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Claim
1. Injection device to inject fuel into internal combustion engines
with an injection nozzle to which fuel is supplied by means of a
pressure iripulse device that compiises an intermittently operating
reciprocating pump that accelerates the fuel and a shut-off valve that
delays the flow of fuel, whereby the activation of said shut-off valve
transforms the kinetic energy of the accelerated fuel into an impulse
wave abruptly ejecting the fuel via the injection nozzle, characterised
by the fact that the reciprocating pump is driven electromagnetically,
and the shut-off valve is an electromagnetically activated valve,
whereby one common electronic control unit for the pump as well as
the shut-off valve and a closed fuel circuit are provided, and the
closed fuel circuit connects an inlet chamber behind a delivery
plunger of the pump with an oscillation line space in front of the
delivery plunger of the pump.
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(57) Abstract

A fuel injection device (5) for internal combustion en-
gines has an injection nozzle to which fuel is supplied by means
of a pressure device comprising a fuel-acceierating pump (1)
and a fuel-retarding device (6) which, when activated, convert
the kinetic energy of the accelerated fuel abruptly to a pressure =/
shock wave which causes the fuel to be sprayed through the in- 2
jection nozzle (5). According to the invention, an intermittently , %
operated fuel-accelerating pump (1) is used. This pump (1) and
the preferably electrically operated retarding device (6) are pref- DOTIABLR
erably controlled by a common control device (8). As a result, ' VR
the injection device can be operated with very little, optimally - 4w Pl
utilized energy and can inject fuel in a precisely controllable , )
manner very quickly and when decoupled from the motorized ' [j:]
operations. ;

(57) Zusammenfassung

Die Erfindung betrifft eine Vorrichtung zum Einspritzen von Kraftstoff filr Brennkraftmaschinen mit einer Einspritzdiise
(5), der Kraftstoff durch eine Druckstosseinrichtung zugefiihrt wird, die eine kraftstoffbeschleunigende Pumpe (1) und eine kraft-
stoffflussverzogernde Einrichtung (6) umfasst, durch deren Betitigung die kinetische Energie des beschleunigten Kraftsstoffes
schlagartig in eine den Kraftstoff iiber die Einspritzdiise (5) abspritzende Druckstosswelle umgewandelt wird. Erfindungsgemiss
wird eine intermittierend betriebene Kraftstoffbeschleunigungspumpe (1) verwendet, wobei vorzugsweise diese Pumpe (1) sowie
die vorzugsweise elektrisch betitigbare Verzégerungseinrichtung (6) durch eine gemeinsame Steuereinrichtung (8) angesteuert
werden. Dadurch wird erreicht, dass die Einspritzvorrichtung mit geringer optimal ausgeniitzter Energie betrieben werden kann
und sehr schnell sowie entkoppelt von den motorischen Vorpingen prizise steuerbar Kraftstoff einzuspritzen vermag.
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The invention pertains to a fuel injection device for internal
combustion engines.

Fuel injection devices for internal combustion engines are very
common and have gained acceptance in practical applications in
many different variations, but all of which have different deficiencies.

Pumps with plungers r- pistons that are activated by cams are
customary for the direct injection of diesel fuel as well as the injection
in the so-calied precombustion chamber process, whereby the cams
are arranged on a cam shaft that is directly driven by the crankshatt.
The quantitative adjustment is facilitated by control edges machined
into the pistons or plungers. Pumps of this type require a high
operating power over the entire crank path of the internal combustion
engine or the diesel engine, and may thus not be controlled
electronically.

An injection device of the initially mentioned type may in comparison
be regulated by an electronic control. The construction of such a
known injection device is in the following described with reference to
Figure 1 in conjunction with Figures 2 and 3, which illustrate typical
pressure profiles of the pressure impulse device by means of which
fuel is supglied to the injection nozzle.

Fuel is fed from the fuel tank (1) into a fuel line (5) at a pressure
between approximately 3 and 10 bar by means of a fuel pump (2),
whereby a pressure regulator (3) and a damping device (4) are
arranged in said line. A shut-off valve (6) which is, for example,
activated electromagnetically is arranged at the end of the line (5),
and the fuel accelerated by the pump (2) is returned to the fuel tank
(1) via the shut-off valve if said valve is opened. The abrupt closing of
the shut-off valve (6) transforms the kinetic energy of the fuel flowing
through the line (5) as well as the line (7) into pressure energy. The
intensity of the thus created pressure impulse is approximately
between 20 and 80 bar, which in other words means approximately
10 times the flow pressure produced by the pump (2) in the line (5),
which is also called the oscillation line. The pressure impulse created



10

15

20

25

30

2

at the shut-off valve (16) is used for the ejection of the thus
accelerated fuel via an injection nozzle (10), which is, via a pressure
line (9), connected to the valve (6) and thus to the line (5).

This known fuel injection device may be controlled electronically i.e.
by means of an electronic control unit (8) that is connected to the
valve (6), due to the utilisation of a shut-off valve that may be
controlled electromagnetically.

The pressure impulse reduced in the pressure line (5) during the
abrupt closing of the shut-off valve (6) travels through the lines (5, 7,
and 9) in the form of a pressure wave at the speed of sound,
whereby the energy of the pressure wave in the lines (5 and 9) is
available for the ejection of fuel via the nozzle (10). The pressure
wave propagating in the oscillation line (5) is reflected at the outlet
of the pump (2), and travels back to the shut-off vaive (6). The
duration of this direct pressure impulse phase corresponds with the
duration in which the pressure wave travels through the oscillation
line (5), and causes the pressure duration at the injection nozzle (10).
After this direct pressure impulse phase, a residual pressure energy
which travels back and forth in the oscillation line remains in the
oscillation line (5). Figure 2 illustrates a typical temporal profile of the
pressure impulses in the oscillation line if no damping device (4) is
arranged in the line (5). This pressure profile is characterised by a
primary pressure wave with maximum energy and subsequent
secondary pressure waves with increasingly decreasing energy. Any
of these pressure waves may basically cause an injection. However,
the sequence of these pressure waves limits the obtainable operating
frequency of the system, which is the reason why the secondary
pressure waves are suppressed for the benefit of defined operating
conditions. The damping device (4) which suppresses all secondary
pressure waves and is arranged in the oscillation line (5) serves this
purpose. A corresponding pressure profile is illustrated in Fig. 3
whereby said Figure clearly indicates that the secondary pressure
waves are, except for minute residual ripples, suppressed between
the successive primary pressure waves.
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As compared to the initially described fuel injection device which may
not be controlled electronically, the conventional fuel injection device
described in Figures 1 through 3 stands out by its ability to be
controlled electronically whereby the characteristic of the injection
pressure does not basically depend on the rotation speed of the
internal combustion engine. A rapid opening and closing of the fuel
injector, and thus a sufficient fuel atomisation progression, may be
obtained due to the steep pressure rise and pressure fall in the
pressure impulse device.

One disadvantage of the previously described conventional fuel
injection device can be seen from the fact that an admission pressdre
device is required which provides the energy required for the
acceleration of the fuel-liquid column in the pressure line and w. ich
operates continuously.

This continuously operating admission pressure supply requires a
corresponding effort to maintain the pressure at a constant level. The
excess quantities of fuel conveyed by the pump (2) is for this purpose
discharged via the pressure control valve (3) which is connected to
the fuel tank (1) via a return line. This presisure discharge leads to a
loss of energy, and thus to pressure fluctuations at the injection valve
(6) in addition to an increase in fuel temperature, all of which
substantially influences the accuracy of the injection process. The
pressure control valve (3) in addition always requires a minimum
discharge quantity in order to be able to operate in a stable manner,
which in turn causes additional energy losses. Since the required
quantity of fuel at the injector (10) depends on the rotation speed of
the engine as well as the respective quantity to be injected, the
pressure supply unit must already convey the quantity of fuel
required for full load operation while idling, which means that
relatively large quantities of fuel must be discharged via the pressure
control valve (3), and that corresponding energy losses occur for the
entire system.

The previously described injection device with a continuously
operating pump is also suitable for injection in so-called intake
manifold injection motors, but not for direct injection into the
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combustion chamber of spark ignition engines because this direct
injection requires a substantially higher pressure level, which means
that the power continuously required for the pump may no longer be
within acceptable values, and that the pump would, due to the high
pressures to be processed, additionally take on dimensions and
weight unacceptable for motor vehicle engines.

This is the reason why in the past it was attempted to construct
continuously operating injection devices, which means injection
devices in which the pressure required for the injection process must
no longer be available permanently, but only directly before or at the
time at which it was required for the injection process. A device of
this type is, for example, known from DE-PS 598, 918. This known
device is based on a heavy electromagnet which presses a plunger
connected to the armature into a displacement space during
excitation, which in turn causes the fuel to be injected into the
combustion chamber of the internal combustion engine via a nozzle.
A shut-off valve is closed immediately before the injection process,
and the shut-off valve then seals the displacement space against fuel
intake. These known devices have the critical disadvantage that the
high pressure levels required for a direct injection necessitates the
use of a very large electromagnet, so that the entire device would
require much space and be very sluggish, and thus be less suitable
for engines in motor vehicles.

This known fuel injection device was subsequently further developed
in order to obtain smaller types of construction. Corresponding
injection devices are known from DD-PS 120,514 and DD-PS
213,472. These devices operate according to the system for storing
kinetic energy. It is for this purpose suggested to accelerate the
armature of the electromagnet and thus the fuel-liquid column over a
longer distance before the pressure required to inject the fuel via the
nozzle is built up. These known devices are also designated as
pump-nozzle elements that operate according to the solid body-
energy storage principle.

According to DD-PS 120,514, the fuel delivery space penetrated by a
delivery the plunger is in a first section provided with axially
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extending grooves through which the fuel may be discharged without
causing a substantial pressure build-up in the following second
section of the fuel delivery space which is not provided with fluid
discharge grooves.

