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Description

[0001] The invention relates to a pulsation damper. In
particular, the invention relates to a pulsation damper for
a high-pressure pump like a fuel pump for conveying fuel
in a fuel system of a motor vehicle.

[0002] Itis widely known to apply high-pressure pumps
for a high-pressure fuel supply in internal combustion en-
gines of motor vehicles. These kind of high-pressure
pumps are particularly applicable for supplying gasoline
fuel at Common Rail Systems. With this regard, the fuel
supplied is compressed up to a pressure of 150 to 200
bar.

[0003] High-pressure pumps usually comprise a hous-
ing in which a compressing unit with a cylinder for high-
pressure compression is arranged. Within the housing,
channels are provided serving as a feed line for the fuel
being conveyed from the fuel tank via the compressing
unit to the cylinder of the internal combustion engine.
Often, due to the working principle of conventional dis-
placement pumps, these compressors cause pressure
or stream pulsations. Additionally, the fuel generally
reaches the high-pressure pump with pulsations, e.g.
caused by a backing pump. In order to reduce such pul-
sations, fuel systems, or high-pressure pumps, respec-
tively, may comprise pulsation dampers.

[0004] Conventional pulsation dampers use a spring-
biased or flexible damping element which damps pulsa-
tion by an axial movement, or displacement, respectively.
The major drawback of such kinds of pulsation dampers
is the requirement of forming them big-sized to allow an
adequate flowrate. Furthermore, no adjustmentis possi-
ble for an adaption to vary performance conditions.
[0005] The document EP-A-1944 512 discloses a pul-
sation dumper, for a high-pressure fuel pump of a motor
vehicle, comprising a damper housing, and at least one
first bended damping element being formed as a hollow
capsule having an internal volume.

[0006] Thedocument EP-A-1 150003 discloses afuel
rail assembly. The fuel rail assembly includes a generally
hollow fuel rail having a longitudinal rail axis extending
there-through and a fuel damper element having a wall
and a longitudinal damper element axis extending there-
through. The fuel damper element is located within the
fuel rail. The damper axis is generally parallel with the
rail axis.

[0007] The document DE-A- 102006 027 780 disclos-
es afuelinjector forinjecting fuel into a combustion cham-
ber, having a solenoid valve for controlling a mini-servo
valve. A movable armature can be placed in a sealing
fashion on a valve seat in a lower armature chamber,
wherein in addition the mini-servo valve is held in an in-
jector body and seals a control line against a flat seat.
By means of the flat seat, during an actuation of the so-
lenoid valve, the control line can be relieved of pressure
from a high fuel pressure to areturn pressure into at least
one return line. A mechanism for reducing pressure os-
cillations are provided in the atleast one returnline, which

10

15

20

25

30

35

40

45

50

55

includes at least one diaphragm cell which is held in a
recess and which is placed in fluidic connection with the
at least one return bore. A fuel injector with the mecha-
nism for reducing pressure oscillations is therefore cre-
ated in the at least one return line which operates without
a leakage flow and has a simple and effective function.
[0008] Itis therefore the object of the present invention
to provide a pulsation damper which reduces atleastone
of the limitations as set forth above.

[0009] This object is solved by a pulsation damper ac-
cording to claim 1. Preferred embodiments of the present
invention are set forth in the dependent claims.

[0010] The pulsation damper, in particular pulsation
damper for a high-pressure fuel pump of a motor vehicle,
according to the invention comprises a damper housing,
and at least one first flexible bended damping element
being formed as a hollow capsule having an internal vol-
ume.

[0011] The pulsation damper according to the inven-
tion takes advantage of the special geometry of a bended
damping element. Due to its bended form, there are dif-
ferent surface areas at the internal side and at the exter-
nal side of the bended element on which the pressure
may act. In other words, the damping properties are
caused by the difference of wetted length between the
internal surface and the external surface. Due to its flex-
ibility, the damping element may be deformed by the
pressure of the conveyed fluid, in particular by the con-
veyed fuel. It thus transforms the pressure pulsation in a
bent. The damping element may therefore act as an elas-
tic receptacle for the volume stream pulsation, or pres-
sure pulsations. A consumer may therefore be supplied
with a continuous stream the pressure level of which has
negligible fluctuations or no fluctuations at all.

