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Kurzvorstellung:

23 years in vehicle testing
15 years at AVL

Zustandigkeitsbereich:
» Business unit sales support team leader

= Global accounts support
= Emission and energy measurement application management

With focus on light-duty applications.

Rodolph BELLEUX
Teamleader Global Account Support

AVL Analytical Technologies GmbH

Neuss
rodolph.belleux@avl.com
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Our agenda

1 The euro 7 test cell

Emission system and energy consumption
for a light-duty test cell

2 APC 10 nm
What about 23 nm?

3 NH3 Measurement
Study, Diluted and raw solutions

4 Euro 7 automation
Road to Lab

PHEV and BEV Testing

And automation of soak area

OEM Declaration
Data traceability
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Euro 7 - Light-Duty Test cell
Chassis dyno example)

XEV Testing
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Testbed Application
APC xApp 10 Dual: Evaluation at chassis dyno bench

SPN emissions APC plus 23 & APC xApp 10 Dual

Tailpipe vs
=== +51%
407
[ :;g:m (E:-; 1012_ 0 >23nm ET °
10124+ H >10nm +56% Bl >23nm CS
I >10nm
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+92% +20%
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The SPN10 emissions are higher than the SPN23, ranging from +15% to +92%
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Testbed Application
AVL APC xApp — Advanced Particle Counter

Increased Temperature range from -30°C - +45°C
= Full RDE area (-10°C - +45°C) and beyond supported
= Cold Start PN measurements

Altitude extension from 0 - 3000m
= Full RDE area supported (China -2400m)
= Research measurements in altitude test chambers

Best-in-Class Performance on Engine Out Measurements

= Duration of Engine Out (EO) measurements can be increased due to
easy cleaning procedure, thus reduced down-time during operation

= Market Leader on engine out applications

Measuring with 2 CPCs in parallel PN10 & PN23

- Simultaneous measurement for PN with actual valid cut-off (23nm) in
comparison with next legislation draft (Euro 7 PN cut-off 10nm)

_




Testbed Application
APC Variants

Section 1: ]
Section 2:
Particle pre-treatment:

Volatile Particle Remover Core Sensor: Condensation

Particle Counter

APC xCert  APC xCert 10 : APCxApp . APC xApp 10 | APC xApp Dual

(1) Engine Out -

o o o
(2) Tailpipe o o o
(3) PFDS o o o © o
(4) CVS © ° f °© f © i © :
Vo|at||ePart|C|eRemoverEvaporat|onTube(ET)Catalyt|cStr|pper(CS) ..................... ET ........................... CS ...................... ................... CS(ET) ..................... :
Number of PCRF 3 3 16 16 16
AVL CPC 23nm 10nm 23nm 10nm 1x 10nm, 1x 23nm
EU Legislation EU6/VI Euro 7/VII EU6/VI Euro 7/VII Euro 7/VII (EU6/VI)
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Vehicle Test Cell Experimental Setup

Goal: Test NH3 mass correlation Raw to Diluted and FTIR to QCL.

CVS Blower w (
I:I 1 Tunnel A| r ﬂOW AB
(_
<« Intake Volume <« Eiterl Booster
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- ]

4 ) — , [ -
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Automation [—|

— Drivers Aid t o

CVS PSS Cvs CVS AMA AMA System
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FTIR & QCL
NH; raw
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Ammonia Measuring Equipment FTIR and QCL

SESAM
FTIR-Dil

Remote
QCL-Dil

SESAM FTIR DILUTE (TUNNEL)

« AVL 60 FTIR spectrometer

Gas cell 3.2m/ Temp. 50 C

Spectral range 4000-650cm-1!