The delivery plunger is thus decelerated by the incompressible fuel,
which in turn leads to the fact that a pressure build-up occurs in the
fuel by means of which the resistance of the injector valve is
overcome, so that the injection of fuel may occur. One disadvantage
of this system it can be seen from the fact that high pressure losses
which disadvantageously influence the pressure build-up required for
the injection process occur during the penetration of the delivery
plunger into the closed section of the delivery cylinder due to
disadvantageous gap conditions, namely a large gap width and a
small gap length. According to DE-PS 213,472, it was the suggested
to arrange an impact body in the delivery cylinder, so that the
pressure loss may be maintained at acceptable levels despite
relatively large gap widths. However, there is the additional
disadvantage that the impact leads to excessive wear and tear of the
impacting elements. The impact body is, due to the impact, excited to
longitudinal oscillations which are transferred to the fuel, thus
disadvantageously influencing the injection process with high-
frequency pressure oscillations.

One critical disadvantage of both previously described solid body-
energy storage injection devices can be seen from the fact that the
injection of the fuel may only be controlled to a limited extent, which
in other words means that it may only be adapted to the engine
requirements to a limited extent.

EP-A-O 174,261 introduced a device to inject fuel into internal
combustion engines via an injection nozzle in which the fuel is
supplied by a pressure impulse device which is provided with a pump
that accelerates the fuel and a device that delays the fuel. The
activation of said impulse device abruptly transforms the kinetic
energy of the accelerated fuel into an impulse wave that ejects the
fuel via the injection nozzle, whereby the pump is an intermittently
operating reciprocating pump. The return of the fuel into the fuel tank
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is executed in an open fuel circulation system. This known device
may not be freely controlled. Such an open circulation system
requires excessively high energy.

The invention is based on the objective to introduce a fuel injection
device for internal combustion engines of the initially mentioned type
by means of which fuel may be injected in a very rapid and precise
manner with less optimally utilised energy, as well as independently
from the engine conditions.

The invention is therefore said to reside in an injection device to
inject fuel into internal combustion engines with an injection nozzle to
which fuel is supplied by means of a pressure impulse device that
comprises an intermittently operating reciprocating pump that
accelerates the fuel and a shut-off valve that delays the flow of fuel,
whereby the activation of said shut-off valve transforms the kinetic
energy of the accelerated fuel into an impulse wave abruptly ejecting
the fuel via the injection nozzle, characterised by the fact that the
reciprocating pump is driven electromagnetically, and the shut-off
valve is an electromagnetically activated valve, whereby one
common electronic control unit for the pump as well as the shut-off
valve and a closed fuel circuit are provided, and the closed fuel
circuit connects an inlet chamber behind a delivery plunger of the
pump with an oscillation line space in front of the delivery plunger of
the pump.

In a further form the invention is said to reside in ar injection device
to inject fuel into internal combustion engines with an injection nozzle
to which fuel is supplied by means of a pressure impulse device that
includes an intermittently operating reciprocating pump that
accelerates the fuel and a shut-off valve that delays the flow of fuel,
whereby the activation of said shut-off valve transforms the kinetic
energy of the accelerated fuel into an impulse wave abruptly ejecting
the fuel via the injection nozzle, characterised by the fact that the
reciprocating pump includes a delivery plunger and is driven
electromagnetically, and that the shut-off valve is a hydraulically
operated valve which is connected to an oscillation line space in front
of the reciprocating pump, whereby a valve element of said hydraulic
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valve has a distance from a valve seat in the opening position while
being subjected to by a spring and forming an annular gap, and
whereby said valve element abruptly assumes its closed position at
the valve seat once the fuel reaches a predetermined flow speed due
to the output of the pump.

In a further form the invention is said to reside in an injection device
to inject fuel into internal combustion engines with an injection
nozzle to which fuel is supplied by means of a pressure impulse
device that comprises an intermittently operating reciprocating pump
that accelerates the fuel and a shut-off valve that delays the flow of
fuel, and whereby the activation of said shut-off valve transforms the
kinetic energy of the accelerated {uel into an impulse wave abruptly
ejecting the fuel via the injection nozzle, characterised by the fact
that the reciprocating pump is driven electromagnetically and that the
shut-off valve is integrated into an armature construct2d as the
delivery plunger of the reciprocating pump, and that a closed fuel
circuit is provided which connects the inlet chamber behind the
delivery plunger of the pump with an oscillation line space in front of
the delivery plunger of the pump.

Hence according to the invention, it is only proposed to make the
quantity of fuiel required for the injection process available as long as
it is required in dependence on the engine conditions in regard to
time and quantity. The continuous admission pressure supply
according to the state of the art is eliminated due to utilisation of an
intermittently operating fuel acceleration pump, all of which
represents positive factors in regard to the energy requirements of
the injection device. The utilisation of energy is according to the
invention additionally optimised by using one common control device
for the acceleration pump and the delay device which may be
activated electrically, for example, in the form of a shut-off valve that
may be activated electromagnetically.

A reciprocating pump that may be activated electromagnetically is
preferably utilised as the intermittently operating fuel accelerating
pump. A diaphragm pump to accelerate the fuel inside the pressure
impulse device may also be utilised in an alternative variation. An
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electrodynamic drive, a mechanical drive, or a drive by means of
piezo elements may additionally be utilised instead of an
electromagnetic pump drive.

The common triggering of the pump and the delay device makes it
possible nnt only to optimally adapt the control times of the pump and
the delay unit to each other, but also to allow a control of the injection
process dependent upon respeciive fuel requirements, whereby said
control is entirely independent of the operating conditions of the
motor.

Originating from the injection device previously described in Figures
1 through 3 in which the delay device is constructed as a shut-off
valve, the invention is advantageously realised by the fact that a
closed injection system is provided in which the shut-off valve is
connected to the inlet chamber behind the delivery plunger of the
reciprocating pump. The reciprocating pump of the closed injection
system comprises an electromagnetic drive or solenoid drive, <o that
the reciprocating pump and the electromagnetic shut-off valve may
be operated optimally via one common electronic control unit.

A reciprocating pump for the closed injection system that is
constructed in a particularly simple fashion in regard to its structure
as well as it triggering such that the delivery plunger forms one unit
together with the armature of the electromagnet. Identical sizes of the
plunger face sides allow an acceleration of the plunger without any
losses.

One substantial advantage of the closed injection system can be
seen in the fact that only that particular quantity of fuel must be
delivered from the fuel tank to the acceleration pump which was
ejected during the previous injection cycle. As compared to the open
injection system, the acceleration pump in the closed injection
system must produce less energy for the delivery of fuel from the fuel
tank, which represents a beneficial factor in regard to the energy
requirement of the entire system. The closed injection system
additionally utilises the pressure impulse produced during the abrupt
closing of the shut-off valve substantially better than an open
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injection system. Part of the pressure impulse is, via the return line,
discharged into the fuel tank without being used in an open injection
system as it is, for example, iliustrated in Fig. 1, while this part of the
pressure impulse is .in the closed injection system according to the
invention applied to the rear side of the pump plunger and thus
transferred to the ejected fuel. This measure also beneficially
influences the total energy requirement of the injection system, which
means that a correspondingly smaller construction of the fuel
acceleration pump may be selected if so required.

The arrangement of the reciprocating pump and the shut-off valve in
one common housing according to the invention additionally allows 2
drastic reduction in the structural size as well as a simplified structure
of the injection device, particularly if the shut-off valve is also
constructed as a solenoid. As an alternative, it is possible to provide
a shut-off valve with an element constructed according to the
Bernoulli effect which has a purely mechanical structure and thus
requires no external energy supply.

For varictions of the fuel injection device according to the invention
which do not require a common electronic control of the pump and
the delay device for special applications, it is suggested that the
reciprocating pump itself be constructed as a delay device.

The invention discloses a fuel injection device according to the solid
body-energy storage principle. In comparison to the initially described
state of the art, according to which a return of the fuel occurs in a first
stroke section of the reciprocating pump which is followed by a
pressure build-up in the subsequent stroke section, the invention
sugges * to store the energy of the reciprocating pump in a closed
delivery space along the entire delivery stroke, and to build up the
pressure energy required for an ejection via the injection nozzle in
such a way that the discharge of the displace fuel is abruptly stopped
by means of a shut-off valve. The shut-off valve is advantageously
realised with an electromagnetic drive, so that the valve as well as
the pump may be regulated in the required fashion via one common
electronic control circuit. One substantial advantage of the solid

s \‘ body-energy storage principle realised according to the invention can
\2
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be seen from the fact that the energy storing process, which means
the acceleration of the plunger, may be controlled via the duration of
the plunger pre-stroke without creating a substantial increase in
pressure. The length and the sequence of the injection process may,
depending on the respective engine conditions, be influenced in the
required manner due to the possibility of a variable plunger pre-
stroke, as well as to the fact that the driving magnet for the pump
may after the closing of the shut-off valve in the fuel supply to the
pump be switched on for different durations and excited to differently
high intensities during these durations. All pressure profiles required
for individual instances may be realised by arbitrary combinations of
the delivery pre-stroke and the subsequent displacement phase
performed by the excited shut-off valve magnet.

The invention ac'ditionally creates a process to trigger an
electromagnetic shut-off valve for the injection device according to
the invention which is constructed in such a way that a rapid lifting of
the valve. a controllable opening time, a rapid drop, constant lifting
and dropping durations as well as a minute energy requirement is
ensured.

The invention is in the following described in detail with the aid of the
Figures.