[0012] Additionally, the pulsation damper according to
the invention may handle a bigger volume stream com-
pared to conventional pulsation dampers. This may be
realized even by forming it in a compact size. Therefore,
it is especially suitable for inserting it into systems with
small-sizes requirements.

[0013] Furthermore, according to the present inven-
tion, the at least one damping element is connected to
the damper housing by a connector, wherein the connec-
tor has an internal volume being in fluid communication
with the internal volume of the damping element and with
agas connection. This allows filling the damping element
not only with air, bit with every fluid which is suitable for
the desired application. Furthermore, due to the gas con-
nection provided at the connector, it is possible to apply
various gas pressures inside the connector and inside
the damping element. Due to the fact that the volumetric
stiffness is given by the pressure inside the damping el-
ement, the damping properties may thus be changed in
a very easy manner, making the pulsation damper ac-
cording to the invention usable in a wide range of appli-
cations. Furthermore, this adjustment may be carried out
by the consumer or a garage but has not to be arranged
at the production of said damper. This allows an adjust-
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ment at any time when required.

[0014] With this regard, it is especially preferred that
the damping element is connected to the connector at
one connection point. This allows suitable deformation
properties, or bending properties, respectively, of the
damping element.

[0015] Inapreferred embodiment of the presentinven-
tion, the damping element is filled with gas. The volumet-
ric stiffness of the damping element is thereby given by
the gas pressure inside said damping element. This en-
ables to take influence on the damping properties by pro-
viding a defined gas pressure inside the damping ele-
ment, or the inner volume, respectively. Here, it is espe-
cially preferred that the gas is air. This is the most simple
way of forming the damping element.

[0016] Inafurtherpreferred embodimentofthe present
invention, the damping element is formed of a metal, in
particular of stainless steel. This is a very beneficial ma-
terial for providing the desired damping properties.
[0017] Inafurtherpreferred embodimentofthe present
invention, the damping element comprises an external
partial ring and an internal partial ring. Due to the fact
that the damping properties are caused by bending said
damping element which in turn is strongly dependent of
the properties of the internal surface and the external
surface of the damping element, this is a further beneficial
way to adjust the damping properties.

[0018] With this regard, it is preferred that the external
partial ring and the internal partial ring are formed of dis-
similar materials. In detail, it is possible to form them of
different metals. This provides different stiffness proper-
ties of the internal surface and the external surface and
thus allows to adjust the bending properties of the damp-
ing element and thus of the damping properties, or the
damping capacity, respectively.

[0019] This effect may furthermore be reached if the
external partial ring and the internal partial ring are
formed in different thicknesses. This may be advanta-
geous if the external partial ring and the internal partial
ring are formed of the same material, in particular stain-
less steel, or are formed of dissimilar materials.

[0020] Inafurtherpreferred embodimentofthe present
invention, a second separate bended damping element
is provided being arranged on the damper housing, to-
gether with the first damping element, in a substantially
circular shape and being connected to the damper hous-
ing by the connector, wherein the second damping ele-
ment is formed as a hollow capsule having an internal
volume, the latter being in fluid communication with the
internal volume of the connector. This embodiment al-
lows providing an improved damping capacity. The term
"substantially circular shape" as used herein shall refer
to an arrangement having the shape or nearly the shape
of a circle, e.g. in the form of an ellipse, oval, etc. How-
ever, a substantially circular shape according the inven-
tion implies that the latter is interrupted in that the damp-
ing elements are separated from each other to allow an
adequate deformation, or bending, respectively.
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[0021] The invention further relates to a pump, in par-
ticular high-pressure fuel pump for a motor vehicle, com-
prising a pulsation damper according to the invention.
[0022] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter. However, the invention
is not limited to these embodiments.

[0023] In the drawings:

shows a schematical sectional side view of a
pump comprising a pulsation damper according
to the invention.

Fig. 1

Fig.2 shows a schematical top view of the pump ac-
cording to figure 1.

Fig. 3  shows a schematical view of a pulsation damp-
er according to the invention.

Fig.4 shows a schematical partial view of one em-
bodiment of the pulsation damper according to
the invention.

