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Description

TECHNICAL FIELD

[0001] The disclosure relates to a mixing device, and particularly to a three-degree-of-freedom resonance system-
based sonic mixing device.

BACKGROUND

[0002] Mixing equipment has been widely applied to the industries of chemistry, medicine, batteries and the like.
However, most of mixing equipments used at present are paddle mixers, and therefore, mixing time is long; mixing
efficiency is low; mixing dead angles exist in a mixing process; materials are not allowed to be added at the same time
in a charging process; it is difficult to clean materials after mixing; and production efficiency of an enterprise is greatly
influenced.
[0003] US7188993B1 discloses a three-degree-of-freedom resonance system-based sonic mixing device.

SUMMARY

[0004] The disclosure is intended to overcome the shortcomings of the conventional art and provide a three-degree-
of-freedom resonance system-based sonic mixing device capable of rapidly and efficiently mixing materials.
[0005] In order to solve the technical problem, the invention provides a three-degree-of-freedom resonance system-
based sonic mixing device according to claim 1, which includes :

a machine frame 1 which includes a lower machine frame plate 101 and an upper machine frame plate 103 fixedly
connected with the lower machine frame plate 101;
a reaction unit 3 which includes an upper reaction plate 302 and a lower reaction plate 304 fixedly connected with
the upper reaction plate 302 and is supported in the upper machine frame plate 103 and lower machine frame plate
101 of the machine frame 1 through a plurality of second upper springs 301a arranged on an upper surface of the
upper reaction plate 302 and a plurality of second lower springs 301b arranged on a lower surface of the lower
reaction plate 304;
a vibration excitation unit 2 which includes a fixed plate 202 supported between the upper reaction plate 302 and
the lower reaction plate 304 through a plurality of first upper springs 201a arranged on an upper surface of the fixed
plate 202 and a plurality of first lower springs 201b on an lower surface of the fixed plate 202; and
a loading unit 4 which includes an upper loading plate 402 and a lower loading plate 407 fixedly connected with the
upper loading plate 402 and arranged between the upper reaction plate 302 and the lower reaction plate 304 of the
reaction unit 3, and
the lower loading plate 407 being supported between the upper reaction plate 302 and lower reaction plate 304 of
the reaction unit 3 through a plurality of fourth upper springs 406a and a plurality of fourth lower springs 406b.

[0006] Preferably, the loading unit 4 may further include a plurality of spring guide posts 404 fixed on a lower surface
of the upper loading plate 402;
each spring guide post 404 may pass though the upper machine frame plate 103 to form an upper half part and a lower
half part;
the upper half parts of the spring guide posts 404 may be sleeved with a third upper springs 403a which may be supported
between an upper surface of the upper machine frame plate 103 and the lower surface of the upper loading plate 402; and
the lower half parts of the spring guide posts 404 may be sleeved with a third lower springs 403b which may be supported
between the upper machine frame plate 103 and ends of the lower half parts of the spring guide posts 404.
[0007] Preferably, the upper reaction plate 302 may be fixedly connected with the lower reaction plate 304 through a
plurality of reaction columns 303.
[0008] Preferably, the plurality of reaction columns 303 may pass through the plurality of through holes formed in the
lower loading plate 407, respectively.
[0009] Preferably, the upper loading plate 402 may be fixedly connected with the lower loading plate 407 through a
plurality of loading connecting rods 405.
[0010] Preferably, each loading connecting rod 405 may sequentially pass through the upper machine frame plate
103, the second upper spring 301a, the upper reaction plate 302 and the fourth upper spring 406a.
[0011] Preferably, the plurality of first upper springs 201a and the plurality of first lower springs 201b may be arranged
on an upper surface and a lower surface of the fixed plate 202 in an annular array manner, respectively; or
the plurality of second upper springs 301a and the plurality of second lower springs 301b may be arranged on the upper
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reaction plate 302 and the lower reaction plate 304 in an annular array manner, respectively.
[0012] Preferably, central axes of each first upper spring 201a and each first lower spring 201b may be coincident;
central axes of each second upper spring 301a and each second lower spring 301b may be coincident; or
central axes of each fourth upper spring 406a and each fourth lower spring 406b may be coincident.
[0013] Preferably, recesses for keeping the first upper springs 201a may be provided in the upper surface of the fixed
plate 202, and recesses for keeping the first lower springs 201b may be provided in the lower surface of the fixed plate
202; or
recesses for keeping the second upper springs 301 a may be provided in the upper surface of the upper reaction plate
302, and recesses for keeping the second lower springs 301b may be provided in the lower surface of the lower reaction
plate 304; or
recesses for keeping the second upper springs 301a may be provided in the upper machine frame plate 103, and
recesses for keeping the second lower springs 301b may be provided in the lower machine frame plate 101; or
recesses for keeping the first upper springs 201a may be provided in the lower surface of the upper reaction plate 302,
and recesses for keeping the first lower springs 201b maybe provided in the upper surface of the lower reaction plate
304; or
recesses for keeping the fourth upper springs 406a may be provided in the lower surface of the upper reaction plate
302, and recesses for keeping the fourth lower springs 406b may be provided in the upper surface of the lower reaction
plate 304.
[0014] Preferably, the device may further include a vibration excitation device fixed on the vibration excitation unit 2.
[0015] Preferably, the vibration excitation device may be an eccentric mechanical vibration exciter, an electromagnetic
vibration exciter or a hydraulic vibration exciter.
[0016] Preferably, a plurality of holes for reducing weight may be formed in the lower reaction plate 304.
[0017] Preferably, the device may further include a mixing container 401 fixed on at least the reaction unit 3 or the
loading unit 4.
[0018] Preferably, the lower machine frame plate 101may be fixedly connected with the upper machine frame plate
103 through a plurality of machine frame upright posts 102.
[0019] Preferably, the first upper springs 201a and the first lower springs 201b may be arranged on the vibration
excitation unit 2 in a press-fitting manner; the second upper springs 301a and the second lower springs 301b may be
arranged on the reaction unit 3 in the press-fitting manner; or the fourth upper springs 406a and the fourth lower springs
406b may be arranged on the loading unit 4 in the press-fitting manner.

