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Real-time particle characterization of diesel  
and gasoline particulate mass 
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QCM Fitted with an Advanced Dilution QCM Fitted with an Advanced Dilution 
System (SCS)System (SCS)
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> Constant Flow Rate > Ratios 3-3000

> Constant Dilution Ratio > Fast < 50 ms

> Proportional Sampling > Accurate (<5%)

FTP FTP –– Mass Mass –– Power CurvesPower Curves
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FTP FTP –– Concentration Concentration –– PowerPower
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FTP FTP –– Concentration Concentration -- PowerPower
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FTP FTP –– QCM RepeatabilityQCM Repeatability
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FTP Test SummaryFTP Test Summary

Filter TEOM Error QCM Error 
(mg/m3) (mg/m3) (TEOM) (mg/m3) QCM

1.76 1.98 13 1.91 9
1.84 1.96 7 1.74 -5

1.9 2.03 7 2.04 7
2.34 2.38 2 2.14 -9
1.93 1.96 2 1.84 -5
1.98 1.78 -10 1.93 -3

1.9 1.95 3 1.73 -9
Average 3 -2



 
 

 
 
 
 

Raw Exhaust MeasurementsRaw Exhaust Measurements
(MEMS)(MEMS)
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Development Development -- Test CycleTest Cycle
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SteadySteady--State State –– TransientTransient
Volatility Issues Volatility Issues –– Lube Oil ConsumptionLube Oil Consumption
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Development Test CycleDevelopment Test Cycle
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Development Test CycleDevelopment Test Cycle
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–– 8080--ftft--lb Torquelb Torque
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Light Light -- Duty TestsDuty Tests

Objective Objective 
Reproducibility, RepeatabilityReproducibility, Repeatability

vv EUDC Tests EUDC Tests 

–– Dilution TunnelDilution Tunnel

vv Chase StudiesChase Studies

Reproducibility
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Reproducibility
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Particle Mass Particle Mass --Pollution SurveysPollution Surveys

Environmental 
Surveys
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Modern Engine Modern Engine –– Raw EmissionsRaw Emissions
Raw Exhaust Particulate Sampling

Volvo S70 2.5
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Raw Exhaust Particulate Sampling
Volvo S70 2.5
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Chase StudiesChase Studies
Particulate Exhaust Chase Study

Diesel and GDI Vehicles
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3          Circuit with no car in front (background)
4,5       Following GDI, slow, large separation
6,7       Following GDI, slow, closer than 4,5
8,9,10  Following Diesel at increasing speeds
11,12   Following GDI, Fast, Close

SUMMARYSUMMARY

ObjectiveObjective
Reproducibility, Repeatability, Filter EquivalenceReproducibility, Repeatability, Filter Equivalence

and TEOM and TEOM IntercomparisionIntercomparision

–– QCM good Candidate For RealQCM good Candidate For Real--Time Mass Monitoring of Time Mass Monitoring of 
both Lightboth Light--Duty and Heavy Duty Vehicle EmissionsDuty and Heavy Duty Vehicle Emissions

Future DevelopmentsFuture Developments
–– Methodology to address Volatility / Methodology to address Volatility / Hydroscopicity Hydroscopicity issues is issues is 

being developed. being developed. 



 
 
 
 

 

Methodology Development Methodology Development 
PrinciplePrinciple

Depositing Particles History Effects

Mtotal mass = Mnon-volatiles + Mvolatiles – Mvolatiles evaporated
+ Mchemical reaction + Metc

Basic Sampling MethodologyBasic Sampling Methodology
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Instrument ResponseInstrument Response
1<R>10, 50% Volatiles, 401<R>10, 50% Volatiles, 40µµgmgm--33
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"True" concentration 40 µg/m3

Inlet

Pump
Sample
Conditioning 
System Computer 

Control &
Analysis

Mass 
Microbalance

Pump

Dilution air

Feedback loop*

Aerosol

*Dilution Ratio, Temperature,
Humidity, Mass Concentration

Hardware Solutions

 




