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(Single-Point Fuel Injection(TBI) i) Jsise )3 ) ¢3S Sl Al j) DA g (sla ailali)
1 Fuel, 2 Air, 3 Throttle Valve, 4 Intake Manifold, & Injector, 6 Engine
2
i

1
e
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1 Fuel, 2 Air, 3 Throttle Valve, 4 Intake Manifold, 5 Injectors, 6 Engine
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Otto-Motor

Sl Siaia o &G EDA) (s3¢a

162



(2 S ) g 9 )3 (5B ) 5 5a
(Sl ) S Sl ) A g (sl 4ilalis)
Otto-Motor Kugelfischer

e o
' 1‘ —

'
Fuel Tank 1 1 Injector Cold Start Valve
l Air
k Filler

‘ Fuel
Pick-Up 1 t Linkage

Fuel Raturn Line

| e |
-
Y, 1
Prissurd Requiator - e
Fuel Pump
Alr Regulating Vahe '
‘ Warm-LUp Trangsmitter e
Expansion e —_— — — I }
Jar Fupl Filtar

Oil Supply Lina
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Fuel Sensors Allr
Fue Control - Air-flow
pump unit SENSOr
|
I
| {
Fuel Injection | o | o
filter valves CEEN
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(Summary of the L-Jetronic System (S g 3 ) ¢3S 531 ¢ Al y DA g ailalin)

1 Fueltank, 2 Electric fuel pump, 3 Fuelfilter, 4 Distributorpipe, 5 Pressure regulator, 6 Controlunit, 7 Injectionvalve, 8 Starivaive, 9ldle-speed adjusting scraw,
10 Throttle-valve switch, 11 Throttle valve, 12 Air-flow sensor, 13 Relay combination, 14 Lambda sensor (only for certain countries), 15 Engine temperature
sensor, 16 Thermo-time switch, 17 Ignition distributar, 18 Auxiliary-air device, 19 Idle-mixture adjusting screw, 20 Battery, 21 Ignition-starter switch
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Cxygen
(Lambda)
Sensor

TWC Catalyst

Fuel Metering

Injection Yalve

Fuel-Pressure Hot-Wire Mass
| Regulator Air-Flow Meter

Throttle- N

.

{3 Air

Position
Switch

Temperaiurs
SEensor

ldle Actuator

Fuel Tank

Electronic Confrol Unit  Electric Fugl Fump  Bosch LH Jetronic
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IMany of the design challenges in a direct injection system invalve operation within harsh environments. Designing reliable, cost-effective injectars
capable of withstanding the in-cylinder heat has proven to be a complex challenge. Due to the very short time for injection, high-pressure injectars 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 only 90° on an eight-cylinder (1.875ms) for total fuel delivery. During higher output modes, fuel can be
injected during the intake stroke giving an additional 907 of injection time, a very shorttime compared to the 720° {(15ms) an MPI engine typically has
for fuel delivery.

TD D
Intake Compression Combustion
|| sl [
=36 -18 Injection 0 Injection +18

@ch:f S %

Early Intake End of Intake Early Compression End of Compression Combustion
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Fahrpedalmodul

Akiivkohlebehdilber Hochdruckpumpe Einspritzventil I!
4 Krafist Zindspule

- Tankent- g of R’i
Luftmassenmesser : gt ¥ buicieosr- oY, hasensensor
mit Temperatursansor vanlil

elekironischas
Sleusrgeral

Diuqnosﬁchmmlgl_ln

FSI Modelljahr 2002
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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 consumption is simultaneously as much
as 15 percent lower.
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FSI- The Direct-Injection Petrol Engine

2.8 lire slx cylinder FSI ongine in the Audi AG
with fuel direct injection and Audi valvelift systom
Ivariablp valve opening) on the inkgt

2773 em!’
154 KW (210 PS) @ 5.500 - 6.800 min "
280 Nem @ 3,000 - 5,000 min?
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Pressure traces
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- Losses due to incomplete combustion

