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Current Determination of Filter/Catalyst State is Indirect
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Stanton, D., "Systematic Development of Highly Efficient and Clean Engines to Meet Future Commercial Vehicle Greenhouse Gas Regulations,” SAE Int. J. Engines 6(3):1395-1480, 2013



Overview: Approaches to Filter Diagnostics

Current Approach Proposed RF Approach
A Filter is the Sensor!

AP Sensor

PM

Sensor H <« RF Antennas —>H

— > Flow DPF / GPF -/ ——— Flow \/\/\/W\/

DPF / GPF

Reactive diagnostic (after part failed) Prognostics (warning before failure)
Accumulation Exhaust PM Sensors RF Measurement Approach
A Local Measurement: samples only a portion of Bulk Measurement: Samples full
engine exhaust downstream of filter. exhaust stream passing through filter.

A Non-Continuous Monitor: requires periodic A Continuous Monitor: functions even
regeneration. with engine off (no flow).

A Reactive: monitors PM downstream of filter. A Proactive: sensitivi® upstream

A Provides little information on soot emissions entering DPF / GPF

concentrations below sensor threshold. A Direct (reattime) measurements of

A Active sensing elemengtsensor conditioning. particulate filter state.

A Passive sensarrod antenna.
C(S .



RF Measurement System and Operation

wAntenna (RF Probe), similar size to exhaust i
temperature sensor RF ContrdUnit Measures

wStainless steel retype antenna - GPF/DPF Loading:
(passive component) 1. Filter Loading

<{ 2. Loading TypeM vs. Ash)
3. Spatial Distribution
=9 | 4. Filter Diagnostics

Signal f“(!:y' l wSingle or dual RF Antenna
contained in

<
DPF housing wFast response < 1 second

C.L'S RF sensor respondgectlyto changes itilter dielectric properties
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Example of RF System Operation: Transmission

A Multiple modes exist in the cavity depending on frequency of operation
A Mode structure (field profiles, direction) depend on the geometry and the frequency
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|
Resonances Provide Spatial Measurement Sensitivity

Electric Field Distribution and Spatial Resolution
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* Adam, Stephen, F., Microwave Theory and Applications, Prentice Hall, Inc., Engelwood Cliffs, New Jersey, 1969.
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Technical Highlights: DOE Program and Partner Testing

Ccs wDevelop RF sensors

wPressure drop (OE)
wGravimetric PM
wGravimetric Ash

wSensor calibration =
M «PM/Ash loading

wnP + Models
AVL micresoot
wGravimetric PM/Ash

wAdvanced DPF materials
«Mercedes engine test (LD)
«Navistar engine test (HD)

)‘ CORNING

WAVL micresoot, TEOM
wPressure drop
wGravimetric PM/Ash

OAK  @WAVL benchmarking
RIDGE &TEOM benchmarking

National Laboratory

oFuels & adv. combustion

(o] [
I’: E I-l/ wControls development EF o M Vs

: E’%.K wStock OEM controls
»‘;4 (P + Modg)

wGravimetric PM/Ash

wOnroad fleet test >l uwStock Volvo/Mack
w2f d2kal O] GNUHZGNEN RE- | BPFQwmios
«24 Months total, up to 4 trucks ‘ ! wOnroad durability
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Applications of RF Sensing for Particulate Filters
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