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Introducti on
Notwithstanding the diffi  cult economic climate 
that the automoti ve industry is currently experi-
encing worldwide, there is no letup in terms of the 
statutory requirements for the reducti on of emis-
sions and fuel consumpti on. On the contrary, the 
future exhaust gas standards such as Euro 6 (from 
2014) and CO2 legislati on pose great challenges to 
both gasoline and diesel engines. Firstly the emis-
sion of combusti on by-products such as nitrogen 
oxides (NOx) and soot (parti cles) must be reduced 
further. Secondly, the emission of CO2 – which, as 
an original product of the exothermal chemical re-
acti on in the combusti on chamber, has an impact 
on the climate – must be reduced, and that can 
only be achieved if fuel consumpti on conti nues to 
fall.

Whilst the classic automobile markets in Europe 
and USA/NAFTA are likely to see only a slow recov-
ery, in Asia the demand for individual mobility is 
set to increase sti ll further; most notably in China 
where, if anything, the level witnessed in 2007 is 
likely to be reached again in 2011. The greatest de-
mand is in the A and B segments, that is to say 
those vehicles for which the vehicle manufacturer 
and supplier must weigh up issues relati ng to tech-
nological complexity and economic constraints. 
The growth rates are similarly high for South Amer-
ica, but at a lower absolute level. The upshot is that 
there is demand for years ahead (Figure 1).

In order to meet this level of demand success-
fully, further progress is necessary in engine sys-
tem technology. Both diesel and gasoline en-
gines offer potential in this respect. In the case 
of gasoline engines, it is primarily direct injec-
tion (DI) technology that will be used increas-
ingly because it lowers consumption directly and 
also, in combination with turbo charging, en-
ables an indirect reduction of engine displace-
ment (downsizing) and thus further increases in 
efficiency. It means that gasoline engines can be-
come economical on a par with their diesel 
counterparts. There is also potential for diesel 
engines. More targeted management of the 
combustion process and improved processing of 
the air-fuel mixture are smoothing the way for 
greater efficiency.

Moreover, both types of engine are becoming 
increasingly similar, and therefore both pose 
closely related challenges. For example, the is-
sues of NOx reduction and soot formation in DI 
gasoline engines are becoming increasingly rel-
evant – which was not the case with a naturally 
aspirated engine. This is reflected likewise in the 
efforts being made to optimize the inner work-
ings of the engine and to render the treatment 
of exhaust gas more efficient. The air path is also 
becoming increasingly similar in both engine 
types. The same applies to the trend towards 
greater variability in the valve gear (opening and 
closing times, valve overlap, valve lift). Because 
of this increasing level of similarity, the technical 

solutions for both types of engine are becoming 
more closely linked – right through to exchange-
able software functions in engine management 
systems.

There is also the fact that the underlying condi-
ti ons for engine system technologies vary with 
the diff erent markets and classes of vehicle. There 
are therefore no universal soluti ons. Instead, in 
future it will be the vehicle’s weight class and the 
target market which, more than ever, will deter-
mine the technologies that will be employed in 
engines. In the emerging markets, for example, 
the demand will be for smaller engines with a low 
number of cylinders. Yet here, too, the require-
ments in respect of emissions are very high. The 
diff erences in legislati on governing exhaust gases 
worldwide will narrow from 2014/2015 (for ex-
ample with the introducti on of Euro 5 in many 
markets). The converse argument is that only 
highly effi  cient system technology which uti lizes 
the synergies from the mechatronic combinati on 
of soft ware, electronics and hardware will have 
any sort of future.

Conti nental is prepared for these challenges and 
off ers vehicle manufacturers soluti ons for all re-
quirements by applying a system approach. From 
mechanical components through to electronic 
hardware and soft ware, the technological solu-
ti ons are tailored to all levels of the system and 
prepared with future requirements in mind.

System approach in 
engine technology
Because of the differing underlying conditions, 
Euro 6 system approaches for diesel and gaso-
line engines will vary from vehicle model to ve-
hicle model. The question of what technology is 
to be used in a particular vehicle will be based 
more than ever on statutory and economic re-
quirements. In the face of these defined goals 
and objectives, it is possible to specify for each 
individual vehicle which technology is the right 
one in a particular engine.

