
(19) *EP004542042A1*
(11) EP 4 542 042 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
23.04.2025 Bulletin 2025/17

(21) Application number: 24205211.6

(22) Date of filing: 08.10.2024

(51) International Patent Classification (IPC):
F04B 53/00 (2006.01) F04C 29/06 (2006.01)

(52) Cooperative Patent Classification (CPC):
F04B 53/001; F04C 29/06; F04C 29/065

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 18.10.2023 CN 202311351453

(71) Applicant: ZF Commercial Vehicle Systems
(Qingdao) Co., Ltd.
Qingdao 266510 (CN)

(72) Inventors:
• Meng, Xiangtao
Qingdao City, 266510 (CN)

• Wang, Xinlei
Qingdao City, 266510 (CN)

• Wang, Peng
Qingdao City, 266510 (CN)

(74) Representative: Lüdtke, Thomas
Advopat
Patent‑ und Rechtsanwälte
Theaterstraße 6
30159 Hannover (DE)

(54) SILENCER AND ELECTRIC VACUUM PUMP

(57) The present invention relates to the technical
field of silencing, and provides a silencer and an electric
vacuum pump. The silencer includes: first silencing
members (10) and second silencing members (20),
which are alternately stacked, each first silencing mem-
ber being provided with dispersed first flow guide chan-
nels, and each second silencingmember being provided
with gathered second flow guide channels; and an ex-
haust member (30) provided with an exhaust hole (33),
an edge of the exhaust member being connected to an
edge of each silencingmember, and the silencer forming
a three-dimensional maze silencing path (P) leading to
the exhaust hole (33) from an intake port (800) through
the alternating first flow guide channels and second flow
guide channels. The silencer according to the present
invention can effectively reduce the noise level bymeans
of the three-dimensional maze silencing path. When the
silencer according to the present invention is assembled
to an electric vacuum pump, the NVH problem of the
electric vacuum pump can be effectively solved.
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Description

Technical Field

[0001] The present invention relates to the technical
field of silencing, and in particular, to a silencer and an
electric vacuum pump.

Background Art

[0002] In a scenario inwhich aerodynamicnoiseneeds
to be reduced, silencers can be used to reduce the noise
level. For example, a silencer is usually provided at an
exhaust port of an electric vacuum pump of a vehicle to
reduce noise.
[0003] Current silencers usually use some sound-ab-
sorbing materials to reduce noise, or are provided with
some planar blocking structures to reduce noise, so that
the noise reduction level is very limited, which cannot
meet noise reduction requirements for devices such as
electric vacuum pumps.
[0004] It should be noted that information disclosed in
theabovebackgroundart section isonly used toenhance
the understanding of the background of the present in-
vention, and therefore may include information that does
not constitute the prior art known to those of ordinary skill
in the art.

Summary of the Invention

[0005] In view of this, the present invention provides a
silencer, which can effectively reduce the noise level by
means of a three-dimensional maze silencing path.
When the silencer according to the present invention is
assembled to an electric vacuum pump, the noise, vibra-
tionandharshness (NVH)problemof theelectric vacuum
pump can be effectively solved.
[0006] An aspect of the present invention provides a
silencer, including: first silencing members and second
silencing members, which are alternately stacked, each
first silencingmember being providedwith dispersed first
flow guide channels, and each second silencingmember
being provided with gathered second flow guide chan-
nels; and an exhaust member provided with an exhaust
hole, an edge of the exhaustmember being connected to
an edge of each silencing member, and the silencer
forming a three-dimensionalmaze silencing path leading
to the exhaust hole from an intake port through the
alternating first flow guide channels and second flow
guide channels.
[0007] In someembodiments, the first flowguide chan-
nel includes: a first flow guide surface, a downstream of
the first flowguide surfacebeingdistributedat the edgeof
the first silencing member; an intake cavity provided
upstream of the first flow guide surface; and notches
distributed in a side wall of the intake cavity.
[0008] In some embodiments, the second flow guide
channel includes: a second flow guide surface, an up-