BRIEF DESCRIPTION OF DRAWINGS

[0020] Specific embodiments of the application will be described below with reference to the drawings, wherein

FIG. 1 is a structure diagram of a sonic mixing device according to an embodiment of the application.
FIG. 2 is a sectional structure diagram of a sonic mixing device according to an embodiment of the application.
FIG. 3 is a structure diagram of a machine frame according to an embodiment of the application.
FIG. 4 is a structure diagram of a vibration excitation unit according to an embodiment of the application.
FIG.5 is a structure diagram of a reaction unit according to an embodiment of the application.
FIG. 6 is a structure diagram of a loading unit according to an embodiment of the application.
FIG. 7 is a schematic diagram of overall stress on a sonic mixing device according to an embodiment of the application.
FIG. 8 is a third-order amplitude-frequency response diagram according to an embodiment of the application.
FIG. 9 is a third-order phase-frequency response diagram according to an embodiment of the application.

[0021] Reference numerals in the drawings are listed below:
1: machine frame; 2: vibration excitation unit; 3: reaction unit; 4: loading unit; 101: lower machine frame plate; 102:
machine frame upright post; 103: upper machine frame plate; 201: first spring; 202: fixed plate; 301: second spring; 302:
upper reaction plate; 303: reaction upright post; 304: lower reaction plate; 401: mixing container; 402: upper loading
plate; 403: third spring; 404: spring guide post; 405: loading connecting plate; 406: fourth spring; and 407: lower loading
plate.
[0022] F indicates a vibration excitation force, and mi, ci and ki indicate a mass of each unit, a damping coefficient and
rigidity, respectively.

