster time to market No systematic method

Increased complexity of Field failures,
vehicle features O — O Vehicle re-calls
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Traditional Vehicle Electrification Development

OEM Program Management

OEM E/E Architecture Team Tierl Suppliers

® ® ® @ ® ®
sa T
| N )
EV System Team -.- SW/HW/Mechanical Team
dh

Vehicle Integration & Validation Team

Complex system design and development need complicated cross-functional interaction
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Bridging the Gaps through MBSE



Adaption of MBSE for Vehicle Electrification Development

OEM E/E Architecture Team

EV System Team

OEM Program Management

" MBSE Approach @

Concept Ship to Market
&
v=
Design Test
Implement
Soa
dh

Vehicle Integration & Validation Team

Tierl Suppliers

SW/HW/Mechanical Team

System Engineering aims to ensure, the pieces work together to achieve the objective of the whole
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Motor Control System
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Braking
System
HV
Steermg EEIE R
System
HVAC —
Driving I V L BodVI
Management Contro
System 4---.7\ System

Power

Management

System

Charging
Inlet

Development using MIBSE

Battery Pack
Control Module

HV Battery Current/Voltage

Battery Current/Voltage

Power Management System

\4
'S
Traction Torque PWM
Reqllest »| Inverter |--
] > < circuit | -]
Accelerator . attery hverera =]
Accelzraltor Pedal Position Vehicle | curent/ S | Motor gg‘i/rolet;gzmp i:rr;ste
Pe. a Control Motor Control e
Position Unit | Failstatus Control Motor
Sensor [~ Motor Position
(VCU) Motor Speed <
Information: L Motor Speed
Motor Temperaturd,
Phase current
_______________ L

Driving Management System

Data Communication
High Voltage Line
Hardwired Connection

12 |

Motor Control System

High level Representation of Motor torque control,
not an exhaustive architecture



MBSE applied to Motor Control System Development

Sys Req to Architecture Traceability

End - End Traceability

System Verification

System Architecture & Req Allocation

E Authoring System Requirements
(] i ‘ i
= =
(%)
el = — B 5=
(Vp)
1
1
1
1
E Authoring Sub Sys Requirements
8 e '
(%]
>
@
0
-}
(Vp]

SW Architecture & Req Allocation

ture
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How MBSE helped



Benefits

Gaps between System and
Component design Identified
before implementation

Reduction in time
taken for adapting
MBSE
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Seamless traceability:

EV Propulsion system requirements
Motor Control sub- system requirements

Motor, Motor control ECU detailed requirements, design

/O\ Stakeholder views for
O O OEM System team,
\O/ TCS team, Suppliers

Classified and Precise
Information exchange
between OEM Team,

TCS team, Suppliers
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TCS in MBSE

8+ Customer INCOSE Working 10+ years of SysML
Engagements Group Contributor Cross-industry Experience

System Requirement Decomposition & Maturation
System Architecture & Design

Simulation of System Functional behavior

Integration of System Engineering & Functional Safety

Expertise in Multiple Tools & Tool Chain Integration
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Thank you

Contact : loT.De@tcs.com



Authoring System requirements Toolbox used -

Simulink Requirements

" Requirement: Sys_1.1

Index Type Implemented TypeOfReq Details
¥ Froperues
hd |h| Motor control System Requiremensts_System_V1
v E1 EV_1 Motor Control System functionality Container System Type: Functional T
I B 11 Sys_1.1 Produce required torque Functicnal System Indec ikl
B 12 Sys_1.2 ‘Communication with DMS Functicnal System Custom ID: | Sys_1.1 |
E 13 Sys_1.3 Communication with PMS Functional System Summary: | Produce required torque |
E 14 Sys_l.4 Regenerative bracking Functional System Description Rationale
E 15 Sys_1.5 Perform Diagnostics Functional System [wils B I U . = H B Ak
E 18 Sys_1.6 Feedback to driving management system Functicnal System .
Motor Control System shall produce required torque as per
> B 2 EV_2 Driving Management System functionality Functional System .
driver request.
> E 3 EV_ 3 Power Management System functionality Functicnal System