Fig. 5 shows a schematical sectional view of a further
embodiment of the pulsation damper according
to the invention.

[0024] Infigure 1, a pump 10 is shown. This pump 10

preferably is a high-pressure pump of a fuel system of a
motor vehicle. Consequently, this pump 10 may mainly
be used for conveying fuel, in particular diesel fuel in
common rail systems, at high pressures. In detail, pres-
sures up to 2 500 bar may be reached. However, the
pump 10 is not strictly limited to this application.

[0025] The pump 10 comprises a housing 12, which
comprises or is connected to a cylinder 14. The cylinder
14 serves for high-pressure compression of fluids, in par-
ticular for high-pressure compression of diesel fuel. The
cylinder 14 has an inner surface 16 which abuts the hous-
ing 12. The cylinder 14 comprises a cylinder bore 18 and
a compression chamber 20, in which fed fuel is com-
pressed to be conveyed, after the compression, at least
partly to a common rail system for fuel injection. In the
cylinder bore 18, a moveable piston 22 is arranged. For
an actuation of amovement of the piston 22 in the cylinder
bore 18, the piston 22 may be connected to an excenter.
By means of the movement of the piston 22, the volume
of the compression chamber 20 may be changed. For
example, by decreasing the volume of the compression
chamber 20, fuel being located in the latter may be com-
pressed.

[0026] Fuel is guided through a conduct 24 into the
compression chamber 20 and leaves the pump 10
through an outlet 26. Upstream and/or downstream the
compression chamber 20, a pulsation damper 28 is pro-
vided. The pulsation damper 28 has as object to damp
pulsations and thus to generate a continuous flow of fuel.
The subsequent description is directed towards a pulsa-
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tion damper 28 being located upstream the compression
chamber 20. However, the pulsation damper 28 as well
as the pump 10 according to the invention is not limited
to this embodiment.

[0027] In detail, the pump 10 may comprise an enclo-
sure 30 in which the pulsation damper 28 is arranged.
The enclosure 30 comprises a joint 32 for guiding the
fuel from the enclosure 30 through the conduct 24 into
the compression chamber 20. The pump 10 furthermore
comprises an inlet 34 for guiding the fuel into the enclo-
sure 30 and thus to the pulsation damper 28. The inlet
34 isshowninfigure 2. Preferably, the inlet 34 is arranged
on top of the enclosure 30. The enclosure 30 thus forms
a closed cavity for an arrangement of the pulsation damp-
er 28.

[0028] The pulsation damper 28 is shown in detail in
figure 3. The pulsation damper 28 comprises a damper
housing 36. The damper housing 36 may have a circular
form and may be formed of metal. An especially prefer-
able metal for forming the damper housing 36 is stainless
steel. The damper housing 36 may be fixed in the enclo-
sure 36 to hold the pulsation damper 28 in place. Con-
sequently, it is advantageous that the damper housing
36 has the same shape as the enclosure 30.

[0029] A connector 38 is preferably connected to the
damper housing 36. The connector 38 may be formed
hollow as it is described in detail with respect to figure 5.
The connector 38 has as one objective to serve as an
interface between the damper housing 36 and a bended
damper element 40.

[0030] It has to be noted, that according to the inven-
tion, one bended damping element 40 may be sufficient.
In this case, the single damping element 40 may have a
semicircular or nearly circular form. However, in the fol-
lowing, the present invention will be described in an em-
bodiment comprising two damping elements 40. Conse-
quently, it is possible to provide at least one damping
element 40, preferably two damping elements 40 and in
some embodiments more than two damping elements
40 without leaving the invention as such. This implies
that all features of the damping elements 40 described
with regard to an embodiment comprising two damping
elements 40 are as well applicable for an embodiment
comprising one damping element 40.

[0031] According to figure 3, the damping elements 40
are shaped in a bended form. By providing two damping
elements 40, each of the damping elements 40 substan-
tially has a semicircular shape. Consequently, the damp-
ing elements 40 together substantially form a circle. It is,
however, essential, that the damping elements 40 are
separated from each other to provide a sufficient mova-
bility like described down below.

