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About Us

At AVL, we are one of the world’s leading mobility
technology companies for development, simulation
and testing in the automotive industry, and in other
sectors. Drawing on our pioneering spirit, we
provide concepts, solutions and methodologies for a
greener, safer and better world of mobility.




AVL at a Glance
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The Challenges

1st Challenge — New Development Road

Traditional development road
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The Challenges

1st Challenge — New Development Road

How can we utilize objective assessment?

Modern development road
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The Challenges

2" Challenge - Progress Monitoring

CALIBRATION PROCESS

. . First Fine Validation and

Concept investigations SW check of ECU Extended office First calibration based on Calibration under all Final validation on Pre-
Base and Calibration calibration. Initial one component/vehicle in environmental Series UUT/ vehicles
Software Calibration of control standard environmental conditions done
functions conditions

CALIBRATION MATURITY LEVEL

DO 5% 50% [ 75% (100NN

‘Untouched’ ‘Prelim Calibrated’ ‘Calibrated’ ‘Checked’ ‘Completed’

How can we measure and compare the calibration maturity level?
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The Challenges

3rd Challenge - Complexity of Calibration

Engineering effort of the main work packages (VCU)

Diagnose/OBD Operating Strategy

/

Driveability
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The Challenges

3rd Challenge - Complexity of Calibration

Engineering effort of the main work packages (VCU)

Diagnose/OBD

\ Operating Strategy

Driveability
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The Challenges

3rd Challenge - Complexity of Calibration
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How can we define vehicle DNA to satisfy market expectation?
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Brand DNA / Market expectation

_‘_ Sporty Calibration ‘ Economic Calibration

Robert Kurzmann | | 13 Marz 2024 |



The Challenges

Summery and Solution

Virtual Calibration Target Settln_g a|_1d Product_Q_ua!lty and
Progress Monitoring Positioning

How can we measure and compare

How can we utilize objective _ _ How can we define vehicle DNA to
- _ powertrain strategy quality and _ _
assessment in simulation satisfy market expectation and
) o robustness over the whole
environment efficiently? benchmark our product?

calibration process?

Need Making powertrain driveability and energy efficiency measurable

Solution AVL-DRIVE™ VIORE Toolbox
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AVL Approach - Objective Assessment

Methodology and objective assessment
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AVL Approach - Objectiv Assesment

AVL-DRIVE™ Product Portfolio for Vehicle Attribute Development

AVL-DRIVE™
Drive your brand DNA

Benchmarking & target driven
vehicle attribute development
to meet consumer requirements

Driveability ADAS/AD Handling Ride Comfort VIORE
Powertrain development Vehicle development Vehicle development Vehicle development Vehicle development
for BEV, PHEV & ICE for ADAS / AD System for Handling for Ride Comfort operation strategy & energy
management
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AVL Approach - Objective Assessment

AVL-DRIVE™ VIORE

Vehicle development
operating strategy & energy
management
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AVL Approach - Objective Assessment

AVL-DRIVE™ VIORE

AVL-DRIVE™ Driveability Assessment

DR Evaluation Description

LT excellent The driveability exceeds all customer's expectations

38 B good The driveability meets all customer’s expectations

satisfying The driveability meets most customer’s expectations
acceptable Driveability at basic level only, does not meet most customer's expectations

Some customers complain about driveability

unacceptable Most customers complain about the driveability

defective All customers complain driving the vehicle
unsafe operation Only limited or unsafe vehicle operation possible
no operation Vehicle not operational
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AVL Approach - Objective Assessment
AVL-DRIVE™ VIORE Workflow

= Define input data (on-road, chassis dyno or simulation data)
= Channel mapping

= Define vehicle parameters
» Assessment settings
= Validate input data

Pre-

processing

/ 21 post-



AVL Approach - Objective Assessment

AVL-DRIVE™VIORE Workflow

Objective evaluation based on Criteria

Pure Electric Drive

Recuperation Efficiency

E-Drive Efficiency

SOC Drop Accuracy

Remaining Driving Range Accuracy

OPD - Pedal Position Detection

Torque Behavior

Handover to Mechanical Brake
Maximum Potential Recuperation
Recuperation Mode Difference
Deceleration Reproducibility

Constant Deceleration

Operation Strategy KPI
Analysis (>150)

Cycle Info

Energy Consumption
Auxiliary Consumption
Powertrain Efficiency
Electric Drive Range
E-Motor Operation
Wheel Energy Analysis
Battery Energy Analysis

Drive Modes Analysis

HV Charging Energy Analysis

HV Discharging Energy Analysis

Recuperation Energy Flow
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AVL Approach - Objective Assessment