DETAILED DESCRIPTION

[0023] For making the technical solutions and advantages of the application clearer, exemplary embodiments of the
application will further be described below in combination with the drawings in detail. The described embodiments are
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not exhaustive but only part of embodiments of the application. Moreover, the embodiments in the disclosure and
characteristics in the embodiments may be combined if without conflicts.
[0024] In FIG. 1, a mixing device includes a machine frame (1), a vibration excitation unit (2), a reaction unit (3) and
a loading unit (4). The reaction unit (1) is positioned in the middle of the machine frame (1), and is connected with an
upper plate (103) and lower plate (101) of the machine frame (1) through second springs (301a, 301b). The vibration
excitation unit (2) is positioned in the middle of the reaction unit (3), and is connected with an upper plate (302) and
lower plate (304) of the reaction unit (3) through first springs (201a, 201b). The loading unit (4) is positioned between
the machine frame (1) and the reaction unit (3), and is connected with the machine frame (1) and the reaction unit (3)
through third springs (403a, 403b) and fourth springs (406a, 406b) respectively. A mixing container (401) may be fixed
on the loading unit (4) or fixed on the reaction unit (3), or two mixing containers (401) are fixed on both the loading unit
(4) and the reaction unit (3). A vibration excitation device of the vibration excitation unit (2) may adopt an eccentric
mechanical vibration exciter, an electromagnetic vibration exciter or a hydraulic vibration exciter.
[0025] A working process of the disclosure is as follows: the vibration excitation device only generates a vertical
vibration excitation force, bringing the loading unit and reaction unit of the mixing device into forced vibration. When a
vibration frequency of the mixing device reaches a third-order natural frequency, a system achieves a resonance effect;
the upper loading plate moving with a certain acceleration transmits kinetic energy into the mixing container; low-frequency
sonic waves are generated between materials mixed in the container to break boundary layers between the materials;
and the materials freely flow to form a numerous micro mixing regions to promote rapid mixing of the materials. During
resonance, an amplitude and acceleration of the system are sharply increased; energy required by the system is mini-
mized; and all energy generated by the system is used for effective mixing of the materials. Motion directions of the
loading unit (4) and the reaction unit (3) are opposite, and generated acting forces are mutually canceled. After mixing,
it is only necessary to take the container out, and the mixing container may be rapidly replaced and is not required to
be cleaned on line.
[0026] In FIG. 2, FIG. 3, FIG. 4, FIG. 5 and FIG. 6, the machine frame 1 includes a circular lower machine frame plate
101 and an upper annular lower machine frame plate 103 connected with the lower machine frame plate 101 through
a plurality of machine frame upright posts 102.
[0027] The reaction unit 3 is arranged in the machine frame 1. The reaction unit 3 includes an upper annular reaction
plate 302 and a lower annular reaction plate 304 connected with the upper reaction plate 302 through a plurality of
reaction upright posts 303. The plurality of second upper springs 301a are press-fitted between the upper reaction plate
302 and the upper machine frame 103, and the plurality of second upper springs 301a are uniformly distributed. The
plurality of second lower springs 301b are press-fitted between the lower reaction plate 304 and the lower machine
frame plate 101, and the plurality of second lower springs 301b are uniformly distributed. Each of the second upper
springs 301a and each of the second lower springs 301b form a group, and central axes of the second upper spring
301a and second lower spring 301b in each group are coincident.
[0028] The loading unit 4 includes an annular lower loading plate 407 arranged between the upper reaction plate 302
and the lower reaction plate 304 and an upper loading plate 402 connected with the lower loading plate 407 through a
plurality of loading connecting rods 405 passing through the upper machine frame plate 103. The second upper springs
301a and the upper reaction plate 302 and positioned above the upper machine frame plate 103; fourth upper springs
406a are press-fitted between the lower loading plate 407 and the upper reaction plate 302, and the fourth upper springs
406a sleeve the loading connecting rods 405; fourth lower springs 406b arranged correspondingly to the fourth upper
springs 406a are press-fitted between the lower loading plate 407 and the lower reaction plate 304; the plurality of spring
guide posts 404 are connected to a lower surface of the upper loading plate 402,and lower ends of the spring guide
posts 404 pass through the upper machine frame plate 103; parts, positioned on the upper machine frame plate 103,