[0032] In case two damping elements 40 are provided,
the connector 38 may be located between the damping
elements 40. Like described above, the connector 38
may form a connection between the damping elements
40 and the damper housing 36 for holding the damping
elements 40 in place. It is, however, preferred, that the
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damping elements 40 are connected to the connector 38
at one connection point. This enables the damping ele-
ments 40 to be suspended freely and allows a free mov-
ability ofthe damping elements 40 and thus good bending
properties.

[0033] The pulsation damper 28 according to the in-
vention will then work as follows. In case the pulsation
damper 28 is arranged in the fuel system of a motor ve-
hicle, in particular in the high-pressure fuel pump, fuel is
guided into the enclosure 30. Consequently, fuel will con-
tact the pulsation damper 28 and particularly the damping
elements 40 with an increased pressure. Furthermore,
the fuel will enter the enclosure 30 with pulsations. That
means that the fuel flows in a discontinuous manner, i.e.
the fuel forms a flow with pressure and/or volume pulsa-
tions.

[0034] The damping elements 40 have an internal sur-
face 42 and an external surface 44. The fuel flow will then
exert pressure to both the internal surface 42 and the
external surface 44 of the damping elements 40. Due to
the bended shape, the pressure interacting on the damp-
ing elements 40 will cause a deformation of the latter,
thereby transforming the pressure in abent. The stiffness
of the damping elements 40, however, will force them
back into theirinitial shape when the pressure has alower
value caused by the pressure pulsations. This mecha-
nism allows to damp pulsations and thus to generate a
nearly or completely continuous flow of fuel.

[0035] The damping elements 40 are formed as hollow
capsules. It is advantageous that the damping elements
are formed of a metal, in particular of stainless steel. In
one embodiment, the damping elements 40 may be
formed as bent pipes. This is shown in figure 4. The
damping elements 40 have an inner volume 46 which
may be filled with any kind of gas. However, air is most
preferred, as this is the simplest way to fill the damping
elements 40 or the inner volume 46, respectively. Even
though the damping elements 40 are formed as capsules,
i.e. an air exchange is not possible directly between the
inner volume 46 of the damping elements 40 and the
surrounding atmosphere, the inner volume 46 of the
damping elements 40 is connected to an inner volume
48 of the connector 38.

[0036] Infigure 5, the fluid communication of the inner
volume 46 of the damping elements 40 and the inner
volume 48 of the connector 38 is shown. The inner vol-
ume 46 and the inner volume 48 form a gas chamber
which may be filled with gas to create a desired pressure
inside that gas chamber. In order to change the gas which
is presentinside that gas chamber and/or to vary the gas
pressure, the connector 38 comprises a gas connection
50, which connects the inner volume 48 of the connector
38 and thus the inner volume 46 of the damping elements
40 to the outer atmosphere. In order to close the gas
chamber, a plug 52 may be provided to close the gas
connection 50. It has to be noted that apart from a plug,
there are several closing elements known in the art which
may be applicable to close the gas connection 50.
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[0037] The stiffness, or the flexibility, respectively of
the damping elements 40 and thus the ability to damp
pressure pulsations is thereby dependent from the gas
and the gas pressure pressure inside the damping ele-
ments 40. Therefore, by varying the gas and/or the gas
pressure inside the damping elements 40, the damping
properties may be varied according to the currentrequire-
ments.

[0038] This arrangement may be realized in combina-
tion with a damping element like described above. How-
ever, according to figure 5, the damping elements 40
comprise an inner or internal partial ring 54 and an outer
or external partial ring 56. In order to create defined
damping properties of the damping elements 40, the in-
ternal partial ring 54 and the external partial ring 56 may
be formed of different materials. With this regard, the
materials may be chosen to create the desired damping
properties. Furthermore, the damping properties may be
adjusted by forming the internal partial ring 54 and the
external partial ring 56 with different thicknesses.
[0039] In some applications, it may be advantageous
that the damping properties are adjusted to a required
amount by using a combination of the above described
measures. In detail, it may be advantageous to fine-tune
the damping properties of the pulsation damper by
choosing suitable materials and/or thicknesses for the
internal partial ring 54 and the external partial ring 56 and
by adjusting the pressure inside the damping elements
40.

