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REAL DRIVING EMISSIONS (RDE)
Challenges for On-Road Tests
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REAL DRIVING EMISSIONS (RDE)
A REAL CHALLENGE FOR ON ROAD TESTING

TRAFFIC 7 EXTREME CONDITIONS

RANDOMNESS AMBIENT TEMPERATURE AMBIENT PRESSURE

Driving style has a strong impact on the Changing ambient temperatures can Changing ambient pressure is the
equipment - shocks and vibrations. strongly impact the quality of key decision criterion
RDE test data. for the selection of PEMS analyzers..

HIGHWAY
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Impact to Emissions

Drive Cycles: Drive Style: Altitude: [m
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Vehicles must be clean in a Drive style has a large Impact of altitude: Impact of wind is:

much larger area of the impact (by factors) on . physical « crosswind

e 9P emission- + calibration, like when + traffic turbulences
Ry LT " aggressive EGR is switched off - drafting (Windschatten)
. Real Driving Emissions * moderate

Example: Example: Example: Example:
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Relative Engine Load - %

Impact of drive Cycles
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Engine Speed - rpm
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Vehicles must be clean in a
much larger area of the engine
map:

«  NEDC > WLTC

* Real Driving Emissions

*  especially for down-sized
engine concepts
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Vehicle Speed - km/h  Torque - Nm

Impact of drivi

ng style
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Moderate Driving Style
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Time -s

Engine Speed - rpm

Torque - Nm

Impact of driving style in the AVL Graz RDE route on
» Drive dynamic
+ Engine map
* Emissions

. -

Engine Speed - rpm

NOx PN
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Impact of Altitude

NOx

Kumulierte NO -Abweichung [%]
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MTZ 2016, Universitat Politecnica de Valéncia Spain, “Der Einfluss von Héhe auf die Emissionsmessung"

Schéggl, Marco | AVL M.O.V.E | May 2018 | 6




Impact of Wind

Turbulence Intensity of ambient flow
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Impact of Wind:
For a typical car driving at highway speeds, about 50% of
the energy is spent overcoming aerodynamic drag.

In the recent SAE paper (SAE 2015-01-1551), experimental on
road measurements were gathered by comparing the energy
consumption of the vehicle with the characteristics of the on
road flow field, including traffic turbulence and crosswind, as
measured by a pitot-static probe mounted on the roof of the
vehicle.

The fluctuations in the measured wind are attributed mainly to
turbulence caused by other vehicles on the road, while the
measured yaw angle is attributed mainly to the prevailing
crosswind and large-scale wind gusts.

+ 45%

Vehicle power increase from 9kW
to 13kW

Source: http://www.automotivetestingtechnologyinternational.com/articles.php?ArticleID=2031: Exa Corporation, Simulating ‘realistic wind’ further information SAE 2015-01-1551
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ON-ROAD TEST RESULTS
GERMAN MINISTRY OF TRANSPORT

S000 range of KBA / BMVI test results S
(lower level corresponds to NEDC laboratory test, upper level to max. on-road test result)
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Source: Overview of the laboratory and on-road test results of the vehicle testing program by the German
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RDE IMPLEMENTATION WORLDWIDE

EU:
New: RDE 4 voted on 3.5.2018 Monitoring: 04/2016 O South Korea: | //,.\\\
In force 1.1.2019 Conformity factors: 09/2017 - e 3 09/2017 (diesel only) | %%

i i 28
gj A ",,’ =

Japan:

2022 CF 2 (dieselan
Low
@ Speeds

China: China 6
Monitoring from
. 07/2020

v, CFsfrom 07/2023

P

USA (CARB):
PEMS for detection of
defeat devices

Brazil: draft PROCONVE

L7,L8 .
’ . India: BS VI
Procedure to be published 04/2020: monitoring ®
by 2020. )
j . 04/2023: CFs
2022: monitoring? Low Speed
2024/2027: CFs? o
& over 40°C

Public
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Country Topic
Limits
Cco,
Tech. Reg
EVAP
RDE
ISC

Public

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 04/2016 RDE Monitoring
Euro 6b Euro 6d t 2 m
wosb ,  (CTRIENCT ETINE. 09/2017  WLTP + RDE with CF-temp.

130 g/km CPZ ‘ ‘ 95 g/km CO, -15%

01/2019 New ISC Procedure

Euro 6d-temp-EVAP

~ Monitor mm RDE CF NOx 1.43, CF PN 1.5

New procedure incl. RDE, EVAP, -7°C

09/2019 New EVAP Procedure

01/2020 RDE with final CF

I No lead time for engineering / Last-Minute amendments
May 2018 RDE Package 4

» In Service Conformity, Member State Surveillance

3Q 2017 revised evaporative emission testing
+ Canister aging, test procedures, sealed tank systems for hybrids, ...

