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Description
Object of the Invention

[0001] The present invention relates to a CDI-piezoe-
lectric system for use in scooters and mopeds, which
offers substantial advantages and evident novelty char-
acteristics compared to known means used for the same
purposes in the current state of the art.

[0002] More specifically, the present invention propos-
es a set of modifications in relation to certain elements
that compose the known CDI system (common-rail diesel
turbo injection) with piezoelectric injector, used in the die-
sel engines of motor vehicles, in such a manner that said
elements, conveniently adapted, determine the correct
installation and application thereof in scooters and mo-
peds, which would achieve such characteristics in their
engines as to considerably increase their performance,
compared to the currently applied technique. The crea-
tivity of the invention of the design in the modifications
proposed herein is specifically destined for use in single-
cylinder and two-cylinder engines of the aforementioned
vehicles, affording them the same and additional advan-
tages over motor vehicles equipped with a CDI system,
essentially in terms of savings in fuel consumption, en-
vironmental pollution and other advantages.

[0003] The field of application of the invention falls
within the industrial sector dedicated to engine manufac-
turing, specifically for scooters and mopeds.

Background and Summary of the Invention

[0004] Atpresent, the highly practical nature of scooter
motorcycles is widely known, essentially due totheir ease
of driving and mobility in cities, where they are becoming
increasingly used as ameans oflocomotion. These types
of motorcycles are currently powered by petrol engines,
lacking an intake manifold or overfeeding aid, said over-
feeding taking place by means of direct petrol injection,
in two or four strokes, with a compression ratio of 7:1 to
12.5:1, a crankshaft having unreinforced needle roller
bearings with a simple connecting rod, of the type gen-
erally used in petrol engines, conventional pistons with-
out a chamber and made of aluminium and a cylinder
head manufactured from the same material. Said en-
gines have two or four valves per cylinder and a cubic
capacity of 50 to 500 cc.

[0005] Taking the values represented in the preceding
section into account, the considerable advantages af-
forded to scooters by diesel-powered engines could be
evaluated in a similar manner to the considerable advan-
tages afforded to motor vehicles by the change in fuel
(from petrol to diesel), mainly in terms of consumption
and price, which would evidently be increased if a tech-
nology based on a system known as CDI with piezoelec-
tric injector were applied to said engine change. The use
of this system is widely accredited in motor vehicle en-
gines, wherein not only has it stood out for its lower con-
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sumption and price but also for contributing to optimising
their performance in general. To this end, the present
invention has considered the possibility that both scooter
motorcycles and mopeds can benefit from the general
advantages afforded by diesel engines, having the in-
genious creativity of adapting certain constituent ele-
ments of said CDI-piezoelectric system for correct appli-
cation thereof to scooter and moped engines, mainly in
those having a cubic capacity of 100 to 400 cc.

[0006] With the design proposed, scooters would
achieve greater autonomy, lighter weight on reducing
some components such as injectors, emit less environ-
mental pollution both from exhaust gases and noise and
have a greater possibility of reaching high engine revo-
lution speeds (5,000 to 6,000 rpm) due to lower injector
inertia, as well as reduce vibrations, achieve higher fuel
pressure, which favours ignition, greater operating ease
for mechanics in the event of failures and reduced cost
of spare parts, as these are currently available at com-
mercial establishments that sell spare parts for motor ve-
hicles.

[0007] The CDI-piezoelectric system proposed by the
invention for incorporation in scooters is characterised
in that it has different indispensable components con-
veniently installed so that said system can provide the
advantages estimated by the applicant of this invention,
in a manner similar to that provided by the same system
to motor vehicles.

[0008] Said system has a technique which provides
four valves per cylinder head, with dual intake manifolds,
manufactured from a material basically composed of re-
inforced aluminium alloys for diesel, the cylinder head
cap being manufactured from the same material and hav-
ing sufficient space for the piezoelectric injector, with the
fixation centred by means of screws in its own cavity.
Where said cylinder head contains intake and exhaust
camshafts, which actuate the valves by means of a hy-
draulic thruster. In turn, the injector used in the proposed
system does not have an electromagnet, as the 200 volt
current incident upon the piezoelectric crystals causes
these to contract or dilate to allow or block the passage
of the fuel, as opposed to current piezoelectric injectors,
which are equipped with electromagnets. Therefore, ig-
nition pressure projection is higher, the intake channel
has a different shape to guarantee greater optimisation,
and the orifice that positions the injector has a smaller
diameter (17 mm) than that of current injectors.