Diesel engine development
If we look, for example, at the total costs for a 
diesel engine together with the associated 
after-treatment system, the picture that emerg-
es is one of various layers of complexity: in 
the case of small vehicles with a very narrowly 
restricted cost framework a pre-defined overall 
system approach with off-the-shelf com-
ponents is required (EASY-U, see below) in 
order to fulfill price requirements. Medium to 
heavy vehicles require a flexible product line 
approach in order to be able to offer system 
solutions that comply with requirements (Fig-
ure 2).

Figure 1 Future growth in passenger cars and light commercial vehicles will come mainly from Asia Figure 2 Technology opti ons for diesel engines related to vehicle weight
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In the case of engines for medium to heavy vehi-
cles (up to around 1.7 tons), the emissions specifi -
cati ons (and in some cases the CO2 targets also) 
can opti onally be achieved through increased use 
of internal engine opti mizati on using higher-end 
injecti on systems or through simpler injecti on sys-
tems and more comprehensive exhaust aft er-treat-
ment. Because of the direct interacti ons between 
both levels of the components and functi ons in-
volved, there is scarcely any alternati ve to a system 
approach.

A comparison of the technology opti ons available 
to diesel engines makes it very clear just how great 
the infl uence of the vehicle class, and therefore of 
the vehicle weight, is on the choice of technology 
to be employed. In the case of small and medium-
sized vehicles in connecti on with suitable injecti on 
systems, it may be that it will be possible to comply 
with the emissions requirements of the Euro 6 
standard without additi onal exhaust gas aft er-
treatment, for example in the form of selecti ve 
catalyti c reducti on (SCR) with urea. In the case of 
vehicles with a larger specifi c output and higher 
weight, on the other hand, a system for reducing 
nitrogen oxides (NOx) in a conventi onal powertrain 
will be inevitable (Figure 3).

Key role of high-pressure injecti on

Preparati on of the mixture in the combusti on 
chamber will play a key role in the further opti mi-
zati on of diesel engines. Ever higher injecti on pres-
sures, ever fi ner and ever more even atomizati on 
of the fuel, very accurately dosed fuel quanti ti es 
and control strategies with multi ple injecti on puls-

es (multi ple injecti on) 
have made the diesel 
engine an extremely 
economical and effi  -
cient form of drive 
technology. And the 
development goes on. 
Injecti on pressures will 
also conti nue to in-
crease, with 2000 bar 
and more is on the 
roadmap.

The piezo injectors for 
common rail systems 
developed by Conti -
nental, and which have 

now become fi rmly established in the market, rep-
resent a major step forward [1]. With their rapid 
switching capacity and high level of precision, 
these injecti on valves are suitable for demanding 
control systems in which the ti ming and quanti ty of 
the fuel delivery phase must be very accurate with 
high repeatability (so-called “shot-to-shot” accu-
racy). Moreover, piezo injectors allow a very large 
spread of the injecti on quanti ty, that is to say they 
can both meter very small quanti ti es of fuel very 
accurately (economically in part load conditi ons) 
and as well dose large quanti ti es of fuel (under full 
load). Their dynamics are so great that the transi-
ti ons from one operati ng point to another can be 
very quick. With injectors of this type, highly ma-
ture low-emission, low-noise combusti on strate-
gies – for example with pre-, main and post-injec-
ti on – can be realized (Figure 4).

Conti nental has now developed a new generati on 
of piezo injectors for injecti on pressures of be-
tween 2000 and 2200 bar (Figure 5). With these 
NG injecti on valves, a hydraulic boost is no longer 
required to achieve the desired movement of the 
nozzle needle. Because the actuator has a direct 
eff ect on the nozzle, the reacti on – that is to say 

the injecti on – occurs more directly than with 
those of the hydraulically boosted generati on – 
and without its hydraulic retroacti ons. As the NG 
injector has almost no leakage it is parti cularly ef-
fi cient. The new generati on of injectors also makes 
it possible – with up to nine injecti on pulses per 
cycle – to shape the adjusti ng characteristi cs of the 
injecti on process (so-called “rate shaping”). This 
enables what is known as a boot injecti on. A small-
er, variable quanti ty of fuel directly before the 
main injecti on reduces, amongst other things, the 
injecti on noise by several decibels. The rate shap-
ing can be set fl exibly in broad ranges (Figure 6).

