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What is the purpose of AVL s Integrated W-\"iN 3%:«0
and open development platform approach?

We V|rtuaI|ze product and process
e PV T T, i i

“By 2025 80% of the prototypes will be
virtualized”
-

)
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Over the whole vehicle development process out of a functional view
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Why we are doing it ...

SIMULATION

&% ... to empow customers to react

faster on change
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IODP Software Ecosystem

Development
process

Concept Operation

Process Implementation

Consulting, Value Creation, Virtualization Potential Analysis

3 ! | | ! | 3 L |

Development
activities

Requirements 3D | | 0D/1D | | Calibration | | Testing | | Production |

Sl R + Attribute Engineering

Joljs 4 -4 o
ortware Applications

Seamless usage of software products to increase capabilities - 9 g @ Heat mgt

.| File(s),
~ |I| Filesystem(s)

Virtual

Lab . ADAS
Energy mgt
database(s)

Asset M,
e L or Lab’

.CONNECT
Layer

-

3rd party Module

CON N ECT .connect layer ' @

l L L
Increase agility and speed through connecting existing software products NER NER RER l:l I:I . l:l I:I -

Model D Testbed.
CONNECI' CONNECI’ CONNECT
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Efficient Electric | “«, ‘ AV L %;
Vehicle Development 06

The Future Powertrain
Technology Trend

.
(P)HEV and BEV Development

On Different Testing Environments

Advanced Vehicle Development
The Big Picture — Front Loading

E-Motor and Inverter

Advanced E-Drive Calibration

Battery

Digital Twining and Battery Monitoring



The Future Powertrain




Future Powertrain Technology Trend

« There will be a split of different
propulsion systems in use

« ICE Engine (in form of HEV) will
remain but within an electrified
powertrain

* Fuel Cell Electrical Vehicles FCEV
will be used for long distance
traveling

- Battery Electrical Vehicle BEV will
become important in the urban area
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Why is it so important ?

Electric Vehicles Sales Trend:
Global LDV and EV yearly sales,
2015 - 2040 (million of vehicles sold per year, %)

m of vehicles sold per year % of new car sales

140 100%
90%
120 HEV
80%
100
70% s BEV
50%
'PHEV
60 40%
40 30%
20% —rE‘;/w% of
2° ||Il
10% |
..llll sales
2015 2020 2025 2030

Source: Bloomberg New Energy Fingnce Note:
= internal combustion endine and hybrid vehicles,
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Propulsion Systems for
Production (Nr)

(Base IHS database 2017) m Electric
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m ICE:
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BEV = battery electric vehicles,
= plug in hybrid electric vehi

2030: 80% ICE; 80% electrified
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The Vehicle Development Process




Evolution of powertrain calibration

New approaches are required achieve
cost, time & quality targets
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Screening—- The big picture

e

®

Testing environment

Development and
testing activities

Public

Simulation

Performance

Emissions

Fuel consumption
OBD

Drivability

Handling

ADAS

Sound / NVH
Functional safety
Durability / Robustn.
Climate comfort

Shifting effc

Virtual Component
Test Bed

Powertrain
Test Bed

: faster, cheaper, higher quality

Bl Today B Future
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Evaluation of working environments

Working environments used during optimization & validation of powertrains:

Office Trans/Engine T Driveline TB Powertrain TB Chassis Dyno Road
=4 (= (i) =

Costs

Availability

Repeata
bility
Maturity of
methods

Experience
& Trust
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(P)HEV and BEV Development




E-Vehicle Development - Calibration Tasks

= Several calibration tasks on different levels
along the vehicle development process

Vehicle
Systems

w @ Powertrain

ICE Trans- ric Battery Controls Components
mission MDtDr

Software
& Controls
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Integration
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cross-section functions: Vehicle systems
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2

=

@

=

S

=1

g

O B

£ O

bty © work

E s packages

2 E
a2

e & &

a g u a':: VARIOUS CALIBRATION TASKS Calibration

e 8 ta tasks

t 5 £e

5 2 5

N (=] 5 Q

: & £ =3
= s % ¥ XCuU
E Z £9 VARIOUS XCU FUNCTIONS functions
Batte ry 'i" g bt E (approx. 1000-1500 in sum)
w 2 0
Management 8 £ a3 / / \ \
- 1] —
o w Sm
System PoGu Calibration