> |h| Motor control System Requiremensts_SubSystem_V1

> |h| Motor control System Requiremensts_Software_V1

Keywords: |

¥ Revision information:

b Custom Attributes

¥ Links
El = Derives:
E Sub_Sys_1.1.1 Actual Torque Estimation
= b encor Validi

Specify System requirements consistent with Stakeholder requirements, functional boundaries, functions, constraints, critical performance measures
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I‘ b CONSULTANCY - .
SERVICES 19 | Building on belief



System Architecture & Requirement Allocation

4

Teolbex used -

System Composer

EaAan e s

]

T

Vehicle_Architecture_Updated_060422

Driving Mansgemant System C]

Bustory Curront &

Power Management System
[ Motor Control system
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Toolbox used -
‘ System Composer

Vetic_Arcitecture_Upcatsd DGOAZ2 X | Motor Controler =
& Duving Mansgemant Spsers
[+]
- frmw—— |
(| -
i}
— e Sy veen
2]
= ey e B
]
“lEs -
@ >
Recasremerts - ehide_Architecture_Updotes 0522
view | reremens. =| | 553][ 0@ L5 [15 & &I [
1~ [ wotor consrol System Requiremensts System ¥
v et Mot ContrelSysem hnctonalty
&~ £ Troduck e o |
® 2 12 Cor o wih DS
CRE £ it 1S

Establish “implements” relationship between architectural elements and requirements
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Toolbox used -
‘ System Composer

L= Vehicle_Architecture_Updated_060422 *  Motor Controller =

Vehicle_Architecture_Updated_060422

Mode Command b motor Control Fail Status 3

Mator Speed Information
Battery_Voltage >

b Mode Command

Driving Management System =
. Battery_Current [>
=
Power Management System = =
E 1 Traction Torque Command b Motor Control System
b Battery Current
.
Braking Torgue >
— 4= b Battery_Current
Battery Current [ .
...... motor Control Fail Status <1 b Traction Torque Command
D Mator Speed Information < b Braking Torgue
Battery Voltage > > Battery Voltage 4
_|— |

> Battery_Voltage

HV Battery Current [» —‘

> HV Battery Current

Data Communication
High Voltage Line

Identify system elements, interaction between them to satisfy the system requirements.
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Toolbox used -

4

System Composer

Vehicle_Architecture_Updated 060422

Motor Controller ™

=
~
Driving Management System = |
Batiery_Curent B
Power Management System -’|
f Traction Torqua Command b Motor Control System
I+ Baltery Current [
- Braking Torque [
D L [ b Balbery Current
Battery Current B
— jectar Conrol Fed Stake. < |—(b Traciion Torgue Comenand
E Motar Speed Information 4 H— b Braking Tarque
- +Eeattery Voltags b )——[» Baitary Vol e s < motar Contral Fail Status
'
<1 Motar Speed Information
N Batlery_\iokage [
(& Mode Commana
HV Battery Cument. > . ° e
& Battery_Voltage
—‘
B HWV Batery Curment
= v
L < >
Requirements - Vehicle_Architecture_Updated_060422 ¥ x
v [ ] [55]][]
ndex D 2
hd |h| Mator control System Reguiremensts_System_W1
v B 1 EV_1 Mator Control System functionality
I B 11 Sys_1.1 Produce required torgue I
Bl 12 Sys_1.2 Communication with DMS
E 13 Sys_1.3 Communication with PMS w
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Establish “implements” relationship between architectural elements and requirements
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System Req to System Architecture traceability

Toolbox used -

Simulink Requirements vs Simulink Model » -+ ‘ Simulink Requirements
™ venicle_Architecture_0902
L Motor control System Requiremensts_System_WV1
= o = = = = = m = o = = = = = = == =
= = ) ) = E = E = = T o @ @ @ 7] @ @ )
= = = = += T ] T [ o & nc_’ = = = = = = = = =
@i D 2 g gf E BB B, B B, =i —:2i £ g 8 a3 S & s @
System S EENE Ep = _ s pisisisigi=i2 EiEiEIEIEIEIE
. HEIN G B s 3 3 s 8 5 = E £ 5§ g § 8 £ & §
Architecture Element st 2l S E £ £ £ = 2 5 £ E 5 5 5 5 5 5 5
2 = o = = E =] [ = =] = = =] c = = (8] = = = = = = =
s g = ] 5 = b E - b bt b 2 b E @ ﬁ z z z = 2 = = =
= = & = =] =] = = = = @ = £ = = = = = £
System S v £ 2 s}l g 28 8: 3 8 8: 8 2 88 il ElEIEIElE
= g m o o £ = = = = = = = = = = oM = () o a (=} o o o
Reguirement s elliwigfEl L0000 0 0o s 000 0 o0 0 00 0
q =] 'l [ |
il il o
m 1
= |h| Muotor confrol Syste quiremensts_System_W1
= El EV_1 Motor Control System funclionality «
1
El Sys_ 1.1 Produce required torque e T E—e——— -
El Sys_ 1.2 Communication with DMS «
El Sys_ 1.3 Communication with PMS «
E Sys_1.4 Regenerative braking «
El Sys_1.5 Perform Diagnostics «
El Sys_1.6 Feedback to driving management system «
= El EV_2 Driving Management System funclionality -«