Multi component stable calibration

Limit of detection NH; 0.03ppm

Apart from NH3 many other components

AMA QCL DILUTE (TUNNEL)

« AVL QCL i60 spectrometer
« Gascell 9.6m/ Temp. 60 C

« Wavelength Modulation 1kHz
« Limit of detection NH; 0.01ppm

SESAM
FTIR-Raw

-

Remote
QCL-Raw

SESAM FTIR RAW (TAILPIPE)

AVL i60 FTIR spectrometer

Gas cell 3.2m/ Temp. 191°C

Spectral range 4000-650cm-1!

Multi component stable calibration
Limit of detection NH; 0.3ppm

Many other components measurable

AMA SA QCL RAW (TAILPIPE)

« AVL QCL i60 spectrometer
« Gascell 5m/ Temp. 191°C

« Wavelength Modulation 1kHz
« Limit of detection NH; 0.15ppm
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Series of Six WLTC Test Results ﬂ

Comparing System Performance between AMA SL D1 vs. SESAM i60 D1 Bag Emission Measurements

WLTC Bag Results CO, WLTC Bag Results CO
(g/km) OAMASLDL  CISESAMi60 D1 (g/km) OAMASLD1  CSESAMIi60 D1
150 0.500
125
1273 1282 130.8| [132.1 129.1| |130.7 130.2| (1319 126.8| 1126.8 129.4| (1315 0.400
100 0.388| |0.379
0.300
75
50 0.200
0.189| |0.186 02181 15 100 0.198( |0.193
25 0.100
0.105| |0.105
0 0.000 : '
Test 1 (hot) Test 2 (cold) Test 3 (cold) Test 4 (cold) Test 5 (hot) Test 6 (cold) Test 1 (hot) Test 2 (cold) Test 3 (cold) Test 4 (cold) Test 5 (hot) Test 6 (cold)
km
(8/km) WLTC Bag Results CH, OAMASLDI  CISESAMi60 D1 (8/km) WLTC Bag Results N,O OAMASLD1  OSESAMi60 D1
0.010
0.010
0.008 0.008
0.006
0.006 0006 0.006
0.004 0.005 0.005 0.004 0.005 0.005| |0.005
0.004| |0.004 0.004 0.004| |0.004 QUGS 10-004
0.002 0.003| |0.002 0.003 0.002
0.002 0.002| |0.002 0.002 0.002| |0.002
0.001
0.000 0.000
Test 1 (hot) Test 2 (cold) Test 3 (cold) Test 4 (cold) Test 5 (hot) Test 6 (cold) Test 1 (hot) Test 2 (cold) Test 3 (cold) Test 4 (cold) Test 5 (hot) Test 6 (cold)

Good performance for standard components
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WLTC NH; Tests with unheated transfer tube

L PR, [QC

[ Tunnel | [Dilution air] 18.0 +

t

160 |
l Unheated transfer tube : m
between vehicle and dilution system (3m) 12'0 I
40°C £ :
5 100
£ 955
e 80 1 8.29
Z 60 | 679
o 5.90
d [ ., 2.0 I
C 0.0
T1 (warm) T2 (cold) T3 (cold) cold) TS(warm] T6 (cold)

Water condensation takes place w0 FTIRy, | | QCLy,
(NH; is dissolving in H,0) 180 | '

g A 0o Results
4 o
NH3 + H20 *

Solubility of NH3: 90 g per 100 mL at 0 °C - T HE H ﬂ nem
Eu rO 7 Ilmlt: 20 mg / km 0 7T1(warm) T 2 (cold) T3 (cold) T4(cold) T5(warm) T6/(cold)

J WLTC Results listed by No. and Engine Start Condition ™ Calibration issue

NH; (mg/km)
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WLTC NH; Tests with heated transfer tube
( Tunnel | | Dilution air | FTIRdiI QCI—dn FTIRraw -