The Figures show:

Fig. 1 A schematic representation of a conventional fuel injection
device;

Figures 2 and 3 Characteristic pressure profiles during the ejection
of fuel by means of thz device according to Fig. 1;

Fig. 4 A schematic representation of a variation of a fuel injection
device in which the fuel is returned into the fuel tank in an open fuel
circulation system;
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Fig. 5 A schematic representation of a second variation of the fuel
injection device according to the invention with a closed fuel
circulation system;

Fig. 6 A variation of the device according to Fig. 5;

Fig. 7 A variation of the device according to Fig. 6 with uniform
construction of the essential components of the device;

Fig. & A variation of the fuel injection device according to the
invention in which the delivery plunger and the shut-off valve are
constructed of the same material;

Figures 9 through 11 Variations of the construction of the delivery
plunger and the shut-off valves of the device according to Fig. 8 and
which consist of the same material;

Fig. 12 A sectional representation of a variation of the fuel injection
device according to the invention with a uniform construction of the
fuel acceleration pump, the chut-off valve, and the non-retumn valve in
the pressure line to the injection nozzle;

Fig. 13 A sectional representation of the device according to Fig. 12
rotated by 90°;

Fig. 14 1he construction of a damping device arranged in the
oscillation line;

Fig. 15 A preferred variation of the shut-off valve to produce a
modulated pressure profile of the fuel ejected via the nozzle;

Fig. 16 An illustration of the pressure profiles of the ejected fuel that
may be obtained by means of the device according to Fig. 15;

Fig. 17 An alternative variation of the fuel injection device according
to the invention with a pressure impulse device that is constructed
separately from the fuel system;
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Fig. 18 An additional variation of the fuel injection device according
to ihe invention, and

Fig. 19 A circuit diagram of an electronic control for the shut-off
valve of the fuel injection device according to the invention.

5  Figures 1 through 3 were described initially in order to explain the
state of the art.

Variations of the fuel injection device according to the invention are
illustrated in Figures 5 through 18, whereby the same reference
numerals were used for the same structural components.

10 The variation of a fuel injection device shown i1 Fig. 4 is based on a
reciprocating pump (1) with electromagnetic c'rive for the intake of
fuzl from the fuel tank (2) as well as for the acceleration of the fuel in
an oscillation line (3) which is, via a pressure line (4), connected to
an injection nozzle (5). A shut-off valve (6) which is constructed as

15  an electromagnetic valve and controls the quantity of fuel flowing
through a return line (7) that is connected to the shut-off valve (6)
and leads to the fuel tank (2) is arranged in a branch line between
the oscillation line (3) and the pressure line (4). The triggering of the
shut-off valve (6) as well as the reciprocating pump (1) is executed

20 outvia one common electronic control unit (8) which is connected to
the excitation coil of the magnetic valve (6) as well as to one coil of
the driving electromagnet of the reciprocating pump (1). A non-return
valve (9) is additionally arranged in the intake line (10) which

. connects the end of the oscillation line (3) on the pump side with the

25  tueltank (2).

The reciprocating pump (1) comprises a magnetic coil (11) with an
armature (12) arranged in the coil passage, whereby the armature is
constructed as a cylindrical body, for example, a solid body, and
guided in a bore (13) in the housing that extends parallel to the
30  ceniral longitudinal axis of the toroid coil (11). The armature is by
. means of a pressure spring (14) compressed to a stop position in
‘,o/\f*—'\“&p which it adjoms the left end of the bore (13) in the housing with its
] 4/ w\rear face wail as shown in Fig. 4. The other face wall of the armature

Q
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(12) is stressed by the sbring (14) which is braced against the wall of
the housing of the pump (1) atthe right end of the (13). The
face side of the armature (12) under pressure by the spring is rigidly
connected to a piston rod (15), at the free end of which a plunger
(16), specifically the delivery plunger of the pump (1), is attached.
The plunger is guided along the inner wall of the oscillation line (3)
and preferably sealed against this inner wall. The piston rod (15)
penetrates a bore in the pump housing, the diameter of which is
smaller than the diameter of the bore guiding the armature (12).

The intake line (10) exits into the oscillation line (3) in front of the
outer face surface of the delivery plunger (16). The non-return valve
(9) in the delivery line (10) includes a spear that is compressed by a
spring as the valve element, whereby the spear and the spring are
arranged in such a way that the spherical valve element in the non-
return valve is raised when the delivery plunger (16) performs its
intake stroke to draw fuel from the tank to, which means when the
plunger (16) in Fig. 4 performs its movement towards the !=ft. This
instance occurs when the magnet (11) is excited and the armature
(12) is returned into its resting position by the spring (14). In the other
instance, namely during the delivery stroke of the plunger (16)
corresponding to the plunger movament towards the right in Fig. 4
while the electromagnet is excited, the valve element of the non-
return valve (10) is moved into its shut-off position, so that the
connection between the oscillation line (3) and the fuel tank (2) is
interrupted. The mass of the fuel located in the oscillation line (3) is
due to the delivery stroke of the plunger (16) accelerated, transferred
into the return line (7), and from there into the fuel tank (2) via this
return line during the opening phase of the shut-off valve (6), the
duration of which is predetermined by the control device (8). This
means that an acceleration of the fuel is during this duration primarily
executed in the lines (3 and 7) and the fuel pressure is during this
process so small that the no..zle (5), which is in conventional manner
locked hydraulically, assumes its shut-off position in which no fuel
may be ejected via the nozzle.

Once the quantity of fuel in the oscillation line (3) {and the return line
(7)) has reached an acceleration value that is predetermined by the
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control unit (8) in dependence upon actual engine conditions, the
shut-off valve is also closed via the control device (8}, so that the
kinetic energy of the fuel flowing through the lines (3 and 4) is
abruptly transfo’: 1ed into pressure impulse -nergy, the value of
which is so high that the closing resistance of the nozzle (5) is
overcome, and the fuel is ejected via the nozzle (5).

The injection device according to Fig. 4 represents an open system
because a larger quantity of fuel is returned to the fuel tank (2) via
the line (7) to the fuel tank (2) [sic] during the acceleration stroke of
the delivery plunger (16) and drawn out of the fuel tank (2) dufing the
intake stroke of the plunger (16), while the injection device accordiﬁg
to the invention illustrated in Fig. 5 shows a device in which the fuel
is recirculated to the pump (1), and only that particular quantity of fuel
is drawn out of the fuel tank (2) during the intake stroke of the
delivery plunger (16) which was ejected during the ,~1evious injection
process via the nozzle (5). Such a closed circuit requires less driving
energy from the pump (1) than an open system because a smaller
mass of fuel has to be moved. One additional decisive advantage
can be seen in the fact that the energy of the pressure impulse for
the ejection process, which is during the abrupt closing ~f the shut-off
valve introduced into a return line, is also utilised.

The injection device according to Fig. 5 differs frorn the one
according to Fig. 4 via line (7) from the shut-off valve (6) to the rear
side of the delivery plunger (16) (intake side) as well as by the fact
that a non-return valve (17), which is switched in sequence with the
non-return valve (9) and connects the front side of the plunger
(delivery side) of the plunger with the rear side of the plunger (intake
side), is provided in addition to the non-return valve (9). The non-
return valve (17) is designed in such as way that it assumes its
closing position during the delivery stroke of the delivery plunger (16)
so that a fluid compensation between front and rear side of the
plunger is performed.

The intake line (10) according to Fig. 4 is in Fig. 5 replaced by a line
section (18) connecting the second non-return valve (17) with the
oscillation line (3), whereby the other end of the non-return valve (17)
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is via a line seciion (1 8')'connected to the line (7). A line section
(19), in which the first non-return valve (9), the function of which
corresponds with the non-return valve (9), according to Fig. 4, is
arranged, is branched off from line (7) and exits into the tank (2).

During the acceleration or delivery stroke of the delivery plunger (16),
the fuel accelerated in the oscillation line (3) flows into the intake
chamber behind the plunger (16) via the line (7) when the shut-off
valve (6) is open. The non-return valve (9) maintains its closed
position via the fluid flowing in the line (7), and the second non-return
valve (17) has the same pressure on both sides, i.e., via the line (7)
and via the line (3), so that the spring element of this valve maintains
its valve element in the closed position. Both non-return valves (9
and 17) also remain in their closed position when the shut-off valve
(6) is closed abruptly. A pressure wave produced during the closing
of the valve (6) does, in comparison with the variation according to
Fig. 4, not only travel between the valve and the front side of the
delivery plunger, but also between the valve (6) and the rear side of
the delivery plunger (16) via the line (7), whereby this pressure
component is added to the pressure component in the oscillation line
in front of the plunger, so that the entire pressure potential induced to
the fuei by the closing of the valve (6) is available to eject the fuel via
the nozzle (5). The thus obtained energy in the injection system
allows either a reduction in the size of the purnp (1), or alternatively,
a reduced current introduction into the driving magnet of the pump

(1).

The effective surfaces of the plunger (16), namely the front and rear
face side of said plunger, are of differently sized due to the
arrangement of the piston rod on the rear face surface, which is the
reason why different pressures exist at both side of the plunger (16).
This pressure difference is compensated by a pressure accumulator
(20) which is connected to the line (18').

During the delivery stroke of the plunger (16), the fuel flows into the
oscillation line (3) via the line sections (18 and 18') from the rear side
of the plunger while overcoming the resistance of the non-retuitn



- =
s o .- a

e eoa
[
.

.
.
.

10

15

20

30

16
tank (2) while overcomirig the resistance of both non-return valves (9

and 17), namely a quantity that corresponds to the quantity of fuel
ejected via the nozzle (5).

One variation of the fuel injection device shown Fig. 5 is illustrated in
Fig. 6. This injection device operates without a pressure accumulator
(20) because the delivery plunger is combined with the armature of
the driving electromagnet. This means that both face sides of the
plunger are equally large, so that the pressure on both sides of the
plunger is equally high.