streamof the second flowguide surface being distributed
at the edge of the second silencing member; and a vent
hole provided downstream of the second flow guide sur-
face and aligned with the adjacent intake cavity.
[0009] In someembodiments, theedgeof eachsecond
silencing member is provided with a first flange; and the
edgeof each first silencingmember is in clearance fitwith
a corresponding first flange, the edge of the exhaust
member is in sealing fit with a corresponding first flange,
and the first flanges are in sealing fit with each other.
[0010] In some embodiments, the edge of each first
silencingmember is connected to the corresponding first
flange via a snap-fit member, the edge of the exhaust
member is connected to the corresponding first flangevia
a guide pin, and the first flanges are connected to each
other via the guide pin.
[0011] In some embodiments, the first silencing mem-
ber is made of a porous material, and the first flow guide
channel includes pores dispersed in the porousmaterial;
and the second flow guide channel includes pores pro-
vided in a central area or a corner area of the second
silencing member in a centralized manner.
[0012] In some embodiments, the edge of one of the
second silencing members is provided with a second
flange; and the edge of the first silencing member abuts
against the second flange, and the edge of the exhaust
member is hermetically connected to the second flange.
[0013] In some embodiments, the silencer further in-
cludes: a reinforcing rib arranged at an outer wall of a
flange.
[0014] In some embodiments, a convex rib is arranged
on a path of the exhaust member leading to the exhaust
hole.
[0015] In some embodiments, the silencer further in-
cludes: a check valve arranged in the exhaust hole or in a
second flow guide channel adjacent to the exhaust hole.
[0016] Another aspect of the present invention pro-
vides an electric vacuum pump, which is equipped with
a silencer according to any of the above embodiments,
wherein an intake port of the silencer is in communication
with an exhaust port of the electric vacuum pump.
[0017] Compared with the prior art, the present inven-
tion has at least the following beneficial effects.
[0018] In the silencer according to the present inven-
tion, the first silencingmembers and the second silencing
members are alternately stacked, each first silencing
member is provided with dispersed first flow guide chan-
nels, and each second silencingmember is providedwith
gathered second flow guide channels, so that the three-
dimensional maze silencing path for alternately disper-
sing and gathering a gas is formed, which not only
effectively reduces the pressure and noise of the gas,
but also effectively guides the gas to achieve shock
absorption and noise reduction.
[0019] When the silencer according to the present
invention is assembled to an electric vacuum pump, it
hasbeen tested that thenoise level of theelectric vacuum
pump can be reduced to 70 db or below, thereby effec-
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tively solving the NVH problem of the electric vacuum
pump.
[0020] It should be understood that the above general
descriptionand the followingdetaileddescriptionareonly
exemplary and explanatory, and cannot limit the present
invention.

Brief Description of the Drawings

[0021] The accompanying drawings herein, which are
incorporated into and constitute a part of this description,
illustrate embodiments consistentwith the present inven-
tionand, togetherwith thedescription,areused toexplain
principles of thepresent invention.Obviously, the accom-
panying drawings described below showmerely some of
the embodiments of the present invention, and those of
ordinary skill in the art would also have obtained other
accompanying drawings according to these accompany-
ing drawings without any creative effort.

FIG. 1 is a schematic structural diagram of a silencer
according to an embodiment of the present inven-
tion;
Fig. 2 is a schematic diagram of a silencing path of
the silencer shown in FIG. 1;
FIG. 3 is a schematic structural diagram of another
silencer according to an embodiment of the present
invention; and
FIG. 4 is a schematic diagram of a silencing path of
the silencer shown in FIG. 3.

Detailed Description of Embodiments

[0022] Now exemplary implementations will be de-
scribed more fully with reference to the accompanying
drawings. However, the exemplary implementations can
be implemented in many forms and should not be con-
strued as being limited to the implementations set forth
herein. On the contrary, these implementations are pro-
vided to make the present invention thorough and com-
plete, and to fully convey the concept of the exemplary
implementations to those skilled in the art.
[0023] The accompanying drawings are only sche-
matic illustrations of the present invention, and are not
necessarily drawn to scale. In the accompanying draw-
ings, the same reference signs denote the same or
similar parts, and thus the repeated description thereof
will be omitted.
[0024] The terms "first", "second" and similar terms
used in the specific description do not denote any order,
quantity, or importance, but are merely used to distin-
guishbetweendifferent components. Furthermore, In the
description of the present invention, orientations or posi-
tional relationships indicated by the terms such as
"upper" and "lower" are based on orientations or posi-
tional relationships shown in the drawings, which is only
for convenience of describing the present invention and
simplifying the description, rather than indicating or im-

plying that an apparatus or an element referred to must
have a specific orientation or be constructed and oper-
ated in a specific orientation, and therefore cannot be
construed as limiting the present invention.
[0025] It should be noted that the embodiments of the
present invention and features of the various embodi-
ments can be combined with each other without conflict.
[0026] FIG. 1 shows a structure of a silencer according
to an embodiment of the present invention. FIG. 2 shows
a silencing path of the silencer shown in FIG. 1. FIG. 3
shows a structure of another silencer according to an
embodiment of the present invention. FIG. 4 shows a
silencing path of the silencer shown in FIG. 3. With
reference to FIGS. 1 to 4, a silencer according to an
embodiment of the present invention includes:

first silencing members 10 and second silencing
members 20, which are alternately stacked, each
first silencing member 10 being provided with dis-
persed first flow guide channels (see the arrows
marked on the first silencing members 10 in FIG. 1
and 3), and each second silencingmember 20 being
provided with gathered second flow guide channels
(see the arrows marked on the second silencing
members 20 in FIG. 1 and 3); and
an exhaust member 30 provided with an exhaust
hole 33. An edge of the exhaust member 30 is con-
nected to an edge of each silencingmember, and the
silencer forms a three-dimensional maze silencing
path P leading to the exhaust hole 33 from an intake
port 800 through the alternating first flowguide chan-
nels and second flow guide channels.

[0027] In the silencer shown in FIGS. 1 and 2, the
intake port 800 is formed at an inlet of each first flow
guide channel of the first silencing member 10 located at
the top layer. When entering a silencer cavity from the
intake port 800, a gas is first dispersed and guided by the
first silencing member 10 at the uppermost layer to re-
duce the pressure and noise, and the second silencing
member 20 at a second layer is configured to gather the
guided gas, so that the gas passes through corners of a
three-dimensional maze formed by the first silencing
member 10 at the uppermost layer and the second silen-
cing member 20 at the second layer to increase air flow
resistanceandachieveasilencingeffect. Then, thegas is
dispersed and guided by the first silencing member 10 at
a third layer to further reduce the pressure and noise,
then passes through corners of a three-dimensional
maze formed by the first silencingmember 10 at the third
layer and the second silencing member 20 at a fourth
layer to enhance the silencing effect, is gathered and
guided by the second silencing member 20 at the fourth
layer to a chamber of the exhaust member 30, and is
finally discharged through the exhaust hole 33. By the
alternating first flow guide channels and second flow
guide channels, the gas entering the silencer cavity
can not only pass through a three-dimensional maze
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detour path of dispersion, gathering, dispersion and
gathering to fully reduce the pressure and noise, but
can also be subjected to shock absorption and noise
reduction through a flow guide effect, thereby effectively
reducing the noise level to a desired range.
[0028] In the silencer shown in FIGS. 3 and 4, the
intake port 800 is formed at an inlet of each second flow
guide channel of the second silencing member 20 lo-
cated at the top layer. When entering a silencer cavity
from the intakeport 800, agas is first gatheredandguided
by the second silencing member 20 at the uppermost
layer, is then subjected to full pressure and noise reduc-
tion under a dispersion flow guide effect of the first silen-
cing member 10 at a second layer, and is then gathered
and guided by the second silencing member 20 at a third
layer, and the gas passes through a three-dimensional
maze detour path in the silencer cavity through disper-
sion flow guides and gathering flow guides that are
alternate vertically, to increase air flow resistance and
reduce the pressure and noise to achieve a silencing
effect. The gas then enters a chamber of the exhaust
member 30 after being further subjected to pressure and
noise reduction under adispersionflowguideeffect of the
first silencing member 10 at a fourth layer, and is finally
discharged through the exhaust hole 33. By the alternat-
ing second flow guide channels and first flow guide
channels, the gas entering the silencer cavity can not
only pass through the three-dimensional maze detour
path of gathering, dispersion, gathering anddispersion to
fully reduce the pressure and noise, but can also be
subjected to shock absorption and noise reduction
through a flow guide effect, thereby effectively reducing
the noise level to a desired range.
[0029] It should be noted that FIGS. 1 to 4 only sche-
matically show the structures of two types of silencers
according to theembodimentsof thepresent invention. In
other embodiments, the number, stacking order, etc. of
first silencing members 10 and second silencing mem-
bers 20 can be adjusted according to an actual situation,
and are not limited to those shown in FIGS. 1 to 4.
[0030] In the silencer according to the present inven-
tion, the first silencing members 10 and the second
silencing members 20 are alternately stacked, each first
silencing member 10 is provided with dispersed first flow
guide channels, andeach secondsilencingmember20 is
provided with gathered second flow guide channels, so
that the three-dimensional maze silencing path P for
alternately dispersing and gathering a gas is formed,
which not only effectively reduces thepressure andnoise
of the gas, but also effectively guides the gas to achieve
shock absorption and noise reduction.
[0031] Referring to FIGS. 1 and 2, in some embodi-
ments, the first flow guide channel includes: a first flow
guide surface 11, a downstream of the first flow guide
surface 11 being distributed at the edge of the first silen-
cing member 10; an intake cavity 12 provided upstream
of the first flow guide surface 11; and notches 13 dis-
tributed in a side wall of the intake cavity 12.

