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Global AVL Network for Vehicle Benchmarking
BN FN—IICHITDAVLOERRY NI -2

<
i a > 100 =2 ® rerorMANCE @ ENERGY CONSUMPTION
new vehicles per year cost efficient

@ DRIVEABILITY REAL WORLD DRIVING

Q
SSES > 500 ’4

i) HANDLING
-" - - customer
vehicles in database individual RIDE COMFORT DRIVING RESISTANCE
® O -y - @) souno/NvH € CHARGING EXPERIENCE
n . > 60 independent
benchmarking staff vehicle @ ADAS QUALITY

comparison

?TF 11 functional driving attributes
'YL M@

global affiliates target setting >1000 single criteria
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FUN-TO-DRIVE

PEFORMANCE &) =NERGY CONSUMPTION
AVL-DRIVE™ e
2 d) DRIVEABILITY (€
) HANDLING
RIDE COMFORT DRIVING RESISTANCE
making driving @ SOUND/NVH &) CHARGING EXPERIENCE

experiences
measureable and
assessable

ADAS QUALITY

Objective KPIs for all driving attributes
EER(CE 9 51817 TIO VW CEERN MG IR (KPI) ZE27E


https://www.motortrend.ca/en/news/the-automobile-2-0-chevrolet-bolt-ev-premier-vs-nissan-leaf-sl-vs-tesla-model-3-long-range/
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../../../../02_AVL-DRIVE/All about DRIVE/!AVL-DRIVE Introduction 2015/AVL  DRIVE Objectivation approach.pptx#6. vehicle analysis program

Global Vehicle Benchmarking EFREEmAN
Key aspects and process f#tR23EER & EFETOTR

Why does it necessary to benchmark competitor vehicle? REFREETmENFI—TITINENHD ?

Comparison to Characterization and Defining potential for , :
" : S Scouting technologies
competition Branding optimization

How does AVL do it? AVLIZESOOTARIFIY—I%ZERUTLNDS ?

AVL-DRIVE Rating
.,‘h 1 E i §
3 é% ]

e R e R /
AVL-DRIVE Automatic i =
- Operation Mode : = ——=1. ‘_
= < Detection HI=
AVL VOICE Online - L Qm
W Parameter i S Automatic
— Calculation Report
Generation =
Y {\
Instant d‘j N «'
Attributes
j Assessment
AVL M.O.V.E GAS PEMS
S - \
Vehicle Instrumentation Vehicle Testing I_!eport — Highlights a_nd
(test tracks and dynos) improvement potential

@® PEFORMANCE

Q DRIVEABILITY

@ HaNDLING

@ RIDE COMFORT

@ sounD/NVH

@ ~pas quaLTy

@ ENERGY CONSUMPTION

REAL WORLD DRIVING

DRIVING RESISTANCE

) CHARGING EXPERIENCE

Vehicle Target Setting

How long does it take? BFRIIENCELMEND ?

S
. 2. Customer report generation: ~ 3 weeks

Vi 1 Instrumentation, data acquisition/testing and assessment: ~ 3-5 weeks ET/HU’—%ﬂﬁ

FEZELN—

TANBETT3~ 58
MERK T~ 318
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What’s“new in AVL's data base?
AVLDT —AIN—AGERIZDERFT A>TV (F7E) ?

*S0: system output
7o . _ IR

*
P2
= -
thed 30 eIeCtrlc/fueI Cel I 2019 Nissan Leaf e+ 2019 Hyundai Nexo 2019 Audi Q6 etron Q\
= = (BEV, 62kWh) (FCEV, 1.65kWh) (BEV, 95kWh) <
electric vehicles Q2/2019 A Q2/2019

2018 NIO ES8 2019 Mercedes EQC 2019 Roewe Marvel X
(BEV, 70kWh) (BEV, 80kWh) (BEV, 52,5kWh)

()]

c

L")

2 Q2/2019 Q3/2019 Q3/2019
(8

c ) 4

. ~50 gasoline R g

o PHEV/HEV vehicles

n 2019 BMW 330i 2019 Infinty QX50

Q (ATS, 190kW) (CVT, 200kW) (DCT7, 213kW)
- Q2/2019 Q3/2019 Q2/2019
()

Existing vehicle database

'_ _‘
~N
200 g aso' I ne veh ICI es 2019 Toyota RAV4 Hybrid 2019 Honda Accord 2019 Honda CR-V Hybrid
(HEV, SO:163kW, Hybrid (HEV, SO:135kW,
4.61/100km) (HEV, SO:156kW, 5.51/100km)
Planning in progress 51/100km) Planning in progress