T 220 -

Heated tranSfer tUbe 20.0 1 Proposed Euro 7 limit
between vehicle and dilution system (1.5m) 150 |
160 ]
o | K
E 1o
| : o ® 1
el CE:. a £ 100 ;
! f : s o C £ 80
— P ]
— 0 | ‘645 654 516 6.4 6.34 625 647 |623 629 647 ... (616
4.0 ]
Water condensation is minimized @ 20 7
during cold start WLTC test 0.0 |
T 14 (precon. cold) T 15 (precon. cold) T 16 (precon. cold)
= A series Of 3x WLTC were conducted with WLTC Results listed by No. and Engine Start Condition
pre-conditioning and soak-procedure before i
start of test (cold condition). NH; diluted measurement works well

= Heating of both transfer tube and Remote Mixing T |Excellent correlation between
considerably avoids water condensation in transfer |diluted tunnel and raw tailpipe measurement
tube and evaporates liquid out of tailpipe
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Diluted NH; measurement: easy handling and best

QCly PR, [(QC

repeatability

r CVS Blower w e ™~

uuuuuu Air flow ATB

pa— Intake Volume <—I Filter :Ds‘er

P I ) .
- Vm - - - - \ L7
T SP1<
uuuuuu ion - i
{ cvs PSS Ccvs cvs AMA AMA Systel t
A emote venturi il puuee | BAG BAG Diluted Raw
woil || | ac-oil " ‘

SES.
FTIR & QCL
NH; dilute =

NH; (mg/km)

Paran vy

20.0 |
18.0 |
16.0 |
140 |
12.0
10.0 |
8.0 -
6.0 | 646 654 445
40 -
20
0.0 -

FTIR

] Proposed Euro 7 limit

§=

6.34| 6.25 (647

6.29 647 582

T 14 (precon. cold)

c NH; diluted measurement more stable from test to test

= CVS is robust and proven & tested method

= No additional method to measure the exhaust flow necessary
= No bag mass correction or gas feedback

= No delay time management

: No handling efforts for EFM or raw NH3 sampling

T 15 (precon. cold)

T 16 (precon. cold)

~N WLTC Results listed by No. and Engine Start Condition
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Euro 7, gnt-putys NHs Sampling

Remote Mixing “T" l

Raw exhaust: | 1
Sampling requirements can @4—@ ; :
be taken from GTR-15 L

Gas feedback

Diluted exhaust with Heating: 100°C or 10°C above dew point

remote Mixing-T: RemoteMxng>T § B
+ Heated transfer line and @4—@ L. : :r_‘r "-".:: ; @
mixing point needed. ' Remote mixing  _______ @ O
Cvs sL point heating: ' Tcy | EFM

ep %
3 .
Temperature control unit:
Diluted exhaust with Dilution air heating: 40°C :_ ____________ : i“T_c_l]“i Temperature control unit:
dilution tunnel: l -------
* Heated transfer line and @4—@ ™y U — N @Q
dilution air heating L Toeeeeeomeemeemoooooooos - ol
needed. cvs ' 4—— Max. 6,lm —— @ @

Note: Heated transfer lines will also be needed for engines operated on H2 fuel
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Euro 7 gne-putys NH3 Results

iy

Gasoline vehicle
app. 6mg/km NH3

WLTC
—»

Tailpipe

O

. L=

ot O

M.O.V.E FT
* NH3

NH; PEMS
- NH, (TDLAS)

Continuous Diluted { =l<—|
1 - "
® EE——
| | I
Remote
Mixing T
SESAM FT |\ SESAM FT
* NH; - NH;
,,,,,,,,,,,,,,,,,, [RSSE. () O %, (—
AMA QCL
« NH;
A |4 W
WIr Wyr
WJr wr
Used as
reference

Data based on AVL Euro 7 testing exercise, Gaggenau, 13.-19.04.2023: Data are average of 3 WLTC tests with a gasoline car app. 6mg/km NH3
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NH3 verifications/Checks
Linearity requirements for FTIR technology

Heavy-Duty - R49-Rev.6 GTR-15
A.74.1. Linearity requirements ‘ FTIR: lin€arity verification Within 370 days before See paragraph 7.1.
) testing of this annex.