Establish and maintain traceability between System Requirements and System Architecture elements
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Traceability
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Toolbox used -
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& Sotware_1.14.5 Send PWM signal
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simulink Requirements

Toolbox used -
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parison

01 System Requremensts
System
Requirement
Sub -System
Requirement
(.(')‘V;?ULTANCV
SERVICES

16 Sub_Sys_1.1.6 Inverter's DC Voltage Monitoring

& sub_sys_1.1.1 Actuafiorque Estimation

6 571125t

16 sub sy 113 Torgue Co

|
£
y
:
Wm
:

B Sub_Sys_1.1.5 Limt Max ang M Torque

1B sub_Sy3_1.1.7 Inverter temprature monitoring

Les

L% Motor controt System Reflbremensts_SubSystem_V1

‘Simuiink Requirements vs Simuink Requrements x

™ Motor control Sy
B Molorcor

Building on belief
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Simulink Requirements

Toolbox used -
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+
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IMotor control System Requiremensts_System
ﬁ_ Mator control System Requiremensts_SubSystem_V1

Simulink Requirements vs Simulink Requirements =

. SubSystem_V1

System
Re@uiremensis
lidity

Requirement
Sub -System

Requirement
ys_1.1.1 Actua@orque Estimation
ys_1.1.2 Sen idi

E Sub_Sys_1.1.6 Inverter's DC Voltage Monitoring

E Sub_Sys_1.1.4 Actuated Torque Producfion
El cin fin 44 8 v mhnn ceieand i

E Sub_Sys_1.1.5 Limit Max and Min Torque
E Sub_Sys_1.1.7 Inverter temprature moenitoring

= M Motor contrel System
E sub_s
E sup_s

Building on belief
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Simulink Requirements vs Simulink Requirements = -+
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Sub - System
Software
Requirement

Requirement

em@nsts_Software_WV1

i

Bl software_1.1.4.1 Get Phas

= |h| Motor confrol System Requin

urrent

gul

El Software_1.1.4.2 Get an

lq voltage

Software_1.1.4.4 Generate stator d

ignal

El software_1.1.4.5 Send PWM si
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Sub System requirements Authoring

Derive Sub system requirements from System requirements. Requirement writing guidelines help to author quality requirements