Planning in progress
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AVL

Example case of vehicle benchmarking
B> FY—IDEZSELH
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Example case of vehicle benchmarking
BN FY—IDESEH

Tesla Model 3
Long Range

me!

| o )

Attribute Rating

DR ... AVL-DRIVE Rating

Efficiency Electric range 0-100 80-120 Agility Body motion Max. lateral Powerfulness  Pedal to Transient Speed Assist Lane Assist
(WLTC) (WLTC) [s] [s] [DR] [DR] acceleration at full load torque response [DR] [DR]
[kWh/100km]  [km] [m/s2] [DR] [DR] [DR] Chevrolet Bolt
ECONOMY PERFORMANCE HANDLING DRIVEABILITY ADAS

(in total more than 800 single criteria for driving attributes)
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Example case of vehicle benchmarking
BN FY—IDESEH

Class leading scores for

handling, but bi tentials f
State of the art electric range iE Igwnggituudinégl ﬁ:n?jﬂr:g T

also due to high recuperation
rates
\ > 8.9
= \

Leading in longitudinal

Overall acceptable efficiency '~ fformance
level (high vehicle mass and
mid aerodynamics) . 7.5

Tesla Model 3
Long Range

Potential for improvements for
ADAS quality, esp. due to TOF
switch cut-out

Good acceleration feel al
dynamic character in full |
and part load condition & ¢ .k
transient response

DR ... AVL-DRIVE Rating

Efficiency Electric range 0-100 80-120 Agility Body motion Max. lateral Powerfulness  Pedal to Transient Speed Assist Lane Assist
(WLTC) (WLTC) [s] [s] [DR] [DR] acceleration at full load torque response [DR] [DR]
[kWh/100km]  [km] [m/s2] [DR] [DR] [DR] Chevrolet Bolt
ECONOMY PERFORMANCE HANDLING DRIVEABILITY ADAS

(in total more than 800 single criteria for driving attributes)
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Example case of vehicle benchmarking
BN FY—IDESEH

|
|
I Tesla Model 3
| C\ 212 Long Range
so/ : /
: \ What is Tesla’s operation strategy
2 | e to reach high driving range?
T
;f, : 16.6 / Let’s have a deeper look
a |
2 O
| 160
I
|
I
|
I

| Efficiency Electric range

(WLTC) (WLTC)
I[kWh/lOOkm] [km]
I

ECONOMY
T —

(in total more than 1000 single criteria for driving attributes)
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Inside into Energy Management & Efficiency
TRINF—NRIAD DNERNZEDAER

HV ) E-MOTOR )
75 kWh e |
.
192 367
18.0 17.8 ~° 15.0
3.8 «« | - 3.9 K 4.0 =
_ ‘< Recuperated Energy : J
; No Brake Light Brake Consumed Energy HV System
: AUX. LOAD
- S OD Units in kWh/100km
\ &
HV
140

1: I Driving resistance | Recuperated gnergy:3.8_kWh/ 100km Full utilization of system
- mtg;ﬂ[grvy&mx Peak recuperation power in WLTC: 55kW capabilities for

" Attt " 0 Rendismdion” © 0 P’ || System potential for recuperation: 56kW | increased driving range

Battery Peak
Power: 55kW

Battery Peak
Power: 57kW

Battery Peak

Power: 56kW e

Public
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Example case of vehicle benchmarking
BN FY—IDESEH

———— —— — — — <«
2.6 <
| | .,
| |
| 5.4 | Tesla Model 3
p | Long Range
\/O/ \I What is Tesla’s performance feel
o A | and how is the consistency over
= \I battery SOC?
- |
% | Let’s have a deeper look
.-§ £ 11.5 |
z I 13.3 I
| I
| |
| I
| I
| I
| o-100 80-120 |
| U s1 |
| I
l_PERFORMANCE |

(in total more than 800 single criteria for driving attributes)
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Performance
Competitive landscape Thig#rFHDORE

0 - 100 kph performance [s]

Public

11

10

2018 Tesla Model 3

10

11

0-100kph 0-100km/hbuiﬁ§'l‘$ﬁé

12

« The Model 3 shows excellent O-
100 kph acceleration considering
the weight to power ratio

° » It keeps up with models that have
about a 20% better weight to
power ratio and reaches the same
acceleration time

13 14 15

Weight-Power-Ratio [kg/kW]
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Performance from standstill

srlEARRENSOEM[FEE ()N JA—Y > X)

Full load acceleration from Standstill

T

0 to 40 kph

Tesla Model 3 Tesla Model 3 OEM data
High SOC Low SOC

0 to 80 kph

Te_omionc

0 to 100 kph

|
| .
T

0 to 140 kph

T (T

‘ Mode: l

0 to 180 kph

] » Tesla Model 3 misses the OEM data by

0 to 200 kph

0 to 220 kph

| TR (T

| T L2 el W by S8E 65
performs significantly worse than with

high SOC especially at speeds above

Initial acceleration
[m/s?]

