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Challenges for the Powertrain Development 
Emission Robustness 
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WLTP RDE 

Real World Driving 

Continental Approach:  
   

A vehicle must always comply 

with the limit values. 
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Key Challenge: Emission Robustness 
 
 

Emission 

Robustness 

Trip Distance 
Vehicle Weight Ambient Conditions 

(Altitude, Humidity, Temperature) 

Fuel Quality 

Driver Influence 

Street, Traffic 

Conditions 

Hybridization 

Francois Jayat, © Continental AG 

Tolerances in Production 

of all Components Cold-Start 

Emissions 

Aging Behavior  

of Components 
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Key Challenge: Emission Robustness  
General Discussion 
 

5 Francois Jayat, © Continental AG 

› Should the electrical drive in a hybrid be used for power and torque increase or 

for compensation of the driver and ambient condition influence 

 

      less dynamic on the combustion engine 

› Can an extreme driver “wish“ be prohibited / overruled by the engine 

management (digital driving; driver with high “p-controller“ behavior) 

This is less an engineering decision, but a marketing decision! 

October 25th, 26th, 2018 
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Methodology to Evaluate Robustness 
Relevant for Individual Components and the Overall Vehicle 

Goal:  

Statistical evaluation of boundary conditions and system tolerances 

› RDE  / Street Testing 
  - Vehicle test 

  - Engine test 
   

› Critical driving events 

› Pareto of most important  

parameters 

› Model-in-the-loop 
   

Hardware-in-the-loop  › 

Francois Jayat, © Continental AG 6 
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Key Challenge: Emission Robustness 
Emission Calculation 
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Simulation of RDE cycle is not fully suitable. especially in dynamic phases. 
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Temperature 

Humidity 

Altitude 

Fuel Q 

FIE/CoHR 

30°

C 
0°C 

Road and driving 

profiles 

Raw emissions 

Exhaust temperatures 

Mass flow 

… 

Emissions 

Exhaust temperatures 

Mass flow 

… 

Engine speed 

Engine load 

… 

Tailpipe  

emissions 
3WC GPF C 

Vehicle simulations Engine simulations Exhaust after-treatment system simulations 

Boundary conditions 

Controls / OBD 

strategies 

Sensors and actuators 

Components and strategies 

Key Challenge: Emission Robustness Gasoline 
System Approach is Needed! 
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Goal: Be able to simulate each part of the sytem individually  

(vehicle, engine, EAT) for detailed investigations (influence of 

dispersions, of boundary conditions, best sensor + control layout, 

…) 
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Tailpipe  

emissions 

Temperature 

Humidity 

Altitude 

Fuel Q 

FIE/CoHR 

30°

C 
0°C 

Road and driving 

profiles 

Vehicle simulations 

Boundary conditions 

Engine tables out of  

detailed 

thermodynamic 

simulations 

Exhaust               

after-treatment tables 

out of detailed EAT 

simulations 

Key Challenge: Emission Robustness 
System Approach is Needed! 

 Be able to faster simulate RDE cycles and Real World Driving 
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Steps for Developing Emission Robustness 

Francois Jayat, © Continental AG 

Step 1 

•Recording Real World Driving Data 

•Several hundred driving hours with different drivers and under different environmental conditions were recorded, 
evaluated, and joined together  

Step 2 

•Recreate Recorded Real World Driving Data on Engine Test Bench 

•The measured journeys were run at 100% on an engine test bench using current gasoline and diesel engines and both the 
raw emissions and tailpipe emissions of the Euro6 systems were recorded. 

Step 3 

•Analysis of Tailpipe Emissions 

•The tailpipe emissions results were evaluated and classified using Continental’s analysis software. The classification 
referred both to the raw emissions and the tailpipe emissions. 

Step 4 

• Creating Critical Profiles / Sequences 

•The situations analyzed as critical, were either the raw and/or tailpipe emissions displayed elevated values, were stringed 
together as a test sequence with a lead time of several minutes and an afterrun of 30 seconds. 

Step 5 

•Testing New “Critical“ Sequence 

•The newly developed test sequence was run on the engine test bench and the emissions were analyzed in detail. 

Step 6 

•Evaluation 

•Based on the results, it was determined whether the elevated tailpipe emissions resulted from the engine application, the 
temperature, or the catalyst system. The influencing factors could then be optimized accordingly. 