® Jan. 2017 Guidance on AES and Defeat Devices
- Documentation of AES, engine protection, impact assessment, defeat device testing, ...

o Dec. 2016 RDE Package 3
» PN Limit, Cold start, Hybrids

® Feb. 2016 RDE Package 2
* NOx Limit, Test Boundary Conditions

© 2015 RDE Package 1
» Decision on PEMS, Monitoring from 2016
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Corrections, clarifications,
provisions for LCVs

CLEAR not used anymore,
EMROAD only for trip normality

New emissions
calculation method

Reduced NO,
margin

In-service conformity
requirements added

Trip

: Non-dynamic
requirements y

boundary
conditions

Temperature
Altitude

Urban, rural,
motorway —

Min. and max.
speed

Public

Dynamic
boundary
conditions

Trip normality,

EMROAD
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Calculation of
final RDE
emission

results
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6T CEV. di0pa.
TAA, CEM et | OEM, 3tdpates
it

GTAA+ OFM

g GTAA

C. Dotaled [vestigations
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Assessment of trip validity

9.2. The trip validity shall be verified in a three-step procedure as follows:

STEP B
Annex 7a

PEMS DATA Collected in accordance with

Appendices 1 to 4

STEP A

Annex IIla

* Urban, Rural,
Motorway, distance
shares

» Altitude

+ Ambient temperature

» Vehicle condition at
cold start

+ Urban Average Speed

+ Stop Share

Main Trip
Annex IIla

[ Invalid Trip

95th Cumulative
Percentile Speed x
Acceleration below
limit curve

Relative Positive
Acceleration above
limit curve

Both of the above for
Urban, Rural and
Motorway Driving

Appendix 7b
Cum. Altitude Gain

Dynamics
and Altitude
gain
Appendices
7a, 7b

STEP C

Appendix 5

* Moving Window

« Comparison of the
windows CO, [g/km]
with the reference
values from the WLTP

« Trip validity for
Urban, Rural and
Motorway Windows

[ Invalid Trip ]

Overall
Dynamics
Appendix 5

[ Invalid Trip ]

Valid Trip ]—-

Emissions Calculations Appendices 4 and 6
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Step C: Appendix 5 - Verification of overall
trip dynamics using the MAW method (I)

« Offset for P1, P2, P3 removed

P1: v=18.882 km/h, CO, emissions over WLTP low speed phase
P2: v=56.664 km/h, CO, emissions over WLTP high speed phase
P3: v=91.997 km/h, CO, emissions over WLTP extra high speed phase

MCOZ,;\! [g/km]

. Window(ﬁj, M caz,d,j)

Mo, d.cc* (1 +tolyy/100)

S~ - P3 I,....--— MCOZ,d,cc
o A -« PZ __.-I'i—"_——-

—

Mco, aj

-
e
-— - -
- -
Y o

Mo, .0 (1—toly;,/100)

v,  vlkm/h]
Public
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Step C: Appendix 5 - Verification of overall
trip dynamics using the MAW method (I)

* Toljhigh = 45% for urban, 40% for rural and motorway driving
« Tolyow = 25% for ICE and NOVC-HEV, 100% for OVC-HEV
« Validity criteria:

« 50% of windows within tolerances.
* For NOVC-HEV: tol;,4, can be extended to 50%.

Mco,alg/km]
. X Mco, alg/km|
A

RURAL MOTORWAY

|
|
|
|
'.
N
. \ i
CaZadJ | =

Mco, d; '"‘_’_____,,
! i | | %\
\Window(v;, M | ! | i
: : (v, Mco,.aj) [ ! @Wmdow(v,-,Mcoztd_‘,-)
js 810 7; 1is Pl | ,= il J lkm/h]
) 45 80 v, 145
CO, characteristic curve and tolerances for ICE and NOVC-HEV CO, characteristic curve and tolerances for OVC-HEV
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Appendix 7c (evaluation for OVC-HEV)

Appendix 7c (evaluation procedure for OVC-HEV) is deleted.
Evaluation of trip validity for OVC-HEV is included in Appendix 5 (MAW method)
Emissions calculation method is included in Appendix 6 (new emissions calculation method)
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New Appendix 6 — Calculation of the final
RDE emissions results — ICE and NOVC-HEV

For valid trips, the final RDE results are calculated as follows (k = t for total trip, u for urban part):

Mgpgx = Mgpek * RFy

Index (k) refers to the category (t=total, u=urban, 1-2=first two phases of the WLTP cycle)
Mgpe -~ POllutant emissions during RDE trip in [mg/km] or [#/km]

1.20 - RF,=1 (“raw emissions”) _ _ _
RF, ..... RDE Evaluation Factor ] Linear interpolation
MgpE k-ovee Final RDE result [mg/km] or [#/km] 1.00
N E RF=1/r,
Value of RF, is dependent on ratio of CO, emissions 5 9807 !
[g/km] during RDE trip to CO, emissions during g :
WLTP _ Mco, rpE K 5 0 | 1
LOvS 3 : |
Mco, wLrp,k T 040 - i :
é 0.20 - i ]E
For type approvals before 01.01.2020: ! !
RF,, = 1.20 and RF,, = 1.25 000 ey o | |

RF,,  RF,

RDE / WLTP CO2 Ratio Iy

For type approvals from 01.01.2020:
RF,; = 1.30 and RF,, = 1.50
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New Appendix 6 — Calculation of the final
RDE emissions results - OVC-HEV

For valid trips, the final RDE results are calculated as follows (For either the urban or the total driving):

Mgpgx = Mgpek * RFy

Index (k) refers to the category (t=total, u=urban, 1-2=first two phases of the WLTP cyc/e)