Another new feature is the use of a multi -layer ce-
ramic actuator in the piezo injector as a sensor. Be-
cause the electrical and mechanical behavior of 
the piezo ceramic are known, the actual positi on of 
the nozzle needle can be calculated if the electrical 
current of the actuator and the general conditi ons 
(temperature etc.) are also known. In this way it is 
possible to calculate for each individual cylinder 
how much fuel has actually been injected [2]. This 
is because even the precise piezo actuators are 

subject to minimal, producti on-specifi c tolerances 
from injector to injector, and they also exhibit a 
certain level of drift  over the total operati ng peri-
od. Even these small tolerances are becoming rel-
evant in the face of current emissions require-
ments. If, however, the actual positi on of the nozzle 
needle is known, it means that it is possible, for the 
fi rst ti me, to establish a closed-loop control system 
in which the ACTUAL quanti ty of fuel can be ad-
justed to the TARGET quanti ty specifi ed by the en-
gine management system for each individual cylin-
der. This not only makes the combusti on process 
cleaner, it also means that the individual cylinders 
work more evenly (cylinder balancing). The closed-
loop control during injecti on also creates the basis 
for self-diagnosti cs as it will increasingly be re-
quired in North America (on-board diagnosti cs, 
OBD2/3).

In order to create the injecti on pressure for the in-
jectors, Conti nental is at the same ti me increasing 
the effi  ciency of the diesel high-pressure pumps 
with a delivery pressure of initi ally up to 2000 bar. 
The new design sees the existi ng 2- and 3-piston 
pumps replaced by new generati ons of single-pis-
ton pumps designed for diff erent delivery rates 
and forms of integrati on into the engine. From 
2011 this will also include compression-proof ver-
sions for start-stop systems. In the medium term, 
piston pumps with up to 2500 bar delivery pres-
sure will be available for Euro 6 applicati ons. They 
are currently under development.

Gasoline engine development
Gasoline engines remain by some way the domi-
nant form of drive mechanism used in passenger 
cars. At present, naturally aspirated engines with 

fuel injecti on into the 
inlet port (port injec-
ti on) dominate the 
worldwide market 
(75 % of all gasoline en-
gines employ this set-
up). The gasoline en-
gine is now on the 
verge of a renaissance 
that is linked mainly to 
direct injecti on (DI) 
technology. The future 
of multi -point port in-
jecti on (MPI) in which 
the gasoline is injected 

Figure 4 Chart/diagram with three pre-injecti ons, 
one main injecti on and two post-injecti ons

Figure 3 Infl uence of engine displacement and vehicle mass on engine system 
technology (PCR2 = current servo-driven piezo injector)

Figure 5 New-generati on (NG) piezo injector with 
direct operati on of the nozzle needle

Figure 6 Diagram showing the boot injecti on variability directly before the main 
injecti on with varying quanti ty QBoot
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into the inlet port just in front of the inlet valve (so-
called external mixture formati on) lies primarily in 
smaller engines, while for the medium class and 
above DI engines will come increasingly to the fore. 
In order to make as many gasoline engines as pos-
sible cleaner and more economical, technologies 
are required for both injecti on systems. The Conti -
nental system approach takes this into account 
(Figure 7) and comprises soluti ons for all segments 
and engine sizes.

In best-cost systems employing MPI technology, 
Deka 7 -type Conti nental injectors in connecti on 
with pre-confi gured engine management systems 
customized in terms of its range of functi ons 
(EASY-U: see below) enable applicati ons through to 
Euro 6 with progressive on-board diagnosti cs 
(OBD2). Within this segment, gasoline engines are 
operated for the most part with a homogenous 
mixture in which the quanti ty of air is controlled in 
such a way that the fuel gets exactly the right quan-
ti ty of oxygen for complete combusti on (mixture 
rati o of air to gasoline 14.7:1; lambda = 1).