The armature in Fig. 6 is thus constructed of the same material as ‘
the delivery plunger, which, as in the illustrated example is attained
by the fact that the delivery plunger (16) with the piston rod (15)
according to Fig. 5 is omitted. An opening (21) is arranged on the
rear side of the armature in the pump housing in an extension of the
armature bore (13), whereby the line (7) is connected to said
opening. The function of the device illustrated in Fig. 6 otherwise
corresponds to the one in Fig. 5, which means that the pressure
energy is introduced into the line (7) during the closing of the valve
(6) is transferred to the rear side of the armature (12) acting as a
delivery plunger, and that this pressure energy is available for the
injection process in addition to the pressure impulse produced in the
oscillation line (3) by the closing of the valve (6).

Fig. 7 shows a different variation of the injection device according to
the invention illustrated in Fig. 6. The difference between these two
variations consists of the fact that the reciprocating pump (1), the
shut-off valve (6) and the second non-return valve (19) are, as a
structural unit, arranged in one common housing, whereby the non-
return valve (17) is integrated into the armature/delivery plunger.

The pump (1) and the shut-off valve (6) are in the common housing
(22) arranged behind each other on the central longitudinal axis of
the housing. The shut-off valve (8), just like the pump (1), is provided
with an electromagnetic drive including a coil (23), the current to
which is supplied via the common control unit for the shut-off valve
and the pump, which is, however, not shown in Fig. 7. The excitation
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winding (23), just like the one for the pump, is constructed in an
annular fashion and retained in a fitted recess of the housing (22) by
means of a flange (24) which is rigidly connected to the housing (22).
The winding (11) of the pump magnet is in similar fashion retained in
5 afitted bore of the housing (22) by a flange (25).

The flange (24) extends with a central section into the coil (23) and
has a central bore (26) which is connected to the oscillation line (3)
indicated by the arrows in the figure. The bore (26) is at the inner end
widened in cross-section, whereby the projection formed by the

10 widening forms a support for a spring (27) serving as a return spring
for the armature (28) of the shut-off valve electromagnet. This
armature is accommodated in a bore arranged inside the housing
(22), whereby said bore has a larger cross-section than the bore
(26), as well as a larger widened section. The armature (28) is

15  constructed as a hollow body and is on the side facing the bore (26)
nrovided with a recess that has approximately the same cross-
section as the widening of the bore (26). A recess (29) with smaller
cross-section connects to this recess in the armature (28), whereby
the projection between the central bore (29) and the outer bore with

20  larger diameter forms an additional support for the spring (27) which
presses the armature (28) into its resting position towards the right in
Fig. 7 when the electromagnet is not activated.

The armature (28) forms the valve element of the shut-off valve (6).
The armature (28) is for this purpose constructed with a peripheral

‘o : 25  slanted surface on its front side which engages a correspondingly
: Tese constructed conically extending annular surface (30) in the housing
(22) if the shut-off valve electromagnet is excited. The channel (29)

inside the armature/valve element (28) exits via a number of
channels (31) into the peripheral slanted surface of the front valve
30 element portion which may engage with the valve seat (30) and thus
prevents the discharge of fluid via the openings (31). If the shut-off
valve electromagnet is excited, the valve element (28) is in its open
position in which its conically extending front side is lifted from the
valve seat (30), so that fluid may be delivered into the gap between
VJ»:{Z’:’;!?{Q the slanted surfaces that face each other via the openings (31), and

\

.{ . from this gap into a bore (32) which exits into the bore (13) for the
!. uj
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armature/delivery plungér (12) of the pump (1). The bore (13) is
arranged in the housing (22) as well as in the central section of the
flange (25), and the armature/plunger (12) is via the pressure spring
(14) compressed to its stop position as it is, for example, shown in
Fig. 5. This side of the bore for the plunger (12) is in the example
according to Fig. 5 connected to one end of the oscillation line (3),
and the other end to the bore (26) in the flange (24).

The non-return valve (9) in the delivery line extending from the fuel
tank (2) is connected to a bore (23) of the housing (22), whereby said
bore exits into the bore (19) for the armature/plunger (12) into which
the connecting bore (32) also exits.

The armature/plunger (12) is designed in hollow fashion, which
means that it has a central bore, and is constructed as a valve
element that performs the function of the second non-return valve
(17) of the device according to Figures 5 and 6. The bore or the
hollow space in the armature/plunger (3) has three segment: with
different cross-sections i.e., a segment facing the connecting bore
(32) with a small diameter that approximately corresponds to the one
of the bore (32), a second segment with a larger diameter, inside of
which a valve element (34) as well as a spring (35) which applies
pressure to said element are arranged, and a third segment with an
even larger diameter that exits into the front face side (at the right in
Fig. 7), whereby a retaining ring (36) for the spring (35) is inserted
into the projection area between this segment and the previous
segment. The spring (35) is a pressure spring which applies pressure
to the valve element (34) against the valve seat arranged as a
projection batween the two first mentioned segments of the bore for
the armature/plunger (12).

The function of the injection device according to Fig. 7 essentially
corresponds to the one of the device according to Fig. 6 sc we
therefore refer to the description of that figure for further detailed
explanations.

Fig. 8 shows an integration of the function of the shut-off valve (6) of
the fuel injection device according to the invention into the armature
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(12) of the driving solenoid for the fuel acceleration pump (1),
whereby said armature is constructed as a delivery plunger, and the
function of the illustrated arrangement approximately corresponds to
the device according to Fig. 6. The second non-return valve (17) is
not illustrated in Fig. 8. The integration of the shut-off valve function
eliminates a control of the shut-off valve function in the delivery
plunger via the control unit (8) as it is, for example, provided in the
device according to Fig. 6. The integration of the shut-off valve
function into the function of the pump (1) results in a substantial
simplification of the injection device, and thus a substantial reduction
of material and space requirements.

The armature/plunger (12) is constructed as a solid cylindrical body
and suppcrted with the rear end in a bore (40) in the left portion of
the pump housing in Fig. 8, while an additional bore with the same
diameter guiding the front section of the plunger (12) during the
delivery stroke of the same is arranged in the right portion of the
pump housing. A central recess (41), the base surface of which
forms one of the two supports for the spring (14) to return the
armature (12), is arranged at the front face side of the
armature/plunger (12). The other support point for the spring (14) is
formed by a projection between a bore (43) on the delivery side and
a subsequent narrower bore (44), to which the end of the oscillation
line on the pump side is connected. The spring (19) is, just as in the
previously described variations of the device according to the
invention a pressure spring which applies pressure to the
armature/plunger (12) into its resting position in which it adjoins with
its rear face surface an annular surface formed in the transition area
from the bore (40) to a previous bore (45) with a smaller diameter,
which is in turn connected to the oscillation line (3).

The projection or annular surface (46) in the transition area from the
bore (41) with a larger diameter to the bore (43) with a smaller
diameter serves as a stopping surface for the annular front face wall
of the armature/plunger (12) and interacts with the same in
accordance with the function of the shut-off valve (6) of the
previously described variations of the invention. This means that the
armature/plunger (12) adjoins the annular surface (46) after passing
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a stroke distance x which is determined by the distance between the
front face surface of the armature/plunger (12) in resting position and
the annular surface (46), so that the acceleration of the fuel
performed by the armature/plunger (12) is abruptly intzrrupted, and
the kinetic energy of the fluid is transformed into a pressure impulse,
the intensity of which suffices to eject fuel via the injector nozzle (5)
which is in the area of the bore (45) connected to the oscillation line
(8), at the other end of which the fuel intake line with the non-return
valve (17) is connected in the area of the bore (44).

Additional variations of an integrated delivery plunger/armaturé/shut-
off valve are illustrated in Figures 9 through 11. The production of a
pressure impulse is in these variations also performed after the
armature/delivery plunger (12) passes a stroke distance in the range
of x. While the shut-off valve function according to Fig. 9 is obtained
by an impact of the armature/plunger against a barrier arranged on
the plunger stroke path similar to the variation according to Fig. 8, the
realisation of this function is in accordance with Figures 10 and 11
obtained by an abrupt interruption of the fuel acceleration via the
sudden closing of flow baffles in the form of narrow bores.

The guidance of the armature/plunger (12) in the variations according
to Figures 9 through 11 is obtained in a similar fashion as in Fig. 8 in
which two bores (40 and 41) are arranged at a distance from each
other in axial direction, whereby Figures 9 through 11 are based on
the arrangement according to Fig. 8 but with the difference that the
second non-return valve (17) is similar to the variation of the device
according to the invention illustrated in Fig. 7 integrated into the
armature/plunger constructed as a hollow element. The same
reference numerals were used for the same structural components of
the devices illustrated in Figures 7 and 9 through 11.

In the variation according to Fig. 9, the inner face surface of the valve
element (34) of the non-return valve (17) impacis after passing a
stroke distance x against a pin (50) arranged on the central
longitudinal axis of the armature/plunger bores (40 and 41). This
impact causes the pressure impulse previously described in

s\ connection with Fig. 8.
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The acceleration of the fuel is in accordance with Fig. 10 executed
via baffles in the form of narrow bores (51 and 52) which are
arranged in the area of the front end of the bore (41) in the delivery
direction, and connected to the housing bore (44) that is in turn
connected tc the oscillation line. As illustrated in Fig. 10 by arrows,
the fuel in the interior of the armature/plunger (12) flows via the bore
(51) extending perpendicularly to the delivery direction of the fuel into
a bore (52) arranged in the pump housing at a distance from the
aforementioned bore in the delivery direction, from there into the bore
(44), and finally into the oscillation line. As soon as the annular front
end of the armature/plunger (12) has passed a stroke distance x, this
portion of the plunger closes the radial openings (51) which means
that the acceleration of the fuel is abruptly stopped and a pressure
impulse is produced.

