
Measurement of cycle-by-cycle AFR 
using a fast response NDIR analyzer 
for cold start fuelling calibration 

applications.
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Background

� Cold start remains a significant source of 
emissions.

� Emissions tend to be linked to poor 
combustion.

� Air: Fuel Ratio (AFR) is a key factor governing 
combustion quality. AFR normalised to 
stoichiometry gives λ.

� λ is critical in analysing and controlling 
emissions during cold start.
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Experimental Setup:

Equipment:

�Engine. 1.8L,PFI.

�Wide band UEGO

�Cambustion NDIR500 
(Fast CO and CO2)

�Cambustion HFR500 
(Fast HC)

�Kistler offset plug and 
pressure transducer.
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Engine data for first 6 strokes.

�Large concentration of fuel entering cold cylinder in liquid 
form is probable cause of misfires.
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•Some information on quality of 
burn and valve opening times

•No information available about 
causes of misfire

•No information on emissions 
level.
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Raw Data acquired during cold start.
�Fast gas analysers able to distinguish each exhaust event. 

�Late Burn stroke 1, High CO2+very low CO suggest lean burn.

�Misfires Strokes 3,6 shown by high HC, reducing CO+CO2 and cyl pressure.
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Post Processed data. Fast λ vs UEGO.
�UEGO output can be too lean in the presence of high HC concentrations due 
to surface effects.

�Calculating λ from combustion gases avoids this problem and allows for fast 
time resolution.
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Post Processed Data – Fast λ and UEGO.

�Good agreement is seen when HC concentration is lower.
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Repeatability
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Equations used