Even gasoline engines with direct injecti on will 
largely employ homogenous engine operati on. In-
novati ve injectors such as the Conti nental solenoid 
valve generati on XL3 (Figure 8) are designed for 
medium and large engines which must also fulfi ll 
the requirements of Euro 6 and OBD2. As there is 
no wall wetti  ng in the inlet port in a DI engine and 
the conditi ons for the mixture of air and fuel are 

parti cularly favorable (internal mixture formati on), 
direct injecti on produces far fewer emissions than 
MPI. However, the injecti on pressures required are 
far higher than those on MPI systems. The new XL3 
injectors, for example, are designed for pressure of 
up to 200 bar (Figure 8). Special actuati ng electron-
ics enable improved injecti on of small quanti ti es, 
but also the possibility of multi ple injecti on in 
which a very small ignitable mixture cloud is creat-
ed by two or three injecti on pulses following in 
quick succession.

The biggest reducti on in fuel consumpti on is made 
possible in gasoline engines through lean opera-
ti on (lambda >1) under part load. XL3 gasoline in-
jectors are parti cularly suitable in this respect be-
cause their high dynamics and precision enable a 
strati fi ed charge in an extended range at part load. 
This technology is diffi  cult to master because the 
cloud of fuel spray involved must always be of the 
same form and depth of penetrati on – despite 

widely fl uctuati ng pressure conditi ons – in order to 
ensure consistent igniti on. Conti nental is currently 
working on the development of further genera-
ti ons of injectors for opti mized strati fi ed combus-
ti on or controlled auto igniti on (CAI). These will 
also comply with coming legislati on. Segmentati on 
of the available technologies for gasoline engines is 
illustrated in Figure 9.

Gasoline engine opti mizati on is rendered parti cu-
larly challenging by the fact that, from 2015, under 
emissions standard Euro 6 not only will the quan-
ti ty of soot have to be limited to 4.5 mg/km, but 
there will also be an upper limit for the number of 
soot parti cles permitt ed in exhaust gas. Parti cularly 
in the case of effi  cient DI engines it must be en-

sured at the development stage that there is a 
good balance between NOx formati on (combusti on 
temperature too high) and the formati on of soot 
parti cles (combusti on temperature too low). Injec-
tors are increasingly becoming a key component 
because they exert a signifi cant infl uence on the 
quality of combusti on.

An enti rely new requirement for developers of 
gasoline engines is their use in range extender (RE) 
electric vehicles. In this drive concept, the gasoline 
engine is used exclusively to generate current for 
the purpose of charging the batt ery. The require-
ments for a gasoline engine used in an RE vehicle 
are quite diff erent from those for a gasoline engine 
used in a conventi onal vehicle (Figure 10). Conti -

Figure 7 Areas of use for injecti on technology and valve control in gasoline engines

Figure 8 XL3-type solenoid valve injector for multi ple 
injecti on and strati fi ed charge

Figure 9 Segmentati on of technology for gasoline engines

Figure 10 Diff erences in the requirements profi le for engines for range extenders and conventi onal combusti on engines
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nental has recognized this challenge at an early 
stage, and is currently evaluati ng existi ng gasoline 
engine technologies in respect of their suitability 
for and relevance to RE vehicles.

Scalable engine 
management systems
The broad range of technology options for mod-
ern combustion engines is also reflected at en-
gine management level: there is a considerable 
gap between a management system for an en-
gine application in the basic segment and one 
for a high-end application which is difficult to 
bridge both technically and economically. For ex-
ample, despite comparatively demanding pe-
ripheral equipment, for reasons of cost it must 
be possible to quickly apply a cost-effective pre-
configured system for the OEM, while a high-end 
solution must be primarily open for the large 
number of technological options and the incor-
poration of software of the OEM or other suppli-
ers.

