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Many of the design challenges in a directinjection system involve operation within harsh environments. Designing reliable, cost-effective injectors
capable of withstanding the in-cylinder heat has proven to be a complex challenge. Due to the very shorttime for injection, high-pressure injectors are
required. From an electronics standpoint, direct injection engines have a small window for injection. In direct injection engines, injection typically
occurs during the intake stroke, allowing enly 90° on an eight-cylinder (1.875ms) for total fuel delivery. During higher cutput modes, fuel can be
injected during the intake stroke giving an additional 90° of injection time, a very shorttime compared to the 720° (15ms) an MPI engine typically has
for fuel delivery
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FSI- The Direct-Injection Petrol Engine

Text and pictures courtesy of Audi AG

What can the FSI engine,
It is distinctly more dynamic,

" Both its torque and power output are higher,
Yet fuel consumptionis simultaneously as much
as 15 percent lower.
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FSI- The Direct-Injection Petrol Engine

2.8 lire slx cylinder FS1 engine in the Audi A6
with fuel dhtect injection and Audi valvelift systom
ivariatie valve opeaing) on the infel

2773 o
154 1 (210 PS) @ 5.500 - 6,800 min
280 Nen @ 3,000 - 5,000 min*
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- Losses due to incomplete combustion

- Losses due to imperfect burning
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Cutlet to
Injector

I

I

|

Fump
Plunger

Filling of pump cylinder

f f

frem pump chamber. Beginning ¢f Injection. End of Injection
{Suction and Spill Ports Open, (Suction and Spill Ports Closed, {Spill Port Open, excess fuel
Qutlet ta Injector Closed.) Outlet to Injector Open.) ‘Spilled’ hack to pump chamber

& outlet to injector closes,)

Operation of a plunger pump showing the spill method of delivery volume control.
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-large volume injected - small volume injected
(Spill Port Open, excess fuel [Plunger is rotated so that Spill Port
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& oullet to injector closes,)

Operation of a plunger pump showing delivery volume adjustment by plunger rotation.
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Mazda Wanker Engine

The rotary is at the centre of Mazda's intention to
take a leadership role in hydrogen combustion.
Hydrogen is the cleanest fuel possible, its
combustion producing only pure water.
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Gasoline-Electric Car

A car must meet certain minimum requirements. The car should be
able to:

-Drive at least 300 miles (482 km) before re-fueling

-Be refueled quickly and easily

-Keep up with the other traffic on the road

A gasoline car meets these requirements but produces a relatively
large amount of pollution and generally gets poor gas mileage. An
electric car, however, produces almost no pollution, but it can only
go 50 to 100 miles (80 to 161 km) between charges. And the
problem has been that the electric car is very slow and
inconvenient to recharge.

A gasoline-electric car combines these two setups into one system
that leverages both gas power and electric power.
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[H shift of operation = i.astpunkworsonnhung'
30%—|——————— [ Improved engine efficiency Different potentials may

[7] Start-Stop Operation not be added up
[ Recuperation

L

Potential of
Fuel Consupmtion Reduction

0 10 Mean Vehicle
Velocity [km/h ]
NYCC NEDC Highway
Mew York City Cycle New European
Driving Cycle

Wl o

Fahr-Geschwindigkeit

|

Baseline: 1.6L Gasolline MPF1 4V Engine, ITW 1470 kg

S el inia o8y BVAS 5340

3/16/2008

95



(s s ) g 593 (5\B ) 5 5a
Parallel Hybrid Car

You can combine the two power sources found in a hybrid car in
different ways. One way, known as a parallel hybrid, has a fuel tank
that supplies gasoline to the engine and a set of batteries that
supplies power to the electric motor. Both the engine and the
electro motor can turn the transmission at the same time, and the
transmission then turns the wheels.

(St ) si 53 (5B ) 5 5a
Series Hybrid Car

By contrast, in a series hybrid, the gasoline engine turns a
generator, and the generator can either charge the batteries or
power an electric motor that drives the transmission. Thus, the
gasoline engine never directly powers the vehicle.
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Toyota Hybrid System THS

Schalt-
oder

Getriebe Getriebe
nsmission
Engine

Reduction Drive wheels
gear

Classical system

Automatik- Untersetzungs-

Battery
Inverter
Transmissiar ]
Engine Motor/generator
Reduction Drive wheels.
gear

Parallel hybrid system

Engine

Generator
[Ilnedumn {Il R

gear

Series hybrid system

Engine

Reduction mbrive wheels
gear

Series/parallel hybrid system (THS in Prius)

Quelle: Toyota Hybrid System THS Il
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US Hybrid Car Sales 2004-2007