Fig. 11 differs from the variation according to Fig. 10 in that the flow
baffles are in the form of openings (53) arranged in a front face wall
of the hollow armature/plunger. After passing the stroke distance X,
the front face wall of the plunger with the radial outer openings (53)
adjoins the projection (46), which in turn causes an abrupt
interruption of the fluid flow from the interior of the plunger into the
bore (44), so that the kinetic energy of the flowing fuel is transformed
into a pressure impulse that leads to the ejection of fuel via the
injection nozzle.

Figures 12 and 13 illustrate an additiona! variation of the device
according to the invention in which the shut-off valve is constructed
as a hydraulic valve and combined with the pump (1) in one common
housing. The oscillation line (3) is in this particular variation also
integrated into the common housing.

The function as well as the essential structure of the pump (1) with
electromagnetic drive essentially corresponds to the previously
described variations of the injection device according to the
invention, and the fuel intake 'ine is connected to a connecting pipe
(60) that is fitted into the pump housing (Fig. 13).
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The shut-off valve (6) méy in this particular variation not be controlled
electromagnetically, but closes automatically at a certain flow speed
due to the Bernoulli effect. The fuel flowing through the oscillation
line (3) during the acceleration phase reaches the valve space (62)
via a gap (61). A narrow annular gap which may be adjusted by
appropriate designs of a spring (64) is arranged between the valve
cone (63) and the corresponding valve seat. The fuel flows through
this annular gap and produces in accordance with the Bernoulli
[effect] a lower static pressure than in the surrounding space at this
location. The static pressure in the annular gap decreases at a
certain flow speed to such an extent that the valve cone (63) is
pulled, and the shut-off valve (6) closes abruptly, which in turn
produces the pressure impulse required to eject the ft 2l via the
injection nozzle. The pressure line leading to the injection nozzle is
connected to the outlet of the riof-return valve (65) which is also
structurally combined with the arrangement illustrated in Figures 12
and 13.

The valve cone (66) of the noii-return valve (65) is via the a
compressed spring (67) pressed against the respective valve seat
whereby the spring (67) is designed in such a way that the valve is
closed if the pressure in the oscillation iine (3) lies below a certain

value that leads to the ejection of fuel via the injection nozzle. The

formation of bubbles in the pressure line to the injection valve is
prevented by the non-return valve (65), because this non-return valve
prevents air from being introduced via the injection nozzle during a
decrease of the ejection pressure, and fuel and air from being
introduced into the pressure line.

The armature/delivery plunger (7) is in the variations according to
Figures 12/13 provided with radial slots (68 and 69) which have a
different depth and are arranged over the entire periphery of the
essentially cylindrical armature. These slots prevent the formation of
turbulence when the solenoid is excited, and thus contribute to a
reduction of the energy consumption.

Fig. 14 shows a preferred variation of a damping device (70) that
may possibly be arranged in the oscillation line (3). The damping
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device (70) essentially consists of a non-return valve under pressure
by a spring, whereby the valve plate (72) of said non-return valve
which is under pressure by a spring (73) has a central bore with a
smaller diameter (74). The damping device dampens oscillations
that may occur when the pressure wave is reflected during impact
against the rear side of the pump plunger and travels beck through
the osciilation line.

it is for some combustion processes practical to inject the fuel during
each operating cycle several times in short succession as well as in
defined quantities. The time between the individual pressure péaks
may according to the invention amount to between a few 1/10 msec
to a few msec. The quantity of pressure peaks may also be different
depending on requirements. Such a pressure characteristic can be
particularly beneficial for a longer injection duration or for combustion
in diesel engines.

The described pressure characteristic (see Fig. 16) may be obtained
by repeated, multiple short-term closing and openings of the shut-off
valve. However, a defined impact of the shut-off valve body against
its seat may also be achieved. The discharge cross-section of the
shut-off valve (6) may also be alternately opened and closed during
the closing movement. The correspondingly constructed variation is
illustrated in Fig. 15. This valve is constructed as a valve that may be
activated electromagnetically and includes a housing (70) in which
the annular winrding (71) of the electromagnet is enclosed. The
armature (72) of the solenoid is constructed as a valve element. The
armature (72) is arranged in a central bore (73) of the housing, and
via a tension spring (74) compressed to its stop position where the
armr - tre (72) adjoins a stopping surface (75) forming the one end of
the bc  /73) with its rear face surface. The armature (72) is
constructed in a hollow fashion, which means it includes a central
bore (76) that extends through the entire armature and approximately
has the same cross-section as the delivery bore (77). The diameter
of the delivery bore (77) is widened at its end opposing the armature
(72), whereby an identical widening of the bore is arran¢ 3d at the
opposing end of the armature (72) for its central bore (76). The
projections at the end of the bore (77) and the opposing end of the
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armature (72) formed by this widening of the diameter serve as
supports for the tension spring (74). A number of radial slots (78) are
arranged at a distance from each other in the axial direction at the
front end of the plunger-shaped armature or valve element (72). An
annular groove (79) which exits into a discharge line (80) is arranged
in the bore (73) for the armature at the front end of the armature (72)
in the delivery direction.

The fuel flows from the delivery bore (77) into the discharge bore (80)
through the central bore (76) when an excitation current flows
threugh the coil (71), so that the armature/valve element (72) adjoins
the face surface {75) of the hcusing. If the excitation current of the
coil (71) is switched off, the spring (74) presses the valve element
(72) towards the right into the closing position. The annular groove
(79) is during the closing movement (72) at first closed, so that a
pressure impulse is created. During the further closing movement of
valve element (72), the slots (73) arranged in radial fashion in the
element (72) are situated and aligned in succession in a flush
manner with the annular groove (79) and thus with the discharge
bore (80), so that the pressure may at st be decreased until the
annular groove (79) is again covered by the plunger-shaped element
(72) during the further advance of the closing movement, and so
forth. The number of obtainable injection pressure peaks is defined
by the number of radial slots (78) arranged axially at a distance from
each other, whereby the sequence of pressure peaks is defined by
the axial distance of the slots (78) from each other. Typical pressure
profiles that may be obtained with such a shut-off valve are illustrated
in Fig. 16, whereby the extent of the pressure increase between
successive pressure peaks depends on the axial width of the slots
(78) in the valve element (72).

An additional variation of the fuel injection device according to the
invention is illustrated in Fig. 17. The pressure impulse device is in
this particular variation constructed separately from the fuel intake
and ejection device. The pressure impulse device comprises a fluid
acceleration pump (1) of the type illustrated in Fig. 11, whereby the
function of the shut-off valve is integrated just as in the non-return
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system, which means that the oscillation line is connected to the
pump intake and outlet, and a suitable incompressible fluid circulates
in this circuit. This pressure impulse device is connected via a
diaphragm device (90) connected to the fuel in;action device which in
this particular instance includes two non-return valves (91 and 92)
connected in series with the injection noz-le (5) in addition to = fuel
tank (2) and the injection nozzle (5), whereby a branch line betiwen
the two return valves is connected to the diaphragm device (90),
which is also connected to the oscillation line (3) of the separate
pressure impulse device via a line (93). The non-return valves (91
and 92) are so designed that the non-return valve (91) adjacén’t to
the fuel tank (2) is displaced to its closing position by the fuel in the
line section (94) when the diaphragm (30) is disengaged by a
pressure impulse produced in the previously described manner by
the pressure impulse devicz. The same mass of fuel cpens the non-
return valve (92) connected to the injection nozzle (5) via the applied
pressure, so that fuel is ejected via this nozzle. The diaphragm of the
diaphragm devic2 (90) returns after the end of the pressure impuise
so that a vacuum is created in the line section (94) by means of
which the non-return valve (92) is clesed and the non-return valve
(91) is open while drawing fuel from the fuel tank (2).

Fig. 18 iliustrates an additional variation of the fuel injection device
according to the invention which operates according to the solid
body-energy storage principle.

The arrangement according to Fig. 18 also includes a pump (1), the
design of which essentially corresponds to that of the pump in Fig. 4,
but with the exception that the delivery plunger is not separated into
a plurnger and a rod; the plunger (16) is rather directly connected to
the armature (12). The plunger (16) penetrates the displacement
space (100). A pressure line (101) is connected to the displacement
space (100), whereby the other end of the pressure line is connected
to the injection valve (5).

The pressure line (1C1) is at the beginning of the pressure line (101)
in the immediate vicinity of the displacement space (100j provided
with an opening (102) to which a fuel supply (103) is connected. A
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shut-off valve (104) is afranged in the fuel supply line (103). The
chut-off valve (104) has a valve plate (105) under pressure by a
spring which is connected to the armature (106). The armature (106)
has a central bore (107) and a bore (108) which is arranged
perpendicular to the aforementioned central bore. The shut-off valve
(104) is opened in the stop position, which means the armature (106)
is via a spring (109) pressed into a final position in which the fuel is
able to flow from the not-shown end of the supply line (103)
originating from a not-shown fuel tank to the pressure line opening
(102) around the valve plate (105) via the bores (108) and (107).