This has been implemented by Continental at an 
early stage with its EMS2 engine management 
platform. In doing so, Continental has to a cer-
tain extent adopted the current AUTOSAR ap-

proach. The particular thing about EMS2 is the 
co-coordinated range of hardware and combin-
able, reusable software function packages (ag-
gregates). The broadly recognized advantages of 
this open, scalable management system are sus-
tained and expanded in the new EMS3 platform 
generation.

At the same ti me, Conti nental has used its plat-
form experience to develop an engine manage-
ment soluti on which can also be opti mally applied 
to vehicles in the emerging markets. Designated 
EASY-U, this cost-eff ecti ve soluti on comprises a 
portf olio of elements for a complete, scalable en-
gine management system of modular design for 
gasoline engines with MPI and up to 4 cylinders 
(Figure 11). In additi on to the EASY-U basic con-
cept, Figure 11 shows the other product lines for 
fl exible use (MOVE-U) and the open high-end 
range (Power-U).

For all applications above the basic segment, the 
new AUTOSAR-based engine management plat-
form EMS3 provides a consistently open archi-
tecture with which Continental can either offer 
complete solutions from one source or incorpo-
rate components (software and hardware) from 
other manufacturers (Figure 12). The existing li-
brary of software units combines the security of 
validated and tested software with the cost ef-
fectiveness of a modular approach. With identi-

cal functions, the relevant software modules ca-
ter for diesel and gasoline engines in a common 
unit.

The associated control unit platf orms are also scal-
able, and reduce the development ti me for an en-
gine management system despite the high level of 
functi onal complexity involved. In order to cater 
for management soluti ons of varying capability, 
the hardware comprises a microcontroller in highly 
integrated 90 nm Tricore or PowerPC technology in 
fi ve graduated performance classes and an ECU 
housing concept opti mized in terms of both size 
and weight.

Air path
In additi on to the reliable mastery of injecti on 
technology, a more exact knowledge and control of 
the supply of fresh air will be required in future. 
The accuracy with which the infl ow of fresh air is 
recorded and the mastery of the dynamics of the 
process have a considerable infl uence on emis-
sions. Only if the air supply to the combusti on 
chamber is known precisely can the injecti on be 

controlled so as to provide an opti mum mixture. A 
deviati on of ±1 % in the recording of the oxygen 
concentrati on can lead, for example, to a change of 
up to ±10 % in the volume of nitrogen oxide emit-
ted.

For this reason, Conti nental has not wasted any 
ti me in developing model-based air path functi ons, 
and has brought fl exible control of air quanti ty by 
means of variable valve control to mass producti on 
level. Such a control system combines several phys-
ical sub-models augmented by numerical methods 
for describing variable disturbances in the move-
ment of air in the inlet manifold that are diffi  cult to 
model.

The great advantage of such model-based control 
systems is the fact that they require dramati cally 
less eff ort in terms of calibrati on (calculati on of the 
individual data points for engine characteristi c 
maps). The model-based control system in a test 
applicati on, for example, replaced a total of 48 en-
gine characteristi c maps which would otherwise 
have to be parameterized for the variable valve 
control system of each vehicle model. By direct 
comparison, a model-based control system deliv-
ers outstanding accuracy. The precision of its pro-
jecti ons is covered almost completely with the in-
terpolati on of the values in engine characteristi c 
maps (Figure 13).

The fully variable valve adjustments of the future 
which will be able to fl exibly control both opening 
ti mes and valve lift  on the inlet and outlet sides of 
the engine mean that emissions, consumpti on and 
driving dynamics can be opti mized sti ll further. The 
UniAir system produced by Schaeffl  er – which also Figure 11 The product line strategy of Conti nental engine management systems

Figure 12 A complete scalable soluti on that is also 
open for integrati on: EMS3 with PowerSAR 
architecture (AUTOSAR for powertrain use)

Figure 13 Correlati on of air mass (MAF) based on 
sensor data/engine characteristi c map (blue) 
and a model-based control system (red)
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engines. When tested on the system prototype, 
the durati on of combusti on of the igniti on spark 
was extended signifi cantly by means of a conti nu-
ously recharged spark (Figure 16). Despite the in-
creased energy required for the igniti on spark, 

this technology promises a much improved ser-
vice life of the spark plug. At the same ti me, the 
region covered by the spark is increased and the 
shape of the spark can be defi ned by closed-loop 
control of the energy supply. This is a further op-
portunity for reliable igniti on of, above all, lean or 
strati fi ed mixtures (lambda >1), or for igniti ng 
misfi res resulti ng from an over-rich mixture. This 
is achieved by greater depth of penetrati on into 
the combusti on chamber and larger energy con-
tent.