25,000

Current month by Cars Feb-07

Toyota Prius 12,227 |

Toyota Camry Hybrid

Lexus G5 4500

20,000 _ -
Honda Civic Hybrid

Honda Accord Hybrid

Handa Insight

15,000 Nissan Altima Hybrid

Tatal

10,000

5,000

PIPRPLP PP RP P AL LSS

@ Toyota Prius B Honda Civic Hybrid
O Toyota Camry Hybrid W Lexus GS 450h

BHonda Accord Hybrid OHonda Insight
OMissan Altima
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(Smart Idle Stop System)

A possible new industry standard - is the Smart Idle
Stop System (SISS). Hybrid vehicles get most of their
improved city mileage from idle stop systems. The
premise is simple - when a car is sitting still, the
engine is burning fuel needlessly. Turning it off when
stopped at a light or in heavy traffic can improve fuel
mileage by up to 10 per cent. Hybrids use the
hundreds of volts available from their big lithium-ion
battery packs to spin the starter and thus the engine
back to life instantly when you take your foot off the

brake.
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W8 W12

VW Passat W8 VW 01, Audi A8, VW W 12 Coupé

401 6,01
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Spark plugs
image

PEFLL

Possible causes and
consequences

Breige spark plug,

The engine s working properly, the mixture
composttion is correct, the heat valus of the
spark plug fits

Spark plug burned
Aggressive fusl and of addiions, combustion
residue in the combustion chamber, poor fuel
quality, defective valves or distributers. Power
loss Tollowsd by the total faiurs o ths engine

Center electrode burned:
Cause: thermal overload by Gluehzuendung,
hesat value of the candle too low residus in the
combustion chamber, formerly igntion timing,
faulty valves or distributers, poor fuel qusity

Glazed spark plug
Additions to oil and gasoline are ascheartige
deposts. The deposts lsad ta higher oad
mistires

Spark plug mechanically damaged:
For motor can damage metal shavings
deposted on the spark plug o destroy them

Possible remedies

Mo special measures are required. The spark
plug should bs left in ths photo, howsver soon
changed

possible polluter review of ather fuel

Candle exchange ZZP examine any
fuel

Motor set brand spark plugs.

The spark plug should be replaced
With repeated damage is a mechanical defect in
the engine.

Ry E

3/16/2008

104



3/16/2008

(s s ) g 593 (5\B ) 5 5a

Spark plugs Possible causes and consequences Possible remedies
image
Carbonized spork Inmatchinghest value of the spark plug,
— Heat walue of the spark plug could be too high, fusl the mixture composition set (acjust carburetor
misture s ton b, predominantly used on shart haul or injection, possibly sterting autometic review)

long considered to choke (automatic start adusted),
o dirty i fiter

Encrusted spark plugr Maybe ol qualty change or engine stting
Components of the ol residuses can form that wiorn by high engine components, faulty
are deposited onthe spark plug engine exhaust. Piston rings, valve stren

sedls, engine breather

worn spark plug Folldsr check fusl grace
Aggressive fuel and oil additions, unfavorable influences

B flow in the combustion chamber, deposits, and poor fuel
) quelity. The consequences are misfires, especially during
‘ acceleration and start bad behavior

Spark plug oiling Atract spark plugs, engine overhaul.
Too much oilin the combustion chamber, piston rings Intwo-stroke engines:oilifuel mixing ratio
leaking, oi level is toa high, spark plug leaking (loosely, reviswed or cessation of lubrication ofl pump
defective). In two stroke engine, yoo much oil in the: check
fusl through talse oilffuel mixing ratio
Spark plug white: In matching heat value of the spark plug, the

[ e Thermal overlnad by Gluehzuendung or hat mixture composition set (adsjust carburetor or

[ combustion, heat valus could be too high or the injaction) Maybe octane rating of the fusl
p fusl mizture too lean, snine tends to knock
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To stabilize HCCI in diesel, gasoline and natural gas engines
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current
technology

0.04

PM - [g/kWh]

+ -
development = 2; P4 10 12 14
target : .
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Diesel compared with Otto

Consumption
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NOX-Emission
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Selective Catalytic Reduction (SCR)
AdBlue is = —) AdBlue - tank
used in a Bown e DT RGN 2 -h
process 4
called SCR ‘ l/” i o |
to reduce Filter g ¥ AdBlue level
. . b T od o sensor
emissions =
of oxides of
nitrogen
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exhaust of
diesel
vehicles

3/16/2008

109



3/16/2008

(= by ) gt g )3 (sLA ) o 9a
(la Ol SG pud b 5l yiul gle) ¢oud JLL)

110