The injection process according to the invention is performed as
follows. Once the pressure line (101) is entirely filled with fuel, the
magnetic coil (11) is at a suitable time excitad, which excitation in
turn accelerates the armature (12) out of its final position, and the
plunger (16) penetrates the displacement space which is also filled
with fuel. The fuel displaced by the plunger (16) flows through the
oscillation line opening (102), the central bore (107), the transverse
bores (108), and the portion of the line (103) on the side of the tank.
The shut-off valve is activated at a certain time whereby the valve
plate (105) adjoins its valve seat and thus locks the valve. This in
turn causes the oscillation line opening (11) to be closed, so that no
additional fuel can be discharged from the displacement space
(100)/pressure line (101). The plunger (16) and the armature (12) are
subsequently abruptly decelerated and release the kinetic energy
stored in the said elements to the incompressible fuel. This process
cieates a pressure wave by means of which fuel is ejected from the
pressure line (101) via the injection valve (5) which is in conventional
manner constructed hydraulically and under pressure by springs

The triggering of the reciprocating pump (1) and the shut-off valve
(104) is performed by one common not-shown control circuit that
might also be desigred in such a way that the magnetic coil (11) of
the pump (1) ramains excited for a certain period of time after the
closing of the valve (104). It is essential that the delivery valve (104)
as well as the pump (1) be controlled so that the quantity of injected
fuel as well as its pressure profile may be influenced almost
arbitrarily due to a variable admission stroke of the plunger (16) of
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the pump (1), which means the stroke when the valve (104) is
opened, as well as due to the fact that the driving magnetic coil (11)
of the pump (1) may after the closing of the delivery valve (104) be
switched on for different periods of time and with different high
intensities. This measure makes it possible to optimally adapt the
injection process to the given engine as well as to its operating
conditions. '

Fig. 19 finally shows a circuit according to the invention to trigger the
electromagnetically controllable shut-off valve for the fuel injection
device according to the invention.

In order to properly trigger a shut-off valve for the device according to
the invention during the short period of time available with high-
speed engines, the following requirements must be fulfilled:

The magnetic valve or shut-off valve must lift very rapidly (lifting time
less than approximately 1.5 msec), the opening time must be
controllable (approximately 0.5 - 6 msec), the magnetic valve must
drop or close rapidly (approximately 3 msec), and the lifting and
dropping times should be constant at all operating conditions and
require only little energy.

In order to obtain a very short closing time, the invention suggests to
trigger the magnetic valve with such a high current that the magnetic
valve would be destroyed if this high current continued to flow during
the open time.

The invention thus suggests to reduce the high making current after
the closing of the valve to a substantially lower holding current.

This means that a high current is supplied during the opening
process of the valve, whereby said high current is reduced as soon
as the valve has opened. Fig. 19 shows a circuit for the realisation of
such a process--high making current and low holding current.
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The circuit is in this particular instance designed for a valve which is
opened in its resting position, which means when the plunger is in its

final position under pressure by a spring.

The circuit consists of a series circuit including the magnetic winding
of the valve, the drain-source path of the switching transistor (Q1) in
the form of a MOSFET, and the non-return valve.

The voltage drop across the resistance of the non-return valve
serves as a measurement of the current flowing through the
magnetic winding of the valve. ]

The circuit is additionally provided with an operational amplifier (1C1)
connected as a comparator, whereby the voltage which represent the
current that flows in the valve winding and dropped across via the
resistance of the non-return valve is applied to the input of said
operational amplifier via a resistor (R2).

A voltage drop across the resistor (R3) is applied to the second input
of the comparator or operational amplifier (IC1). The resistor (R3),
depending on the state of the flip-flop (IC2), is connected to either a
potentiometer (R4) or a potentiometer (R5) to form a voltage divider.

The gate terminal of the MOSFET (Q1) is triggered via a resistor (R6)
that is connected to the output of an AND-gate (IC3). Both inputs of
the AND-gate are connected to a signal input [of the flip-flop] [one
input is connected to] the output of the comparator (IC1).

The signal input leads to the set input of the flip-flop (IC2), and the
output of the comparator (IC1) is connected to the reset input of the
flip-flop (1C2).

The function of this circuit is described in the following. No signal is
applied to the signal input in resting condition. The valve is in its
resting position, which means that no current flows through the
magnetic coil. The switching transistor (Q1) is cut-off, and there is a
[sic; no] voltage drop across the resistance of the non-return valve.
The output of the comparator (IC1) is switched to LOGIC 1. Ifa
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voltage that correspondé with LOGIC 1 is applied to the signal input,
LOGIC 1 appears at both inputs of the AND-gate (IC3) so that the
switching MOSFET (Q1) is driven via (R6) and thus switches
through.

5 LOGIC 1 simultaneously appears at the set input of the flip-flop (1C2),

so that a voltage appears across the voltage divider consisting of
(R4) and (R3). The voltage drop via (R3) serves as a measure for
the maximum making current. The closing current slowly builds up
due to the inductance of the magnetic coil of the valve until the

10  voltage drop via the non-return valve is larger than the voltagé drop
via (R3). As soon as the voltage drop via the non-return valve is \
larger than the voltage drop via (R3), the output of the comparator
(IC1) switches to LOGIC 0. The flip-flop (IC2) thus changes state, so
that the voltage divider formed by (R3) and (R5) becomes activated.

15  The voltage drop via (R3) is proportional to the holding current.

The output of the AND-gate (IC3) is simultaneously switched to
LOGIC 0, so that the switching transistor (Q1) is at first cut-off.

Since the switching transistor (Q1) is cut-off, no voltage is dropped
via the non-return valve, so that the comparator output is again
20  switched to LOGIC 1. The state of the flip-flop (IC2) in no longer
altered. The output of (IC3) is again switched to LOGIC 1, which
means that the switching transistor (Q1) is again enabled. A current
again flows through the coil of the magnetic valve until this current
S becomes sulfficiently high that the voltage drop via the non-return
. 25  valve is larger than the voltage via (R3), which is now determined by
Lo the voltage divider (R3/R5).

The circuit generates in this manner a repeated holding cycle
whereby the holding cycle, whereby the holding current may be
determined by adjusting the resistor (R5).

30 The inertia of the masses of the shut-off valve lead to the fact that the
valve to remains in its clzsed position despite the timed holding
current, and that no undesired decreases occur.



°

- e oo

L[]

[
P’ -
eees oee o~

30

As soon as the signal inbut is switched to LOGIC 0, the holding
current is switched off, and the valve drops into its open position.

Two differently adjustable (i.e., via R4 and R5) reference voltages
are made available to the comparator (IC1) by the flip-flop (IC2). As
long as the input signal applied to the signal input is LOGIC 1, the
comparator (IC1) times the switching transistor via the AND-gate
(IC3) once an adjusted maximum current has been reached. The
flip-flop also changes states during the first timing process. This
means that a high current followed by a low maximum current (=
holding current) is provided in this manner.

This mode of operation facilitates a rapid opening of the valve
without the risk that the current required for this purpose destroys
the valve while holding the same.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS.

1. Injection device to inject fuel into internal combustion engines
with an injection nozzle to which fuel is supplied by means of a
pressure impulse device that comprises an intermittently operating
reciprocating pump that accelerates the fuel and a shut-off valve that
delays the flow of fuel, whereby the activation of said shut-off valve
transforms the kinetic energy of the accelerated fuel into an impulse
wave abruptly ejecting the fuel via the injection nozzle, characterised
by the fact that the reciprocating pump is driven electromagneiically,
and the shut-off valve is an electromagnetically activated valve, ‘
whereby one common electronic control unit for the pump as well as
the shut-off valve and a closed fuel circuit are provided, and the
closed fuel circuit connects an inlet chamber behind a delivery
plunger of the pump with an oscillation line space in front of the
delivery plunger of the pump.

2. Injection device according to Claim 1, characterised by the fact
that the shut-off valve is connected to a branch line of the oscillation
line connecting the pump with the injection nozzle, that the shut-of
valve allows a discharge of the accelerated fuel from the oscillation
line into the branch line in open to condition, that the shut-off valve
produces a pressure impulse wave during the abrupt closing of said
valve by means of which the fuel is ejected via the injection nozzle,
and that a displacement space in front of the delivery plunger of the
reciprocating pump is connected to the oscillation line as well as a
fuel tank via a non-return valve, so that fuel flows into the
displacement space and thus into the oscillation line from the fuel
tank during the resetting of the plunger.

3. Injection device according to Claim 1 or 2, characterised by
the fact that the inlet chamber behind #:2 delivery plunger is
czinected to the displacement space in front of the plunger via a
non-return valve, so that fuel may flow aut of the inlet chamber into
the displacement space during the resetting of the plunger.
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4. Injection device according to Claim 3, characterised by the fact
that the reciprocating pump includes a solenoid drive, the armature of
which is connected to the delivery plunger via a piston rod.

5. Injection device according to Claim 4, characterised by the fact
that the rear side of the delivery plunger is additionally connected to
a Jressure accumulator in order to compensate the pressure
differential resulting from the difference is surface area between the
full-surface front side of the plunger and the annular surface of the
rear side of the plunger in coiinection of the piston rod to the plunger.

6. Injection device according to Claims 1 or 2, characterised by‘
the fact that the drive of the reciprocating pump is provided with a
solenoid, the armature of which is constructed as a delivery plunger
with two equally large face sides.

7. Injection device according to any one of Claims 1 to 6,
characterised by the fact that the reciprocating pump and the shut-off
valve are constructed as one structural unit.

8. Injection device according to Claim 7, characterised by the fact
that the reciprocating pump and the shut-off valve are arranged in a
common housing and each consists of solenoids that are arranged
directly adjacent to each other, whereby the armatures of the
solenoids are constructed as delivery plunger-shaped valve
elements. :

9. Injection device according to Claim 8, characterised by a
coaxial arrangement of the delivery plunger and a plunger-shaped
valve element.

10.  Injection device according to Claim 9, characterised by the fact
that an outlet of the shut-off valve is connected to the rear inlet
chamber of the pump via a short channel, whereby one additional
channel, which may be connected to a non-return valve that is in turn
connected to the fuel tank, exists into said inlet chamber.
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11.  Injection device aécording to any one of Claims 8 to 10,
characterised by the fact that the valve element of the shut-off valve
is a hollow plunger (plunger with a blind bore) which is reset by a
spring and provided with fluid outlet openings on its end which exit
into transverse surfaces of the plunger, whereby said transverse
surfaces may engagz with corresponding transfer surfaces (vaive
seat) at the front end of a bore accommodating the plungerin a
sealing manner.