8
S

Public | Speed Up The Development Process - IODP | 13 Marz 2019 | 16




Total
Calibration Effort

Calibration Effort: HEV & EV

Steeply rising complexity and interdependencies
of functions (number of calibration parameters,
drive modes, components in the powertrain)
Multi-dimensional optimization of calibration
parameters

E-vehicles

=Y

Vehicle
Validation
&
Benchmarking

v

Hybrid

1)

Transmission

S0

Engine

g

50% 40-50% 40-50% 30-40%

7-14%

Drivability calibration

Public

Example:

~11% E-vehicle

~30%
Interfack °

HMI

~11%

Diagnosis

Mode Change /
Driveability
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The AVL Solution

AVL's CONNECTED Toolchain “Advanced Calibration for Driveability” (ACD) enables to calibrate driveability
tasks in earlier process stages due to a powerful methodology and tool chain, combined with flexibility in
choosing working environments and application know-how, drawn from years of experience

@ powertrain testbed @ chassis dyno
v v
AVL CAMEO™ * Calibration and Measurement System AVL-DRIVE™ =
Dok Tools & Automated === * /0 Hardware (XCU, CAN, ...) - Driveability Ratings AVL CAMEO™ AVL-DRIVE™
Calibration Systems A A DoE Tools & Automated Driveability Ratings
'y ¥ ¥ Calibration System —
AVL DynoULTRA™ AVL DynoULTRA™ * Calibration and Measurement System
* 1/0 Hardware (XCU, CAN, ...)
AVL E-STORAGE BTE™ . . AVL E-STORAGE BTE™
Battery Emulator Battery Emulator i |
'y ¢ $
AVL X-ion™ ( _____ Measuring of
E-Power Analyzer 7 | — connection force
* Vehicle «» Vehicle Tip  Accel |,y
Battery Batte
i * Inverter - Y + Ds
i * E-Motor xCU * Inverter | pq
i + E-Motor CAN
H -
v Tip Accel. CAN i
.5 mEm
o= -
% 2 g
= £ AVL DriCon™ ﬁ
= CAN path = AVL DynoULTRA™ AVL DynoULTRA™ Automatic Maneuver 2,8 :
= Signal path Execution Chassis Dyno
=== Electric path ’ ’ Automatic Driver Model (FRED) Testbed Automation
wess Electric
measurement v < 4 3 A M -
= Mechanical = CAN path Signal path = Electricpath ===+ Electric measurement == Mechanicalpath
p’;; anies _p  AVLPUMA Open™ Testbed Automation < P Eee 2 d

AVLVSM™ Vehicle Simulation and Maneuver Designer
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HV Battery SOC [%]

RDX in the lab

Electric range — validation and optimization

EXAMPLE 1: BATTERY STATE OF CHARGE (SOC)
DURING THE AVL RDE TEST CYCLE.
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Chassis Dyno Testbed é > — CAN path
Automatic Maneuver Automation . P
— Signal path
Automatic Driver Model (FRED) é AVL SMART MOBILE SOLUTION™ — Mechanical path

TOOLCHAIN FOR ELECTRIC RANGE VERIFICATION

AVL CONCERTO 5™

N
7/

Break J Accel.

th, |t

T

« Vehicle battery

o Inverter

® E-Motor

m A Measurement device
i SOC, vehicle speed, ...
‘ N

U

RDE Simulation Package

T
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HV Battery SOC [%]

RDX in the lab

Electric range - validation and optimization

EXAMPLE 1: BATTERY STATE OF CHARGE (SOC) TOOLCHAIN FOR ELECTRIC RANGE OPTIMIZATION AND VERIFICATION
DURING THE AVL RDE TEST CYCLE.
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Tech Center Italy

' unﬁ--l‘\

AVL POWERTRAIN TESTING

BOOSTING EFFICIENCY

AVL ItaIy testmg solutlon
7 i — W B %, //””””M»g (
< Ilh “l Y\

\:g ol II*/
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Customer Benefits

= 3 times faster maneuver execution (customer feedback)

= Minimized testing duration & prototype utilization via 24 / 7 testing capabilities

= 3 times reduced number of measurement points by use special DoE adapted to dynamic optimization
= Highest reproducibility & repeatability

= Increase security - shift of safety critical maneuvers from test track to test facilities

= Integration into customer process and evaluation of customer benefits (time-costs-quality) considering the
specific boundary conditions of every customer