100 kph.

l
\
\
\
l
L
L

Standing quarter
miles/
400 m time

14.0 @ 163 kph

Public
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Performance Acceleration from standstill
Dependency on SOC SOCHK{FONE4ERE

40
35
00Tl

25
Each dot describes the

Result of one single
20 maneuver

15

Acceleration times [s]

10

------
''''''

O 200 kph tlmes

T D e ————

e L S

0-100 kph times

20 30 40

— Telsa_Model_3_RWD_EV_US_MY18

« The acceleration times to 100 kph stay consistent over the SOC range.

50

—

60 70 80 90 100

SOC [%]

Q duration 0 - 100 kph [s]
< duration 0 - 200 kph [s]

a0

0

40

o 7:eeratan‘ada [%]

20—

Accelerator pedal [%]

PITIYSTTY T
[I—

Acceleration C

1
2

1
4

1
E

I
g

ha5| [m/

1 1 [ 1
10 12 N 18 18 20 22 24 26

100 Elabisoc ]

a0—

60—

40—

20—

200+

160+

100

50—

vSOC|I%}——

7 — Lk E |

I
0

1
2

‘ehicleSpeed [kph]

Vehicle Speed [kph]

« Over 100 kph the difference between the SOC levels result in much different acceleration times.

« The lower the SOC the longer the 0-200 kph time. The car looses approximately 8 seconds between the fastest (Full SOC) and

slowest times (20% SOC)

Public
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Example case of vehicle benchmarking
BN FY—IDESEH

| ~
| Tesla Model 3
l Long Range

8.1 What is Tesla’s character for lateral
55 : dynamics?

\\ Let’s have a deeper look

Attribute Rating

6.7

Agility Body motion Max. lateral
[DR] [DR] acceleration
[m/s?]
HANDLING

(in total more than 800 single criteria for driving attributes)
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HANDLING EVALUATION /\> RU>/Z Z54ih
Body motion EEADENZ(CEIT B5F4M

10 , Telsa Model 3 LR
Operation Modes DR
9 Body motion [P : 1 F—
Cornering - 83
8 A ——P - Rollangle - 83
2 Cornering / Increasing steering Y
'ﬁ Roll angle 84
E 7 Roll characteristic —
S Tum in e
= ] - Roll dump e
S'I Lane change (VDA) 75
< Roll overshoot in 2nd lane 72
S Roll angle amplitude in 2nd lane  [IIIIINGIGR—
Body pitch s
4 - Brake dive s
Accelerating squat T ss
3
$ & e & & $ The main operation mode Body Motion
N & & ° S S rates the body motion of the vehicle in
o .
@ 8§°’ S terms of pitch and roll.
o
) o
N Y This occurs due to lateral and
_ longitudinal acceleration forces
Telsa_Model 3_RWD_EV._US_MY1T8 > AVLDRIVE Rating generated by accelerating, braking, or
cornering.
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HANDLING EVALUATION /\> RU>%) 54
Body motion - Cornering BE{ADENE—4FCI—FU>J(CEELT

Roll Angle and Roll Characteristic in
10

Telsa Model 3 LR cornering situations
4 . The 3D plot shows the relation between
roll angle and lateral acceleration.
Q@ . . . . .
Roll anale aradient ~3.1° s 8 This relation is norm_ally linear, W_hICh
, ge g /9 2 enables the calculation of a gradient.
@
Bup® 7

J / 1. " A Roll angle gradient: ~3.1°/g

Roll angle

../

rollangle mean [DEG]
@
@
G
@

-10 -5 0 5 10

lat. acc. mean [m/s?]