12.  Injection device according to Claim 11, characterised by the
fact that the transverse surfaces at the front end of the plunger as
well as at the opposing end of the plunger bore are conical surfaces.

13.  Injection device according to any one of Claims 8 to 12,
characterised by the fact that the non-return valve connecting the
inlet chamber located behind the delivery plunger with the
displacement space located in front of the delivery plunger is
integrated into the delivery plunger.

14.  Injection device according to Claim 13, characterised by the
fact that the non-return valve includes a valve element which is
arranged in a through bore of the delivery plunger and pressed
against a valve seat at the rear end of the through bore in the
delivery direction by means of a spring.

15.  Injection device to inject fuel into internal combustion engines
with an injection nozzle to which fuel is supplied by means of a
pressure impulse device that includes an intermittently operating
reciprocating pump that accelerates the fuel and a shut-off valve that
delays the flow of fuel, whereby the activation of said shut-off valve
transforms the kinetic energy of the accelerated fuel into an impulse
wave abruptly ejecting the fuel via the injection nozzle, characterised
by the fact that the reciprocating pump includes a delivery plunger
and is driven electromagnetically, and that the shut-off valve is a
hydraulically operated valve which is connected to an oscillation line
space in front of the reciprocating pump, whereby a valve element of
said hydraulic valve has a distance from a valve seat in the opening
position while being subjected to by a spring and forming an annular
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gap, and whereby said valve element abruptly assumes its closed
position at the valve seat once the fuel reaches a predetermined flow
speed due to the output of the pump.

16.  Injection device according to Claim 15, characterised by the
fact that a non-return valve is arranged in the oscillation line space
extending from the front of the reciprocating pump to the injection
nozzle in order to prevent the formation of bubbles by the
introduction of air via the injection nozzle, and whereby a valve
element of said non-return valve is pressed against a respective
valve seat by the compression of a spring that is constructed in such
a way that the non-return valve is closed when the fuel pressure in’
the oscillation line lies below a particular value that leads to the
ejection of fuel via the injection nozzle.

17.  Injection device according to Claim 16, characterised by the
fact that the shut-off valve and the non-return valve are, together with
the pump, arranged in one common housing as one structural unit.

18.  Injection device to inject fuel into internal combustion engines
with an injection nozzle to which fuel is supplied by means of a
pressure impulse device that comprises an intermittently operating
reciprocati: .3 pump that accelerates the fuel and a shut-off valve that
delays the flow of fuel, and whereby the activation of said shut-off
valve transforms the kinetic energy of the accelerated fuel into an
impulse wave abruptly ejecting the fuel via the injection nozzle,
characterised by the fact that the reciprocating pump is driven
electromagnetically and that the shut-off valve is integrated into an
armature constructed as the delivery plunger of the reciprocating
pump, and that a closed fuel circuit is provided which connects the
inlet chamber behind the delivery plunger of the pump with an
oscillation line space in front of the delivery plunger of the pump.

19.  Injection device according to Claim 8, characterised by the fact
that the delivery stroke of the delivery plunger is limited by a stopping
element, whereby the impact of the delivery plunger against the
stopping element triggers the pressure impulse wave in the fuel and
stops the flow of fuel.
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20. Injection device abcording to Claim 19, characterised by the
fact that the stopping element is a narrowing of the bore

accommodating the delivery plunger in a pump housing of the
reciprocating pump.

21.  Injection device according to Claim 20, characterised by the
fact that the narrowing is an annular surface between the delivery
plunger bore and a bore with a smaller cross section arranged in
front of the aforementioned bore in the delivery direction, whereby
the delivery plunger may in the delivery direction make impact with
said annular surface. '

22.  Injection device according to Claim 19, characterised by the
fact that the delivery plunger is provided with a central through bore,
inside of which a non-return valve is arranged in form of a valve
element which is pressed against a valve seat at the rear end of the
through bore in the delivery direction due to the compression of a
spring, and that said valve element makes impacts with the stopping
element after passing a predetermined acceleration distance of the
plunger while abruptly decelerating the same.

23.  Injection device according to Claim 22, characterised by the
fact that the stopping element is a pin extending along the central
longitudinal axis of the delivery plunger bore.

24. Injection device according to Claim 18, characterised by the
fact that flow baffles in the form of restrictions in a delivery cross
section are arranged in a delivery path of the delivery plunger,
whereby said flow baffles are closad after a predetermined stroke
distance of the plunger while ending the flow of fuel and creating the
impulse wave ejecting the fuel via the injection nozzle.

25. Injection device according to Claim 24, characterised by the
fact that the restrictions are narrow bores between a bore
accommodating the delivery plunger and the oscillation line in front of
the delivery plunger, whereby said bores extend radially to the
plunger and may be closed by means of the outer surfaces of said
plunger. '
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26.  Injection device abcording to Ciaim 24, characterised by the
fact thai the delivery plunger is hollow and the restrictions are
constructed in the form of openings in one of the front face walls of
the delivery plunger in the conveying direction, whereby said delivery
plunger may be closed towards the rear by a non-return valve, and
whereby the openings are closed once the front end of the plunger
penetrates an annular space of a piunger bore, the inner diameter of
which essentially corresponds with the diameter of the plunger.

27.  Injection device according to any ong of Claims 18 to 26,
characterised by the fact that an intake and an outlet of the ’
reciprocating pump are connected to each other by the oscillation ‘
line, whereby the injection nozzle is branched off in the area of the
pump intake from the oscillation line, while a fuel tank is in the area
of the pump outlet via a non-return valve connected to the oscillation
line in order to replenish the quantity of fuel ejected via the injection
nozzle into the oscillation line during the delivery stroke of the pump.

28. Injection device according to any one of Claims 1 to 17,
characterised by the fact that the shut-off valve includes a solenoid,
the armature of which is constructed as a valve element arranged in
a housing bore and provided with a through bore which is for a
certain duration connec.ed to a shut-off valve intake and to one radial
shut-off vaive outlet exiting radially into the housing bore when the
armature is during the activation of the solenoid located at one end of
the housing bore, and that radial slots or bores are axially spaced
from each other in the armature, whereby said slots or bores connect
the through bore of the armature with the outer peripheral surface of
the armature and which in an activated condition of the solerioid
insulated from the shut-off valve outlet via the wall of the housing
bore, and whereby said slots are successively connected to the shut-
off valve outlet in order to deliver fuel if the armature is during the
resetting of the armature under the influence of a spring to the other
end of the housing bore.

29. Injection device to inject fuel into internal combustion engines
with an injection nozzle to which fuel is supplied by means of a
pressure impulse device that comprises an intermittently operating
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reciprocating pump that accelerates the fuel and a shut-off valve that
delays the flow of fuel, whereby the activation of said shut-off valve
transforms the kinetic energy of the accelerated fuel into an impulse
wave abruptly ejecting the fuel via the injection nozzle, characterised
5 by the fact that the reciprocating pump is driven electromagnetically,

and that the shut-off valve is a valve that is activated
electromagnetically, whereby one common electronic control unit for
the pump and the shut-off valve is provided, whereby the shut-off
valve is via a fuel line connected to a fuel tank in such a way that fuel

10 flows into a displacement space and thus into an oscillation line
space in front of a delivery plunger of the pump during the resétting
of the delivery plunger, and that said fuel is during the acceleration of
the plunger discharged into the fuel tank until the shut-off valve is
closed by the abrupt deceleration of the plunger and produces an

15 impulse wave ejecting the fuel via the injection nozzle.

30. Injection device according to Claim 29, characterised by the
fact that the shut-off valve is in the immediate vicinity of the
displacement space arranged at the oscillation line connecting the
pump with the injection nozzle.

20 31. Injection device according to any one of Claims 1 to 30,
characterised by the fact that a damping device is arranged in the
oscillation line in order to dampen the reflection of this wave
occurring during the impact of the pressure wave against the pump
plunger. '

25 32. Injection device according to Claim 31, characterised by the
fact that the damping device is designed as a non-return valve that is
under pressure by a spring.

-
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33. Injection device according to any one of Claims 1 to 17,
characterised by the fact that the pressure impulse device, the
30  electromagnetic pump, and the electromagnetic shut-off valve form a
closed fluid circuit that is coupled to a fuel delivery line extending
from tne fuel tank to the injection nozzle via a transfer element, for
example, a diaphragm device, so that the pressure impulse wave
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produced in the fluid circuit may be transferred to the fuel pressure
line in order to eject fuel out of the injection nozzle.

34. Injection device according to any one of Claims 1 to 17,
characterised by the fact that an electric circuit to trigger the
electromagnetic shut-off valve is arranged in such a way that a
higher current that a shut-off valve activation current is supplied to
the shut-off valve in order to facilitate a more rapid opening process,
whereby this current is lowered to a time average value immediately
after the valve opening position has been reached in order to
maintain the shut-off valve in its opened position. '

35. Injection device according to Claim 34, characterised by the
fact that the current between shut-off valve switching cycles is
decreased to the value 0.

Dated this 21st day of July 1994
FICHT GmbH

By their Patent Attorneys
COLLISON & CO.
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE, A, 2751457 (BROWN BOVERI) 23 May 1979
A DE, C, 598918 (MARCHANT) 4 D;;ember 1932 (cited in the
application)
A US, A, 1664607 (FRENCH) 3 Ap;;l 1928
A US, A, 2666153 (HENRY) 12 January 1954
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INTERNATIONAL SEARCH REPORT International application No.
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Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This international search report has notbeen established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box II  Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

For further information see form PCT/ISA/206 send on 26.06.92.

1. m As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claimns.