[0009] The engine block may be composed of grey
cast iron and built in two variants, according to the type
of construction of the motorcycle in question. Where a
variant may be built in the same manner as the engine
block, defined by two parts which support the transmis-
sion system, wherein the transmission and variator as-
sembly actin turn as rear swingarm and suspension, and
the other variant may be an engine disposed independ-
ently, associated with the chassis by means of screws
and transmitting force or movement by means of a
toothed belt or similar.
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[0010] The high-pressure pump of the system has
three compact radial pistons, reaching maximum pres-
sures of 1,800 to 2,000 bar, with a spinning regime of
around 5,000 rpm. Said pump houses the thermal fuel
probe, the flow regulator valve and the overpressure limit
valve. Fuel influx is carried out by means of independent
valves on the pump heads, in such a manner that said
fuel actuates a conical cotter pin disposed on the influx
valve, leaving a section of the opening free. When the
pump piston compresses the fuel, the valve exerts pres-
sure onto the base, obstructing it. In this manner, the fuel
outflow valve remains closed due to the resistance of a
spring and the pressure exerted by the high pressure
stemming from the distribution pipe.

[0011] The piezoelectric injector of the system pro-
posed by the invention fulfils the appropriate require-
ments for use thereofin both scooters and mopeds, which
generally have a cubic capacity of 100 to 400 cc. Where
said injector carries out its function (injection) through a
nozzle with seven orifices, directly in the combustion
chamber, which is indirectly activated by an electromag-
netic valve that activates the application and discharge
of pressure from the control chamber by means of the
injection needle. Therefore, when the injector needle is
raised (start of injection), the valve opens so that the fuel
in the control chamber returns, and when said injection
needle is closed (end of injection) the valve is shut off,
supplying the adequate pressure to the control chamber.
The system is equipped with a venturi nozzle, which func-
tions under the same principle as an aspiration pump
wherein, on producing a depression in the recovery con-
nection of the injectors, allows fuel return to increase with
the volume of the recovery fuel. This process has a high-
precision flow compared to the established pressure.
[0012] The regulator valve installed in the high-pres-
sure pump functions under the principle of electromag-
netism and consists of three main parts, the first, in order,
being an electric coil which, on applying current stem-
ming from the engine control unit, according to its oper-
ating needs, modifies the magnetic intensity thereof; an-
other part consists of a valve piston which acts while re-
actuating the modification in electromagnet field intensi-
ty, modifying the position of the valve and allowing the
passage of fuel; the third part is comprised in that the
valve box which houses the valve piston contains the
inflow and outflow orifices, which are connected inside
the high-pressure pump. Therefore, based on the mag-
netic force, this valve opens or closes the by-pass chan-
nel between the common-rail pressure field and the re-
turn.

[0013] The common-rail pressure sensor is disposed
at one end thereof, where it can detect the pressure and,
by transforming the mechanical impulse in the sensor
electronics, a signal voltage is created which corre-
sponds to the current common-rail pressure, which is au-
tomatically transferred to the engine control unit. The op-
posite end of the common-rail, that opposite the end
where the pressure sensor is installed, is equipped with
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a flow regulator valve, associated therewith by means of
threads, which functions in a similar manner to the afore-
mentioned regulator valve, i.e. under the principal of elec-
tromagnetism.

[0014] The thermalfuel probe of the system is integrat-
ed in the high-pressure pump, forming part of the low-
pressure circuit. Said probe is built according to a nega-
tive temperature coefficient, i.e. electrical resistance de-
creases as the temperature increases, sending the infor-
mation to the control unit.