Ch

REQUIREMENTS

|h| Moter control System Requiremensts_System_V1

v |h| Moter control System Requiremensts_SubSystem_V1

Sub System

Sub System

Sub System

E1 Sub Sys 1.1.1 Actual Torque Estimation Functional
E 2 Sub_Sys_1.1.2 Sensor Validity Functicnal
= 3 Sub_Sys 1.1.3 Torgue Comparision Functicnal
I HE) Sub SE 1.1.4 Actuated Torque Production Functicnal
E s Sub_Sys_1.1.5 Limit Max and Min Torgue Functional
E & Sub_Sys_1.1.6 Inverter's DC Voltage Monitoring Functional
E 7 Sub Sys 1.1.7 Inverter temprature monitoring Functional
E s Sub Sys 1.1.8 Inverter phase current monitoring Functional
E e Sub Sys_1.1.9 Motor speed monitoring Functional
E 10 Sub Sys_1.1.10 Acquire the motor pasition Functional
E 11 Sub Sys_1.1.11 Acquire the phase current Functional
E 12 Sub_Sys_1.1.12 Acquire DC voltage Functicnal
E 13 Sub_Sys_1.1.13 Receive the mode command Functicnal
E 14 Sub_Sys_1.1.14 Condition to generate actuated torque Functional
E 15 Sub_Sys_1.2.1 Motor control ECU Initializtion Functional
E 16 Sub_Sys_1.2.2 Motor Control ECU Activation for Torgue Functional
ub_Sys_1.2. jotor Speed Information unctiona
E 17 Sub Sys 1.2.3 Mi Speed Infi i Functional
ub_Sys_1.3. nputs from unctiona
E 18 Sub Sys 1.3.1 I fi BPCM Functional
ub_Sys_1.4. uated Torque Monitoring unctiona
& 19 Sub Sys_1.4.1 At d Ti M i Functional
E 20 Sub Sys_1.4.2 Motor Control ECU Safe State for Torque Producti...  Functicnal
vE 2 Sub Sys_1.5.1 Motor controller Failure Container
211 Sub_Sys_1.5.1.1 Sensor Failure Container

El
B 212 Sub_Sys_1.5.1.2 Motor Control Failure Container

TATA
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Sub System

Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Sub System
Unset

Unset

Toolbox used -

Simulink Requirements

B
Requirement: Sub_Sys_1.1.4
Details
Type: Functicnal ~
Index: 4
Custom ID: |Sun_sys_1.1‘4 ‘
Summary: |Actuaned Torgue Production ‘

Description Rationale
- |

Motor Control ECU shall generate equivalent PWM signal based on
commanded torque and feedback motor parameters(Speed position,
feedback current and voltage)

Keywords: |

} Revision information:
» Custom Attributes

¥ Links

El 4= Derived from:

El sys_1.1 Produce required torque
Fl = Derives:

Building on belief




Defining Interfaces

Toolbex used -
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Perform interface defi

ng of architecture
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Feetack &

Building on belief

52 Contens of: _LevelDD.skd (o below)

Coumn View: | Dictionary Objects.

= | ShowDetsis  15cbjeats) P

Toelbox used -

A

System Composer

sttery Voliage
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tode. Command

oter_Speed info

RegReq_Or_Braking_Tig

DC\olage  double real 1 o 40 |Fired voit

. TATA
|‘ b CONSULTANCY
SERVICES

| Building on belief

28 |

Building on belief



Toolbox used -
‘\ S'y'Stcm Cu"ﬂpuoci’
=

<4 4 Vehicle_Architecture_Updated 060422 Motor Control System X

Motor Control System
I
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I i Bartiery_Curmant

| Motor Controller

©» i Traction Tamue Commaned
[ ) miatcr Cantrod Fal Status & —imatar Control Fail Status
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[ IV Battery Curmant

O 8 &E ]
Interfaces LI
E-5R][e] & -&-]8] [&]-]|E]-][searn [ Dictionary View _ ~ |
Type Dimensions Units Complexity Minimum Maximum De
~* & MotorControl_FailS -
elem0 boolean 1 NA real 0 1 Feedback fr

~ & Motor_Position
elem0 double 1 Degree real 0 360
~ & Motor_Speed
Motor_Speed double 1 RFPM real -1200 1200 =
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H Toolbox used - /ﬂ\

System Composer

== Contents of: ...LevelDD.sldd' (and below) Simulink.Bus: DC_Voltage
_ ~
Column View: | Dictionary Objects ¥ | Show Details 15 object(s) ? Launch Bus Editor
Mame Status | Value | DataType | Dimensions | C Design Code Generation
= MotorControl_FailStatus I EI 1+ ¥
= Battery C t
attery tumen Bus elements
= Battery_Voltage
—_ lame DataType | Complexity Dimensions M Dimensions Mode | Unit Desc or
= Mode_Command -
= Motor Speed_info DC_Voltage double real 1 0 450 Fixed volt
= RegReq_Or_Braking_Trq
= Traction_Trq_Command
= DC_Current
= Phase_Current
= Motor_Temprature
= DC _Voltage
= Inverter_Temprature
_ . Description:
= Motor_Position
= Motor_Speed
= pwm
v
< >
Revert Aoply
Contents Search Results

Defined interfaces are represented using data dictionary
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Sub System Architecture & Requirement Allocation

System Composer
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I Toolbox used - /ﬂ\