AVL-DRIVE Report Generator V4.1.0
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Example case of vehicle benchmarking
BN FY—IDESEH

I 96 |
| R
I Tesla Model 3
R0 | Long Range
I
Why is the Model 3 better rated for
2 7.8 driveability than the competitor?
S
W Let’s have a deeper look
+d
3 7%
E I 7.0 \9:0
< | RS
é@
I %o
| 6.0
I 5.7 I
| |
| DR ... AVL-DRIVE R{
IPowerfulness Pedal to Transient I
| at full load torque response
[DR] [DR] [DR]
I

| DRIVEABILITY |
(in total more than 800 single criteria for driving attributes)
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Linking drivers perception to physical data
LA DaoAlE . YIEERIT —HDFHE]

10

ITI

Deep understanding of “Why”,
based on measurement data
describing driving characteristics

Leading position for dynamic feel -

10

, Dynamic acceleration feel
Acceptable controllability
Good level comfort

Pedal [%]

AVL-DRIVE Rating

AVL-DRIVE Rating

ive assessment of “"How”

O
O
| -
D
0
—t

90

>
g Cg \OQ fg) QQ \OQ
Q}’o@m‘@ (90& és' QOQ § &é‘ 5
& & 5
@ ° & §, m(l? i 70
& & & > Linear pedal map
¥ A & : Good controllability Sy 0
© Class leading comfort i g

=
=

[
=

Total Page § 03
AVL-DRIVE

Reference Data M

Driveability

(Reference Data, Driveability F

— Telsa_Model_3_RWD_EV_US_MY18
——— Chevrolet_Bolt EV_SST_US_MY17

[
=

=

oOoOdvep

=
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AVL 3

Target setting and Requirement engineering
EERTECEKRTF




Customer Market Profile and Target List
BEROMIZIOI7/ILEBR(E)—

Attribute Rating

Performance

Moderate

High

Driveability m ||.

Objecti
DEY Y%
SPORTY
Handling @ ; _

Relaxed

Relaxed

" Dynamic

/</ /\ N ~ Ride Comfort ﬁ
ol /Y T:O/ N £ :
/ o V Controlled Comfortable
A _ e A - ()
Luxury
Efficiency  Electric range 0-100  80-120 Agility Body motion Max. lateral Powerfulness  Pedal to ansie
(WLTC) (WLTC) [s] [s] [DR] [DR] acceleration  at full load  torque response DR e
[kWh/100km]  [km] [m/s2] [DR] [DR] [DR] .
Aggressive Stable

Further
attributes
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Driveability - Drive away £BILERRFO RS(/NEUFT ¢

Detailed assessment criteria for ,Drive away - Standing start”

10

o larget
o 8
£
- 7\
@© A
Sy
E 7 VSCatter b
and
> A Overall
o 6 rating
E (weighted
S average of a
< 5  high number
of single
4 maneuvers)
3 , N
SN / R
,5‘-‘05@ / g,l}@ Q§
L -{x‘q / P & &
S / & i id
@ ¥ @ @
<> & & &
@ @ @
X NS N
Q;:a @0 45?

— Competitor A

Public

P e N ]

D Ratings (weighted

average) for detailed
criteria characterizing the
maneuver “Drive away”

|

: Overall competitor character

; « best in class ratings for response
: delay

: « excellent ratings for jerks for all

| events

:  lowest rating for bump at

; standing start (7.3) indicates a
:

I

I

|

|

|

I

|

|

|

more dynamic oriented vehicle
calibration

Target
high demand for driving comfort

- Still good response rating, but

& & S :
$ & & s & oge high scores for comfort relevant
| & & &F SE criteria, esp. “Bump” (max.
LS & Sp TS - -
| & < ! gradient of longitudinal accel-
12 : eration)
\~ ____________ P

A Total Page Rating

> AVL-DRIVE Rating

O Reference Data Min/Max
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Drive away £RhlE
Target setting and requirement engineering BIE:SEEER T ¢

4 1
10 : |
1
, Target : !
! ]
o 8 : !
2 . l
® —_— | 3
o 7 | |
w I | . . . .
= | | Component specification and selection according to
[a) 6 ! 1
o I ; - . .
Z s | | « Transient response characteristic
! 1
1 - -
: : | « Max torque build-up gradient
! |
! 1
T T - Max torque level
S A égo@ £ <<,°°:l> &
@
& & & 0 :
— Competitor AT A Total Page Rating
> AVL-DRIVE Rating
[0 Reference Data Min/Max
. 10 i 10 . 10
Competitor A Competitor A Competitor A
0.22 9 50 9 6 9
. 55 £ (] °®
02 : 8 w0 g 8 . - 8
Ems v 7 % Q 7 = [5] g 7
%ma e e ‘:;'5 5 E-ao 9 6 E‘M 4 ;Ew 6
; ee e 2 % 8 o £ g 4 &
5 014 g 5 S 5 Y 8 @ 5 H @ '-E 5
gm : : X & g g Each dot gals g
' b e e ¢ £ 8 describes the * 3 ‘N
01 ° s rating of one s 25 8 s
€ single maneuver
008 0 20 40 60 80 100 120 2 ° 0 20 40 60 80 100 120 2 : 0 20 40 60 80 100 120 2
pedal position [%] ; pedal position [%] ; pedal position [%] ;
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Charging experience 7*E 46 @