of the spring guide posts 404 are sleeved with third upper springs 403a, and the third upper springs 403a are press-
fitted between the upper loading plate 402 and the upper machine frame plate 103; and parts, positioned below the
upper machine frame plate 103, of the spring guide posts 404 are sleeved with third lower springs 403b, and the third
lower springs 403b are press-fitted between the upper machine frame plate 103 and flanges at lower ends of the spring
guide posts 404.
[0029] The vibration excitation unit 2 includes a fixed plate 202 arranged in the lower loading plate 407 and a vibration
excitation device connected to the fixed plate 202; and a plurality of first upper springs 201a are press-fitted between
the fixed plate 202 and the upper reaction plate 302, and a plurality of first lower springs 201b arranged correspondingly
to the first upper springs 201a are press-fitted between the fixed plate 202 and the lower reaction plate 304.
[0030] The device further includes the mixing container 401; and the mixing container 301 is fixed on the upper loading
plate 402 of the loading unit 4.
[0031] Recesses for keeping the third upper springs 403a are formed in the upper surface of the upper machine frame
plate 103; recesses for keeping the third lower springs 403b are formed in the lower surface; the recesses are formed
correspondingly; and holes for the spring guide posts 404 to pass through are formed at the recesses. Recesses for
keeping the second upper springs 301a are further formed in the lower surface of the upper machine frame plate 103;
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holes for the loading connecting rods 305 to pass through are formed in the upper machine frame plate 103; and recesses
for keeping the second lower springs 301b are formed in the upper surface of the lower machine frame plate 101.
[0032] Recesses for keeping the second upper springs 301a are provided in the upper surface of the upper reaction
plate 302; recesses for keeping the fourth upper springs 406a are provided in the lower surface; the recesses are provided
correspondingly; and through holes for the loading connecting rods 405 to pass through are provided at the recesses.
Via holes for the spring guide posts 404 and the third lower springs 403b to pass through are further provided in the
lower surface of the upper reaction plate 302; recesses for keeping the first upper springs 201a are further provided in
the lower surface of the upper reaction plate 302; recesses for keeping the second lower springs 301b are provided in
the lower surface of the lower reaction plate 304; recesses for keeping the fourth lower springs 406b are provided in the
upper surface; and the recesses are provided correspondingly. Recesses for keeping the first lower springs 201b are
further provided in the upper surface of the lower reaction plate 304. Large holes for reducing weight are provided in the
lower reaction plate 304.
[0033] Recesses for keeping the fourth upper springs 406a are provided in the upper surface of the lower loading
plate 407; recesses for keeping the fourth lower springs 406b are provided in the lower surface; and the recesses are
provided correspondingly. Holes for the reaction upright posts 303 to pass through are provided in the lower loading
plate 407.
[0034] Recesses for keeping the third upper springs 403a are provided in the lower surface of the upper loading plate
402.
[0035] The large holes for reducing the weight are provided in the lower reaction plate 304.
[0036] There is one mixing container 401 fixed on the upper loading plate 402 of the loading unit 4.
[0037] There are two mixing containers 401. One is fixed on the loading unit 4, and the other is fixed on the reaction unit 3.
[0038] The motion directions of the loading unit 4 and the reaction unit 3 are completely opposite, the generated acting
forces are mutually canceled, and an acting force of a mixer on the ground is zero.
[0039] The mixing device works at the third-order natural frequency, so that the system generates a resonance state.
When the mixing device is in the resonance state, the materials in the container generate the low-frequency sonic waves,
and all the energy is used for mixing between the materials, so that the materials may be rapidly and efficiently mixed.
A resonance amplitude of the system is lower than 15mm, a resonance frequency range is 60 6 5Hz, and a highest
acceleration is 200g.
[0040] When the mixing device works close to the resonance frequency, a sonic wave eddy current of <300mm may
be generated in the mixing container to rapidly and efficiently mix the materials.
[0041] In FIG. 7, FIG. 8 and FIG. 9, a working principle of the three-degree-of-freedom resonance system-based sonic
mixing device of the disclosure is as follows.
[0042] According to a vibration theory, a single mass body follows a damped forced vibration equation: ma+cv+kx=F,
and from a stress diagram of the system in FIG. 6, a forced vibration motion equation of the three-degree-of-freedom
system under the action of an additional intermittent vibration excitation force is: 