The analyser shall comply with the linearity requirements specified in Table 7
of this annex. The linearity verification in accordance with paragraph 9.2.1. of
this annex, shall be performed at least every 12 months or whenever a system
repair or change is made that could influence calibration. With the prior
approval of the Type Approval Authority, less than 10 reference points are
permitted, if an equivalent accuracy can be demonstrated.

40 CFR 1065

Type of calibration or verification Minimum frequency 2

Gas dividers: Upon initial installation, within 370 days before testing, and after major maintenance.

Gas analyzers (unless otherwise noted): Upon initial installation, within 35 days before testing and after major
maintenance.

FTIR and photoacoustic analyzers: Upon initial installation, within 370 days before testing and after major
maintenance.

Linearity verification for Quality check for FTIR: every year.
Linearization: never (Only when recalibrating the whole spectrometer. After 5 years, oft 8 years)
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NH; Linearity Check - via probe system

160
140
) : : r Probe Calibration
=120 New ! 3 x faster Linearity check
o
=
c 100
0
4_, - W ot =il
g 80 Long purge time The most difficult step
e needed to reach decides the purge
Q bottle concentratic time of all steps
S 60 of 150 ppm
o
Im
= 40
System in
20 months be
3y contamine
0
O O O O O O O O O O O O O O O O O O O O O OO 0O OO OO O O OO0 O O O oo o o o
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO=2h22m
N < O 00 O N < O O N < OO NS OO N << VOO NS VOO O NS OO0 O N <« O oo O
T A AN AN AN AN AN NN T ND NN NN O O OO ONDNNSNNDNDNO
Time [s]
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Lincheck with CalDir

Lincheck NH3 100ppm mit Autocal

120
100 5 4
; ﬂ r T
80
e
(=
2 60
[22]
T
=
40
20
0 J L_‘-
0 500 1000 1500 2000 2500 3000
< TS >
= 0h40m

——FTIRiIGO\NH3 ——GDU[ppm]
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Euro 7Li ht-Duty
Automa%lon system

p—
1l — - L]

M “i- | VECON2
B

GGEM 2 functions: D

= Road to lab tests

= R&D Tests

" Supports PEMS Confirmation
|

"iGEM 2 Cycle: |

« Cycle reproduction RG/X

.’ Cycle reproduction non RG/X

- |

Post-processing

« Additional components

« RDE reporting in the lab
\_ J

iGEM 2 FOR VEHICLE
TESTING

AN

4\
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Route Studio
Enabler of road to lab solutions

From road or from online maps: create/reproduce at the testbed.
Enrich with additional variations (weather, driver, traffic, etc...)

AVL’s
Simulation Al:a::;;er::s
Models s

= ntne @

®
dio
@®

100110
oloLal
10

o
@ Analy: Visualization =/ : \[;I

= ==

Processed .
Virtually

Augmented

e

'fi‘ '; - L"
A
?xﬁ'

— Desktop Sim
Digital Road

Ambient I Ry
= 1Y

,Jy‘w

Real Time
Sim at
Testbed

N

=
ﬁ Real Time

Drive Cycle
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Euro 7Light—Dut

BEV Chassis byno

Already supports SMCT+ testing !

BEV (and xHEVSs)
specific products
« iGEM Charge Monitoring

« iGEM 2 for BEV

=]

Hybrid Soak Area

X-Meter + current clamp
(for soak area measurements)

)

e

ot

OPTION

iGEM Charge
Monitor

OPTION

OBD
Diagnostic
System

OPTION
Current [ Power Analyzer + current ]
clamps clamp f. HV Battery Stahle robot driver

b

00000000

OPTION

[ Option: Drive-by-wire

Test Cell Automation System
iGEM 2 for Vehicle Testing (incl. PO)
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Euro 7Light_Duty BEV
AVL X-meter

