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• Engine knock is initiated by the auto-ignition of air/fuel mixture 

ahead of flame front, which generates steep pressure gradients 

across the combustion chamber and leads to risks.

• Due to the engine cycle-to-cycle variations, the knock 

phenomenon was randomly observed, and the end-gas regions 

and knock evolution processes. Thereby, it is time and energy 

consuming to obtain the statistical data of knock behavior.

• During knocking combustion, the rapid heat release in the end-

gas zone induces propagating pressure waves, which interact 

with flame front and lead to pressure oscillations in cylinder.

• This work applied a multiple spark ignition system to explore the 

possibility of introducing controllable knock at stoichiometric 

conditions.

Trigger controllable knock for statistical research 1. Knocking pressure oscillations 2. Knocking frequencies in space / time domain

1. During knocking cycles, the phase differences and the vibration 

amplitudes monitored by the multiple pressure sensors can 

reveal the in-cylinder pressure wave spreading process and 

directions. 

2. When sparking all four side spark plugs simultaneously, knock 

can be effectively suppressed by the fast flame propagation. The 

auto-ignition happens close to the chamber center, the pressure 

wave travels between the central and the periphery of 

circumference, indicating the resonance mode (0, 1) is dominant.

3. In comparison, when igniting 1-3 plugs, all the sensors display 

the main frequency band is between 6 - 8 kHz, denoting the 

primary resonance mode of (1, 0).

4. Compared with the side sensors, the top sensor can recognize 

more resonance modes. 
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Spark plug: 1 Spark plug: 1+3 Spark plug: 1+2+3 Spark plug: 1+2+3+4

Crank Angle: 8.7 CAD aTDC

(m, n) (1, 0) (0, 1) (1, 1) (2, 0) (3, 0) (4, 0)

Mode shape

ρm,n 1.841 3.832 5.332 3.054 4.201 5.318

ftheory(kHz) 6.879 14.318 19.922 11.411 15.697 19.87

Acoustic resonance modes 

Knocking Combustion Pressure Oscillation Peaks

Pressure Oscillation Frequency analysis

a) sparking plug 1+3, ST= -20 CAD aTDC, CA50: 9 CAD aTDC

b) sparking plug 1+2+3+4, ST= -15 CAD aTDC, CA50: 9 CAD aTDC
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a) sparking plug 1+3, 
ST= -20 CAD aTDC

a) sparking plug 1+2+3+4, 
ST= -15 CAD aTDC

Operating conditions

Engine speed 1200 rpm Injection pressure 6 bar

Intake pressure 1 bar Injection timing -330 CAD aTDC

Intake temperature 25 °C Injection duration 9500 µs

Coolant temperature 90 °C
Relative air/fuel 

ratio (λ)
1

Oil temperature 90 °C