12 
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Recording Real World Driving Data 
 

Francois Jayat, © Continental AG 

Simulation of Real World Driving conducted 

by different drivers, streets,  

ambient conditions, … 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

13 

October 25th, 26th, 2018 



Public 

ECMA's 11th International Conference & Exhibition – 2018 

Recording Real World Driving Data 
Examination of Torque 
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Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Velocity 

14 
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Recording Real World Driving Data 
Starting in the morning; just 2 neighbours 

October 25th, 26th, 2018 

Francois Jayat, © Continental AG 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

15 

Mass-flow 

Temperature 
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Reproduce Recorded Data on Engine Test Bench 
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Example 1: 

Low-load urban  

journey  

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 
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Example 2:  

Urban approach road 

Intelligent 

traffic 

routing 

can 

reduce 

raw 

emissions 
Original driving sequence (measured) 

Removed phases < 25 km/h (calculated) 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Reproduce Recorded Data on Engine Test Bench 
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Analysis of Tailpipe Emissions 
Creation of „Critical“ Test Profile 
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String criticial situations with pre- and post-run times together 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

18 

Cross-country drive Urban drive (rush-hour traffic) 

Long traffic light period after cold start 

Slip road 

Overtaking on rural road 

Overtaking manoeuvre 
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Creation of Critical Profiles 
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Procedure 

› String together well-chosen driving situations 

› Pre-run time ca. 3 min / post-run time 0.5 min 

› Addition of idle time to reduce system temperature 

› Smoothen the transitions 

 

 

Perform sequence on engine test bench 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 
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Testing of New Test Sequence 
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Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

20 

0

1

2

3

0 500 1,000 1,500 2,000 2,500

S
p

e
e

d
 

 /
 r

p
m

 *
1

0
0

0
 

Time / s 

-50

50

150

250

350

0 500 1,000 1,500 2,000 2,500

T
o

rq
u

e
 

 /
 N

m
 

0

0.1

0.2

0 500 1,000 1,500 2,000 2,500

M
a

s
s
 f

lo
w

  
  
 

N
O

x
 /

 g
/s

 NOx raw emissions

NOx tailpipe emissions

0

0.1

0.2

0 500 1,000 1,500 2,000 2,500

M
a

s
s
 f

lo
w

  
  
  
  
  

C
O

 /
 g

/s
 

Time / s 

CO raw emissions

CO tailpipe emissions



Public 

ECMA's 11th International Conference & Exhibition – 2018 

0

0.1

0.2

0 500 1,000 1,500 2,000 2,500

M
a

s
s
 f

lo
w

  
  
 

N
O

x
 /

 g
/s

 NOx raw emissions

NOx tailpipe emissions

0

0.1

0.2

0 500 1,000 1,500 2,000 2,500

M
a

s
s
 f

lo
w

  
  
  
  
  

C
O

 /
 g

/s
 

Time / s 

CO raw emissions

CO tailpipe emissions

Testing of New Test Sequence 
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Cold start (downhill) 

Urban drive (rush-hour traffic) 

Accelerating uphill (rural road) 

Overtaking (rural road) Entrance road 

Acceleration (highway) 

21 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 
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Evaluation 
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Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 
Cold start (downhill) 

Urban drive (rush-hour traffic) 

Accelerating uphill (rural road) 

Overtaking (rural road) Slip road 

Acceleration (highway) 

Temperature too low 

Temperature too low 

High Engine-Out NOx 
Catalytic converter  

is overloaded 

Catalytic converter  

is overloaded 
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Evaluated tailpipe emissions reasons (our challenges): 

› The exhaust-gas temperature is too low 

 

 

 

Our solutions @ Continental: 

› Heating-up engine-out gas using an EMICAT® 

Solution for Emission Robust Catalyst System 

October 25th, 26th, 2018 
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Evaluated tailpipe emissions reasons (our challenges): 

› The exhaust-gas temperature is too low 

› The catalytic converter is overloaded (space velocities too high) 

 

 

Our solutions @ Continental: 

› Heating-up engine-out gas using an EMICAT® 

› Reducing torque peaks using a mild hybrid 

› Increasing catalytic volume or, more effectively,                                     

enlarge the mass transfer using innovative                                                   

cell structure like the crossversal structure 

Solution for Emission Robust Catalyst System 

October 25th, 26th, 2018 
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Heating 1 kW with heating disk at position „GE“ 
C

a
t_
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SCR SDPF 

AdBlue® 

DOC 

GE GA 

EMICAT® prevents blow out of catalytic converter 
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Cold-Start NOx-Emissions; Diesel 
Usage of an Electrically-Heated Catalyst 

Pre-heating of SCR function results in earlier AdBlue® dosing and thus lower NOx-emissions 
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Emission Free Cold-Start 
Combination of Adsorber Technology with Heated Catalyst 
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Summary / Outlook 

October 25th, 26th, 2018 
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› Real World “Critical” Driving Cycle  
› for engine test benches  

› based on real journeys  

 is available. 
   

› Critical driving conditions to fulfill emission 

regulations identified. 
   

 

 

 

 

 

 

 

 

 

 

› System Configurations for gasoline and diesel 

engines are available, but have to be adapted 

to the vehicle configuration 
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