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AVL

EXTREME CONDITIONS MOUNTAIN

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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RDE as a Challenge
for Methods and Processes

Advanced Evaluation and

Robustness Validation Increase of Simulation
Data Management

Drive Cycle Comparison - RDE vs. NEDC

emissions . [
?

Driver mild_no_traffic 0237 .
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Driver mild_traffic_add 200kg 0.032 0.078 = >
Driver_hot no_traffic 0.320 0.107 P “:__ e T ——

Driver_hot_no_trafic_V2 0.323 0033 | 0084 129
Driver_hot_traffic 0.471 0040 | 0.106 161
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Engine Speed [rpm]

Robustness Validation Process integratable New Evaluation Methods
Approaches necessary simulation is needed and Tools are necessary
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From Road to Lab -
a continuous approach for RDE

Road to Lab

RDE testing is

Lab tests can be Lab tests allow Lab tests measure
“reproduced” “defined variations” “precise”
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Motivation

« Chassis Dynos utilization is higher than ever

- Reason:

CHARGE DEPLETING EMISSION TESTS CHARGE SUSTAINING

! ; i app- 1 week

Now not 1 but 2 PEMS Validation
New type approval _Pr N fa m Tes =
procedure 12 it st

Possible Strategies: app- 5 times more effort per type approval
* Build new Chassis Dynos

 Virtual Testing: Extend existing engine test beds with simulation

= Reduce load of Chassis Dynos for development tasks

Public Dr. Klaus Rothbart | IODP-X | PDiM 2019 | 29 November 2018 | 5




Only RDE?
Vehicle Compliance Demonstration — in US

OEM Fleet Averaged GHG Phase 2 Compliance

. ! n p !
Vehicle : Option 1 (4 variants) ; 3. Production /
Aerodynamic losses 4 Engine Fuel Map and ARB I 4 In-use
! P Surface Map — . :
| Tests and Simulation il D 4 @ Comp"ance
' Transmission: Tests or GEM Test 3 sleeper and
. Axle: Tests or GEM :
Tire . 2 day cabs per year
Diameter Rolling Resistance - Chassis Dynamometer
\ VY Tests i Option 2 (4 variants)
T o R S T SR ST -, N Engine Surface Maps -| Powertrain
Eig : i €D S7,
- . Engine Transmission: Tests or GEM el Cansimpiion .\3“\‘ 4'6:9. GEM

Axle: Tests or GEM Tests and / or
—p Simulation

Certification
All sold vehicle
configurations

Torque curve, fuel, fuel map —

v

Transient tests

Option 3 (2 variants)
Powertrain tests at
» transmission shaft

Axle: Tests or GEM

Transmission Simulation

Type, ratios, efficiency |

Advanced / Off-

_ road Technology
¥ Credits

"1 Additional tests
reqguired

Tests or GEM

" Axle Option 4 (1 variant)

Ratio, efficiency — P Powertrain tests at i~

Tests or GEM axle shaft

Chassis Dynamometer,
powertrain, on-road

CATEGORY 3 CATEGORY 2 CATEGORY 1
COMPONENT POWERTRAIN VEHICLE

All vehicles must be
simulated in GEM.

Production testing,
Technology Credits
require powertrain or
vehicle testing.

Complexity of options
mean more upfront
analysis and impact
of technology
selection on
certification costs.

Certification data
may be made public
 In-use
compliance

Options 2 and 3 are the most likely to be used

GEM ... Greenhouse Gas Emissions Model
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Customer Use Case
Engine Testbed

Public



Stakeholder

Public

earlier

= faster

better

Convince Franck
Why? - Franck must be able to rely on a new
approach
How? - Reproduction of road measurements
on an engine testbed
= Simulation models
= Vehicle
= Transmission & TCU

= Driver

@O®

| = Methodology

= Import of the road measurement
= Application on the testbed

= Validation of the tool chain
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Overall System Scheme
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Testbed shaft torque,

L engine speed, control signals
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Simulation Models

AVL VSM - Vehicle Qtronic Silver — Transmission
Simulation Model and TCU Model
@ O ASAM
virtual TCU
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Methodology

STEP 1 /_\ STEP 2 r\ STEP 3

Road measurements &
AVL Simulation model Open Loop Tests Closed loop simulation

parametrization

AND/OR CUSTMERS MODELS

(P
C
1. Outdoor Road . 1:1 reproduction of 1. Full simulation of

Measurement with PEMS engine speed and load vehicle, transmission,
system from the road driver

2. Configuration of vehicle measurement
model . Driver in reproduction
3. Automated digitalization mode to verify vehicle
of road data and transmission
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01_Dynamometer_HDETB.ppt
01_Dynamometer_HDETB.ppt

Generation of the virtual 3D Road

Generation of virtual 3D road from combination of noisy vehicle measurement data (GPS,
IMU, Vehicle CAN) and digital map data (e.g. Google Earth).