[0015] The knock sensor is housed within the engine
block and functions under the piezoceramic principle, be-
ing capable of recognising internal engine combustions
by means of acoustic signals. The knock sensor has three
specific functions, which consist of recognising mechan-
ical engine ageing and transmitting it to the engine unit
so that it can act accordingly, modifying the minimum
injection adjustment, facilitating the recognition of injec-
tor needles in poor condition or stagnant and enabling
adequate self-diagnosis.

[0016] The crankshaft position sensor functions under
the induction principle, producing sinusoidal signal volt-
age which, on crossing a photoelectric barrier (an incre-
mental wheel), sends the signal to the engine control unit.
On missing two incremental teeth in the crown the signal
varies, said unit being capable of recognising the position
of the crankshaft with the missing teeth and change in
respective signal.

[0017] The engine control unit can be associated by
means of a floating screw at any point of the scooter or
motorcycle, in such a manner as to absorb the vibrations,
provided that said location is a refrigerated zone or has
an air current. Said unit has multiple functionalities, of
which some could be mentioned, such as identification
of engine load, regulation of engine idle with a minimum
work pressure comprised between 280 and 300 bar,
common-rail speed and pressure stability, activation of
the electric low-pressure fuel pump, control of the high-
pressure pump, limitation of the number of revolutions
and injection cutoff under retention regime, etc.

[0018] The low-pressure circuit is in charge of supply-
ing the injection system with the sufficient amount of fil-
tered fuel with the necessary pressure for the proper func-
tioning thereof. The electric pump is in charge of trans-
porting the fuel from the tank through the internal pres-
sure limit valve, which can restrict the pressure to a max-
imum of 8.5 bar in the event of obstruction. The fuel is
impelled by means of the high-pressure pump, being reg-
ulated at a pressure of approximately 3 to 3.5 bar by the
overpressure valve installed in the high-pressure pump.
The amount of fuel not consumed during high pressure
is returned to the tank by means of return.

[0019] The common-rail is fixed to the engine lid by
means of screws. It determines a high-resistance metal
pipe having a predetermined mechanism and connec-
tions intended for the functioning of the injector or injec-
tors (as needed) and a connection to the high-pressure
valve. Said pipe has inner threads at both ends, which
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serve to fix the pressure sensor and pressure regulator
valve, also having a connection that serves as an outlet
for the fuel to flow to the corresponding return. Said com-
mon-rail stores the fuel compressed by the high-pressure
valve and sends it according to the need of the injectors.
Its total volume must be calculated previously in order to
compensate the pressure drops on carrying out injection.
[0020] The high-pressure circuitisin charge of creating
and accumulating the high pressure required for injec-
tion, where the high-pressure pump compresses the fuel
regulated according to the common-rail, sending said fuel
to the injectors through the high-pressure pipes. The CDI
control unit detects, via its incoming signals, engine sta-
tus and the driver’s needs at all times. In the event that
fuel (diesel) temperature is less than 10°C, the common-
rail pressure is regulated by the pressure regulator valve
and raises its temperature as soon as possible. On com-
pressing the fuel at high pressure, the high-pressure
pump heats up and excess flow is discharged by means
of return via the pressure regulator valve. In this manner,
the cold fuel accumulated in the tank mixes with the in-
coming hot fuel via the return pipes. In the event that fuel
temperature is higher than 10°C, the common-rail pres-
sure is regulated by means of the high-pressure pump
flow regulator valve. Therefore, the pressure regulator
valve remains closed during the process and the high-
pressure pump only receives the flow necessary for com-
mon-rail pressure. In this manner, excessive heat emis-
sion is reduced in order to maintain an optimal diesel-oil
temperature.