X-meter System

_——tem e

s

L e v-
Tsssare s

o

CH2

) [*

Re-Charging

Vehicle Installation

M Soak Area

............................ -~
R T T : pp— @ ) .
Chassis Dyno / Grid/Mains L2 m— \ﬁgﬂrgglxglsl\t%tﬁlg
Test Cell Installation 0 11 (3/1ph AC) .-
: E 7 Charging Station ,
: % % ; Wall Box / Mobile @ W IF;:]E Vehicle
High voltage signal Currents LV 12 VDC GSI Grid Signal Interface Box
HV-Battery conditioning up to 1000 A hiah a
up to 1200V Battery igh precision / accurate

1/3ph AC charging / DC

HV probe Current Clamps
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Euro 7Light—Duty BEV _
Electric energy consumption of all REESS

High mobility thanks to interface boxes

Mains / Grid Phases CharginJ Station PEV/OVC-HEV#

o -

C s

AC Grid Interface Boxes

DC
0O
4
7 ) 1 .
! i CHASSIS DYNO (CD) TESTBED A E:D/\— a-l

OVC-Hybrid / PEV Electric / FuelCell VEHICLE
DC Interface Box

1 phase
~220/240VAC M1
50/60Hz L2

Vehicle / Cell Installation : 50/60Hz

o

3ph AC

-

Test Bed Installation - : N :
single cable concept . .
: single signal cable|

concept 1/3ph

» IndiCom SW
/ Customer
D | — m—— praby 3880000000 — | @] — (2] oo
Instantaneous: I/U/P CD after tests e — L iGEM2 (report)

PUNA2 s . N\ et
calculated results PA: X-meter Application SW
CAN — C
ustomer
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Euro 7 ht-Duty BEV
AVL CHARGE MONITOR

: : Charging Point 2
Charging Point 1

. §

“‘
“."‘ Charging Point 3

~

TCP/IP

AVL Charge Monitor
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OEM (signed) Declaration text for EU7

2. The manufacturer shall provide the type-approval authority with a signed declaration
of conformity as regards the RDE, CO; ambient temperature correction, OBD, OBM,.,
emission and battery durability, continuous or periodic regeneration, anti-tampering
and crankcase requirements as specified mm Annex V. The manufacturer shall
provide to the type-approval authority a signed declaration of conformity on the use

of adaptive controls and geofencing options when the manufacturer selects these

options.
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Regulatory Compliance — Workflows -

NEW

OEM signed
declaration
Q/ —_— uuT d:llverv uuT am;n Shipping
§/ = ]
o — &
< =

nnnnnn

Standby Location

CERTIFIED TRUE COPY

This ____ day of 20 OEM representative must sign
declaration for type approval process
and vehicle compliance, with legal
implications!

Head of Product Development

* From Kurt Engeljehringer
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Comparison of certification
over time and regions

\_

Euro 6 s
Precisely defined conditions Precisely defined conditions Very large conditions
Defined cycle 5 x defined cycles No defined cycle
Precisely defined RDE On-road as defeat device search|| RDE
Technical service responsible Self-certification Signed declaration
AN AN
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In-Service

(33

:-?

CEERAG
[

Concept

Chassis Dyno testing

E Powertrain Testing

Elements
Testing




AVL Lab Management™ - Vehicle Testing

AVL Lab Management™ for Vehicle

000 o @

ASSET & PROCESS MONITORING
CONTROL

ZEEa ih. BB &

DATA MANAGEMENT  DATA INTELLIGENCE

00

Process Control Modules

CAL. GAS PARTICULATE MATTER
MANAGEMENT MANAGEMENT

CHARGE SOAK AREA VEHICLE
MONITORING MONITORING TRACKING

Manual Workstations

Test Automation

Road Testing

90000

R.Belleux | AVL Emission | 09 Mai 2023 |



AVL - Euro 7 ready

SESAM FTIR
Di‘lnute or Raw

iGEM2
Automation

AVL exhaust gas measuring equipment — product portfolio
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