Commercial analysis
Total costs of ownership

costs

A
AN
efforts % 00(\/0
S QQS\
— \\} ad
I & exn®
Cost o neWw
. >
Reduction , o
investment
Calculator resuits time_
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E-Motor and Inverter




OVERVIEW of AVL "s E-DRIVE ACTIVITIES

FROM Concept to Start of Production

Test equipment for e-Drive =r
Turnkey lab solutions

System validation
Planning,
optimization &
monitoring

Prototype build

Front-loading of virtual

calibration models

Public

Validation target:

300.000 km cycle life

12 years calendar life

EMC targets fulfilled

Performance OK

L 3L LSS

BMS & MCU development (SW & HW)
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Testing & Benchmarking
E-Drive characterization
Control SW calibration

Component development
System Integration
EMAG Simulation
Thermal Simulation
Mechanical Simulation
Electric Simulation

EMC Simulation

NVH Simulation

Electrical & Mechanical
Design Engineering
Design for Production




MTPA Fully automated

Calibration Maximum Test Execution
task definition Torque per

Ampere

/fe t. design

F = nmmil

| i

/Test constramts Temp.

/ Limits
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E-Drive: E-Motor and Inverter

Inverter

= Inverter converts DC power from battery to AC power for E-motor W

= Frequency change in AC leads to speed change
= Amplitude change of AC leads to torque change
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E-Drive Testbed Applications

Functional Tests
Insulation resistance, Short circuit, Locked rotor, etc.

Performance Tests
Stationary operation point, Continuous load, Peak load, etc.

System Tests
Torque response test, Drive cycle tests, etc.

Thermal Tests
High temperature endurance, temperature cycle test, etc.

Efficiency Measurement

EMC Emission Measurement

NVH Testing

Environment and Durability Testing
Safety and Functions

O O O O O

E-Drive Calibration
o Base Calibrations
o Controller Optimization
o Derating
o Diagnostic Calibration
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ery or Fuel Cell Inverter E-Motor Load Unit
+ DC-Voltage AC-Voltage —
® _— — yh. L
. o - ? ( Drive Sh
B —— N
b . !
b A !

The current provided by the battery should be transformed into an optimum torque and
speed to obtain maximum efficiency and maximum range.

Different load conditions + different boundary conditions given by temperature limits,
back EMF, NVH, etc. + lots of interdependencies!

Calibration = efficiently finding the datapoints where the motor should run = optimized map

High amount

Multi- Respecting
of input
parameters

dimensional physical
calibration limits

- e %
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E-Drive Testbed

Dyno Cabinets

I
- | ¥
—am | >
BATTERY | INVERTER cnin,,  PMSM_E-MOTOR DYNO
EMULATOR | Inverter ~ 1~ ________ .0
POWER |
MEASUREMENTS
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Advanced E-Drive Testbed

| |
| i
i | PUMA
| i High frequency @ Testbed automation system
i_ BATTERY INVERTER e psm E-MOTOR | DYNO i power = Automation
| EMULATOR | TTTTTTTTTT Terter T T g | measurement = Control
i | Data Acquisition 5 Data Storage
i [ % b CU MEASPI:::\I'EEI\:‘ENTS i
l INDICOM PUMA
INCA
Communication @ veeTor > iy
to control unit INCA-CANape CAMEO
| @ ~ | CONCERTO

CAMEO Data processing

Moc_IeI based cqlibration Concerto KPI calculation

Active DoE deS|gner Report generation
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Connected Toolchain

A Advanced — —_— -
PUNA Automation
’ s 24 /7
Development ’(Q
A Time L Acad
INDICOM Reduction

”
>
’r

Max Torque,

1 Efficiency, Range
R\

Automatic Reports

o
. > -
S >
-
CAMEO

Optimized E-drive Sim:aation
Efficiency
@ VECTOR D>

=

Concerto

Public

Environment

INCA-CANape
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E-Drive Calibration Tasks 0%

27%

li . f Di . 18%
Cg_lbrathn g Dlalsjlnoms DEI;: Calibration of Machine
(Diagnosis Error Manager) Parameters

FIM (Function Inhibition (1d, 1q, Ld, Lq, P)
4 14 4 4

Manager)
3%
Base
] _|Calibration
Dla_g nos_tlc 4%
Calibration
Controller
Calibration
99/
Calibration of
Dynamic
Parameters

