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TURBO PERFORMANCE LEVELS 
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Hot spots 
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PI from  bad combustion 
(offset), soot, diffusion 
burn 

TURBO PERFORMANCE LEVELS 
AND IRREGULAR COMBUSTION 

M3 E46 
Astra Turbo 
Esprit S4S 
t-GDI 

0 

10 

20 

8000 6000 4000 2000 0 
Engine Speed  [rpm] 

B
M

E
P 

 [b
ar

] 

Oil 
accumulation 

LSPI after misfire, bad 
ambient condition Spontaneous LSPI.  

Combustion 
deposit buidup 



  5 Rik Alewijnse, AVL Powertrain UK ltd, 12 June 2012 

-­‐40 -­‐30 -­‐20 -­‐10 0 10 20 30 40 50 60
C rank	
  Angle	
  [∞C A]

P
C
Y
L1

	
  [k
P
a]

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

IG
N
	
  [A

]

0

10

PC Y L 1
PC Y L 2
PC Y L 3
PC Y L 4
IGN2

Engine	
  speed	
  -­‐	
  1750	
  rpm
Engine	
  load	
  -­‐	
  2133	
  kPa

DEFINITION OF (LOW SPEED) PRE-IGNITION 

TDC 

Spark angle=~2.5°aTDC CrA 

Limitation of the testbed 
indication equipment  

Superknock in cylinder 2 

Normal combustion 
in cylinders 1, 3 & 4 

Pressure rise 
before spark 

Indication diagram of 
4 cyl. t-GDI engine 
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CAUSES OF LSPI - OVERVIEW  
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Full load - Mass fraction burned 

Position of Combustion Start 

Results of the Visiolution measurements. 
In this case showing autoignition. 
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ROOT CAUSES OF LSPI 
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AVL VISIOLUTION SENSORS 

VisioKnock Spark Plug Sensor 

VisioTomo Head Gasket Sensor 

8 Channel 

40 Channel 
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Results of the Visiolution measurements. 
In this case showing autoignition. 
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LSPI – WORKING HYPOTHESIS 

High Enthalpy Mixture 

Trigger: Internal EGR 

Trigger: HMW HC 
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DESIGN ACTIONS - PREVENTATIVE 

Breather system 

Piston Crown 

Valve Stem Seals 

Map Controlled Thermostat 

Source: Behr 
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DESIGN ACTIONS - PREVENTATIVE 

Intercooler 

Operating strategy 

Cam timing/Internal EGR control 
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POWER CYLINDER SAFETY FACTORS 

Design target Over Pressure 
Margin 

Head Bolt Gap lift +++ 

Gasket Bead fatigue +++++ 

Liner Hoop stress 
fatigue 

+++ 

Main Bolt Bearing shell 
retention 

+++ 

Crank Torsional and 
bending fatigue 

++++ 

Rod Buckling + 

Pin Schlaefke 
ovalisation and 
bending 

++++ 

Piston Crown TMF 

2nd Land fatigue 

++++ 

++ 

Cyl Head Chamber TMF ++++ 
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DESIGN ACTIONS - ADAPTIVE 

ECU detection functionality 

Con Rod 

Second ring land 

Safety against buckling 
to be checked for single 
events up to 170bar. 
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CONCLUSIONS 

•  Turbo – Gasoline Direct Injection engines are an excellent enabler for engine 
downsizing to address the CO2 reduction challenge. 

•  Specific performance levels in t-GDI engines are not new, but high loads 
below 2000 rpm mean that Low Speed Pre-Ignition needs careful 
consideration 

•  LSPI has a range of causal factors, which are an area of active research 

•  Design actions are available to reduce (but not eliminate) the occurrence of 
LSPI events. 

•  Other design actions to accommodate the effects of occasional LSPI are 
also necessary. 

•  Con rod design for t-GDI engines must consider compressive loading, 
with buckling failure as the limiting load case 
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