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Research on Diesel Particulate Filter DPF  Systems for
Diesel Trucks

Suspended particulate matter (SPM) remains unsatisfactory level in the urban air quality
due to the exhaust emission from diesel vehicles. To reduce diesel particulate emission,
research and development for several types of DPF systems have been carried out. The
automatic regeneration DPF systems for urban buses were developed and had been evaluated for
nine years until the fiscal year 1996. However, to improve urban air quality, it is important to
apply DPF system not only for urban buses, but for diesel trucks. Then the DPF systems for
light and medium duty trucks were studied from the fiscal year 1997 to 1999.

In the fiscal year 1997, the DPF systems for light and medium duty truck were few in the
market. Then, the emission of PM, total volume of exhaust gas and smoke were measured for
medium duty trucks without DPF. Based on these results of measurement, a prototype DPF
system adapting to several types of vehicles was designed. As for the design, whole DPF
system, regeneration system, and  basic model were studied. From the result of studies, the
whole DPF system is constructed with oxidation catalyst, electric heater and ceramic filter. The
regeneration system is a forced ignition type with electric heater, and the basic model is made by
two ceramic monolithic filters. From these concepts, the first prototype DPF system (alternate
regeneration system) was designed and produced. Then, the performance test was carried out.

As for the fiscal year 1998, the second prototype DPF system installed with oxidation
catalysts was investigated and performance was tested. The other side, an automobile
manufacturer developed an alternate regeneration DPF system built with ceramic fiber filter.
And a performance test on the chassis dynamometer and a fleet test of garbage truck of local-
government with the DPF system were carried out.

As for the fiscal year 1999, the alternate regeneration DPF system of the automobile
manufacturer was installed to garbage trucks of five local-governments and the fleet tests were
carried out. Based on the results of performance test on a chassis dynamometer and the fleet test
in daily work of local-governments, the alternate regeneration DPF system proved high
practicality and durability.

In addition, the third prototype DPF system for general purpose was produced to improve
durability and practicality. The result of performance test of a 2-ton freight truck showed high
trapping PM and regeneration performance of the third prototype DPF system.

From the results of three years investigation, the DPF systems for light and medium duty
trucks proved full practicality and durability. In the future, to assist the popularization of DPF
system for many other diesel vehicles, DPF prices should be lower and the infrastructure for the
maintenance services system is important. And it is necessary to develop the highly durable and
practical DPF system which can be easily installed and have high adaptability to various kind of
transportation activities.
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KC-NKR66EP - KC-FRR33D3 KC-FRR33D4 KC-NKR66E
Lx Wx H 5,220x 1,850x 2,280 | 5,160x 1,840x 2,230 | 6,640x 2,200x 2,680 | 6,650x 2,200x 2,820 | 5,200x 1,860x 2,380
kg 4,120 3,970 5,320 5,850 3,760
( 3 - - - -
kg 2,000 2,000 2,500 3,350 2000
kg 6,285 6,135 7,985 9,365 5,925
4HF1 . 6HH1 - 4HF1
(cc) 4,334 - 8,226 - 4,334
130PS/3,200rpm - 210PS/2,850rpm - 130PS/3,200rpm
31.0kgm/1,800rpm - 55.0kgm/1,700rpm - 31.0kgm/1,800rpm
H9.12 H5.7.31 H5.9.7 H5.9.15 H6.12.10
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2.5
PM
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H9 H9
KC-NKR66EP KC-FRR33D3
Lx Wx H 5,160x 1,840x 2,230 | 6,640x 2,200x 2,680
kg 3,970 5,320
( 3 -
kg 2,000 2,500
kg 6,135 7,985
4HF1 6HH1
(cc) 4,334 8,226
130PS/3,200rpm 210PS/2,850rpm
31.0kgm/1,800rpm 55.0kgm/1,700rpm
CH/DY CH/DY
HCS11]HCS21 | HCS31|HCS41 ] HCS51] HHC7 JJINKAI] KS1 | kS3 | Y61 | vG2 | Ny3 ] D-13
km/h] 8.69 |15.28]26.77]34.29]45.02] 63.35] 17.26 ] 2.85 ]J11.99] 6.05] 1.88 [22.2] —
km [ 2.41]4.03]8.53[10.24]16.28]18.37] 8.42 | 0.96 | 2.97]2.01] 0.57 [4.92] —
sec | 999 | 950 |1,148]1,075]1,302] 1,044] 1,757] 1,212 | 893 |1,198]1,097] 798 | 1,200
JARI B —
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DPF