2%
Calibration of
peed/Voltage
Parameters

37%
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E-Drive Calibration Tasks 0%

27%

Calibration of Diagnosis DEM
(Diagnosis Error Manager) &
FIM (Function Inhibition
Manager)

L _NONON _

Still not discussed

Under discussion
Currently testing
at E-Drive TB

Methodology already
proven at E-Drive TB

Public

18%
Calibration of Machine
Parameters
(1Id, Iq, Ld, Lq, P)

‘ 3%
Base
@  |calibration
Dla_gnos_tlc 4%
Calibration
Controller
Calibration
QQ‘ 9%
Calibration of
Dynamic
O Parameters

2%
Calibration of
peed/Voltage
Parameters

37%
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Use Cases

- - II. Transient Calibration III. Derating Function
o RS (Bl TR of Current Controller Optimization

Design Derating parameters P&l for
. Angle Theta, I_Amp P & I Values Id and Iq
Variables

(built in AVL PI controller)

Limits Back EMF, T_rotor, Back EMF, T_rotor, T_stator T IGBT
T stator

o o P & I values for Smooth
Optimized Id and Iq Maps Optimized P & I Values .
derating
| : et veront 4] E;izzzt:T / derating
Results B SO
M‘r.‘v X e I * N AAA A D AR AAAAA AMAAL AN AAAL AAAL =~ \\\\ \\\
S P 7 - J WY ARRAANARRAAARMAS ARRAA A RRA U] NTARREAT +209 7 -n So - S
% X > ‘/,'.— ' m— — 1 ~ ~ :\\

Id ~:$\ o

*Neutraldata  The Development Process - IODP | 13 Marz 2019 | 39

Current Demand [A]
[w] 1emay Juauny

: Time [ms]
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Calibration of Machine Parameters

= Maximize efficiency of Inverter & Motor for all speed load conditions

= Vary the Angle 0 to maximize the Torque

= Monitor Back EMF and Temperatures of rotor and stator

‘90 pt

) ™\
['d ] = | [C.OS eopt] IR
ly sin 8, ) ——ag-Toraue
-] 0 Rel-Torque
a S| 0 0 o "
= \\//
Stator’s fixed coordinates: a, B3

-1.5

Rotor’s rotating coordinates: d, g
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Parameter dependencies for the PESM:
n, Tq/I_Amp, Thetaorn,I_d, I _q

5000t G PR M ERR

400 ane S L beeeee

300 ,,,,,,,
...... P :

Tk e IR R . :
D2 .
e O T T T T P :

..... R I I AR
I R R R R I I R '.
L T LT
o 0 T S
0 2000 4600 BO00 000

Speed [rpm]

40
-~
N
I 1 30 —
1=\ o
1<) S,
i a I ©
i E | 2
:Hl:m- =
\\ I
1
N7
-

Used for Torque feed back and pre control

[Wb]

Psi_PM
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Proven Benefits

Fully Automated Reduction of cost Increased_product
Process quality

EgE
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OVERVIEW of AVL s BATTERY ACTIVITIES:

FROM Concept to Start of Production

Test equipment for pack
testing

turnkey solutions for
battery labs

= Testing & Benchmarking

System validation [vaisation targer = Module int_egrati(_)n
Planning, 300.000 km cycle life | o = Thermal Simulation

. . L ears calendar life | of . . .
optimization & G sacts et | o7 * Mechanical Simulation
monitoring il Bk = Cell Modeling

Prototype build
Generation 1&2
build-up

= Systems Engineering

= Electrical & Mechanical
Design Engineering

= Design for Production

= BMS & MCU development (SW & HW)
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Battery Focus Topics
Simulation, Tests & Data Handling

Battery Digital Twining Battery Lifecycle Battery Data Management

PLANNING

Infrastructure
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Battery Model Parametrization from Battery Pack Testing

= Run real-time battery digital twin
= Emulate battery in different environments
= Simulate battery in different applications
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Battery Digital Twining

E-STORAGE

R = W\ A

Emulatlon Operatlon

D
//'&[,

i Testing Operation
\\\ “

—————
e —

\

-
(

: ‘ i
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Model Factory

Parameter Optimization Tool for Battery Models

Model Factory

Qutput signal

Output signal

Qutput signal

Ry (SOC,T) Rywg:(SOC,T) Rwp2(SOC, T)

Vocy (SOC)J

Optimized pérameteré can be saved and
forwarded to all locations
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Model Factory

Parameter Optimization Tool for Battery Models

Emulator

Model

with ad-hoc with optimized
parameters parameters

Model Factory
Automated

Parameter | )
e.g. 80% accuracy Optimization e.g. 94 % accuracy
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Battery Focus Topics
Simulation, Tests & Data Handling

Battery Digital Twining Battery Lifecycle Battery Data Management

PLANNING

Infrastructure
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How is the Lifetime of a Battery defined?