1.20 - RF,=1 (“raw emissions”) _ _ _
Mgpe  --- POllutant emissions during RDE trip in [mg/km] or [#/km] j Linear interpolation
RIS RDE Evaluation Factor 1106
Mgpe k----- Final RDE result [mg/km] or [#/km] - E RF,=1/r,
f 0.80 o i
- - - - o l
Value of RF, is dependent on ratio of CO, emissions S : /
£ . . . . L' 1 1
[g/km] during RDE trip to CO, emissions during WLTP g 0.60 - ! 1
(charge sustaining mode) & : !
T 040 - i !
MCOZ,RDE,k 0.85 & . i
‘r‘k = X g : Il
MCOZ,WLTP—CS,t ICy 0.20 - | |
I 1
! 1
Ic d[CE’k 0.00 — — ] t t i
k= RF RF
dicex + devi L ez

RDE / WLTP CO2 Ratio Iy
drce -~ Distance driven [km] with ICE on for OVC-HEV during RDE

dey - Distance driven [km] with ICE off for OVC-HEV during RDE For type approvals before 01.01.2020: RF,, = 1.20 and RF,, = 1.25

For type approvals from 01.01.2020: RF,; = 1.30 and RF,, = 1.50
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Not-to-exceed limits, conformity factors

Throughout its normal life the emissions of a vehicle type emitted at a RDE test shall not be higher than
the following not-to-exceed (NTE) values:

NTEpollutant = CFpollutant X %‘X EURO_6

1 + margin (from 09/2017)
PN
CFpoIIutant 2.1 with - - - Temporary CF NC)X EUI"O 6d'TEMP
margin PN = (from 09/2017)
0.5
Pollutant | NO, PN cot THC THC+NO,
1 + margin | 1+ margin Final CF NO, Euro 6d
No, with | PN (from 01/2020)
CF, pollutant margin NO with g - - -
=043  |garginPN=

1CO em|SS|ons shall be measured and recorded at RDE test

"margin” is a parameter taking into account the additional measurement uncertainties introduced by the PEMS
equipment, which are subject to an annual review and shall be revised as a result of the improved quality of the
PEMS procedure or technical progress.

NTE requirements shall be fulfilled for the urban part and the complete PEMS trip. Draft RDE package 4

Public Schéggl, Marco | AVL M.O.V.E | May 2018 | 18




SIMULATION

AVL Solutions

(A comprehensive approach to RDE)
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AVL M.O.V.E

The Industry Standard to Measure Real Driving Emissions (RDE)
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COMPLETE RDE TEST SYSTEM

AVL M.O.V.E iS System
= GAS PEMS iS
= PN PEMS iS
= EFM iS
= System Control
= Concerto 5™ - M.0.V.E Data Toolbox

.. done more than 40.000 RDE
tests @ 100+ customers with
300+ systems!

AVL M.O.V.E IS

The Industry Standard to Measure Real Driving Emissions (RDE)




AVL M.O.V.E MARKET LEADER SHIP
CUSTOMER REFERENCES

AVL M.O.V.E SYSTEM - REFERENCE LIST
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AVL M.O.V.E — RDE TESTING SYSTEM

GAS PEMS iS CO,C02,NO,NO2, 02

-,
\.ﬂ p GPS T, p, %
/
PN PEMS Particle Number
m ' )
SYSTEM CONTROL MOVE Data Toolbox
— —
AVL M.O.V.E EFM Exhaust Mass Flow ' = = m Ik
O <} > i AVL 35 l: > Nl-\- | T
B ———> | =% E =
& - |
AVL PLUtron™ AFU9| Flow T
} < OBD II
W Ty

AVL Indimicro Il

P
¢ N
— ;"— -

| ST

RDE Testing

RDE Development

M.O.V.E - an In-Vehicle test platform which is aligned with the In-Lab test platform
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RDE TEST REQUIREMENTS

Light duty vehicle on Real Driving Emission testing:
» Portable g . .
SR, randomness of real driving
« Implementation: EU 2017, Korea 2018, China 2019, India 2020, Japan 2022
Limits:

* CF NOx: low emissions under all condltlons
« 1 calculatid A mmAcimmc - e

RDE Test requirements:

Y\
3000

2%  AVL M.O.V.E * 34% Urban (<60km/h), 33% Rural (60 ... 90km/h), 33% Motorway (>90km/h)
2 o :  max. Speed 145km/h (can be extended to 160km/h on test track)
2000 China Extrem o . )
 positive altitude gain < 1200m/100km
- OVC Hybrid test in Charge-Sustaining mode [z
» Periodical Regeneration w/o Regeneration use ki-factors

1500

1000 Extrem
500 Moderate
Ambient conditions:

+ 0°C to 303N oy o condit
R, Wide range of environmental conditions

Schoggl, Marco | AVL M.O.V.E | May 2018 | 24

Public







AVL CONCERTO 5™ - M.0O.V.E DATA TOOLBOX
LEGISLATIVE POST PROCESSING

Public

Case: PM_PEMS
Page: NTE (1) / Summary

My Trip'
Start Date: 01/02/2055

AVL

Start Time: 10:01:02.3 | AvL PEMS Fostprocessor, 2011

3000
2700
2400

200 400 600 8OO 1000
Speed

200 1400 1600 1800 2000
rprn]

4
@
o

— torque

max powe limit
max torque limit

NTE Low Speed Limit
Loadpoints: all

Loadpaints: in NTE zone
Loadpoints: valid in NTE zane

Mo of events 22,000

ltotal duration 1484,000
ltotal duration excl. void 1484,000
ltotal non idie time 10886,000