1. DPF
SAE DPF
DPF
SAE 1998 11 Diesel Exhaust Aftertreatment
1998 (SP-1313)
1.1
(1) JSAE 1997
9733198 1997
{2) JSAE 1997
9739110 1997 10
{3) JSAE 1997 9739129 1997
10
{4) DPF JSAE 1997 9739138 1997 10
(5) DPF JSAE 1997 9739147 1997 10
1.2 SAE

K. Yoro, et al., "Diesel Particulate Filter Made of Porous Metal™ SAE Paper 980187 (SP-1313) Feb.
1998

D. S. Park,et al., "Considerations on the Temperature Distribution and Gradient in the Filter
During Regeneration in Burner Type Diesel Particulate Trap System (11)" SAE Paper 980188 (SP-1313)
Feb. 1998

P. Hawker, et al., "Effect of a Continuously Regenerating Diesel Particulate Filter on Non-
Regulated Emissions and Particle Size Distribution” SAE Paper 980189 (SP-1313) Feb. 1998

A. F. Romero et al., "Heavy Duty Diesel Engines Emissions Reduction Through Filtering and
Catalytic Combustion" SAE Paper 980538 (SP-1313) Feb. 1998

A. Mayer et al., "VERT: Diesel Nano - Particulate Emissions : Properties and Reduction Strategies"
SAE Paper 980539 (SP-1313) Feb. 1998

L. Montanaro et al., "On the Effects Induced by the Accumulation of Sodium, lIron, and Cerium, on
Diesel Soot Filters" SAE Paper 980540 (SP-1313) Feb. 1998

K. Pattas et al., "The Behavior of Metal DPFs at Low Temperatures in Conjunction with a Cerium
Based Additive™ SAE Paper 980543 (SP-1313) Feb. 1998

K. Pattas et al., "Effect of DPF on Particulate Size Distribution Using an Electrical Low Pressure
Impactor "SAE Paper 980544 (SP-1313) Feb. 1998

C. N. Opris and J. H. Johnson "A 2-D Computational Model Describing the Flow and Filtration
Characteristics of a Ceramic Diesel Particulate Trap™ SAE Paper 980545 (SP-1313) Feb. 1998

C. N. Opris and J. H. Johnson "A 2-D Computational Model Describing the Heat Transfer, Reaction
Kinetics and Regeneration Characteristics of a Ceramic Diesel Particulate Trap" SAE Paper 980546
(SP-1313) Feb. 1998
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J. Dinesen et al., "Electrochemical Diesel Particulate Filter" SAE Paper 980547 (SP-1313) Feb.
1998

1997 P65
1997 P25

10 DPF
10 SAE DPF

Jacques LEMAIRE, "The use of fuel born catalyst(EOLYS) improves the efficiency of the filters”
JSAE 1998 1998

Wolfgang Singer, "New Dynamic Smoke Measurement Device with High Accuracy” JSAE 1998

1998

JSAE 1998
0832215 1998
SiC-DPF JSAE 1998 9839669
1998 10
JSAE 1998
9839678 1998 10
JSAE 1998 9839687
1998 10
JSAE 1998

9839696 1998 10

SAE

Paul Zelenka et al., "Towards Securing the Particulate Trap Regeneration: A System Combining a
Sintered Metal Filter and Cerium Fuel Additive™ SAE Paper 982598 SP-1399 Direct Injection
Engines, Emissions, and Aftertreatment Oct. 1998

D. E. Hall, et al., "A Study of the Size, Number and Mass Distribution of the Automotive
Particulate Emissions from European Light Duty Vehicles" SAE Paper 982600 SP-1399 Direct Injection
Engines, Emissions, and Aftertreatment Oct. 1998

David Kayes et al., "lInvestigation of the Dilution Process for Measurement of Particulate Matter
from Spark - Ignition Engines” SAE Paper 982601 (SP-1399) Direct Injection Engines, Emissions, and
Aftertreatment Oct. 1998

D. E. Hall et al., "A Review of Recent Literature Investigating the Measurement of Automotive
Particulate; The Relationship with Environmental Aerosol, Air Quality and Health Effects™ SAE
Paper 982602 SP-1399 Direct Injection Engines, Emissions, and Aftertreatment Oct. 1998