AVL-DRIVE™VIORE Workflow

Post-

processing

WIORE Strategy
Wehicle Information
Cycle Information

Driving Style

Torque Behavior

w "
& &

Vehicle Speed (km/h)

Maximum Potential Recuperation
Recuperation Mode Difference
Handover to Mechanical Braks
Deceleration Deviation at Shifts
Electrical Torque Usage

Constant Deceleration

Deceleration Reproducibility

Pure Electric Drive

Remaining Driving Range Accuracy
E-Drive Efficiency

Recuperation Efficiency

SOC Drop Accuracy

OPD Position Detection

Visualization and result interpretation

—— Vehicle Speed —— Brake Position —— Recup (Inc. ICE) Power (C) —— Available Recup Power (C) —— ICE Power (C) —— 50C

10

131.85

—— Vehicle Speed : 15.31km/h

Brake Position : 5.02%

__/ = Recup (Inc. ICE) Power (C) : -10.0510kW
~— Available Recup Power (C) : -5.5423kW
— ICE Power (C) : 0.0000kW

= S0C : 65.90%

Time [s]

1 Next

126.59 - 133.08 s
Rating: 10.0
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AVL Approach - Objective Assessment
AVL-DRIVE™ VIORE Workflow

v One click report generation

XEV Operation Strategy - Charging Energies

Drive Rating Overview

Re po rt Introduction
g e n e ra t I O n = The vehicle and cycle information (WLTC ¢
— =t P .
TR —— EEV_pem
vaks e
Mudel
et o pamer iy 054
Tre dimensions 240/40-]
et ’
= ]
.2000 N (km/hj=
mater 1 - masimr ywrer 7R
Bt .80 4,85 kwh ¥
m—— VL-DRIVE™
.. |

'Demo Report - WLTC Cycle
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AVL Approach - Objective Assessment
AVL-DRIVE™ VIORE Features

v Transparent monitoring & target setting via objective rating

Initial dataset with example event DR: 7.7 Improved dataset with example event DR: m

eed (km/h)
)

=
£
E
= - -
= R e S 'z 1 E = o5
3 = = g 5 =
3 = - < = Z
z = 5 o = u
w B o = @ 153
= ~e0 8 o ] H a
w & s
E z
=
]
—100

€ |5
@ :

m :

307.73-31092s

136.55-139.425

Rating: 7.67
Torque Usage: 77.0 %

Rating: 9.41
Torque Usage: 93.0 %

DR = AVL-DRIVE Rating from 1 to 10
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AVL Approach - Objective Assessment

AVL-DRIVE™ VIORE Features

v Quick event navigation

v Qutlier detection

Torgue Behavior - Maximum Potential Recuperation

—— Vehicle Speed —— Brake Position —— Recup Power (C) Available Recup Power —50cC

pedal (%)

vehicle Speed (km/h)

146 147 148 149
Time [s]

Prev 2 Next

¥/ 0 - 145G
Rating: 8.77
Torque Usage: 88.0 %

er (kw)

-150 %

SOE(%) b

erall Rating: 9.99

Owi

Distribution of Positions

] Overall Rating: 9.99

6 7 8 9 10 11

One Pedal Drive Brake Activation Positions [%]

Standard deviation: 2.0 %
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AVL Approach - Objective Assessment

AVL-DRIVE™ VIORE Features

v Topic specific visualization

Others - Unclassified
Standstill - Key On (Charge Standstill)

Standistill - Key Off (Ext Charging)

2
g
%‘

Braking - Coasting

Total

TIME TRAVELED
SPENT DISTANCE

(s)
248
0.00
242,61
0.00
0.00
0.00
1.76
1194.55
0.00
34843
2017
1810.00

()
00218
0.0000

-0.0000
0.0000
0.0000
0.0000
0.0000

19.3309
0.0000
3.0625
0.0190

224241

TOTAL
WHEEL ENERGY
(KWH)

0.0003
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
96815
0.0000
-1.2728
-0.0138
83054

TOTAL WHEEL
ENERGY PER KM
(KWH / ¥4)

00219
0.0000
-0.1706
0.0000
0.0000
0.0000
00175
0.5008
0.0000
-04156
-0.7252
03742

Energy Distribution Between Compaonents

Recup Energy Loss|

Total Recup Energy from Braking

Powertrain Loss

Total Recuperable Mechanical Energy|

Powertrain Energy at Wheel

Energy Lost at Mech Brakes|

a 0.5 1 1.5
Energy [kwh]

Pedal Position [%]

Distribution of Positions

=

Pedal Group D-10 Pedal Group 10-20 Pedal Group 30-40

Powertrain Loss

Regen Loss + Aux

vahicis Speed fkph)