System Composer

mator Cantrol Fail Status B matar Cantral Fail Status

Motor Speed Infarmation B

Battery Curreri—{ &> Baltery Currant
= " Phase Curnent_ ud_f

matoe Control Fail Status
Traction Torque Command —{ > Traction Torque Cammand

Braking Tamue b Braking Targue
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Toolbox used -

System Composer
\4‘—‘ U Vehicle_Architecture_Updated_060422 Motor Controlier > ricica]

Motor Controller

mator Control Fail Status[{B
b HV Battery Current

Motor Speed Information [ &
Motor Control H ]
H a4 g
&> i Batiery Current : > T
H T
; Phase_Current_ul{_)
nverter Temperatura {_j---- N _—!‘e
Traction Torque Command [— > Traction Torque Command Inverter Circuit
C Cur
DC Current () DC Voltage () —
H Phasa_Current_vIHO)
t> 4@ Traction Torque Command motor Control Fail Status—( <4 motor Control Fail Status B Vitage ) DC Current
= TS ST @ ——
— P P e,
b Pi Cur Phase_Current_w|
D Braking Torque—{ & Braking Tarque Phase_Current_u{_j—4@Phase_Current_u Wil
Motor Temperature {_j—dMotor Temperatura Phase_Current_v{_j—4@lPhase_Current_v
t> 4iBraking Torgque o5
S Phase_Current_w{_}—4Phase_Current_w P T oarature B
Motor Speed Information—{ 4 Motor Speed Information Phase Currant () qPhase Current Motor Temperature @)

Mator Speed {_j—qMotar Speed
Mode Command l—{ B> Mode Command

Phase Current ()
> 4fMode Command Motor Position {_}—#fiMotor Position

Motor Speed ()

t | 4iBattery Voltage

A @ @

b

Data Communication
High Voltage Line

. TATA Hardwired Connection
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Toolbox used -

System Composer

L

L Vehicle_Architecture_Updated 060422

w

Moator Controlier X

‘Mator Contraller

b HV Batiery Cursent

<«
®
Q
3

b Ml Traction Terigon Comiaraead

O E | FEAdl R

=
g

=

=

&“°

=d
Bz [5ub 5y= 114 fctuaied Targus P-1
32 — .
=3
g
il
= :
| Matar Contral |
irtar Tan i
Traetios Toseus Commind—{p Tractie Totsus Cemmand__ !
0 urent i
moice Conbol Fai St B—{ 1 motor Cosir Fai By Dcm”jl . :
[T S— P
Brining Torpsulb—{p Beabing Torcusm /j
s woe Tomgaraturn ) Meler Tarrgiraton
Mtiss St nkormaticn B—) ) Metis S nkermation Pk Curra {_ji— P Corrant
— Maior Sposd i dhctor Soued
M Fusticn{_j— ghdotor Pesiton
£l
2z
=5
8 2

é'
5%
2.
iT |
Bz
i7
=

e

san

Mot Spens fumaticnh{ P
Fhisa Cuscnt i)
Phise_Cunast_ i)
Phasa Cusnt )

Moter Tassperataral)
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View: |Requiremen13 ‘| ||E”E”u|

Search

B 2 Sub_Sys_1.1.2 Sensor Validity
El 3 Sub_Sys_1.1.3 Torque Comparision

I_IE| 4 Sub_Sys 1.1.4 Actuated Torque Production I
E s Sub_Sys_1.15 Limit Max and Min Tergue
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Sub System Requirement to Architecture Traceability

Simulink Requirements vs Simulink Model =+

Vehicle_Architecture_0902

L Motor control System Requiremensts_SubSystem_V1

4

Toolbox used -

Simulink Requirements

Sy

Sub System
Architecture Block

02
menf(Syster
ye

T Power 1 an ag:

Sub System
Requirement

Vehicle Architecture
HD Battery Pack corffal Mo
} Power Management Sy
EID Motor Cantrol System

=l M Power Manage

=

@l imverter Cireuit

D W atar

T Wotar Cantral Systerm: M

T Wetor Cartrol Systerm:

} M aotar Control System: W

T Wotar Control System:B

T Weter Cartrol System:Tr

= D Driving Management Syste

@[ Accelerator Pedal Positi

@) Brake Systermn Module

@[ ehicle Cantrol Unit

E" Driving Management Sy
} Driving Management Sy
} Driving Management Sy
@‘ Driving Management Sy
} Driving Management Sy
} Driving Management Sy
@‘ Driving Management Sy