Public

—
—_—
—_—
—

80

Relative Capacity [%]

Automotive battery cells age over time

Capacity loss leads to driving range reduction

Beginning of Life 4

W
n
=)

W
=
o

End of Life

Driving Range [km]

250

Time / Cycle Number
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Aging Drivers

Vehicle operation mode
Driving, parking, charging

Environment

Road profile, climatic condition

Battery pack design

Cooling system, electrical connection, mechanical load

Cell design and chemistry

Material degradation, chemical reactions

Public

Poéiti ve
Separator Electrode
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How Can Battery Aging be Modeled?

AVL is working on different modeling approaches:

] A Physics - Based Model =t o | en{ () %“’%*%*(cg A /\
L) = Physical, chemical, biological laws
c 'S = No aging experiments
= "q')' » Electro-chemical modeling ~ ‘
g o - Eagé ?:'néiuic.edu >
<| |®| Half - Empirical Model > |2
- - = Half-empirical data driven model g A
] £ = Based on aging experiments — a
Q . = o
& P = Statistical methods o e
| S <__ 1o
= 8 Data - Driven Model BIC R
[ = Purely data driven = In{n)k —2In(L)
E‘ = Based on many aging experiments
v ﬁ = Machine Learning, Neural Networks y=XBY4Zu—+e—
- v
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Predicting Battery Lifetime

Predict lifetime of each individual vehicle

Gain knowledge WHEN and WHY the
battery reaches its end of life

Understand aging effects

Identify most damaging operation modes

Optimize operation strategy
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Predicting Battery Lifetime

Vehicle In-Use Data Vehicle & Battery Monitoring

Lifetime Prediction
Analysis of Operation Strategy

Battery Cell Feedback to Development

Aging Tests

"+ 39 CC™ + 310 ADC + 811 PDC™ + B2
dSoC? + 815 T + 515 T CC + 81 TADC + §
520 T SoC + B21 TdSoC + S22 CADC + 323 C
Ba5 CC SoC + 8o CCdSoC + 82y ADCPDC
bC + Bag ADC dSoC + 841 PDCF + 342 PDCS
0! 4 3oy FSoC' 4+ Fax FdSoC! 4 80 SoC dSol

O 890k 20 T B%F |, 420 + 8 20 42 g

Battery Aging Model
Parametrization
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Use Cases along the Battery Life Cycle

Design & Testing & - _ Second
Development Engineering Validation Production Aftersales In-Use Life

AVL involved from Battery Development to Second Life

-
L

Adapted from www.cmtl.uic.edu
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Battery Focus Topics
Simulation, Tests & Data Handling

Battery Digital Twining Battery Lifecycle Battery Data Management

PLANNING

Infrastructure
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Battery Data Management

Challenge:

= high number of test samples in
simultaneous test operation over long time
TRete = high amount of test equipment in use

= high diversity of test methodology

Battery Cell
Aging Tests

PLANNING

dSo( + 815 T34+ 816 TCC+ B TADC + 8
350 T SoC + B21 TdSoC + 822 CADC + 323 C

Ba5 CC SoC + By CC dSoC + B2y ADCPDC
oC + B30 ADCdSoC + 83 PDCF + 83, PDC

0! 4 B2y FSoC' 4+ Far FdSo(! 4 824 SoC dSo€

OC 1 W94 E 20G T 8% 1 420C + 13 20 9208

Battery Aging Model

Parametrization PREPARATION
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AVL Battery Data Management

Reference: Cell-Lab Project for an OEM in Germany = Data Management

40 Mbyte/Day/Channel

Big Data Ready!