Imin. sampling rule 30,000
lower power limit 30,000
llower torgue limit 30,000
INTE speed A 1231,612
INTE speed B 1497,832
INTE speed C 1764,052
INTE speed low 1125,124
Ispeed high 2030,273
Ispeed low 965,392
Imin event duration 32,000
Imax event duration 126,000
Time Total CO 778,000
|Time Total NOXNMHC 778,000
|Time Total PM 1464,000
|Time PR CO 778,000
ITime %PR NMHC 778,000
Time VPR NOx 475,000

Time VPR PM 1464,000

PEM Cument Case: A1) Conserts orkErvirorments PEMS

T3PRUGA_PES pms o |

Gase: EngineDynoTest

Page: Woark Window CO.cdi

EnginelynoTeef |
Stan Date: 011037012 |
Stant Tima: 1428:18| v

Ly Window Duration
0
s. =0
aw
o 0
a0
)
w0
a | o
- « [

EL Lim
ooty

AVL

3 4 s o
B CO W) fgawe]

A PENE i1 G
i e

e

oy {1 SUNAL SumBAN. JemCTEIAY]
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AVL CONCERTO 5™ - M.0.V.E DATA TOOLBOX [IAVATREC
LEGISLATIVE POST PROCESSING e

AVL CONCERTO 5™
M.O.V.E Data Toolbox
| DV-HDV-NRMM

Public



AVL CONCERTO 5™ - M.O.V.E DATA TOOLBOX WW\VAR %50
Example LDV - RDE 3 Results

%

Case: RDE_Demo_Data ‘Huntington Beach® a
Page: Conformity Factors e AVL 0‘30
e Start Time: 11:16:28.0 |  coosromovs 2ms

NEW: Quick View “6 . . . .

Unweighted Results
Avg. Trip Limit
NOx g/km 0.0068 0.800
CcO g/km 0.5667 0.500
co2 g/km 127.9111
PN #km BESN 6.000e+011
JRC
Trip Conformity Factor
City Rural Motorway Trip
NOx g/km 0.0068 0.01 0.01 0.01 0.01
co g/km 0.3998 0.30 0.25 1.91 0.80
PN #km 0.000e+000 0.00 0.00 0.00 0.00
CLEAR
Pl AUTOMOTIVE
NOx g/km 0.0070 0.01 0.01 0.01 0.01
e — CERTIFICATE Cco g/km 0.4756 0.27 0.47 2.1 0.95
. PN #km 0.000e+000  0.00 0.00 0.00 0.00
AVL Concerto PEMS
Software Release October 2016

The TOV®-tested AVL M.O.V.E
data post-processing software
meets the requirements

of e reguiaton

.
.
EC) Mo, 65212008 fen A:Vetiog Rt Ot Eisaons R D E V e rt I fI ed I
umacadet by (EC) Wo. 2016427 sobed Mareh T I l | ‘
" by (EC) N, 010064 Hested Al 0°, 20 H

Cortncate o MEID2AMZONEN
Ameses: Anmex 1 - AYL MO V.E 2342 post pracessing somware.




TUV Certified
For correct legislative implementation

TUV certificate:

. HD (EU) No. 582/2011 Annex
IT and (EU) No. 64/2012 CERTIFICATE

AVL Concerto PEMS, Version 4.5

The TUV®-tested PEMS
« RDE Package 1 - 2016/427 e o CERTIFICATE
« RDE Package 2 - 2016/646 e ;

AVL Concerto PEMS
Software Release October 2016

Bl AUTOMOTIVE

Ll AUTOMOTIVE

The TUV®-tested AVL M.O.V.E

data post-processing sc;ftl;v:;re Z ERTI FI KAT

meets the requirements

of e regueon

« RDE Package 3 - 2017/1154 R AL s
:E:m H?ﬁ;ﬂimw&"”‘“’ Die TUV®-gepriifte AVL M.O.V.E

Daten Auswerte Software erfiillt
die Anforderungen

ey verornung
(EG) Nr. §822008 Anhang lllA: Nachprufung der Emissionen
Im tats3chlichen Fahebetrieb

Ge3ndart Gurch Verordnung (EU) 2016427 vom 10, Marz 2016
und Varcrdnung (EU} 20167648 vom 20. Apri 2015,

Antagen Anhang 1 - AVL MOV E Daten Auswens Software:
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o

AVL CONCERTO 5™ - M.0O.V.E DATA TOOLBOX AV L e

RDE 4 Implementation coming soon e

SW Release - RDE 4 Implementation Plan:
» End of July 2018 - Final Vote implemented as ,,EU RDE4 development mode“&%
> End of 2018 - EU RDE 4 certification mode available

Case: RDE3_Demo_Data 'Huntington Beach' 0,2
Start Date: 02/10/2016 AVL %0

Page: Conformity Factors >
Start Time: 11:16:28.0|  Concerto M.O.VE 2018

r Legislative Setup
CALIBRATION COLD START TRIP DYNAMICS EMROAD CLEAR

[-6— RDE LD '] |:| Create Submission Documents . . . . . .

i EL) RDE3 DEVELOPMENT - I TRIP - unweighted Limit City = Rural = Motorway = Total =
EU RDE2 DEVELOPMENT - S . NOX a/km 0.075 0.289 385 0438 584 0.702 936 0.489 651
EU RDE2 CERTIFICATION Oz Charactefitic Lun BinsERehelebiieed co a/km 1810 0122 007 0.018 0.01 0.027 002 0.052 003

