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Overview 

ÅCovers what you will need to know about the 
system to be calibrated 

Å²ƻƴΩǘ ŎƻǾŜǊ άƪƴƻō ǘǳǊƴƛƴƎέ ǿƘƛŎƘ ƛǎ 
dependent on the specifics of the control 
system being used. 

ÅTopics are typical of questions encountered in 
Design Judging of the engine/powertrain area. 

 



Calibration Philosophy 
Fundamentals 

ÅIn order to calibrate anything, you must understand 
ǘƘŜ άǇƘȅǎƛŎǎέ ƻŦ ǘƘŜ ǎȅǎǘŜƳΦ 

 

ÅIn order to be a good calibration engineer one must 
ŎǳƭǘƛǾŀǘŜ ŀ ǎŜƴǎŜ ƻŦ ōŜƛƴƎ ŀ ƎƻƻŘ άŜƴƎƛƴŜ-ŜŀǊέΦ ¦ǎŜ 
all your senses to assess. 

 

ÅThe system defines the calibration, not the calibrator. 
¢ƘŜ ǎȅǎǘŜƳ ǿƛƭƭ άǘŜƭƭ ȅƻǳέ ǿƘŀǘ ƛǘ ƴŜŜŘǎ ƛŦ ȅƻǳ ŀǊŜ 
ǎƳŀǊǘ ŜƴƻǳƎƘ ǘƻ άƭƛǎǘŜƴέΦ 



What Is An I.C. Engine? 

ÅThe primary function of an internal 
combustion engine is to pump air in and out 
of a combustion chamber where a 
combustible fuel is mixed at a ratio which 
maximizes power output and minimizes fuel 
consumption under all operating conditions. 

 

ÅIn a gas engine at full throttle, which is more 
difficult to increase (control), air or fuel? 



Part One ς Engine Fundamentals 



Reciprocating Internal Combustion 
Heat Engines 

ÅCharacteristics 
ïSlider-crank mechanism has high mechanical 

efficiency (piston skirt rubbing is source of 50-60% 
of all firing friction) 

ïPiston-cylinder mechanism has high single-stage 
compression ratio capability ς leads to high 
thermal efficiency capability 

ïFair to poor air pump, limiting power potential 
without additional mechanisms 

 

 

 



Powertrain & Calibration Topics 

ÅBackground 
ïPowertrain terms 
ïThermodynamics 
ïMechanical Design 
ïCombustion 

ÅArchitecture 
ïCylinder Filling & 

Emptying 
ïAerodynamics 

ÅCalibration 
ïSpark & Fuel 
ïTransients & 

Drivability 



ÅReciprocating Engine Terms 
Vc = Clearance Volume 

Vd = Displacement or Swept Volume 

Vt = Total Volume 

TC or TDC = 

 Top or Top Dead Center Position 

BC or BDC = 

 Bottom or Bottom Dead Center 
Position 

Compression Ratio (CR) 

 

 
c

cd

V

VV
CR

+
=



 Further Aspects of Geometric Compression Ratio 



Thermodynamics 
ÅOtto Cycle 

ÅDiesel Cycle 

ÅThrottled Cycle 

ÅSupercharged 
Cycle 

Source: Internal Comb. Engine Fund. 



ÅThermodynamic Terms 
MEP ς Mean Effective Pressure 

ïAverage cylinder pressure over measuring period 

ïTorque Normalized to Engine Displacement (VD) 

BMEP ς Brake Mean Effective Pressure 

 

  

IMEP ς Indicated Mean Effective Pressure 

 MEP of Compression and Expansion Strokes 

PMEP ς Pumping Mean Effective Pressure 

 MEP of Exhaust and Intake Strokes 

FMEP ς Firing Friction Mean Effective Pressure 

  

BMEP = IMEP ς PMEP ς FMEP 
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ÅThermodynamic Terms continued 
 

Work =  

 

Power = Work/Unit Time 

 

 

Specific Power ς Power per unit, typically 
displacement or weight 

Pressure/Volume Diagram ς Engineering tool to 
graph cylinder pressure 
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Indicated Work 

TDC BDC 

Source: Design and Sim of Four Strokes 


