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Overview

A Covers what you will need to know about the
system to be calibrated
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dependent on the specifics of the control
system being used.

A Topics are typical of questions encountered in
Design Judging of the engine/powertrain area



Calibration Philosophy
Fundamentals

A In order to calibrate anything, you must understand
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A In order to be a good calibration engineer one must
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all your senses to assess.

A The system defines the calibration, not the calibrator.
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What Is An |.C. Engine?

A The 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.

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



Part Onec Engine Fundamentals



Reciprocating Internal Combustion
Heat Engines

A Characteristics

I Slidercrank mechanism has high-mechanical
efficiency (piston skirt rubbing is source of&0%
of all firing friction)

I- Pistoncylinder mechanism has high singlage
compression ratio capability leads to high
thermal efficiency capability

I Fair to poor-air. pump, limiting power potential
without additional mechanisms



Powertrain & Calibration Topics

A Background
I Powertrainiterms = & '} B
i Thermodynamics | | i N
i Mechanical Designfi__{ i\ |
I~ Combustion
A Architecture
I Cylinder Filling &
Emptying
I Aerodynamics
A Calibration
I Spark & Fuel

I Transients &
Drivability
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A Reciprocating Engine Terms

V., = Clearance Volume
V, = Displacement or Swept Volume
V, = Total Volume !
TC or TDG

Top or Top Dead Center Position
BC or BDG

Bottom or Bottom Dead Center
Position

Compression Ratio (CR)
Vd +Vc
V

C

CR=




Further Aspects of Geometric Compression Ratio
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At TDC (top dead centre) there is bound to be a small space for the compressed mixture (the
clearance volume). At BDC (bottom dead centre) the space inside the cylinder is the total volume.
The difference between the two is called the swept volume or capacity, usually measured in cc (or
litres) or cubic inches. It gives a general idea of an engine’s power (Odhams Press).




A Otto Cycle
A Diesel Cycle

A Supercharged

Cycle

Thermodynamics
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FIGURE 5-2

Pressure-volume diagrams of ideal cycles. Unthrottled operation: (a) constant-volume combustion;
(b) constant-pressure combustion; (c) limited-pressure combustion. (d) Throttled constant-volume
cycle; (e) supercharged constant-volume cycle.

Source: Internal Comb. Engine Fund.



A Thermodynamic Terms

MEPc Mean Effective Pressure

I Average cylinder pressure over measuring period
I Torque Normalized to Engine Displacemeny) (V
BMEPc Brake Mean Effective Pressure

4p 9 Tor.que(Nm) BMERps) = 48p Torque(ftlb)
V, (liter) V,(cu.in.)
IMEPC¢ Indicated Mean Effective Pressure
MEP of Compression and Expansion Strokes
PMEPc Pumping Mean Effective Pressure
MEP of Exhaust and Intake Strokes
EMER Firing Friction Mean Effective Pressure

BMERKP3) =

BMEP = IMEP PMER; FMEP



A Thermodynamic Terms continued

Work = ﬁD 1dV

Power= Work/Unit Time

Work JCycles/ Second
Revolutions/ Cycle

Power =

Specific Power Power per unit, typically
displacement or weight

Pressure/Volume Diagram Engineering tool to
graph cylinder pressure




Indicated Work

TDC BDC

Source: Design and Sim of Four Strokes