200 400 600 800 000 200
Time [s]

Drive Mades ()

%
&)
(2772
0,
sl
/P"@

&

Total

Tc,m’ﬁ
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AVL Approach - Objective Assessment

AVL-DRIVE™ VIORE Features

v’ Criteria rating comparison

Viore Ratings

v KPI comparison

TORQUE BEHAVIOR

PURE ELECTRIC DRIVE 9

Remaining Driving 1.95 195

Range Accuracy . 3 J——
E-Drive Efficiency < 8.66 - >

Recuperation Efficiency 736 7.22 5

50C Drop Accuracy

CPD Position Detection 6.96 ;b ;g

XEV OPERATION STRATEGY

VIORE Strategy - Pure Electric Drive

“a,
g

>
ey,

s
O,

Oy, .

wm BEV wmBEY demo A TotalRatng > AVL-DRVERating

PREDICTIVE FUNCTIONS

soc start [%]

= Demo WLTC w187
16 —— Demo_WLTC v182

traction energy at wheels [Wh]

=
o
H]
@
T
=<
™
=
o
o)
=3
a
<
=

1636
hv - electrical delta energy [Wh]
KPT V197 _WLTC V123_WLTC
transfer efficiency [3] 50 42
traction energy at wheels [Wh] 5287.26 5287.26
soc start [%] 242 2
hv - electrical defta energy [Wh] 14872 14872
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AVL Approach - Objective Assessment

AVL-DRIVE™ VIORE Features

v’ Seamless integration to co-simulation environment and
automated optimization workflow

AVL CAMEO 4™

(1] | AVL vSUITE™ DoE generation

Model integration
) Model.CONNECT™
Model integration
AVL CRUISE™ M (@)

14351
= @ fmi 0 AVL CAMEQ 5™ 5 AVL CAMEO 4™ [ty Contral Unit
b‘ " 1 — e Optimize calibration by maximizing e
- Hybed Control it
DoE & Optimization E B4 ; driveability & efficiency .
=
2 yy
% i
g
: = > -
i AVL-DRIVET VIORE Drver Model
owertrain H | Driver Model |
E For the Objective Evaluation of
€ 24 " Gperation swateay or XV
(4)
Road & Maneuver - “ = iy
——— 0 AVL DRIVE™ VIORE . - -
ehicle Controls ) ) ’ L . S o T
—— t Vemcclgmgtti’grt\e KPI okt mnTio Do £ O, i AVL-DRIVE™ VIORE
nert anagemen e
[Energy Managemen] | Brand DNA specific Trade-off ror the Obsact ‘
. jective Evaluation of
0 0.5 5 « Shift strategy for Conventional & xEV
Better Drl‘vea b“lt + Operation strategy for xEV
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Example Use Case

Recuperation

Criteria for recuperation:

= How much torque is provided by the e-motor during recuperation?

Is the handover to the mechanical brake noticeable?

Is there a significant different deceleration between the recuperation modes?
Is the deceleration reproducible?

HW Battery

Powertrain Loss
Brakes Fegen Losseglis
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Example Use Case

Maximum Potential Recuperation

Goal: Gain as much as possible energy during braking

= Vehicle Speed Brake Position =——— Recup Power (C) ——— Available Recup Power (L) =—— S0OC
0 9.5
100
70 £9.4
50 69.3
e 59.2
=
5 50 a
E = 2 g3 S
@ 40 — = -
o ] 1) =]
&3 2 e b
':__-J [«
- 20
a
= £8.9
Wl
20
3.8
20
° =
[u] —140
307.5 308 308.5 309 309.5 310 310.5 311 311.5
Time [s]

3 Next

307.73-31092s
Rating: 7.67
Torque Usage: 77.0 %
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Example Use Case

Maximum Potential Recuperation

Goal: Gain as much as possible energy during braking

Vehicle Speed (km/h)

70

60

S50

40

30

20

10

Pedal (%)

100

—— Vehicle Speed —— Brake Position —— Recup Power (C) - Available Recup Power —_— S0C

307.5

-40

—-60

Power (kW)

|
@
[=]

308 308.5 309 309.5 310 310.5 311 311.5

Time [s]

3 Next

307.73-31092s
Rating: 9.41
Torque Usage: 93.0 %

69.5
69.4
69.3
69.2

9.1 2

SocC

68.9

68.8

68.7
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AVL Approach - Objective Assessment

Example Use Case - Recuperation

Criteria for recuperation:
= How much torque is provided by the e-motor during recuperation?
Is the handover to the mechanical brake noticeable?

= Is there a significant different deceleration between the recuperation modes?
= Is the deceleration reproducible?