(@] (0] o2 a/km 1357 2.8 1480 1251
EU RDE3 DEVELOPMEMNT PN #/km 6.000e+011 n/a n/a n/a n/a n/a n/a nfa n/a
=REETCER ETION €02 @avgspeed factor i e EMROAD calculation from start to end
EU RDE4 DEVELOPMENT lghm]  [km/h] 5 o NOX o/km 0519 692 0.692 922 0.684 913 0.631 841
T = B ] City [kmm/h] a 45 co /km 0.021 001 0.053 0.03 0.093 005 0.055 003
s I e 120 120 [{8112 o o2 i 1316 1242 1360 1306
WLTP Medium Speed ’T Rural [km/h] 45 80 C:ENAR #/km n/a n/a n/a n/a n/a n/a nfa n/a
{P2} COZ - WLTP High Speed q00 Mataresy. fknvh] /50 145 NOX g/km 0.338 450 0472 629
co a/km 0.293 0.16 0.051 0.03
(P3) COZ - WLTP Extra High Speed  [120 C,f,)f %:m 1:/55-3 - 15/3; -
WLTP €02 urban [g/krm] = | BRES
. NOX glkm 0289 385 0.489 6.51
WLTP CO2 total [g/km] 116 | co g/km 0.122 0.07 0.052 0.03
= PN #km 0.000e+000  0.00 0.000e+000 0.0
Tolerance Mormal Driving [%] ‘ 25 [T AutoIncrease
3 & EMROAD and CLEAR results corrected by Ki factors or offsets: NOx + g/km, CO + g/km, CO2 + g/km
Tolerance Severe Driving [%] 50
Concerto Version: 480 Build 129, Serial Number: 998 Vehicle: XXX/ YVY
M.O.V.E Post-Processing: Rel_11_B208_BETA_Complete_ Engine: Demo Engine / Type

NOx Ambient Condition Com.: & - NONE
Dry / Wet Corr:: 1 - 1SO16183 [Default]

MOVE Software Subscription Customers will receive it automatically!
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Further Applications

AVL M.0O.V.E In-Vehicle Testing

Public Schéggl, Marco | AVL M.O.V.E | May 2018 | 31



Emission Measurement

EU-4: 2016 based on UN-ECE-Regulation 40/47 and GTR-2

Introduction of PM limits for CI and GDI engines, only

EU-5: 2020 based on UN-ECE GTR-2

open discussion (Effect study) in-use conformity, off-cycle emissions
and PN

USA: EPA Motorcycle Standard [g/km]

no change since 2010

Start of

no change since 2008

discussion
about RDE
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Is ,Real Driving Emission™ Measurement on
Motorcycles possible?

&1
oﬁ )

%) "'Basis Test Object
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Case Study with TU Graz
Setup Motorcycle with actual RDE equipment
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AVL M.O.V.E iS
CO2 Testing — Real Fuel Consumption

> Fast connection to your on

Fuel Pump ¢ board fuel system

Pressure Regulato i i
SYSTEM CONTROL ressure Regulator > Provides online result by I/km

(also via MAP data)
> Full integration with AVL
M.O.V.E and thus PEMS

| B 0 |
PLUtron™ CLASSIC i it oagl W testing
Accessory kit with appropriate Injecrs l*._ ! /o > H |g h eSt dCcCura Cy fO I rea |

hoses + common vehicle

connectors Hydraulic setup MP1 Engine driving fuel consumption at
S o Real@rﬁpg,}?p_ Pr@eessmg

low flows
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AVL M.O.V.E IS
RDE DEVELOPMENT - FUEL EXTENSION

iS CO,CO02, NO,NO2, 02

GAS PEMS i
" g GPS  T,p, %
.fi/'
PN PEMS Particle Number
= ' )
SYSTEM CONTROL MOVE Data Toolbox
—> P —— — BT iy
> = - — =S - | Ei ,::' i _"____
!
A AUTOMOTIVE

AVL M.O.V.E EFM Exhaust Mass Flow i =
{ ] e
o e ' J

AVL PLUtron™ eEtcRgel
& OBD II

RDE Testing

RDE Development

M.O.V.E - an In-Vehicle test platform which is aligned with the In-Lab test platform
Schéggl, Marco | AVL M.O.V.E | May 2018 | 36
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AVL M.O.V.E - Energy Efficiency Evaluation
CO2 & E-Power Measurement Extension

m Easy add-on of hybrid key figures into
GAS PEMS  CO, CO2,NO, NO2, 02 System Control (real fuel consumption,
) battery state of charge, Recuperated
energy, charging modes, HCU
information)

High speed power measurement for exact
battery aging effects determination

L ' SYSTEM CONTROL MOVE Data Toobox M EXtended Reporting of total energy
efficiency for better evaluation of vehicle

-

vr GPS T, p, %

<

PN PEMS  Particle Number J J RESULTS "

EFM thaust Mass Flow " -"vq’,_,-‘ strategy
A > == s f
PLUtron ~ Fuel Flow
o
- Iy

FlexMeter U,I,Power

. ‘__',-_,;'" i‘_‘;.%].g B ™ -
' T | T
. e

=
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AVL M.O.V.E HEAVY DUTY TESTING

i

AVL M.OVLE PEMS

TESTING

Schéggl, Marco | AVL M.O.V.E | May 2018 | 38
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Heavy duty in-service conformity with PEMS
% USA and Canada ‘*' EU o

HDIUT -
In-use Testing with PEMS
equipment and field-testing
procedures 1 January 2005

South Korea 7g
Euro VI: 1 January 2013 all new vehicle | @.@

types Euro VI: PEMS requirements
_ from 1 January 2016

under discussion, earliest
introduction 2022

.
___
.
.