AVL

344:«0

An additional aspect in vehicle benchmarking of electrified vehicles

il
[Ln

Public

an)

B BHB)E (Battery EV)(CEHIREMANFI—IDFTULE]

7]



Charging experience Benchmarking
FTEEERENFN—Y

il
°C
25 £ : 6.0
S e QGO
Charging time Power supply Voltage Max current S % @ e o
= R e o M
05 6-8 hours | Single phase - 3.3 kW 230 VAC 16 A $ O_..._-_;Z',.--' ) &
2-3hours  Three phase - 10 kW |400 VAC 16 A 5 R 4OKW (DO)
2 o AN
3-4 hours | Single phase -7 kW 230 VAC 32A & Oo 22kW
1-2 hours | Three phase - 24 kW 400 VAC 32A OVehicle A
20-30 minutes Three phase - 43 kW 400 VAC 63 A 8 11kw N vehiae B
20-30 minutes |Direct current - 50 kW 400 - 500 VDC|100 - 125 A kW O Vehicle C
O Vehicle D
2kW
0 5 10 15 20 25 30 35 40

Average charge power [kW]

Project with fast Influence of battery Charging performance

charging and Chassis temperature to charging and efficiency in
Dyno Tests performance different power classes

Comparison of ELECTRIC VEHICLES with focus on customer usability
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Recharge efficiency [%]

................................ Q.-O
RPRPTE D o ‘.O":n.oo
...... | -.O‘““'....
%0 ........ 8 Models have different charging concepts
Q:::.-..- T
6 OO 40kw (DC) Charging efficiency is almost
e independent from battery temp
' 22kW
kW O Vehicle A Charging efficiency strongly depends on
6 0 Vehicle B charging power
C-segment ® Vehicle C
ehicle
7kW BEVs Charging power is heavily impacting
O Vehicle D charging duration
2kW
0 5 10 15 20 25 30 35 40

Average charge power [kW]
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AVL 3

What's new in AVL's data base?
AVLOT —AIR— @A DEFT 51> FTYIT (FE) ?




What’s“new in AVL's data base?
AVLDT —AIN—AGERIZDERFT A>TV (F7E) ?

*S0: system output
7o . _ IR

*
P2
= -
thed 30 eIeCtrlc/fueI Cel I 2019 Nissan Leaf e+ 2019 Hyundai Nexo 2019 Audi Q6 etron Q\
= = (BEV, 62kWh) (FCEV, 1.65kWh) (BEV, 95kWh) <
electric vehicles Q2/2019 A Q2/2019

2018 NIO ES8 2019 Mercedes EQC 2019 Roewe Marvel X
(BEV, 70kWh) (BEV, 80kWh) (BEV, 52,5kWh)

()]

c

L")

2 Q2/2019 Q3/2019 Q3/2019
(8

c ) 4

. ~50 gasoline R g

o PHEV/HEV vehicles

n 2019 BMW 330i 2019 Infinty QX50

Q (ATS, 190kW) (CVT, 200kW) (DCT7, 213kW)
- Q2/2019 Q3/2019 Q2/2019
()

Existing vehicle database

'_ _‘
~N
200 g aso' I ne veh ICI es 2019 Toyota RAV4 Hybrid 2019 Honda Accord 2019 Honda CR-V Hybrid
(HEV, SO:163kW, Hybrid (HEV, SO:135kW,
4.61/100km) (HEV, SO:156kW, 5.51/100km)
Planning in progress 51/100km) Planning in progress

Planning in progress
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What's new in AVL's data base? AVL g$:Z<o

AVLDT —AIN—AGERIZDERFT A>TV (F7E) ?

Existing vehicle database

already including

*S0: system output

B AVLORSFY =970 3 LCTHERNHDHEER(EZTE.

A EREISCEHVEDEZEL

o EAREMHPAVLT —AIR=R(TA2FYTENTVS (SEEDFE) ?
o OOLVOFIRROT—ADH(—EBTINF)HARLLAY, BIEED ? )
- FEEIBORZR L ICICRRRENERULLY: - - BTRED ?

« FTLLVEMZIRELTWD ROFIY—DZESENIAREN ?
—BI&#} Vehicle Concept Engineering 6 23EC &2

------------
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