[0032] After entering the intake cavity 12, the gas is
dispersedandflowsout through thenotches13, is guided
and silenced along the first flow guide surface 11, and
enters a chamber of the adjacent second silencingmem-
ber 20 from theedgeof the first silencingmember 10. The
first flow guide surface 11 may be formed into a curved
surface, a cambered surface, an inclined surface, or the
like, so as to guide and silence the gas.
[0033] With continued reference to FIGS. 1 and 2, in
some embodiments, the second flow guide channel in-
cludes: a second flow guide surface 21, an upstream of
the second flow guide surface 21 being distributed at the
edge of the second silencingmember 20; and a vent hole
22 provided downstream of the second flow guide sur-
face 21 and aligned with the adjacent intake cavity 12.
[0034] The gas may enter the chamber of the second
silencing member 20 from the edge of the second silen-
cingmember 20, is guidedand silencedalong the second
flow guide surface 21, and enters the adjacent intake
cavity 12 from the vent hole 22. The second flow guide
surface 21 may be formed into a curved surface, a
cambered surface, an inclined surface, or the like, so
as to guide and silence the gas.
[0035] With continued reference to FIGS. 1 and 2, in
some embodiments, the edge of each second silencing
member 20 is provided with a first flange 25. The edge of
each first silencing member 10 is in clearance fit with a
corresponding first flange 25. The edge of the exhaust
member 30 is in sealing fit with a corresponding first
flange 25, and the first flanges 25 are in sealing fit with
each other.
[0036] Due to the fact that the edge of the exhaust
member 30 is in sealing fit with the first flange 25, and the
first flanges 25 are in sealing fit with each other, a sealed
housingof the silencer is formed. Thefirst flanges25may
be in tight fitwitheachother bymeansof a sealing ring26.
Due to the fact that the edge of each first silencing
member 10 is in clearance fit with the first flange 25, a
clearance is formed for flow guide.
[0037] With continued reference to FIGS. 1 and 2, in
some embodiments, the edge of each first silencing
member 10 is connected to the corresponding first flange
25 via a snap-fit member 18. The edge of the exhaust
member 30 is connected to the corresponding first flange
25 via a guide pin 40, and the first flanges 25 are con-
nected to each other via the guide pin.
[0038] By means of the snap-fit member 18, the first
silencing member 10 is firmly fitted with the second
silencing member 20. The guide pin 40 facilitates posi-
tioning and fitting of the exhaust member 30 and the
second silencing members 20.
[0039] With reference to FIGS. 3 and 4, in some em-
bodiments, the first silencing member 10 is made of a
porousmaterial, and the first flow guide channel includes
pores (not specifically shown in the figures) dispersed in
the porous material. The second flow guide channel
includes pores 28 provided in a central area or a corner
area of the second silencing member 20 in a centralized
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manner.
[0040] The first silencing member 10 may be made of
sponge or another suitable porous material, so as to
effectively reduce the pressure and noise of the gas.
[0041] With continued reference to FIGS. 3 and 4, in
some embodiments, the edge of one of the second
silencing members 20 is provided with a second flange
29. The edge of the first silencing member 10 abuts
against thesecondflange29,and theedgeof theexhaust
member 30 is hermetically connected to the second
flange 29.
[0042] Due to the fact that the edge of the exhaust
member 30 is hermetically connected to the second
flange 29, a sealed housing of the silencer is formed.
Due to the fact that the edge of the first silencingmember
10 abuts against the second flange 29, full pressure and
noise reduction of the gas is implemented through the
pores scattered in the first silencing member 10.
[0043] Referring to FIGS. 1 and 3, in some embodi-
ments, the silencer further includes: a reinforcing rib 50
arranged at an outer wall of a flange. Radiation noise is
reduced by the reinforcing rib 50.
[0044] With reference to FIGS. 1 to 4, in some embodi-
ments, a convex rib 36 is arranged on a path of the
exhaust member 30 leading to the exhaust hole 33. By
means of the convex rib 36, air flow resistance can be
further increased before the gas is discharged from the
silencer, to enhance the silencing effect.
[0045] With continued reference to FIGS. 1 to 4, in
some embodiments, the silencer further includes: a
check valve 60 arranged in the exhaust hole 33 or in a
second flow guide channel adjacent to the exhaust hole
33.
[0046] Bymeans of the check valve 60 arranged at the
bottomof the silencer, the gas in the silencer is allowed to
be discharged, while preventing external moisture from
entering the silencer.
[0047] An embodiment of the present invention further
provides an electric vacuum pump, which is equipped
with a silencer described according to any of the above
embodiments. An intake port 800 of the silencer is in
communication with an exhaust port of the electric va-
cuum pump.
[0048] For theelectric vacuumpumpequippedwith the
silencer according to the present invention, it has been
tested that the noise level in front of the electric vacuum
pump could be reduced from the original 75.3 db to 64.7
db, and the noise level on a side of the electric vacuum
pump could be reduced from the original 76.6 db to 69.8
db. In this way, the overall noise level of the electric
vacuum pump can be effectively reduced to 70 db or
below, thereby effectively solving theNVHproblemof the
electric vacuum pump.
[0049] In addition to being applied to the electric va-
cuum pump, the silencer according to the present inven-
tion may be applied to other pneumatic devices, which
can also effectively improve the noise level.
[0050] To sum up, in the silencer according to the