/ China 0\

Phase V: 1 October 2017 all
newly approved vehicle type
Phase VI (Draft):

1 January 2020 Phase Vla
(urban vehicles)

1 January 2021 Phase Via
(all vehicles)

K1 January 2023 Phase VIb/

o .

Australia @

Euro VI under discussion

Brazil @

PROCONVE P-8 (Draft): 1 January
2027

India Singapore ASHEA:
Bharat VI: 1 April 2020 :
monitoring :  Euro VI: 1 January 2018

1 April 2023 limitation (CF) : PEMS only in TA
_— et eeeerennaeeennaeeeennnneennaaeeennnns Schétigl, Marco | AVL M.O.V.E | May 2018 | 39




Heavy Duty — PEMS Testing

In-Service Emissions conformity (compliance):

« “"Real Life” Test on the street with PEMS (Portable Emission Measurement
System). First in-service test should be conducted at the time of type
approval testing

+ CO2, CO, NOx, THC, PM (PN in discussion for EU)
« Exhaust flow rate, Speed, n, M and GPS data.

AVL M.O.V.E GAS & PM PEMS Test

PEMS
« EU testing is conducted over a mix of urban (0-50 km/h), rural (50-75 km/h)
and motorway (> 75 km/h) conditions, with exact percentages of these
conditions depending on vehicle category.

In-Use Testing Reporting

_ﬁ Ambient conditions
R = R_— « Temperature and Altitude as defines for off cycle emission requirements

PM PEMS :m .
e Post Processing Limits and Result calculation

SYSTEM CONTROL Concerto PEMS
, F o ' “i'}?_"w, + Limits are based on the laboratory limits multiplied by 1.5
""' ' 1 « EU Result calculation by “Work based window”
A —— ] ‘ « US Result calculation by NTE-Events (during =30seconds operation with high

enough engine torque, speed and power
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HDV - In Service Compliance Testing
PN Introduction

2015:
PEMS PN procedure with PM will be replaced by PN
conformity factors
PM PEMS PN PEMS

e The assessment of JRC in 2015 has proved a
technical feasibility of the PEMS equipment to
measure particulate number

) >

e PEMS PN procedure will be introduced together
with the 10% power threshold requirement -
1.09.2018 for new types, one year later for all

new vehicles 2017:
e On-going tests on different vehicles PN for HDV will be
introduced delayed by

e Proposal to be prepared still in 2017
— 2019
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AVL CONCERTO 5™ - M.0.V.E DATA TOOLBOX [INVATRER
EURO VI - In-Service Conformity (ISC) %

Table Ga (COMMISSION REGULATION (EU) Mo 64/2012)
Truck
c i t y
Wehicle type (e.0. M3, N3 and
application e.g. rigid or articulatedtruck, XXX - -
Legislative Reports ecks
Vehicle description (e.g. vehicle model, Yy
prototype)
+ Loadpoints: all
5 . —%— Full Load Curve Torque
CO | THC NMHC & CH4 | NOx | PM Case: Truck hello2 L 2 .
: . : ’ Start Date: 04/23/2012 X0
Pass-fail results passed | faied failed |passed Page: Work Window N Av ) 540
Start Time: 09:44:08.0 |  Concerto M.O.V.E, 2014 480
: : =
[Work window conformity factor £ 40
CO2 mass window confomity factor reference Work kWh 1055 Points total R 1312800 Max_ Span Drift % [<2 T 360
EU Power Threshold % 1500,  Data Coverage No - 11555.00 Max. Zero Drift % <2 £ 800y
Trip Information Urban Rural Motorway min Power % 1515  Data Coverage Perc = % 88.02 Max. Diff. Drift Correction % = 6.0 g 240
¥ B max Power % 3577  Work Windows total | - 8823.00 s 180
Shares of time of the trip in % Conformity Factor GAS - 150  Valid Windows No. - 6344.00 2 420
E?g;ﬂd;rgle:n?mdomay operation as 518 212 270 IConformity Factor Particles - 2.00 Valid Windows Perc | % 71.90 60
described in point 4.5 of Annex |l fo 0
Regulation (EU)MNo 5822011 ave BS CO alkwh 022 ave BS NOx a/kWh 228 O L PP IS PSP
min BS CO gkwh 018 min BS NOX glkwn 183 P S FEE S PE
max BS CO gkwh 028 max BS NOx okWh 346 N_MOT [rpm]
ghafles otftime dfthe 1ripéﬂ ”g chargcterisbetéby ECCetlzfgii;Qf. 90%Perc BS CO glkWh 025| [90%Perc BS THC g/kWh 90%Perc BS NOX
ecelerating, cruising and stop as descibed in point4.55 o =r ;
Lnney Il tn Banulaian (511 Ma 58219011 EULInECO glkWh 001 EULLILIHE EULmiENOx
Accelerating 16.9 %
Decelerating 153 %
Cruising 525 %
Stop 152 %
P P ave BS PM g/kwh|  000| fave BS CH4 g/kwWh|  000| [ave BS NMHC g/kWh 005
- min BS PM g/kWh  0.00| |min BS CH4 g/kWh  000| |min BS NMHC g/kWh 001
Work window average pawer (%) 151 358 max BS PM g/kWh  001| |max BS CH4 glkWh  001] |max BS NMHC okwn 024
CO2 mass window duration (s) 6840 1000.0 90%Perc BS PM glkWh 0.01| [90%Perc BS CH4 glkWh 0.01| [30%Perc BS NMHC akWh 024
EU Limit PM g/kWh  001| [EU Limit CH4 g/kWh — 000| [EU Limit NMHC g/kWh 000
\Conformity Factor CH4 & nfa| |Conformity Factor NMHC B nia
[Work window: percentage of valid windows 719
- PEMS Current Case: Vehicle: XXX/ YYY Version: Reld_B124 |BETA
CO2 mass WIH.CEJW. per.centage OTVEIIG window 556 DAAVL Concerto\WorkEnvironments\PEMS_Reld_B124_BETA\PEM S\Truck pms_c Engine: Demo Engine / Type -
Fuel consumption consistency ratio m=0.93 PEMS Result Filename NOx Ambient Condition Corr - 8 - NONE
F=0.88 D:\AVL Concerto\MyData\Trans portFiles\Truck ctf Dry /Wet Corr: 1- 1SO16183 [Defaut] L — &Z]
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NON-ROAD MOBILE MACHINERY (NRMM)
IN-USE TESTING

