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Abstract 
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In order to fulfil growing demands of new emission legislation and customer requirements real world driving cycles become 

more important. Investigations, especially under highly dynamic engine operation conditions have shown that the level of 

raw emissions could reach levels far greater than those under steady-state operation. Current legislative driving cycles like 

the NEDC do not have high proportions of transient operation. This finally leads to comparatively big differences in fuel 

consumption and raw emissions between legislative and real world driving cycles. 

Investigations to improve the combustion process under highly transient engine operation conditions using a real vehicle on 

public roads do not offer the required reproducibility due to ever changing traffic situations and other ambient conditions. 

Therefore the approach to use the internal combustion engine operated in a simulated environment is a promising 

technique, especially when stationary installed high-end testing equipment is indispensable to measure very detailed 

improvements. The simulation of the demonstrated Engine-in-the-Loop (EiL) method contains the vehicle-, track-, and the 

driver behaviour model.  

In this research project different newly defined IFKM driving cycles with a larger proportion of transient engine operation 

have been used to evaluate the level of CO, CO2, NO and HC emissions of a diesel engine operated virtually in a C-class 

vehicle. The potential of combining an Engine-in-the-Loop test bench with fast emission measurement techniques is 

exemplarily shown for an approach to reduce identified HC emission peaks during a tip-in situation. The improvement is 

finally demonstrated by using an additional virtual e-boost functionality like in a diesel-hybrid vehicle architecture. It is shown 

that the diesel-hybrid concept could be an opportunity not only for an improvement in fuel consumption but also be a part of 

a global vehicle emission-optimized operating strategy. Current developments in reducing diesel engine raw emissions are 

focusing on PM and NOx but future legislative restrictions like in the US SULEV LEVIII also require improvements for HCs.  

In conclusion the project demonstrates the possibility to identify elementary events causing transient emissions onset within 

a real world driving cycle. The aim is to show the potential of the EiL method in combination with fast response gas analyser 

for investigation and improvement of HC emission peaks with regard to reproducibility and level of detail. 
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Outline 
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Introduction 1/2 
Engine-in-the-Loop (EiL) 
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Introduction 2/2 
Engine-in-the-Loop (EiL) 

Engine-in-the-Loop = Synergetic Effect of Experiment and Simulation 
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Measurement and Test Bench Setup   
Research Topics ï EiL Test Bench IFKM 

Example of use in presentation: 

Detailed investigations of diesel engine transient emissions behaviour 

Possibility for improvement of HC emission peaks using a virtual diesel-hybrid powertrain 
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Measurement and Test Bench Setup    
EiL Test Bench Setup 
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