[0040] Forsome special applications, it may be advan-
tageous if the two damping elements 40 differ from each
otherin their damping properties. Therefore, the damping
elements 40 may be formed of different materials. Fur-
thermore, the inner volume 48 of the connector 38 may
be divided into two parts, each of the parts having one
gas connection and being connected to one of the damp-
ing elements 40. This allows providing different gas pres-
sures in each of the damping elements 40 and thus ad-
justing the damping properties independent from each
other.

Reference Signs

[0041]

10  pump
12 housing
14  cylinder

16  inner surface
18  cylinder bore
20  compression chamber

22  piston
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24 conduct

26  outlet

28  pulsation damper

30  enclosure

32 joint

34  inlet

36  damper housing

38  connector

40 damping element

42 internal surface

44  external surface

46  inner volume (damping element)
48 inner volume (connector)

50 gas connection

52  plug

54  internal ring

56  external ring

Claims

1. Pulsation damper, in particular pulsation damper for

a high-pressure fuel pump of a motor vehicle, com-
prising

a damper housing (36), and

at least one first flexible bended damping element
(40) being formed as a hollow capsule having an
internal volume (46), and characterized in that the
at least one damping element (40) is connected to
the damper housing (36) by a connector (38), where-
in the connector (38) has an internal volume (48)
being in fluid communication with the internal volume
(46) of the damping element (40) and with a gas con-
nection (50).

Pulsation damper according to claim 1, character-
ized in that the damping element (40) is filled with
gas.

Pulsation damper according to claim 1, character-
ized in that the damping element (40) is connected
to the connector (38) at one connection point.
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Pulsation damper according to any of the preceding
claims, characterized in that the damping element
(40) is formed of a metal, in particular of stainless
steel.

Pulsation damper according to any of the preceding
claims, characterized in that the damping element
(40) comprises an external partial ring (56) and an
internal partial ring (54).

Pulsation damper according to claim 4, character-
ized in that the external partial ring (56) and the
internal partial ring (54) are formed of dissimilar ma-
terials.

Pulsation damper according to claim 5 or 6, charac-
terized in that the external partial ring (56) and the
internal partial ring (54) are formed in different thick-
nesses.

Pulsation damper according to any claims 3 to 7,
characterized in that a second separate bended
damping element (40) is provided being arranged on
the damper housing (36), together with the first
damping element (40), in a substantially circular
shape and being connected to the damper housing
(36) by the connector (38), wherein the second
damping element (40) is formed as a hollow capsule
having an internal volume (46), the latter being in
fluid communication with the internal volume (48) of
the connector (38).

Pump, in particular high-pressure fuel pump for a
motor vehicle, comprising a pulsation damper (28)
according to any of the preceding claims.

Patentanspriiche

1.

Schwingungsdampfer, insbesondere Schwingungs-
dampfer fir eine Hochdruck-Kraftstoffpumpe eines
Motorfahrzeugs, umfassend

ein Dampfergehause (36), und

mindestens ein flexibles, gebogenes Dampfungs-
element (40), ausgebildet als eine hohle Kapsel mit
einem inneren Volumen (46) und dadurch gekenn-
zeichnet, dass das mindestens eine Dampfungs-
element (40) durch ein Verbindungsstiick (38) mit
dem Dampfergehause (36) verbunden ist, wobeidas
Verbindungsstiick (38) ein inneres Volumen (48)
hat, das in Fluidkommunikation mit dem inneren Vo-
lumen (46) des Dampfungselementes (40) und mit
einer Gasverbindung (50) steht.

Schwingungsdampfer gemafl Anspruch 1, dadurch
gekennzeichnet dass das Dampfungselement (40)
mit Gas gefullt ist.
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Schwingungsdampfer gemaf Anspruch 1, dadurch
gekennzeichnet dass das Dampfungselement (40)
an einem Verbindungspunkt mit dem Verbindungs-
stiick (38) verbunden ist.

Schwingungsdampfer gemaf irgendeinem der vor-
hergehenden Anspriiche, dadurch gekennzeich-
net dass das Dampfungselement (40) aus einem
Metall erzeugt ist, insbesondere aus rostfreiem
Stahl.

Schwingungsdampfer gemaf irgendeinem der vor-
hergehenden Anspriiche, dadurch gekennzeich-
net dass das Dampfungselement (40) einen dule-
renteilweisen Ring (56) und eineninneren teilweisen
Ring (54) umfasst.

