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European Emission Reduction

Strategies (Example for HDV)

@ Development targets Current engine

technology
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NEDC ReSUItS ZEUNA STARKER

3 | DI/TCI Diesel Engine with EGR, ITW= 2150 kg

NOXx (g/km) Particulates (g/km) Fuel Consumption (L/100km)
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Aftertreatment system:

Original engine (EURO 2 - N1)) ——> Oxidation Catalyst
Final status (EURO 4 - N1) ——> CRT™ System
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PM Size Distribution of Different

Diesel Engine Technologies in the NEDC

3 | DI/TCI Diesel Engine
Coeind il NEDC Test
with EGR with EGR (weighted from
+ Oxicat steady state calculation)
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DPF Regeneration Methods seomasTAmes

Fully Passive Regeneration above cert

W catalytic coating
m fuel additives (fuel-borne catalysts)
m CRT principle

Passive Regeneration supported by en

m temperature and NOx/Soot increase initi

Active Regeneration Aid supported by

m electrical heaters or fuel burners togethe
temperature increase by engine manage




Example for a DPF

® CRT (Continuous Regeneratio

B Principle: oxidation of NOto N
with subsequent conversion o
inside trap by NO,

B Certain exhaust gas temperatu
NO,/Soot ratio (>8) necessary,

B Additional engine managemen
longer engine operation outsid
off).

B requires diesel fuel with very |
less) for sufficient NO, conver
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Load / Speed Map with Different

Regeneration Areas

3 | DI/TCI Diesel Engine with cooled EGR (EURO 4 - N1)
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ContrOl System ZEUNA STARKER

diagnosis: databank:

emass flow ofilter loading characteristic
spressure drop sproperties of ash formation
eexhaust gas temperature ofilter and heater characteristics

% regeneration algorithm: @

sregeneration strategy

sregeneration control
semergency strategy
*long-term strategy
*OBD - control
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Strategy for Initiation of Regeneration
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ZEUNA STARKER

storage phase

/V

fuel penalty caused
by regeneration events

fuel penalty caused by
backpressure increase

regeneration phase

overall fuel penalty

optimum for
regeneration

/

safety zone

e

| critical loading .

S

filter loading
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Methods to Support Regeneration
of the CRT System

INCREASE OF EXHAUST TEMP.

and / or

INCREASE OF NOx/SOOT RATIO

Source: SAE 2000-01-0181
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Loading and Regeneration

Behaviour of a CRT System

(O]
5 600
S
qé.)- >00 /\*—\N
@)
O .
-
@) B 1 _ _
g3 400 M both EGR both EGR one EGR valve
4?) valves open, valves open, open only, HD DI/ TCI
3 300 [FhighEGR |7 standard ~ lowEGRrate | Diesel Engi
< rate EGR rate lesel Engine
L 200 T N - N (1.51/cyl)

NOx = 3.7 g/lkWh

X 9 NOY/Soot < 30 EURO 4 Development

240 |F159/kWh 1 NOx/Soot=8.9 — n with cooled EGR
X NOx/Soot =
O G
S Q9 1.6
ﬁ g 200
4 . o 1700 rpm / Full load
)
29
3 D |
c 9
% & 120 N

<4 ca. 30 min!
80 I I I

3500 4500 5500 6500 7500
Time — sec

nano-14

Source: SAE 980190



=

ZEUNA STARKER

Calibration Flexibility with HP-CR System

PILOT INJ.2
PILOT INJ.1 a o/ a a/ ) “a
A ./ A a/l |\
a /) RAIL PRESS.
‘_D STANDARD DEVELOPMENT PARAMETERS*

MULTI INJ.
Excluding bowl geometry,
injector design, air . .D

management etc.
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Effect of different engine measures ZEunA STARKES

EGR switched off (except ’)
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Hydrocarbon NOx/Soot

Emission (ppm)

BSFC Increase
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Regeneration Aid
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Requirement on regeneration aid:

& safe and reliable regeneration
2 long term durability
& low energy b)

a)
E)maus" mmll
a) Exhaust Gas Heating b) Direct Soot Ignition
2 ignition at any soot loading 2 ignition at higher soot loading only
@& simultaneous ignition of the & slow expansion of the flame front
entire soot 2 low energy requirement

@& higher energy consumption
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Summary and ConCIUS|OnS ZEUNA STARKER

@® Particulate traps will belong to s
aftertreatment systems for dies
near future.

® A combination of several regen
safe and reliable regeneration s
necessary to avoid any function
trap over the entire life of the di
200.000 km for passenger cars).

@® Even the cost effective active re
“worst case solution” should b
particularly with respect to long
operation in the inner-city with i
gas temperature level.
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