Michael P. Walsh "Global Trends in Diesel Emissions Control - A 1999 Update™ SAE Paper 1999-01-
0107 SP-1414 Diesel Exhaust Aftertreatment 1999 Mar. 1999
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Hartmut Luders et al., "Diesel Exhaust Treatment - New Approaches to Ultra Low Emission Diesel
Vehicles" SAE Paper 1999-01-0108 SP-1414 Diesel Exhaust Aftertreatment 1999 Mar. 1999

H. Klein et al., "Hydrocarbon DeNOx Catalysis - System Development for Diesel Passenger Cars and
Trucks" SAE Paper 1999-01-0109 SP-1414 Diesel Exhaust Aftertreatment 1999 Mar. 1999

P. Richards et al., "Assessment of the Performance of Diesel Particulate Filter Systems with Fuel
Additives for Enhanced Regeneration Characteristics" SAE Paper 1999-01-01112 SP-1414 Diesel
Exhaust Aftertreatment 1999 Mar. 1999

S. J. Jelles et al., "Diesel Particulate Control. Application of an Activated Particulate Trap in
Combination with Fuel Additives at an Low Dose Rate™ SAE Paper 1999-01-01113 SP-1414 Diesel
Exhaust Aftertreatment 1999 Mar. 1999

Yiannis A. Levendis et al., "Use of Ozone - Enriched Air for Diesel Particulate Trap
Regeneration” SAE Paper 1999-01-01114 SP-1414 Diesel Exhaust Aftertreatment 1999 Mar.1999
Brian Stanmore et al., "The Ignition and Combustion of Cerium Doped Diesel Soot"

SAE Paper 1999-01-01115 SP-1414 Diesel Exhaust Aftertreatment 1999  Mar.1999

Paul Zelenka et al., 'Towards Securing the Particulate Trap Regeneration: A System Combining a
Sintered Metal Filter and Cerium Fuel Addition™ SAE Paper 982598  SP-1414 Diesel Exhaust
Aftertreatment 1999 Mar. 1999

A. Mayer et al., “Particulate Traps for Retro-Fitting Construction Site Engines VERT: Final
Measurements and Implementation SAE Paper 1999-01-16 SP-1414 Diesel Exhaust Aftertreatment 1999
Mar. 1999

K. Ohno, et al., " SiC Diesel Particulate Filter Application to Electric Heater System™ SAE Paper
1999-01-0464 SP-1414 Diesel Exhaust Aftertreatment 1999 Mar. 1999

Satish B. Gadde et al., "™ A Computational Model Describing the Performance of a Ceramic Diesel
Particulate Trap in Steady-State Operation and Over a Transient Cycle" SAE Paper 1999-01-0465
SP-1414 Diesel Exhaust Aftertreatment 1999 Mar. 1999

C. A. Larsen et al., "Filtration Assessment and Thermal Effects on Aerodynamic Regeneration in
Silicon Carbide and Cordierite™ SAE Paper 1999-01-0466 SP-1414 Diesel Exhaust Aftertreatment1999
Mar.1999

A. f. Romero Lopez et al., ™A New Design to Limit the Particulate Matter (PM) Emissions by the
Use of a Retro-fit" SAE Paper 1999-01-0467 SP-1414 Diesel Exhaust Aftertreatment 1999 Mar.
1999

A. G. Konstandopoulos et al., "Optimized Filter Design and Selection Criteria for Continuously
Regenerating Diesel Particulate Traps" SAE Paper 1999-01-0468 SP-1414 Diesel Exhaust
Aftertreatment 1999 Mar. 1999

A. G. Konstandopoulos et al., "Periodically Reversed Flow Regeneration of Diesel Particulate
Traps" SAE Paper 1999-01-0469 SP-1414 Diesel Exhaust Aftertreatment 1999 Mar. 1999

A. Eastlake '"The Latest Developments in Heavy Duty Vehicle Aftertreatment Testing for Real World
Emissions and Fuel Economy™ SAE Paper 1999-01-0470 SP-1414 Diesel Exhaust Aftertreatment 1999
Mar. 1999

Jaime Pagan "Study of Particle Size Distributions Emitted by a Diesel Engine” SAE Paper 1999-01-
1141 SP-1427 In-Cylinder Diesel Particulate and NOx Control 1999 Mar. 1999

B. R. Graskow et al., "Exhaust Partivulate Emission from Two Port Fuel Injected Spark Ignition
Engines" SAE Paper 1999-01-1144 SP-1427 In-Cylinder Diesel Particulate and NOx Control 1999

76



@3

(3)

3.3
(1)

Mar. 1999
B. R. Graskow et al., "Exhaust Particulate Emission from a Direct Injection Spark Ignition
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