Measurement ,. | V|rtual Road _

20000 30000 40000 50000
20000 30000 40000 50000

30000 40000 50000 60000 70000 80000
Distance 2D [m]

Road curvature and gradient are calculated by optimization

- realistic lateral acceleration and gradient
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Validation on the

Engine Test Bed

STEP 2.1:
Engine Testbed:

STEP 2.2:
Vehicle Model:

Reproduction n/alpha Driving Resistance

Measured throttle pedal
and engine speed are run
in open-loop control.

Restbus simulation also
originates from the
measurement

Public

[ At Comsionn e

AVL Coastdown Manager 2.1

Measured throttle pedal is run in
open-loop mode.

Vehicle speed is controlled by the
driver via an additional road load.

Final adjustment of road load r

| [%]

Pedal

Speed [kph]

.|
Testbed
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Results

Compare Road, Chassis Dyno and Engine Testbed

Public



Investigated Vehicle

3,0-Liter-vVé6-

Biturbo Engine

Comparison

Bl Road
W Engine Test Bed
B Chassis Dyno

Public

MERCEDES-AMG C 43
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Details

Road
Road —— Chassis Dyno
—— Chassis Dyno 10 — Engine Testbed |
10 Engine Testbed _
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Time course of gear, acceleration pedal, engine speed, engine torque

and vehicle speed show good correlation.
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ACC Pedal[%)

Engine Torgue [%]

Statistic Analysis

Operating Point

50
40 -
30 4
20
10 o
[ T T T
N Q\ "9\ r?\ Dg\ ‘9\ @\ ,@\ Q?\ OP\
VP E SO
09
o
wl M
10 l" ..........................................
LR, | I I H .
T T T T
™ 99\ Q\@\@\@\@\@\@\@\@
bx@ Q@ () Q PIE ‘?b‘
& '\ q9 & '9 '§’ 99
Public

Engine Speed[%]

Gear[%]

50_
Road
Engine Testbed
40 Chassis Dyno
30_
20_
10
0= .I - T + T
Q \. o > H
& Q@"@@ Qf @f_f? e
¢ & ¢ & ¢
20 4
15
10
5_
O—r

T T T T T T T T
[1.2] [2.3[ [3.4[ [4.5] [5.6] [6.7] [7..8] [8.9] >=9

(v*a)_pos urban [m2/s3]

(v*a)_pos urban [m2/s3)

24

Urban Rural Highway
Upperlelt ﬁ 7 Upper Limit : 7
EZO— """"" A SO 40— """""""""
§|10— rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 20 -

o
L

o

e (v*a)_pos motorway [m2/s3]

10

(v*a)_posrural [m2/s3]

(v"a)_pos motorway [m2/s3]

o]
o
J

E
o
1

N
o
1

o
L

0 25 50 75 100
[%]
Upper Limit
T | T
0 25 50 75 100

Dr. Klaus Rothbart | IODP-X | PDiM 2019 | 29 November 2018 | 17

Road

Engine Testbed




Factors Influencing Emission Results

S b ‘
/= Auxiliaries

/ = 8 Ventilation test cell

Conditioning/Isol
ation exhaust
system

Restbussimulation | J s e HEL ./ g
— ‘\\‘ y \_F
Vehicle, transmission, i

driver & environment simulation #l Additional ventilation

Conditioning oil /
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Emission Result - Overall
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Public

CO, % of road
measurement

109%

100% TUL%

Road ETB Chassis
Dyno

CO2, % of road
measurement

100% 101% 98%

Road ETB Chassis
Dyno

= CO2 and CO show a good match
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Conclusion

= Result quality of the engine test bed and the chassis dyno are equal
= Franck can shift development tasks from the road and chassis dyno to the engine test bed

= Know-How about the influence of boundary conditions on emission results must be

considered
= earlier @
= faster @
= better
AR
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Thank You
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