
Control CA50MFB Mean CA50MFB Std

Open Loop - 20.4 1.41

Pressure 20 1.48

ION 19.41 1.48

Open Loop - 15.56 1.22

Pressure 15.02 1.39

ION 15.03 1.39

MapoPerc Mean MapoPerc Std MapoPercEQ  Mean

Pressure 5.2 1.64 -

ION 3.9 1.48 5.38

Pressure 8.75 3 -

ION 6.85 2.6 9.5

Knock-limited

Knock target: 4

Knock target: 8

MFB50 target: 20

MFB50 target: 15

Knock-free
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Knocking Combustion Control

PISTON DAMAGE

Implemented Spark Advance

control strategies:

- Combustion phasing optimization in 

knock-free and knock-limited 

operation, using either pressure or 

ionization current signals

- Knock intensity control based on 

knock damage model

KNOCK

Space-averaged 

in-cylinder 

conditions

Wall Heat 

Transfer

Wall Heat 

Transfer

Material 

Properties

Piston 

Temperature

Model

KNOCK DAMAGE MODELPRESSURE SIGNAL ANALYSIS

Maximum Engine 

Efficiency, while 

preserving 

reliability

Development of a control-oriented knock damage model

Real Time Indicating

Cycle-by-cycle Combustion Parameters

Rapid Control Prototype

Electronic Control Unit

via CAN Bus

In-cylinder Pressure Signal

or

Ionization Current Signal

via CAN Bus

Modelled
Induced Damage

Spark Advance

Angle Correction

Knock Intensity, 

Combustion phasing…

Closed-loop Spark Advance Control

PISTON TEMPERATURE
MODEL CALIBRATION

PISTON DAMAGE
MODEL CALIBRATION

Ion current-based control, knock-limited operation Comparison between pressure and Ion current-based

SA control performance

Research topic is focused on the combustion analysis and control. The main activity is oriented to the development of a real-time knock control model able to 
maximize combustion efficiency by predicting piston damage.
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