Exhaust gas recirculati on (EGR) will play a more im-
portant role in future. Firstly it reduces the tem-
perature in the combusti on chamber, and there-
fore restricts the build-up of nitrogen oxides, and 
secondly EGR can increase the exhaust gas volu-
metric fl ow at low engine speeds and therefore 
support earlier turbocharger response. Conti nen-
tal is conducti ng research in this fi eld to identi fy 
the opti mum means of returning exhaust gas into 
the combusti on chamber.
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will be driven by Conti nental control units in the 
future – is an example of such a fully variable valve 
adjustment system (Figure 14).

Exhaust gas aft er-
treatment – SCR
If inner-engine measures alone are not suffi  cient to 
comply with the future NOx limits sti pulated by the 
Euro 6 emissions standard, then the vehicle must 
be equipped with an exhaust gas aft er-treatment 
system. Corresponding systems for selecti ve cata-
lyti c reducti on (SCR) convert the nitrogen oxides 
into harmless nitrogen and water. They are based 
on the injecti on of an aqueous soluti on (“AdBlue”) 
in the exhaust gas apparatus which contains urea.

In order to guarantee the successful reducti on of 
nitrogen oxides, this injecti on process must be very 
accurate. In additi on to exact volumetric admea-
surements, it includes primarily an atomizing cone 
with evenly fi ne atomizati on of the reducti on ma-
terial. In additi on, it must be ensured that the urea 
soluti on is also injected in liquid form at low tem-
peratures. Because of their small cross-secti on, the 
pipes, in parti cular, must be protected against low 
ambient temperatures. To this end, Conti nental 
has developed dosing units (Figure 15), control al-
gorithms (soft ware), the SCR control unit and heat-
ed pipes with which major key components are 
available for SCR systems. Conti nental NOx sensors 
provide a basis for calculati ng in each case the re-
quired supply of reducti on fl uid. Other compo-
nents and know-how are provided courtesy of de-
velopment partner Emitec, a 50 % subsidiary of 
Conti nental which also carries out system integra-
ti on in its capacity as a system provider.

Outlook
Injecti on pressures will conti nue to increase in 
both diesel and gasoline engines because higher 
pressure makes improved treatment of the air-
fuel mixture – and therefore even cleaner com-
busti on – possible. Diesel injectors in parti cular – 
but increasingly also gasoline injectors – have 
today become a mechatronic cutti  ng-edge tech-
nology which, because of the requirements in re-
spect of accuracy, must be fi tt ed in some cases in 
a clean room in order to exclude any possibility of 
impuriti es in the vicinity of the micrometer. On 
the control system side, the technical opportuni-
ti es aff orded by the injectors are converted into 
effi  cient and clean injecti on strategies, whereby 
an ever-increasing number of injecti on pulses are 
used to enable, in additi on to preparati on of the 
mixture, treatment of the exhaust gas and/or its 
regenerati on. In future, even more powerful in-
jectors will create a preconditi on for further de-
veloped combusti on processes such as controlled 
auto igniti on (CAI) for gasoline engines and ho-
mogenous charge compression igniti on (HCCI) for 
diesel engines.

Igniti on plays a major role in the further opti miza-
ti on of the gasoline engine. Conti nental is cur-
rently developing, for example, a constant-cur-
rent igniti on process for turbocharged gasoline 

Figure 14 UniAir valve control system for fully variable 
control of engine venti lati on

Figure 15 SCR dosing unit for injecti ng reducti on fl uid 
containing urea into the exhaust system

Figure 16 Igniti on spark diff usion during the 
constant-current igniti on process