[0021] System overfeeding is destined for generating
pressures in the intake manifold of around 0.8 and 1.5
bar, in accordance with engine characteristics, cylinder
capacities and needs. The current formed by the exhaust
fumes is used to turn the turbo turbine. The regulation of
said turbine may be varied electronically, modifying the
position of the blades in its interior and, in turn, the lev-
eraged flow of exhaust fumes, increasing or decreasing
with the corresponding rotation of the turbine, in accord-
ance with engine needs. The number of exhaust fume
revolutions determines the compressed air current, i.e.
overfeeding pressure. The overfeeding pressure trans-
mitter constantly controls the pressure and transmits it
to the CDI unit. In order to control overfeeding pressure,
the engine control unit takes into account the information
stemming from the cooling and overfeeding temperature,
atmospheric pressure, number of engine revolutions and
injection flow. The invention envisages another overfeed-
ing alternative, which consists of a small-sized volumetric
compressor which, mechanically receives constant
movement from the engine through a toothed belt and,
through the aforementioned sensors envisaged in the
CDI engine unit, gradually acts on a butterfly valve, cre-
ating excess intake pressure or releasing it according to
engine load needs.

[0022] The air distribution pipe may be composed of a
high-resistance plastic material, designed with predeter-
mined structural differences in the shape and length
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thereof, with the object of favouring the entrance of air
at different revolutions, and may also have two filling
channels per cylinder, one being straight and the other
spiralled. Each filling channel can be shut off by means
of an electronic butterfly valve, controlled by the CDI en-
gine electronic unit, according to engine needs and work
regime, thereby modifying the engine’s intake capacity.
In order to act on the intake manifold, the engine control
unit takes into account certain values such as the air
mass gauge, thermal overfeed air sensor and overfeed,
feed and crankshaft transmitters, etc.

[0023] It must also be pointed out that pre-heating of
the CDI-piezoelectric system is mainly aimed at fulfilling
the EURO-4 and OBD-IV emission standards, due to the
fact that, as the system has been designed to work at
high pressure, it reaches the necessary optimal temper-
ature for startup, due to which said pre-heating can be
very brief, as well as a more stable engine idle and ad-
justable incandescence temperature.

[0024] The common-rail system proposed by the in-
vention, for use in scooters and mopeds, affords multiple
advantages which have in general always been associ-
ated with this type of technology applied to motor vehi-
cles, such as: variable injection momentum and pres-
sure, a particularly fine spray of fuel, high combustion
pressure with richer combustion, less emission of con-
taminating agents, lower fuel consumption and greater
rotation torque. The dosage of the injection flow is carried
outwith great precision, having several combustion stag-
es: prior, main and subsequent, wherefrom additional ad-
vantages are obtained which comprise: longer mainte-
nance of the process at a constant pressure (main injec-
tion), higher degree of thermal performance, smoother
combustion process (prior injection) and the option of
subsequently processing the exhaust fumes (subse-
quent injection). The crankshaft is composed of a more
reinforced material with bushings and ball bearings, and
the connecting rods are also reinforced with a pre-cham-
ber having a different design, in the form of a flattened jar.

Brief Description of the Drawings

[0025] The main characteristics claimed by the inven-
tion herein shall be further explained in the detailed de-
scription below, alluding to the different modified and/or
substituted parts in the corresponding mechanism of the
scooter engine or in the case of the moped, which has
been built according to the indications of the invention
and, for greater explanatory clarity, reference is made to
the attached drawing, which corresponds to a preferred
embodiment, provided solely for illustrative and non-lim-
iting purposes, where:

Figure 1, being the only attached figure, shows a
general schematic view of the feed system of the
engine proposed herein for use in a scooter or
moped.
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Description of a Preferred Embodiment

[0026] As mentioned earlier, a detailed description of
the CDI system with piezoelectric injector for scooter en-
gines, proposed by the invention, will be provided below
with the help of the attached drawing, wherein numerical
references have been used to designate its constituent
parts.