present invention, the first silencing members 10 and
the second silencing members 20 are alternately
stacked, each first silencing member 10 is provided with
dispersed first flow guide channels, and each second
silencing member 20 is provided with gathered second
flow guide channels, so that the three-dimensional maze
silencingpathP for alternately dispersingandgatheringa
gas is formed, which not only effectively reduces the
pressure and noise of the gas, but also effectively guides
the gas to achieve shock absorption and noise reduction.
[0051] The silencer according to the present invention
can be provided in pneumatic devices such as an electric
vacuum pump, and can effectively reduce the noise level
of the pneumatic devices such as the electric vacuum
pump.
[0052] Theabove is a further detailed descriptionof the
present invention with reference to the specific preferred
implementations, and it cannot be considered that the
specific implementation of the present invention is limited
to these descriptions. For those of ordinary skill in the art
of the present invention, several simple deductions or
substitutions can be further made without departing from
the concept of the present invention, and should be
regarded as falling within the scope of protection of the
present invention.

Claims

1. A silencer, characterized by comprising:

first silencing members and second silencing
members, which are alternately stacked, each
first silencing member being provided with dis-
persed first flow guide channels, and each sec-
ond silencingmember being providedwith gath-
ered second flow guide channels; and
an exhaust member provided with an exhaust
hole, an edge of the exhaust member being
connected toanedgeof eachsilencingmember,
and the silencer forming a three-dimensional
maze silencing path leading to the exhaust hole
from an intake port through the alternating first
flow guide channels and second flow guide
channels.

2. The silencer according to claim 1, characterized in
that the first flow guide channel comprises:

a first flow guide surface, a downstream of the
first flow guide surface being distributed at the
edge of the first silencing member;
an intake cavity provided upstream of the first
flow guide surface; and
notches distributed in a side wall of the intake
cavity.

3. The silencer according to claim 2, characterized in
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that the second flow guide channel comprises:

a second flow guide surface, an upstream of the
second flow guide surface being distributed at
the edge of the second silencing member; and
a vent hole provided downstream of the second
flow guide surface and alignedwith the adjacent
intake cavity.

4. The silencer according to claim 3, characterized in
that the edge of each second silencing member is
provided with a first flange; and
the edge of each first silencing member is in clear-
ance fit with a corresponding first flange, the edge of
the exhaust member is in sealing fit with a corre-
sponding first flange, and the first flanges are in
sealing fit with each other.

5. The silencer according to claim 4, characterized in
that the edge of each first silencing member is con-
nected to the corresponding first flange via a snap-fit
member, the edge of the exhaust member is con-
nected to the corresponding first flange via a guide
pin, and the first flanges are connected to each other
via the guide pin.

6. The silencer according to any of the preceding
claims, characterized in that the first silencing
member is made of a porous material, and the first
flow guide channel comprises pores dispersed in the
porous material; and
the second flow guide channel comprises pores
provided in a central area or a corner area of the
second silencing member in a centralized manner.

7. The silencer according to claim 6, characterized in
that the edge of one of the second silencing mem-
bers is provided with a second flange; and
the edge of the first silencing member abuts against
the second flange, and the edge of the exhaust
member is hermetically connected to the second
flange.

8. Thesilenceraccording toclaim4or7,characterized
by further comprising:
a reinforcing rib arranged at an outer wall of a flange.

9. The silencer according to any of the preceding
claims, characterized in that a convex rib is ar-
ranged on a path of the exhaust member leading
to the exhaust hole.

10. The silencer according to any of the preceding
claims, characterized by further comprising:
a check valve arranged in the exhaust hole or in a
second flow guide channel adjacent to the exhaust
hole.

11. An electric vacuumpump, characterized in that it is
equipped with a silencer according to any one of
claims 1 to 10,
wherein an intake port of the silencer is in commu-
nication with an exhaust port of the electric vacuum
pump.
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