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Combustion Pressure Sensors for Engine Control

 estimation of cost
intake air mass equality

« camshatft position
Diesel Sl sensing

e injection timing ¢ ignitiontiming  « knock detection (SI)

« EGR control o A/F ratio,
« torque control, A/F balancing
torque or A/F « EGR/lean limit « fault detection
balancing control algorithms
* peak pressure e cold-start and e providing indicated
supervision warm-up torque signal
_ _ _ behaviour  misfire detection
Improved functionality
« emissions reduced
« fuel consumption calibration
* performance effort
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Opel 1.0 Liter,
3 Cylinder SI Engine

* 82 Nm (at 2800 rpm)

* 40 kW (at 5600 rpm)

« electronic throttle control

» exhaust gas recirculation

e cylinder individual ignition timing

o cylinder individual multipoint
fuel injection

» fuel mass, ignition and

EGR valve can be manipulated

externally
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Combustion Pressure Evaluation
for Ignition Timing Control
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Cylinder Pressure Evaluation

Compression stroke (1>2): P =C,
kK —
Expansion stroke (3 >4): pX/" = C2
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Constant volume diagram of ideal combustion cycle
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Influence of ,Location of 50%MFB*
on Indicated Engine Torque
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Cyclic Variation of Combustion Pressure Features
at Constant Operating Conditions
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Structure of Learning Feed-Forward
Ilgnition Timing Control
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Learning Feed-Forward Ignition Timing Control during
load changes
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adapted Offset-Mappings
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Air-Fuel Ratio Estimation
for Sl engines

Applications

» estimation of A/F ratio deviation from | =1 when using
switching EGO sensors

« estimation of A/F ratio during warm-up (EGO sensor is
Inactive)

e detection of A/F ratio maldistribution
— reduced emissions
— reduced aging of catalytic converter
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Indicated Engine Torque Model for A/F Ratio Estimation
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Measurement Results of A/F Ratio Estimation

operating
condition:

2000 rpm,

40% load,
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Generation of characteristic features for closed-loop control

Coefficient of Variation of indicated mean effective pressure: COV, =—"-x100%
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Closed-loop EGR control: measurement results
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iterative approach to calculate cylinder air charge

partial pressure quations: r=Peer 0w b D
d d total cylinder charge: R P =eR
a. pi = a (Xi xptot) = ptot /
= = pref = pAir + pFV + pRG + pEGR
Ri thot
P =m; XV— &
tot V
/ o =m. RR\G/ T with m,_ = I;xpT?IE:,GE
. X
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sensor signal: Calculation of absolute pressure

U(Q)=Kg xp(q) + and sensor offset

polytropic compression:
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measurement results
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Fullungserfassung, dynamisch
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Summary

» closed-loop control of ignition timing compensation for manufacturing tolerances, aging, and
changing ambient conditions (fuel quality, air humidity, ...)

long term stability of exhaust gas emissions
reduced fuel consumption
supervision of ignition system

« air-fuel balancing compensation for manufacturing tolerances and aging
reduced aging of catalytic converter
reduced emissions

« closed-loop control of EGR compensation for manufacturing tolerances and aging
reduced fuel consumption
reduced NOx emissions

* measurement of indicated torque misfire detection, reduced HC emissions, reduced aging
of catalytic converter

» controlled air-fuel unbalancing during warm-up improved warm-up behavior
reduced NOx emissions

» reduction of over-fuel during cold-start by supervision of P, reduced CO and HC emissions
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