UCs

= |h| Motor confrol System Requigmensis_SubSystem_WV1
E Sub_Sys_1.1.1 Actual Tofiue Estimation
E sub_sys_1.1.2 sensor Whaity

E Sub Sys_1.1.3 Torgue Comparision

E Sub_Sys_1.1.4 Actuated Torque Production

E Sub_Sys_1.1.5 Limit Max and Min Torque
E Sub_Sys_1.1.6 Inverter's DC Voltage Monitoring
El Sub_Sys_1.1.7 Inverter temprature monitoring

El Sub_Sys_1.1.58 Inverter phase current monitoring
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Component Requirements

Toolbox used -

Simulink Requirements

ANALYSIS

FILE REQUIREMENTS LINKS VIEW EDIT
@ Requirement: Component_1.1.3
I Implementes Details
b |h| Motor control System Requiremensts_Component_V1 _ * Properties
B 1 Component_1.1.1 | Produce torque _ Type: e p— -
. B 2 Component_1.1.2 | Equipped with motor position sensor = Indesc 3
ré 5 Component_1.1.3  Torgue production range _ Custom ID: |C0rnponent_1..1.3
E 4 Component_1.1.4 | Motor temprature range
Summary: |Torque production range
E s Component_1.1.5 | Motor power range _
E s Component_1.2.1 | Inverter functionality _ Description HEEETilE
B 7 Component_1.2.2 | PWM command to inverter _ gy |Ar1'a| v" 10 -
=] Component_1.2.3  Inverter temprature range _ Motor shall produce torque in -250Nm to 250Nm range
B s Component_1.2.4 | Inverter current range _

TATA

l ( :G CONSULTANCY
SERVICES

36

Keywords:

» Revision information:

¥ Custom Attributes
TypeOffeq: |Component ~
¥ Links

El 4= Implemented by:

D Motor
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Software Requirements

Toolbox used -
Simulink Requirements

Index
|h| Motor control System Requiremensts_System_W1
|h| Motor control System Requiremensts_SubSystem_V1
hd |h| Motor control System Requiremensts_Software_V1
E 1
E 2
E 3

Software_1.1.4.1
Software_1.1.4.2
Software 1.1.4.3
—

Get Phase current
Get angular velocity

Get DC link voltage
==

Functional Software

Functional Software

||§|4

Software_1.1.4.4

Generate stator dq voltage

Functional Software
Functional Software

B s

~ TATA
I‘ ﬁ CONSULTANCY
SERVICES

Software_1.1.4.5

Send PWM signal

Functional _ Software

37

Reguirement: Software_1.1.4.4
Details

Type: Functional i
Index: 4

Custom ID: |Snﬁware_l.1.4.4

Summary: |Generate stator dq voltage

Jescription Rationale

% e s 7 u M

Current control module shall generate stator dq voltage based on
torque request, phase current, angular velocity and DC voltage.

Keywords:

} Revision information:
} Custom Attributes

¥ Links

5 4= Derived from:

El sub_Sys_1.1.4 Actuated Torque Production

El 4= Implemented by:
B Drive_Controller

Building on belief



Software Architecture

TATA
tm CONSULTANCY - .
SERVICES 39 Building on belief

B R RA@AOIREABG|

Requirements - Drive_Controller_Arch

e EoE EEE FEOGE EE

Index n Summary
~ [ Motor control System Requiremensts_Software_V1
1 Software_1.14.1 Get Phase current
&2 Software_1.14.2 Get angular velocity
E3 Software_1.14.3 Get DC link voltage
| IE Software_1.14.4 (Generate stator dq voliage |
m TATA
‘CONSULTANCY
SERVICES a Building on belief
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BB B E

Requirements - Drive_Controller_Arch

view: |Reguirements | | (% |23 @

hd Motor control System Requiremensts_Software_V1

S
E 2
E 3

Software_1.1.4.1
Software_1.1.4.2
Software_1.1.4.3

D

Summary

Get Phase current

Get angular velocity
Get DC link voltage

ﬁfhlﬂeil.l.‘l.-‘l

Generate stator dq voltage |

LE ¢

tcs
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Software Design and Implementation