Losses due to imperfect burning

- Indicated efficiency

efficiencyn, losses An [%)]

68
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0
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Transducer #3

pipe

Transducer #2
pump delivery
chamber

Delivery valve

Supply duct

3 Fuel filter

Aq Delivery
chamber

Transducer #£4
nozzle upper
chamber
Nozzle lower
chamber
Transducer #5
injection chamber

4 holes

Pumping chamber

] Supply port

™,

Fuel

supply '
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e bl : VSRR — 1 — 4 Injekioren
= = T HE 5 Hochdruck-Regetvantl
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8 Indukiivgebar
9 Kraftstoffvo redrmung
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Fumpe-lluse-Einheit
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Electrical Attachment

Solenoid

Off Pressurised

Fuel

Spray Tip Fuel Filter
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Outlet to
Injector

s b
| |
I o
Suction I kl 1:}'F:urﬂbp;- Pump :
Port | A Cylinder |
L - Spill
| | Port
| | "
= =
I
Pump 4
Plunger
Filling of pump cylinder
from pump chamber. Beginning of Injection. End of Injection
{Suction and Spill Ports Open, (Suction and Spill Ports Closed, (Spill Port Open, excess fuel
Outlet to Injector Closed.) Qutlat 1o Injector Open.) "Spilled” back to pump chamber

& outlet to injector closes.)

Operation of a plunger pump showing the spill method of delivery volume control.
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—

5 | e [ —
—ip i _lb_ fuel injected

Pump Flunger

[Showing spiral groowve) T T

End of Injection End of Injection
- large volume injected = small volume injected
{Spill Port Open, excess fuel [Plungear iz rotated so that Spill Port
*Spilled’ back to pump chamher opens earliar in plunger stroke.)

& owlet to injector closes,)

Operation of a plunger pump showing delivery volume adjustment by plunger rotation.
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FORCE OM FISTOM

cold arc

et vaa}{.

\ Y K. min.
- W sparkoplug

-

cool area

-
T
E = intake hot arc
A = outlet
FF' = Force "'-.-'fK = chamber wolume
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Mazda Renesis (Bi-Fuel, 2 Scheiben a
650cem, 110PS mit H,, 220PS mit Benzin)
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Wanker Engine

3, Combustion 4, Cutlet
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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
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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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@ shift of operation = Lastpunktverschiebung!
e 30%-" B Improved engine efficiency Different potentials may
,E [] Start-Stop Operation not be added up
E B Recuperation
©
‘E': 20%
8o
SE
&7 10%-
c
=]
o
]
& .|
0 10 2 3 4 50 60 70 s iy
Velocity [ km/h ]
NYCC NEDC Highway
Mew York City Cycle MNew European
Driving Cycle

Wil Rl

Fahr-Geschwindigheit

Baseline: 1.6L Gasolline MPFI 4V Engine, ITW 1470 kg
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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.
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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-
ader

Automatik- Untersetzungs-
Getriebe

ransmission

/ Getriche

Crive wheels

Engine

Reduction
gear

Classical system

| Battery
Inverter
Transmission 1.
Engine m Metor‘generator

Reduction E Drive wheals

gear

Parallel hybrid system

Battary
S H

Inverter
_ ¥
Engine Metor
Generator [
T
Reductian Drrive wheals
gear

Series hybrid system

Battery

Inverter
Pewer split device i
Y
Engirne -
Reduction B Crive wheels
gear

Series/parallel hybrid system (THS in Prius)

Cluelle: Toyota Hybrid System THS I
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US Hybrid Car Sales 2004-2007

25,000

Current month by Cars Feb-07

Toyota Prius 12,227

Toyata Camry Hybrid 3,332
20,000 Lexus CS_ 4500 180

Haonda Chvic Hybrid 1,524

Honda Accord Hybrid 312

Honda Ingight - .
15,000 Nissan Altima Hybrid

Tatal

10,000 4

5-““ L '.:...