AVL M.O.V.E PEMS |

TESTING




Non-road in-service monitoring/conformity AV L "JJ"9<0
with PEMS

%

©
Stage V: 1 January 2018/2019,
submission of first results: end of 2022

ISC from 2020
CFNO,=25

China 0
Draft China IV:

India Bharat Stage V: &
ISC from 1 April 2023-26, details tbd
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AVL M.O.V.E NRMM REFERNCE
OFF-ROAD TESTING - TRACTOR FENDT

Setup consisting of
« PMPEMS - System Control * Generator + E-Box

 Gas PEMS -+ Sensors EFM ____-

% oy "
\\ ™ 5 .‘_\\\ e
S
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HDIUT EXAMPLES - OFF ROAD
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HDIUT EXAMPLES - OFF ROAD -
RESULT DATA

Google hybrid

B3| By kemnat

Case: Fendt ‘Fendt Traktor - Maehen' 2@
Start Date: 09/18/2011 AVL o0
Start Time: 00:00:00.0 |  AVL PEMS Pesipmosssor, 2011
15

Page: Time Alignment Check

250 4

Immenhofen

T
©
y_ 02 [Pre]

Exhaust Mass Flow [g/s]

shren
] i E
/ 7 94T 20 | 1200 =
19| Hagmoos E | o
agm - 2 I Fl
W 6= 1680 &
14 3 ] =
z |3 ; P
i a ‘ &
Riedhofe g f [ |l 1l &
u B [ gl . U R 11
v Echt Clenberg . T T T T
o 2000 4000 6000 8000 10000 12000 14000 18000
Qar Time [sec]
PEMS Gunen Case: dAAVL MS_ve,3 o Vehicle: Fend 724 Trakior Verson:vd_3_30
x, Map created at lizer.com [ PEMS Resil: 7 Conceriod 3\ off Engine: Deutz /
Y ek ’ B - ¥ It Filename: undefined (singis caze calcuiason) N Gorracsion: & - CFR4 §86.1370-2007 NTE
[Ty _Imadery ©2011 Terralfelrics, Map data ©201 37 ele Atlas -Torms of Use Lug Curve Fiename: undefined (single casa calculation) Humidity Comection: 2 - GFRAD §86.1342.00
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NRMM

FIRST DRAFT IMPLEMENTED

r Legislative Setup

-1- US HDIUT

-2- EUISC HD

.

-4- Whole Test [Mo Legislation]
-5- Triggered Events

| Create Submission Documents

-6- RDE LD
Savels ] [ Return
| -8- Beijing DB 11,/965-2013
L] Vehicle Stops
Ref. Work (kKWh) 322 | Estimate [ Engine Stops
Power Threshold (3) from [ Automatic Reductior £ Min. Coolart Temp. (deg) [0
to: [[15
[ Cold Start
Reference CO2 Wind: Stabilization Time (min)
Ref. CO2 Mass (kq) (204 | Max, Duration (min)
Duration Threshold (5§ [1436 | [ Min. Ambient Pressure (kPa
[ cale. from start to end [ Ambient Temp. (deg¢ min
D — mx [ MR

| 7]

kWh__ HC+ 9/kWh

NOx g/k\M! THC g/wm

e[ Jomm ou  [o g

Mo [T Jomwh CFGAS 20

PN [ Jewh CFPM
cran

~

Emission Standard/TA-Character/Vehicle cat. & class/Engine

)

Public

[J Max. Idling Duration (min)

4 NRMM Nen-werking event:

Exhaust Temp. (degC) Time Shift >

| IFILE1:TM PitotEFM_ExhaustGasTemp | | 1.3 e

IN SERVICE CONFORMITY (ISC)

reference Work kWh 3220 Points total - 13128.00 Max. Span Drift % <2

EU Power Threshold % 20.00 Data Coverage No. - 11539.00 Max. Zero Drift % <2

min Power % 20.03 Data Coverage Perc = % 87.90 Max. Diff. Drift Correction| % | 6.0

max Power % 30.87 Work Windows total 5319.00

Conformity Factor GAS - 200  Valid Windows No. - 4163.00 Min. CF NOx urban - 1267

