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Development step Impact on SULEV

emission at start catalyst temperature

Engine buck
- LEV II, LEV emission engine management
and calibration without secondary air system

‘ not reached not reached

‘ Evaluation of catalyst heating strategy

+ SULEV start package
+ optional secondary air system

not reached with secondary air
(benefit for HC: 35%) only

in target area with secondary air
only.

+ optional secondary air system

‘ Numerical simulation of catalyst system

|
+ fuel system 40u ‘
|

+ cascade catalyst system

) > ‘ achieved achieved
+ without secondary air

Figure 1: development steps

FBFEAT Y IO NWTITIB > TEELSGRHU S, F/ifEX
TRZEREANIZLES T _I:y/a/@{ﬁz/}ioi()\ﬁﬁﬁ*wﬂ
FTERBLTHILTHD.

TV RV A NDF T L —ar B OO
728, N—RT A LT, AE SULEV *t)5% B FICER S
=T TiE2 1.1 U bb, 600cpsi O fifiliitz i FiL7=.
VATLTC, (Ko AhDfibliia N—2Z2BR% 425 BT, fil



DT AN T HEREL R G AW T 272D OBAEY — V% fif
L.

TV DA— )V RASX — IR A R L, it A7
N ELIRIC, oV~ 32—V A NS HIT R,
ERIEESRE TIB T — T 23y arw /ML
T BRI, ZOREDT-D, BB AT L, fillfgh
VAT LABIORIGT DY TNy 2T EX I T L — g m B
FERIZE B L, ORI LIy — X AT EA—Z— |
TFTP 7 AN FE i L7-.

A) ENGINE MANAGEMENT
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CATALYST HEATING EVALUATION
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Figure 2 Evaluation of catalyst heating strategy
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2. Influence of secondary air injection
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Figure 3: Exhaust lambda without SAl and at high and
low SAl, engine enrichment to 0.75
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Figure 4: Engine and SAIl mass flow at high and low SAl,
high engine mass suppresses SAl
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Figure 5: Temperature comparison SAl to lean base,
upstream and inside catalyst
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ENGINE START OPTIMIZATION
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3. Control of engine start flare
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Figure 6: Engine load prediction at start
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Figure 7: Elimination of pressure undershoot with
described engine management measures
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Figure 8: Torque reserve and idle control at start

4. Optimization of start and after-start fueling
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FUEL AND IGNITION SYSTEM
5. Increase fuel pressure to establish small SMD
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Figure 9: Reduced HC emissions during start, avoid
evaporation of complete sections of wall applied fuel film

6. Increase ignition energy
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Figure 11: Comparison of Catalyst 1inch bed
temperature with and without SLP at engine start

B) NUMERICAL STUDY
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during the lean start.
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Figure 175: Calculated HC Light-Off depending on

diameter and substrate cell density
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CASCADE CONVERTER SYSTEM
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Figure 18: Cascade Catalyst temperatures
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Figure19: Emission benefit of cascade catalyst system
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DEFINITIONS, ACRONYMS, ABBREVIATIONS

EMS: Engine Management System T < Rr—I A
YRR T A

FTP: Federal test Procedure H#57 AMFIE

FID: Flame lonization Detector %14 b Hi#

GSA: Geometric Surface Area %{m -3¢ [

HC:  Hydro Carbon (x1k/k%

MAP: Intake Manifold Pressure /o7 —7~=4—/LN
£

NOx: Oxides of Nitrogen % £z (LY

SAl:  Secondary Air Injection —IRZZ5E A

SMD: Sauter Mean Diameter 't/ # -1k £
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