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yﬂ z\
¢ Fa—FA—HAIILPWM = (t1-12)/ (1 +12) (range +- 1)

 flow out of the measurement chamber, and t2 is the time of O2 flow into the
measurement chamber at constant +- Ip

» Equivalent Diffusion O2 current Ix, expressed in Ip is PWM * Ip

* Free air Duty Cycle PWMair measured in free air is used for calibration
« Equivalent Diffusion Current for calibration gas (air) is PWMair * Ip

* Free air PWM Ratio is calculated with R = PWM/PWMair
 Rislinearly proportional to O2 “charge” of exhaust gas

 Lambda (for Lambda >= 1) calculated with: 1/ (1 — R)

 Lambda (for Lambda < 1) calculated with ( 1 — K*R) / (1 — R) where K is a
sensor-type dependent constant
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TIMESCALES FOR NEW TECHNOLOGIES

New designs for vehicles may eventually bring down overall energy consumption for transportation in the U.S., but they do not offer
aquick fix. Estimates from M..T.'s Laboratory for Energy and the Environment indicate how long it might take for new technologies

to have a significantimpact, RICHWORLD. POORWORLD
e e g e e e L e L

Market Penetration across . Major fleet Total time
VEHICLETECHNOLOGY competitive vehicle new vehicle production penetration forimpact
Turbocharged gasoline engine Syears 10years 10 years 20years
Low-emissions diesel Syears 15 years 10-15 years 0 years
Gasoline hybrid S5years 20 years 10-15 years 35years
Hydrogen fuel-cell hybrid 15 years 25 years 20years 55years

* More than one third of new vehicle production T More than oneé third of mileage driven
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