Conversion to big data formats enables the utilization of Big Data platforms for 4.000 Channels
dvanced/highly scalable analytics after initial indexing

Q

151 GByte per day

Wl

AVL Leitsystem

- Added Value
17 [ trws™orBattey  (JT SANTORIN Mx™ (=2

Planung, Ressaurcen-, Auftrags- & Prozessmanagement Messdatenmanagement

Efficiency gain by centrally processing all
data independent of its source

COMNCERTO™
Datenanalyse

L] TestGate™ AVL HOST™ fur LYNX

W Leitwarte, Monitoring Priifstandsmanagement

AVL LYNX™ “ -
/‘\ Zellfest Automatisierung Klimakammer

Highest possible time savings by batch
based data processing and exporting

System grows with your need

Full Traceability over the data life cycle
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Summary




AVL &%

Efficient Electric Vehiclel
Development

Electrification causes big ch

tools, method & testing s

Development relevant decisi
early stages are key for ti
market targets

ffort
ts

Consequent re
testbeds com
proven & ne
big efficienc

in your
cess

ur target

Combinati

efficient



Thank You

©
AVL




Appendix
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Customer Reference

Ford US Hybrid calibration on Powertrain testbed

Calibration of hybrid functions before the first vehicle

including regen braking, starts and drive-away

ROAD - POWERTRAIN TESTBED

ey

~ AVL VSM™
O Vehicle Model

Battery
Emulator

Real engine,

transmission,
e-motor,
driveline

Public

Proven Benefits

Reduction of

development and
testing time

Calibration started 6
months before first vehicle
was available

High degree of automation
in comparison to road

Reduction of cost

Reduced use of
expensive vehicle
prototypes

Calibration procedures
designed to specifically to
PTTB.

)

P\

Increased product
quality

Higher testing coverage
leading to higher product
quality

More development
iterations possible before
SOP
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Customer Reference
European OEM BEV validation on Powertrain testbed

Benchmark of BEV driveability on Powertrain Testbed

AVL tool-chain Project results

AVL Tool Contribution:

= AVL VSM Realistic vehicle dynamics simulation

= AVL-DRIVE™ Objective driveability assessment Jag uar La nd Rover

Scope of the project

o

= Battery electric vehicle driveability benchmark using JLR BEV SUV on powertrain test bed, low inertia dynos
Driveability Methodology and Toolchain in powertrain
testbed environment Results of benchmark:
ele mhcm - Full Load Tip in - At deceleration

= [nstallation of the toolchain

- Jetallplot 3D-Chart / Torque bulld-up and Absolute torgy
( I.r'-l-—l'— r : i 1 b

= Driveability manouvers to allow benchmark against AVL-

DRIVE BEV scatterband and detailed comparison with Tesla ’ _ __’ |
Model X § S = :
= Driveability maneuver testruns considering SOC E “'”“"'”” '
« Tip-In / Tip-Out at different speeds | o i~ cmen
= Part load and full load acceleration; driveaway ;,-’; ‘f ‘ gzm

= Hill climb with different friction/slopes — on dedicated test summary N
track and comparison with PTTB s TR e

= Verification regarding: =

= AVL-DRIVE™ rating

= Physical signal level
(chassis acceleration, engine speed, engine torque, etc.)
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Example results
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Energy flow- & efficiency factor analysis
In vehicle, on Chassis dyno & Powertrain testbeds

o

U, I

Indication

PLUtron
Fuel

engine

Public

M, n

U, 1 (DC) —
Charging
arger i
U, 1 (DC) 8 U, | (AC) simulator
[ ]
U, | Xion
‘ Thermal energy
. (losses) Fluid Flow,
U, 1, phi Temperature
sensors
g transmission >
S M, n
M, n

M, n

B =2

Piezocryst Measuring wheel
:rorque.sensor e or Slippage/rolling
immer inkl. CDTB / PTTB resistance

Zusatzlichen sensor

« Device handling
« Maneuver execution
Dynamic testing (RDx)

Data Handling:
* Synchronization

+ Storage
« Searching / finding

Data Processing:
« Calculation

« Simulation if (direct)
measurement not
possible
Optimization

xCU map calculation
Report generation

Simulation:
« Model calibration with
measurement data

Legend:
Physical value
Tools
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Calibration of Current Controller

Task:

Factor definition:

Method:

Optimize the current controller
P and I part of Iand I, current

Run a transient test with different P and I values for Iand I,
Calculate KPIs from Recorder to optimize the controller

Response definiton: KPIs for Reponse delay (tgejay), Current demand 90% reached (tggos, ),

100%
90%

50%

10%

Public

Overshoot (AI,,.,) and Standard deviation (AIg y)

I * —  Actual

overl 105 | Al Current
y = =

1 o R S —— Demand
/ ° Current
4_‘ y )

tdelay T
rise »la nid n
T o | §peed Up The Development Process - IODP | 13 Marz 2019 | 69




Calibration of Current Controller

6. Calculate new VP
Active DoOE

7
* Ch
«P1° Parg P
9.

