
the conversion process is to be defined 
and the associated chemical reactions 
as well. In addition, changes in 
emissions regulations impact designs 
and loadings which tend to increase the 
complexity of the pollutant conversion 
chemistry. Hence, developing the right 
kinetic scheme becomes a challenge, 
especially for non-experts.

To make this step more accessible for 
broader user profiles, predefined 
chemical schemes for main known 
applications are provided in the tool in 
the form of a database of chemical 
reactions (three-way catalytic 
converter, diesel oxidation catalyst, 
selective catalytic converter…).

These predefined sets of reactions are 
provided with their rate law formulas 
(Langmuir Hinshelwood) which can be 
customized according to the studied 
case. Default values are given for the 
two Arrhenius parameters  
(pre-exponential factor and activation 
energy) and can be used as a starting 
point for the calibration study. 

User-defined species and reactions can 
be added to ensure more flexibility in 
case of the reaction scheme is already 
defined.

Once a kinetic scheme is determined, 
the actual model calibration process 
can start. The first step is related to the 
handling of the available test data.

The experimental data needed for the 
exhaust model calibration can be 
generated either by a synthetic gas test 
bench or by engine/chassis 
dynamometers. They are uploaded in 
the tool and will be used as reference 
for the actual model parameter tuning 
step. Their quality and consistency are 
a trigger point for an efficient model 
calibration. Hence, the test data should 
be analyzed and pre-processed carefully 
to ensure the calibration pertinence.

The experimental data required are 
mainly mass flow rates, temperatures 
and species concentrations as a 
function of time. According to gas 
analyzer’s operation, a gas sample is 

How to…
Set up and calibrate after-treatment system models

The implementation of continuously 
evolving regulations, toward a drastic 
reduction of vehicle emissions, raises 
new engineering challenges and the 
need to more widely deploy exhaust 
system simulation over the 
development cycle. This cannot be 
done without a strong combination of 
modeling capabilities and 
methodologies supported by 
application-specific tools since after-
treatment simulation remains as 
combustion, a hot topic involving 
complex cross-coupled phenomena.

The benefits of using system simulation, 
to support the development of exhaust 
lines including pollutant abatement 
devices as well as their evaluation in a 
vehicle context, have been documented 
and demonstrated on many occasions. 
However, the physical modeling of the 
catalytic converters using 0D/1D 
approaches remains a delicate task 
which, in most cases, requires specific 
competences hardly compatible with a 
large deployment. 

The modeling capabilities of Simcenter 
Amesim are leveraged by an application-
oriented tool, the which supports and 
guides the user in the set-up and 
calibration of the aftertreatment system 
models, toward an easier adoption by 
non-experts. Indeed, as soon as the 
studied exhaust configuration is 
sketched with determined location of 
monoliths, pipes, gas analyzer and 
sensors, a well-structured methodology 
can be applied.

After fixing the monolith geometry in 
terms of number of cells, wall thickness 
and monolith apparent density, the 
kinetic scheme involved in each of the 
monoliths is to be defined. This is a 
complex process for several reasons. 
First, the list of species to be tracked in 

Figure 1: Simcenter Amesim Exhaust calibration tool is an interactive interface with a step by 
step workflow
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taken from exhaust pipes, crosses the 
sample lines before being analyzed by 
specific probes: this operation induces a 
time response on measured 
concentration signals, depending on 
the specie (sensor location in the 
analyzer). However, it is critical to get all 
signals well-synchronized prior to any 
detailed analysis or calibration work. 

The gas compatibility evaluation can 
support this synchronization process. 
An atomic mass balance (C, H, N, O) is 
used in order to produce some criteria 
which should be around 100 percent. It 
enables the consistency of the 
measured concentrations to be checked 
as well as the relevance of the signal 
synchronization settings. 

Finally, experimental data can also 
contain some noise which also make 
the application of optimization 
algorithms more difficult during the 
calibration step.

Using Simcenter Amesim exhaust 
calibration tool, import data step, 
analysis, synchronization and filtering 
features, engineers benefit from better 
data consistency, as pre-requisite to a 
fine calibration using optimization 
algorithms. 

Experimental curves visualization also 
helps understanding involved 
phenomena. For instance, in Selective 
Catalytic Converter applications, 
nitrogen oxides react with injected 
ammonia. In case nitrogen oxides 
emissions decrease while urea is not 
yet injected, those capabilities provide 
information about the monolith 
preconditioning with ammonia and an 
appropriate initial coverage parameter.

Once experimental data is processed, 
the actual model parameter calibration 

How to…
Set up and calibrate after-treatment system models

step can take place. The purpose of this 
stage is to find/optimize chemical 
model parameters in order to get 
simulation results fitting with test data. 

In practice, the calibration study can be 
performed either by changing 
Arrhenius parameters manually which 
actually helps to understand the 
couplings between individual reactions 
or make use of optimization features. 

Optimization algorithms combined with 
appropriate definition of cost functions, 
adapted to the handling of pollutant 
conversion data can help to find 
optimum kinetic parameters in a more 
automated manner. The actual 
application of optimization requires a 
very fast processing of the simulation. 
In the case of Simcenter Amesim, 
CPU-efficient implementations of the 
monolith models can be combined with 
standard batch and parallel processing 
which makes optimizations possible in 
a very reasonable time.

Finally, this exhaust line setup process 
aims at developing predictive after 
treatment system models which can 

support different type of analysis: 
define the right devices and 
architecture, support control 
development and validation (plant 
model), or can be leveraged for broader 
system analysis.

For instance, fast CPU time ensures full 
compatibility with real time simulation 
required for hardware-in-the-loop 
simulation.

On that basis, the exhaust line model is 
ready to be integrated to models 
including vehicle subsystems and 
controls and apply to evaluate the 
system attributes including emissions 
over different driving cycles scenarios 
including RDE. This can be seen as an 
important support toward the 
optimization of electrified powertrain 
where the engine frequent shut-off 
have a major impact on the catalytic 
converter thermal state and conversion 
efficiency. n

Figure 2: The optimization feature helps the kinetic model calibration
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