Conformity Factor Particles - 2.00 Valid Windows Perc = % 78.27

ave BS CO g/kWh 0.22| |ave BS THC g/kWh 0.05| |ave BS NOx g/kWh 226

min BS CO g/kWh 0.20[ |min BSTHC g/kWh 0.01| |min BS NOx g/kWh 192

max BS CO g/kWh 0.25| |max BS THC g/kWh 0.10| |max BS NOx g/kWh 273
90%Perc BS THC g/kWh 0.09| [90%Perc BS NOx g/kWh 248
EU Limit THC g/kWh 1.00{ [EU Limit NOx g/kWh 1.00

min Conformity Factor CO g/kWh . min Conformity Factor THC g/kWh 0.01| |min Conformity Factor NOx g/kWh 1.92
max Conformity Factor CO g/kWh 0.25| |max Conformity Factor TH g/kWh 0.10| |max Conformity Factor NO g/kWh 273
ave BS PM g/kWh 0.00( |ave BS CH4 g/kWh 0.00| |ave BS NMHC g/kWh 0.05
min BS PM o/kWh 0.00[ |min BS CH4 g/kWh 0.00| |min BS NMHC ‘g/kWh 0.01
max BS PM a/kWh 0.01| |max BS CH4 g/kWh 0.00| |max BS NMHC g/kWh 0.10
90%Perc BS PM a/kWh 0.01| |90%Perc BS CH4 ag/kWh 0.00| |90%Perc BS NMHC a/kWh 0.09)
EU Limit PM g/kWh 1.00| |EU Limit CH4 g/kWh 0.00| |EU Limit NMHC g/kWh 0.00

Conformity Factor CH4 - n/a| |Conformity Factor NMHC - n/a
min Conformity Factor PM  g/kWh 0.00| |min Conformity Factor CH4 g/kWh n/a| |min Conformity Factor NM  g/kWh n‘a
max Conformity Factor PM g/kWh 0.01) |max Conformity Factor CH g/kWh n/a| [max Conformity Factor NM g/kWh n/a

Concerto Version: 480 Build 329, Serial Number: 938 Vehicle: XXX / YYY

M.O.V.E Post-Processing: DT_IR1_B207

Engine: Demo Engine / Type
NOx Ambient Condition Corr.: 8 - NONE
Dry / Wet Corr: 1 - 15016183 [Default]

[] DPF Regeneration (0/1)

Schoggl, Marco | AVL M.O.V.E | May 2018 |

48




Different Applications
Different Solutions

Application

Public

*FID iS+ from Q1/2019

Schéggl, Marco

| AVL M.O.V.E | May 2018 | 49
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RDE Type Approval on the Road
R&D in the Lab

Lab tests measure
“precise”

Lab tests can be Lab tests allow

RDE testing is

“random”

/( Road-2-Lab %:?

‘an}y

“reproduced” “defined variations”

| sl (] D PN

%)
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Powertrain Development Process

Concept Development Type Approval In-Service
S A A
= m_ . e
Concept e Road testhg = " —"————————————-
Powertrain /g5 E Powertrain Testing
Elements (a8 \
\ ‘f,o /

Elﬁggﬂf 7 Propulsion Testing
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RDE Use Cases

Development

Type Approva

Use Case 3: Virtual Development Use Case 2: “"Conventional Drive Cycles” Use Case 1: Reproduction
+ 100% Software simulation - Standard- or OEM specific Drive Cycles - Re-production of a road test
» HiL Testing and ECU Front Loading + Random Drive Cycles

+ Combinations of Simulation and testbeds * Re-Run of road testing

Variation of vehicle and some one individual road test is re-

What VTS Eif Ell prepeiies boundary conditions produced for the identical vehicle

How Traffic simulation How Vehicle speed over time Engine “a” replay and vehicle speed

Why Concepts and Front loading Conventional Development

Root cause analysis

Public Schoggl, Marco | AVL M.O.V.E | May 2018 | 53




Powertrain Development Process

1st VEH. cal

EmiStrat TA
OFFICE h J ; Documentation

AES/BESfor TA

XIL

ENGINE
TESTBED @ﬁ

CHASSIS Standard Emissions SBVE E::& Final Emi.
DYNO Development va;iant Robustness
y € 1383188 | Doc./Valid.
’.: - -~
‘

somne | Al
TESTING

(RN (R ———
e —————————

Start/ Warmup / STST / CoM

POWERTRAIN | “ & T
TESTBED =
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RDE Validation
Impact for Testing Environments

RDE Road RDE Testing on RDE Testing and RDE Calibration on
Measurement Chassis Dyno Calibration on ETB Virtual Test Bed

A

v

Same Results

Same Models Same Tests Same Tools Same Data Storage Same Analysis
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AVL Road-2-Lab



Thank Yo

i e’f{A

RDE comphance Is a must
RDE Ieglslatlon IS |mpIemented

on global scale
REEEY S P - L A w N/

RDE development focusing on
boundary conditions asks for
new development approach

—f“. f!-’\?f a2

Additional aspects will follow
like Fuel Consumption & Energy
Efficiency

A 4
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