4. Calculate 8. Command
KPIs next Step

=

Concerto

Current Demand [A]
—
[v] jenjoy uaing

\‘l f'/\’\ AAA 2 AAANA A ANA D AAN L AN AN,
xe? NARACTARSAGASL ML A iddae Ui L
g}
d Y
rec©
‘ -
(3 Time [ms] *Neutral data

INDICOM
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Calibration of Derating Functionalities

Task: Temperature/current derating in case of overheating of Inverter & E-Motor
Factor definition: I,and I, current
Method: Check the temperature of Inverter. In case of overheat upon certain limit,

smooth reduction of current I, with AVL PI controller.
Iq

N
Y
> . derating
AY
AY
AN
~ Y
AN
A
AN
~ Y

Inverter \ ]

Temperature |.|—I
by
‘.‘%lly erter /

Response definiton: Derating function, Inverter Junction Temperature Tiggt

wo3sAs
shB[=]lls)g]
)
|
]
I}
9
l n
l
v

High frequency
_ INCA or PUMA (IndiCom) Recorder .
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gFil [A]

EMBT_IAX

Calibration of Derating Functionalities

Example of Derating PI controller in
CAMEO

Tiger = 70°C limit set in CAMEO for the

activation of the derating factor

% CAMEO
. Derating

T T T T T

T T T T T T T T T T
-340 -330 -320 -310 -300 -290 -280 -270 -260 -250 -240 -230 -220 —210 -200 -190 -180

EMBT_IAxdFil [A]

Public

-50 —

Tiger [°C] AC I psne

Time Id Ig Demand AC Abs. current derated derating_factor T_IGBT AC Abs. Current

s A - - - A

49.004 -266.125 64.447 365.000 1.000 66.000 273.817
" mgw 2 i

500

400
300

Area that the model will have
to cover with extrapolation

200
100

ACI,
derated

/W

T T 1 T 1
© o000 ok
oON MO OO

T T
100 125

Derating
fcator

T T T T T T T T
175 200 225 250 275 300 325 350
Time [s]
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AVL Statistical Battery Lifetime Prediction

Cell testing

Mathematics & Statistics

Lifetime Prediction

= Designh of Experiment DOE
= On basis of 6 aging factors

T, SOC, 2
BSOEREE, . 2
ADC, PDC G

' ’\'eu\”f\Pe."at\"re
= Aging experiments

= 30-90 tests, 6 months to 2 years

Temperature

Input: Cell tests, capacity fade,
resistance increase, impedance
change

Output: Mathematical model for
time until EOL & damage

B TN

damage

[city traffic

| grey: velocity
[ blue:altitude

Jhighway |country road

nput dr|V|ng profile, battery

teoL=> s

=T+ 32CC+ g3 ADC+ 54 PDC
+ 85 (T — 0.3)% 4 g CC? + B1o ADC?
+80C2? + B14dSoC? + 515 T3 + f1 T
+ B19 TF + F2p T SoC + 21 TdSoC 4
+ 824 CCF + (25 CCS0C + f9 CCdE
+ Bag ADC SoC + 30 ADCdSoC + 3
+ B33 PDC dSoC + F34 FSoC + G35 F

Charge Current

@ python’

>emperature statistical model

Output: Lifetime, distance until EOL,
Detect parts of a driving profile that
constitute the largest damage

N

@ python

Public

Optimization of
driving, cooling, charging
strategy
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Lifetime Prediction

= Apply mathematical aging model to real-world driving cycle
» Predict lifetime and driving distance until EOL

= Find parts of the driving profile that constitute largest damage

s drive drive
=
“t’ M park M park
5 (4 years until EOL
0 300,000 km until EOL
| 70% in storage mode
E "g “““high temp 30% in driving mode
\
o o S o e e e
Optimization of @ £ low temp ﬁ
driving, cooling, ﬁ -

charging
strategy

.
L

Large damage to
g L battery
- strong aging

Damage

v

Time
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