PLLPLLPLLELL PP

@ Toyota Prius = Honda Civic Hybrid o Honda Accord Hybrid O Honda Insight

0O Toyota Camry Hybrid W Lexus G5 450h OMissan Altima

S el i o8 IR s2ga

3/16/2008

194



(o i ) g 53 S ) 5 g
(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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Control shaft eccentric journal
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W 12
VW Passat W8 VW 01, Audi A8, VW W 12 Coupé
401 6,01

202 kW (275 PS) 309 - 440 kW (420 - 600 PS)
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Spark plugs
image

PERD

Possible causes and
consequences

Beige spark plug:

The engine is working properly, the mixture
composttion is correct, the heat value of the
spark plug fits.

Spark plug burned.

Aggressive fuel and oil additions, combustion
residue in the combustion chamber, poar fuel
guality, defective valves or distributers. Power
loss followed by the total failure of the engine.

Center electrode burned:

Cause; thermal overload by Gluehzuendung,
hest value of the candle too low residue in the
combustion chamber, farmerly ignition timing,
faulty valves of distributers, poor fuel guality

Glazed spark plug:

Additions to ol and gazoline are aschesartige
deposits. The deposits lead ta higher load
misfires.

Spark plug mechanically damaged:
For maotor can damage metal shavings
deposted on the spark plug or destroy them.

Possible remedies

Mo special measures are required. The spark
plug should be left in the phata, hovwewer soon
changed.

possible polluter review of ather fuel.

Candle exchange ZZP examine any
fuel

Mator zet brand spark plugs.

The spark plug should be replaced.
With repested damage is & mechanical defect in
the engine.
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Spark plugs Possible causes and consequences Possible remedies
image

In matchinghest value of the spark plug,
the mixture composition set (adjust carkuretor
ar injection, possibly starting automatic review)

Carbonized spark plug:

Hesat value of the spark plug could ke too high, fuel
mixture i too bold, predominantly used on shart baul.
long congidered to choke (automatic start adjusted),
ot dirty air fiter.

Encrusted spark plug: Maryhe oil quality change or engine setting.
Components of the oil residuces can form that Worn by high engine components, faulty
are deposited on the spark plug engine exhaust. Piston rings, valve stren

sealz engine breather

whiorn spark plug: Polluter check fuel grade.
Aggressive fuel and oil additions, unfavorable influences

flowy in the combustion chamber, deposits, and poar fuel
quality. The consequences are misfires, especially during
accelerstion and start bad behavior.

Spark plug oiling Attract spark plugs, engine overbaul.

Too much oil in the combustion chamber, piston rings In two-stroke engines: oilfuel mixing ratio
lesking, oil level is too high, spark phuy leaking (loosely, revigwved aor cessation of lubrication oil pumgp
defective). Intwo stroke engine, yoo much oil in the check

fuel through falze ailfuel mixing ratio

Spark plug white: In matching heat walue of the spark plug, the
Thermal overload by Gluehzuendung or hot mixture composition set (adsjust carburetor or
combustion, heat value could be tao high or the injection) Maybe octane rating of the fuel

fuel mixture too lean, engine tends to knock.
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To stabilize HCCI in diesel, gasoline and natural gas engines
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Diesel compared with Otto

Consumption

16.0 -

14.0

@ 1.6 Ottomotor EU4 85kW
2 1.9 Turbodieselmotor Direct Injection EU4 B0kW
®2.0 Turbodiesel D-Injection with PM Filter EU4 | 125kW

(11100 km]

12.0 -
+55%
10.0 -

8.0

+23% +45%
(] +?0%‘ T (]

6.0

4.0

20

0.0

cold NEDC warm ARTEMIS city ARTEMIS open

New European Driving Cycle NEDC land
Assessment and Reliability of Transport Emission Models and
Inventory Systems ARTEMIS
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