Function-Call
Clock_50us

CLK 50us()
Task_100us_1i)

[Taskims_1] [Task100us_2]
Y

s _2()

=] Task1ms() 00
( : — it trgR  idg_ref »] iad 31 00us0)
Task_1ms_11() trg R
vdg
Task Scheduler m - aaqbc i Vabc g
iabc elec I
| we Tq_limp—®»<_ Tg_lim | il
— theta . S
_ G-
dcTq_estim — ey ._._'
Vdc # vdc ModWave —b— | zaro vector
Outer Loop Control
- P Current Control
[Task100us_1]
| b
Task100us()
P jabc_sens we | rad/s->rpm
iabc_sens iabe
Gl —{wsens | =
W sens theta
Ca ) lgaf—rfin.sens i) |
th_sens iz
PwmEnable
@— E »vdc sens J: N
PwmEnable *a
Wdc_sens
Measurements
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System Verification

4| Viewen Scope (Acc, Brake) - [ipmsm_torque_control_ev_axle_21b_arch] - O * 4
File Tools View Simulation Help b File Tools View Simulation Help w

o- 90 P B Q- F A &- 40P Bw Q-|E-|FA-
D mand

Vehicle 0]

Ready Sample based T=1.000

Ready Sample based T=1.000
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Stakeholder views

System Composer

‘ System Composer ﬁ ‘ System Composer ﬁ

[WSystem View [ rer—
P ours becs
PR T—" o oy Camet come> P eere——
n Gty Voo <> [P ev———
ks Sonod omaten <om> 1 Mo Comand o>
i molor Corol Fast Statis: <owned> " roqurs: Brakng Torae <owned i
OEM e Comend s B T ot s Tier 1
: o Rogen g o v || o o Sped omton v Supplier
Perspective o ek e Gormmand > ot oo Contot ok S <> PP
Perspective
© | Requirement Links =

s
s

4515 Pastorm D

Generate the sub system view to s|

e precise information with the Tier1 Supplier

TATA
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SERVICES w| Building on belief SERVICES s | Building on belief

M Component

‘ System Composer @ — @

‘ System Composer
1 Produce torque st 3
Requirement Type  Functional

ID Component 1.1.1

Description

Links

Artfact: Vehicle_Architecture_0902 s

[Lnkedem T LinkType ]

[Diaar [~ mpemereaty m
2 Equipped with motor position sensor

Requirement Type  Functiona Motor
1D component_1.12

Description

Motor shall be equipped with motor position sensor
Links

Motor
Vendor
Perspective

Specifications

B 3 Implements:

Component 111 Produce torque
Component 113 Torque production range
Component 112 Equipped with motor posion sensor
Component_1.1.4 Motor temprature range

Anifact. Vehicle_Architecture_0902 st

Uinked ftem TGk Type |
dotor l + Implemented by |

3 Torque production range

Share the generated component specification along with the requirements with the vendor

. TATA
o &5 tf/) CONSULTANCY
wl uilding on belief SERVICES
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OEM
Perspective

B system View

‘ System Composer

Driving Management System

Motor Control System

Power Management System

«System»
Ports
in Battery Current. <owned>
in Battery Voltage: <owned>
in Motar Speed Information: <owned>
in moter Control Fail Status: <owned>
out  Mode Command: <owned>
out  Regen request/Braking Torque: <owned>
out  Traction Torque Command: <owned>

View Configurations

«System»

|| Ports

in Battery Current: <owned>

in Battery Voltage: <owned>

in Mode Command: <owned>

in Regen request/Braking Torque: <owned>
in Traction Torque Command: <owned>
out  Motor Speed Information: <owned>

out  motor Control Fail Status: <owned>

«System»

Ports

out  Battery Current. <owned>
out  Battery Voltage: <owned>

us)

= Implements:

EV_1 Motor Control System functionality
Sys_1.1 Produce required torque
Sys_1.2 Communication with DMS

1.3 Communication with PMS

1.4 Regenerative bracking

1.5 Perform Diagnostics

o

In o len

i Jui

@ | Requirement Links

A

Apply stereotypes to see the System views which can help OEMs to explain system from their perspective