Schwingungsdampfer gemaf Anspruch 4, dadurch
gekennzeichnet dass der dulere teilweise Ring
(56) und der innere teilweise Ring (54) aus unter-
schiedlichen Materialien erzeugt sind.

Schwingungsddmpfer gemal Anspruch 5 oder 6,
dadurch gekennzeichnet dass der dulRere teilwei-
se Ring (56) und der innere teilweise Ring (54) in
unterschiedlichen Dicken ausgebildet sind.

Schwingungsddmpfer gemaR irgendeinem der An-
spriiche 3 bis 7, dadurch gekennzeichnet dass ein
zweites, separates gebogenes Dampfungselement
(40) bereitgestelltist, das zusammen mit dem ersten
Dampfungselement (40) in einer im wesentlichen
kreisformigen Gestalt an dem Dampfergehause (36)
angeordnet ist und mittels des Verbindungsstiicks
(38) mit dem Dampfergehduse (36) verbunden ist,
wobei das zweite Dampfungselement (40) als eine
hohle Kapsel mit einem inneren Volumen (46) aus-
gebildetist, wobei die letztere in Fluidkommunikation
mit dem inneren Volumen (48) des Verbindungs-
stiickes (38) steht.

Pumpe, insbesondere Hochdruck-Kraftstoffpumpe
fir ein Motorfahrzeug, umfassend einen Schwin-
gungsdampfer (28) gemaR irgendeinem der vorher-
gehenden Anspriiche.

Revendications

Amortisseur de pulsations, en particulier un amor-
tisseur de pulsations destiné a une pompe a carbu-
rant a haute pression d’'un véhicule a moteur,
comprenant :

un logement d’amortisseur (36) ; et

au moins un premier élément d’amortissement
plié souple (40) formé comme une capsule creu-
se présentant un volume intérieur (46), et ca-
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ractérisé en ce que le au moins un élément
d’amortissement (40) est connecté au logement
d’amortisseur (36) par un connecteur (38), dans
lequel le connecteur (38) présente un volume
intérieur (48) en communication de fluide avec
le volume intérieur (46) de I'’élément d’amortis-
sement (40) et avec une connexion de gaz (50).

Amortisseur de pulsations selon la revendication 1,
caractérisé en ce que I'élément d’amortissement
(40) est rempli de gaz.

Amortisseur de pulsations selon la revendication 1,
caractérisé en ce que I'élément d’amortissement
(40) est connecté au connecteur (38) au niveau d’un
point de connexion.

Amortisseur de pulsations selon I'une quelconque
des revendications précédentes, caractérisé en ce
que I'élément d’amortissement (40) estréalisé a par-
tir d’'un métal, en particulier a partir d’un acier inoxy-
dable.

Amortisseur de pulsations selon I'une quelconque
des revendications précédentes, caractérisé en ce
que |'élément d’amortissement (40) comprend un
anneau partiel extérieur (56) et un anneau partiel
intérieur (54).

Amortisseur de pulsations selon la revendication 4,
caractérisé en ce que I'anneau partiel extérieur (56)
et 'anneau partiel intérieur (54) sont réalisés a partir
de matériaux différents.

Amortisseur de pulsations selon la revendication 5
ou 6, caractérisé en ce que 'anneau partiel exté-
rieur (56) et I'anneau partiel intérieur (54) sont réa-
lisés dans des épaisseurs différentes.

Amortisseur de pulsations selon I'une quelconque
des revendications 3 a 7, caractérisé en ce qu’un
second élément d’amortissement plié séparé (40)
est disposé sur le logement d’amortisseur (36), ainsi
que le premier élément d’amortissement (40), enune
forme sensiblement circulaire et est connecté au lo-
gement d’amortisseur (36) par le connecteur (38),
dans lequel le second élément d’amortissement (40)
est formé comme une capsule creuse présentant un
volume intérieur (46), ce dernier étant en communi-
cation de fluide avec le volume intérieur (48) du con-
necteur (38).

Pompe, en particulier une pompe a carburant a hau-
te pression destinée a un véhicule a moteur, com-
prenant un amortisseur de pulsations (28) selon
I'une quelconque des revendications précédentes.
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