2. D Asallsearchable claims could be searched without effort justifying an additional fee, this Authority did notinvite payment
of any additional fee. '

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest E] The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1992)
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This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report.
The members are as contained in the European Patent Office EDP file on 21/12/92
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

DE-C- 598918

Patent document Publication Patent family Publication

cited in search report date member(s) date

BD-A- 213472 None

DD-A- 120514 None

DD-A- 105653 None

EP-A- 0324452 19-07-89 JP-A- 1182554 20-07-89
US-A- 4958610 25-09-90

EP-A- 0174261 12-03-86 JP-A- 61106970 24-05-86
US-A- 4838232 13-06-89

DE-A- 2751457 23-05-79 None

FR-A- 749917
GB-A- 397493
Us-A- 2017009

None

For more details about this annex : sece Official Journal of the European Patent Office, No. 12/82




INTERNATIONALER RECHERCHENBERICHT

Internationales Aktenzeichen

PCT/EP 91/01902

1. KLASSIFIKATION DES ANMELDUNGSGEGENSTANDS (bei mehreren Klassifikationssymbolen sind alle anzugeben)®

Int.C1.5

Nach der Internationalen Patentklassifikation (IPC) oder nach der nationalen Klassifikation und der IPC

F02M 51/04 F02M 63/06

0. RECHERCHIERTE SACHGEBIETE

Recherchierter Mindestprilfstoff 7

Klassifikationssytem

Klassifikationssymbole

Int.C1.5

FO2M

Recherchierte nicht zum Mindestpriifstoff gehdrende Vertffentlichungen, soweit diese

unter die recherchierten Sachgebicte fallen

1. EINSCHLAGIGE VEROFFENTLICHUNGEN 9

An.° Kennzeichnung der Verdffentlichung !! , soweit erforderlich unter Angabe der maBgeblichen Teile 12 - Betr. Anspruch Nr.13
A DD,A, 213472 (INGENIEURHOCHSCHULE 24,25,
ZWICKAU) 12. September 1984, siehe Seite 3, 31
lTetzter Absatz - Seite 5, letzter Absatz;
Abbildungen (in der Anmeldung erwihnt)
A DD,A, 120514 (KLUJ) 12. Juni 1976
(in der Anmeldung erwdhnt)
A DD,A, 105653 (KLUJ) 5. Mai 1974
Y EP,A,0324452 (NISSAN) 19. Juli 1989, 1-7,12,
siehe Spalte 5, Zeile 29 - Spalte 6, Zeile 23; 35-37
Abbildung 1
——— - / -
°B dere Kategorien von angegebenen Verdffentlichungen to,
“A" Vertffentlichung, die den allggmeil;:: Stand der 'l'ec_hnlk‘s1 “T~ Spitere Vertffentlichung, die nach dem internationalen An-

definiert, aber nicht als b eutsam anz
“E° ilteres Dokument, das jedoch erst am oder nach dem interna-
tionalen Anmeldedatum vertiffeatlicht wordea ist

“L" Vertfientlichung, die geeignet ist, einen Prioritdtsanspruch
zwelfelhaft erscheinen zu lassen, oder durch die das Verdf-
fentlichungsdatum einer anderen im Recherchenbericht ge-

nannten Versffentlichung belegt werden soll oder die aus einem

anderen besonderen Grund angegeben st (wie ausgefuhrt)

“0” Vertffeatlichung, die sich auf eine miindliche Offenbarur ,
eine Benutzung, eine Ausstellung oder andere MalSnahmen
bezieht

“P” Veriffentlichung, die vor dem internationalen Anmeldeda-

tum, aber nach dem beanspruchten Priorititsdatum veroffent-
licht worden ist

L 7.2

meldedatum oder dem Priorititsdatum verdffentlicht worden
ist und mit der Anmeldung nicht kollldiert, sondern nur zum
Verstindnis des der Erfindung rugrundeliegenden Prinzips
oder der {hr zugrundeliegenden Theorie angegeben ist

Vertfientlichung von besonderer Bedeutung; die beanspruch-
te Erfindung kann nicht als neu oder auf erfinderischer Titig-
keit beruhend betrachtet werden

Vertffentlichung von besonderer Bedeutung; die beanspruch-
te Erfindung kann nicht als auf erfinderischer Tiitigkeit be-
ruhend betrachtet werden, wenn die Veriffentlichung mit
einer oder menreren anderen Vertiffentlichungen dieser Kate-
gorie in Verbindung gebracht wird und diese Verbindung filr
einen Fachmann naheliegend ist

Vertffentlichung, die Mitglied derselben Pateatfamille ist

IV. BESCHEINIGUNG

Datum des Abschlusses der internationalen Recherche

15-12-1992

Absendedatum des internationalen Recherchenberichts

050193

Internationale Recherchenbehtirde
EUROPAISCHES 2ATENTAMT

Unterschrift des bevollmichtigten Bediensteten
SIDERIS M.

Formblatt PCT/ISA/210 (Blait 2) (Jsnnar 1985)
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II. EINSCHLAGIGE VEROFFENTLICHUNGEN  (Fortsetzung von Blatt 2)

An® Kennzeichnung der Veriffentlichung, soweit erforderlich unter Angabe der maigeblichen Teile Betr. Anspruch Nr.

A 13

Y EP,A,0174261 (UNITED TECHNOLOGIES) 1-7,12,
12. Mdrz 1986, siehe Zusammenfassung; Abbildung 2 35-37

A DE,A,2751457 (BROWN BOVERI) 23. Mai
1979

A DE,C, 598918 (MARCHANT) 4. Dezember
1932 (in der Anmeldung erwdhnt)

A US,A,1664607 (FRENCH) 3. April 1928

A US,A,2666153 (HENRY) 12. Januar 1954

Formblatt PCT/1SA/210 (Znsatzbogen) (Januar 198S)




Inwrnationales Aktenzeichen

INTERNATIONALER RECHERCHENBERICHT PCT/EP 91/ 01902

Feld I Bemerkungen zu den Anspriichen, die sich als nicht recherchierbar erwiesen haben (Fortsetzung von Punkt 1 auf Blatt 1)

GemiB Artikel 17(2)a) wurde aus folgenden Griinden filr bestimmte Anspriiche kein Recherchenbericht erstellt:

1. D Anspriiche Nr.
weil Sie sich auf Gegenstiinde bezichen, zu deren Recherche die Behérde nicht verpflichtet ist, nimlich

2. D Anspriche Nr.

weil sie sich auf Teile der internationalen Anmeldung beziehen, die den vorgeschriebenen Anforderungen so wenig entsprechen,
dafl eine sinnvolle internationale Recherche nicht durchgefilhrt werden kann, nimlich

3. D Anspriiche Nr.

weil es sich dabei tm abhingige Anspriiche handelt, die nicht entsprechend Satz 2 und 3 der Regel 6.4 a) abgefafit sind.

Feld II Bemerkungen bei mangelnder Einheitlichkeit der Erfindung (Fortsetzung von Punkt 2 auf Blatt 1)

Die internationale Recherchenbehéide hat festgestellt, dal diese internationale Anmeldung mehrere Erfindungen enthilt:

Fir weiter Information siehe Formblatt PCT/ISA/206 geschickt am 26.06.92.

1. Da der Anmelder alle erforderlichen zusitzlichen Recherchengebithren rechtzeitig entrichtet hat, erstreckt sich dieser
internationale Recherchenbericht auf alle recherchierbaren Anspriiche der internationalen Anmeldung.

2. Da fiir alle recherchierbaren Anspriiche die Recherche ohne einen Arbeitsaufwand durchgefithrt werden konnte, der eine

zustitzliche Recherchengebiihr gerechtfertigt hitte, hat die Internationale Recherchenbehérde nicht zur Zahlung ciner solchen
Gebiihr aufgefordert

3. Da der Anmelder nur einige der erforderlichen zustitzlichen Recherchengebithren rechtzeitig entrichtet hat, erstreckt sich dieser

internationale Recherchenbericht nur auf die Anspriiche der internationalen Anmeldung, fir die Gebilhren entrichtet worden
sind, nimlich auf die Anspriiche Nr.

4. Der Anmelder hat dic erforderlichen zusitzlichen Recherchengebiihren nicht rechtzeitig entrichtet. Der internationale Recher-

chenbericht beschrinkt sich daher auf die in den Anspriichen zuerst erwihnte Erfindung; diese ist in folgenden Anspriichen er-
fafu

Bemecrkungen hinsichtlich eincs Widerspruchs Die zusitzlichen Gebihren wurden vom Anmelder unter Widerspruch gezahlt

{ ] Die Zahlung zusitzlicher Gebiihren erfolgte ohne Widerspruch.

Formblatt PCT/ISA/210 (Fortsctzung von Blatt 1 (1))(Juli 1992)
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ANHANG ZUM INTERNATIONALEN RECHERCHENBERICHT
UBER DIE INTERNATIONALE PATENTANMELDUNG NR. EP 9101902

SA 51700 f

In diesem Anhang sind die Mitglieder der Patentfamilien der im obengenannten internationalen Recherchenbericht angefiihrten
Patentdokumente angegeben.

Die Angaben iiber die Familienmitglieder entsprechen dem Stand der Datei des Europiischen Patentamts am 21/12/92

Diese Angaben dienen nur zur Unterrichtung und erfolgen ohne Gewihr.

Im Recherchenbericht Datum der Mitglied(er) der Datum der
angefiihrtes Patentdokument Veroffentlichung Patentfamilic Veroffentlichung

DD-A- 213472 Keine

DD-A- 120514 Keine

DD-A- 105653 Keine

EP-A- 0324452 19-07-89 JP-A- 1182554 20-07-89
US-A- 4958610 25-65-90

EP-A- 0174261 ‘12-03-86 JP-A- 61106970 24-05-86
US-A- 4838232 13-06-89

DE-A- 2751457 23-05-79 Keine

DE-C- 598918 FR-A- 749917

GB-A- 397493
US-A- 2017009

Fiir nahere Einzelheiten zu diesem Anhang : siche Amtsblatt des Europiiischen Patentamts, Nr.12/82