TATA
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‘ System Composer

M 5ub-System

B = Implements:
Sub_Sys_1.1.1 Actual Torque Estimation
Sub_Sys_1.1.2 Sensor Validity
— = = = Sub_Sys_1.1.3 Torque Comparision
Inverter Circuit - [Motﬂr Control o d] Sub_Sys_1.1.4 Actuated Torque Production
B RECRIEAN Sub_Sys_1.15 Limit Max and Min Torque
Cosl. =lring Damain: winif =1 Sub_Sys_1.1.6 Inverter's DC Voltage Monitoring
Eeiely SR Pl L Sub_Sys_1.17 Inverter temprature monitoring
Farl_Number siring ASIL_Level: siing Sub_Sys_1.1.8 Inverter phase current monitoring
Supglier. 5 Crmer. siing Sub_Sys 119 Motor speed monitoring
Supply_Time: siring Frogress_status: string Sub_Sys_1.1.10 Acquire the motor position
slnwester_Paramelerse Review_stalus. string Sub_Sys 1.1.11 Acquire the phase current
ax_DC_Power: sking _release_dale: siing Sub_Sys_1.1.12 Acquire DC voltage
T' 1 _lInpui_Current: siring _release_wersion: siring Sub_Sys_1.1.13 Receive the mode ¢ d
I e r wdub_Systams Sub_Sys_1.1.14 Condition to generate actuated torque
. Ports Sub_Sys_1.2.1 Motor control ECU Initializtion
S u p p | I e r . Outpul_Voltage: double = 400 in Battery Current Sub_Sys_1.2.2 Motor Control ECU Activation for Torque
Operaling_Temperature_Range: siri in tery Vallage Sub_Sys_1.2.3 Motor Speed Information
H Switching_Frequency: sking in mg Torgue: <owned= Sub_Sys_1.3.1 Inputs from BPCM
Pe rs pectlve &Sub_Systams in  DC Current: <o Sub_Sys_1.4 1 Actuated Torque Monitoring
Ports in DG Voltage: <owned= Sub_Sys_1.4 2 Motor Control ECU Safe State for Torque Production
in DG Current: =oar im  Inverier Tempera) Sub_Sys_1.5 1 Motor controller Failure
DC Vollage: <ows in Maode Cam Sub_Sys 152 CAN Communication Failure
HY Battery Current in Matar Pasifon: <owned=
nverier Temperatune: <owresd= in  Matar Speed: =owned=
PWME =owned= in Matar Temperature: <owneds>
Phase_Currenl_u: <owned> in PWM: <owned>
Phase_Current_v im  Phase Current: =owned=
Phase_Curnenl_w im  Trsction Targue Command: <owned>
out Matar Speed Inform:
out matar Conl

~ TATA
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[l Component ‘ System Composer

Motor ==

«Components
alotor_Parameaterss

Current_Rating: string
Power_Consumption: siring
‘ ‘ Type_of_Motor: string
’ aPhysical Parameterss
- - Cost: double =0
Di: =tring
Part_number: string

Suppler: string

Supply_Time: double = 0
MOtor Weight: uint32 =0
Ports
Vendor in  Motor Posibon: <owned=
. in  Motor Speed: <owned>
Pe rSpeCt|Ve in  Motor Temperature: <owned=

in Phase Currant <gwned>

in Phase_Current_u

in  Phase_Curent v H = Implements:

" e Component 1.1.1 Produce torque

Component_1.1.3 Torque production range
Component_1.1.2 Equipped with motor position sensor
Component _1.1.4 Motor temprature range

Generate the component view to share with the vendors

~ TATA
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tCs

—————

1 Produce torque
Requirement Type Functional
ID  Component_1.1.1

Description

Motor shall produce torque based on Phase current provided by Inverter

Links
Artifact: Vehicle_Architecture 0902 slx
Linked ltem Link Type
[ Motor <= Implemented by

2 Equipped with motor position sensor
Requirement Type Functional
ID Component_1.1.2

Description

Motor shall be equipped with motor position sensor

Links
Artifact: Vehicle_Architecture_0902 slx
Linked ltem Link Type
™ motor ‘= Implemented by

3 Torque production range

TATA
CONSULTANCY
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Share the generated component specification along with the requirements with the vendor

‘ System Composer

Motor
Specifications
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