HW Battery

Powertrain Loss
Brakes Fegen Losseglis
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AVL Approach - Objective Assessment

Example Use Case - Handover to Mechanical Brake

Goal: The transition to the mechanical brake is not noticeable

—— Current Gear —— Vehicle Speed —— Acceleration Longitudinal =—— Brake Pressure =—— Accelerator Pedal Brake Position

7o

15 3000
120 3
50
0 . 2500
100 -
< T B
= oy 2000 3
— < &0 = s ang
= 3 = s
- A = E =
o & & E o 1500 & ]
= w 0 = = gpd
kS e =
5 z 2
2 -1 @
1000
“ 40 "., 20
-2
20 soo 10
-3
0 0 0
5001 5,001.5 5002 5,002.5 5003 5,003.5 5004
Time [s]

1 Next

5,001.4 - 500385
Rating: 5.8
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AVL Approach - Objective Assessment

Example Use Case - Handover to Mechanical Brake

Goal: The transition to the mechanical brake is not noticeable

Current Gear —— Vehicle Speed —— Acceleration Longitudinal Brake Pressure Accelerator Pedal Brake Position
70
3000
120 3
50
10 , 2500
100 s
£ - T
£ Lo 2000 8
_ X 80 E @ 4075
; - = = &
- w = —
5 @ = o =
v 5 & | 0 1s00 ¢ =z
© w S0 k] —_——————  ——— o 204
T = e
s [¥] -
L o 8
= S 1000~
40 \ a0
-2
20 500 10
-3
———
0 0 0 0
5001 5,001.5 5002 5,002.5 5003 5,003.5 5004
Time [s]

1 Next

5001.4-50038s
Rating: B.9
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AVL Approach - Objective Assessment

Example Use Case - Recuperation

Criteria for recuperation:
= How much torque is provided by the e-motor during recuperation?
= Is the handover to the mechanical brake noticeable?

= Is there a significant different deceleration between the recuperation modes?
= Is the deceleration reproducible?

HW Battery

Powertrain Loss
Brakes Fegen Losseglis
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AVL Approach - Objective Assessment

Example Use Case - Recuperation Mode Difference

Goal: Noticeable different deceleration between the modes

Average Acceleration [mys?]

Distribution of Recuperation Modes

-0.5

-1.5

-2.5

Mode: 1

Mode: 2

Recuperation Mode Difference

O Mode: 1
B ™ode: 2
B Mode: 3

Mode: 3
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AVL Approach - Objective Assessment

Example Use Case - Recuperation Mode Difference

Goal: Noticeable different deceleration between the modes

Average Acceleration [mys?]

Distribution of Recuperation Modes

-0.5
[ - ]
[ 1
-1
-1.5 I s ]
[ = |
A
-2
—-2.5
Mode: 1 Mode: 2

Recuperation Mode Difference

O Mode: 1
B ™ode: 2
B Mode: 3

Mode: 3
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AVL Approach - Objective Assessment

Example Use Case - Recuperation

Criteria for recuperation:

= How much torque is provided by the e-motor during recuperation?
= Is the handover to the mechanical brake noticeable?

= [s there a significant different deceleration between the recuperation modes?
= Is the deceleration reproducible?

HW Battery

Powertrain Loss

Brakes Fegen Losseglis
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AVL Approach - Objective Assessment

Example Use Case — Deceleration Reproducibility

Goal: Deceleration is reproducible and for the driver predictable

Distribution of Deceleration for Each Brake Position and Slope

-0.2
-0.4
-0.6
-0.8

-1

-1.2

Acceleration [mys?®]

-1.4

-1.6

-1.8

-2

Brake Position [%]
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AVL Approach - Objective Assessment

Example Use Case — Deceleration Reproducibility

Goal: Deceleration is reproducible and for the driver predictable

Distribution of Deceleration for Each Brake Position and Slope

-0.2
-0.4
-0.6
-0.8

o

-1.2

Acceleration [mys?®]

-1.4

-1.6
-1.8
-2

Brake Position [%]
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AVL-DRIVE™ VIORE: Summarized Benefits

OBJECTIVE TARGET SETTING & MONITORING

Realistic target setting through transparent quality and
progress monitoring

ENABLER FOR CALIBRATION IN THE VIRTUAL WORLD

Better and cheaper products through extensive simulation,
efficient calibration and validation

OPTIMAL VEHICLE DNA

Better product positioning via objective powertrain strategy
assessment and benchmarking
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Contact

0 &

LOCATION PHONE EMAIL WEBSITE
AVL List GmbH (+43) 316 787 4170 robert.kurzmann@ www.avl.com
Hans-List-Platz 1 avl.com

8020 Graz

Austria
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