[0027] Therefore, in accordance with the schematic
drawing of figure 1, a piezoelectric injector 1 can be ob-
served, envisaged for use in the system due to its high
performance in direct diesel injection, which provides ac-
curate control of the adequate dosage of fuel at intake,
an important value to be taken into account in terms of
fuel savings, in such a manner that said injector has two
ports (2, 2’) conveniently disposed nextto one end, where
one port 2 is for fuel flowing in from the common-rail at
high pressure and the other port 2’ is for return fuel flowing
out via the return pipe, marked in the drawing by means
of arrows that indicate the direction of the fuel. The inte-
gration of the common-rail (CDI) 3 ensures less noise
emission during combustion, providing greater injection
accuracy, being generally of cylindrical shape and having
a pressure regulator valve 4 on one end and a pressure
sensor 5 on the other end, while fuel inflow and outflow
ports are disposed in the intermediate area, a first port 6
being for fuel flowing out towards the injector at high pres-
sure, another similar port 6" separated by a distance of
a few millimetres being for fuel flowing from by the pump
7 athigh pressure and the third port 6" being diametrically
opposed to the aforementioned ports (6, 6°), which
serves as an outlet for the return pipe.

[0028] The high-pressure pump 7 has been represent-
ed in the drawing, which is in charge of sending the high-
pressure fuel to the common-rail 3, flowing out via the
port 8. The pump 7 has another two ports, one port 8
being for fuel flowing in via the return pipe from the com-
mon-rail 3 and another port 8" envisaged for supplying
the fuel from the tank 12 to the pump. Additionally, it
includes a flow regulator valve 9 and a thermal probe 10.
[0029] The circuit represented in the drawing has a
filter unit 11 of cylindrical shape with two ports (13, 13’)
on one of its bases, one being for the fuel flowing 13 from
the tank 12 and the other being for the fuel flowing 13’
towards the pump 7. Part of the return fuel reaches the
tank 12 via the return pipes and, once there, the pipe
branches off (14, 15), in such a manner that one of these
two pipes 14 discharges the return fuel into the tank, while
the other 15 impels the return fuel directly towards an
electric pump 16 installed in the tank, the latter being in
charge of impelling the diesel flowing out from the tank
towards the pump via the filter.

[0030] In the drawing shown in figure 1, four connec-
tions have also been represented, encircled 17 for great-
er clarity, which enable better distribution and use of the
fuel throughout the feeding system. The different func-
tions of the pipes have also been represented by means
of numerical references for greater clarity, in such a man-
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ner that the pipes marked with the numerical reference
18 represent the high-pressure fluid, those marked with
the numerical reference 19 represent the low-pressure
fluid and, finally, the pipes marked with the numerical
reference 20 represent the return fluid.

[0031] Further extension of the content of this descrip-
tion is not deemed necessary for a person skilled in the
art to understand its scope and the advantages deriving
from the invention, as well as for developing and imple-
menting the object thereof.

[0032] Nevertheless, it should be understood that the
invention has been described according to a preferred
embodiment thereof, due to which it may be susceptible
to modifications, particularly to its general shape, the size
of the parts and/or the materials wherefrom said parts
have been manufactured, provided that these fulfil the
requirements imposed by the use for which they are des-
tined.

Claims

1. CDI-piezoelectric system for usein scooters and mo-
peds, particularly in engines comprised within a cu-
bic capacity range of between 100 and 400 cc, with
lower fuel consumption, lower environmental pollu-
tion indexes, significantly higher fuel pressure and
other similar advantages, characterised in that it
includes the following constructive and functional
characteristics: a feed system specially adapted to
this specific use with the incorporation of a piezoe-
lectric injector (1), common-rail type injection tech-
nology (3) and a high-pressure pump (7).

2. System, accordingto claim 1, characterised in that
the common-rail (3) element comprises a pressure
sensor (5), a pressure regulator valve (4), a port (6)
for fuel flowing out at high pressure towards the in-
jector, another port (6’) for fuel flowing in from the
high-pressure pump and a third port (6”") for outflow-
ing return fuel.

3. System, accordingto claims 1 and 2, characterised
in that the high-pressure pump (7) has a flow valve
(9), a thermal probe (10), a port (8) for fuel flowing
out at high pressure and two inflow ports (8’, 8").

4. System, according to one or more of claims 1 to 3,
characterised in that it has different manifolds or
pipes for the fuel fluid, of which some (18) are for the
high-pressure fluid, others (19) are for the low-pres-
sure fluid and the rest (20) are for the return fuel. It
also has four connections (17) that determine the
optimal use of the fuel.
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