in the formula:

mi -- mass of each unit,
ci -- damping coefficient,
ki -- rigidity of the springs in each group,
xi, vi and ai -- displacement, velocity and acceleration of each unit, and
{F} -- vibration excitation force of the system.

[0043] At present, there are many calculation methods for a natural frequency and main vibration mode of a multi-
free-of-freedom system, and there have been existing standard computer programs for some of them to select. Common
methods include a matrix iteration method, a Dunkerly method, a Rayleigh method, a Ritz method, a subspace iteration
method, and the like.
[0044] Theoretically, when the vibration excitation frequency reaches the natural frequency of the system, the system
generates resonance, amplitude of the loading unit is highest, a required vibration excitation force may be very weak,
and energy consumption is lowest. In the disclosure, phase-frequency response and amplitude-frequency response
characteristics of the three-degree-of-freedom vibration system are analyzed under a given set of conditions of mass,
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damping and rigidity parameters to find that that, during work at a first-order natural frequency and a second-order natural
frequency, the motion directions of the loading unit and the reaction unit are the same, so that the whole mixing device
vibrates violently and is unfavorable for mixing work. During work at the third-order natural frequency, the motion directions
of the loading unit and the reaction unit are opposite, amplitudes are close, the forces generated by the loading unit and
the reaction unit are mutually canceled in the mixing device, and the mixing device generates no acting force on the
ground, so that the third-order natural frequency is selected as a working frequency, as shown in FIG. 8 and FIG. 9.
[0045] Compared with the conventional art, the solution has the following advantages.

1) Compatibility with the plurality of material systems, including liquid-liquid, liquid-solid, gas-liquid and solid-solid:
the mixing device is particularly suitable for mixing dangerous materials and widely applicable.
2) High mixing quality: on one hand, quality of a single product is improved, and on the other hand, differences
between production batches are reduced.
3) Energy saving and high efficiency: a time required by resonant mixing of the materials is only 1/7 of a time required
by conventional mixing, in addition, resonant mixing energy loss is low, and applied mechanical energy is all used
for applying work for mixing, so that the mixing efficiency is high, and an energy-saving effect is extraordinarily
prominent.
4) High safety: a resonant mixing dispersion technology avoids contact between mechanical rotating parts and the
materials, there are no paddles in the mixing container, and intrinsic safety of the process is improved.
5) No mixing dead angles: the resonant mixing technology generates a micro sonic wave eddy current in the mixing
container to completely mix the materials.
6) Easiness for cleaning: during mixing, the materials are arranged in the mixing container, the container is fixed
with the equipment, it is only necessary to take the container out after mixing, and the mixing container may be
rapidly replaced and is not required to be cleaned on line.

Claims

1. A three-degree-of-freedom resonance system-based sonic mixing device, comprising:

a machine frame (1) comprising a lower machine frame plate (101) and an upper machine frame plate (103)
fixedly connected with the lower machine frame plate (101);
a reaction unit (3) comprising an upper reaction plate (302) and a lower reaction plate (304) fixedly connected
with the upper reaction plate (302); the reaction unit (3) being supported in the upper machine frame plate (103)
and lower machine frame plate (101) of the machine frame (1) through a plurality of second upper springs (301a)
arranged on an upper surface of the upper reaction plate (302) and a plurality of second lower springs (301b)
arranged on a lower surface of the lower reaction plate (304);
a vibration excitation unit (2) comprising a fixed plate (202) which is supported between the upper reaction plate
(302) and the lower reaction plate (304) through a plurality of first upper springs (201a) arranged on its upper
surface and a plurality of first lower springs (201b) on its lower surface; and
a loading unit (4) comprising an upper loading plate (402) and a lower loading plate (407) fixedly connected
with the upper loading plate (402); the lower loading plate being arranged between the upper reaction plate
(302) and lower reaction plate (304) of the reaction unit (3),
wherein the lower loading plate (407) is supported between the upper reaction plate (302) and the lower reaction
plate (304) of the reaction unit (3) through a plurality of fourth upper springs (406a) and a plurality of fourth lower
springs (406b).

2. The sonic mixing device according to claim 1, wherein the loading unit (4) further comprises a plurality of spring
guide posts (404) fixed on a lower surface of the upper loading plate (402);

each spring guide post (404) passes though the upper machine frame plate (103) to form an upper half part
and a lower half part;
the upper half parts of the spring guide posts (404) are sleeved with third upper springs (403a) supported
between an upper surface of the upper machine frame plate (103) and the lower surface of the upper loading
plate (402); and
the lower half parts of the spring guide posts (404) are sleeved with third lower springs (403b) supported between
the upper machine frame plate (103) and ends of the lower half parts of the spring guide posts (404).

3. The sonic mixing device according to claim 1, wherein the upper reaction plate (302) is fixedly connected with the
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lower reaction plate (304) through a plurality of reaction columns (303).

4. The sonic mixing device according to claim 3, wherein the plurality of reaction columns (303) pass through a plurality
of through holes formed in the lower loading plate (407), respectively.

5. The sonic mixing device according to claim 1, wherein the upper loading plate (402) is fixedly connected with the
lower loading plate (407) through a plurality of loading connecting rods (405).

6. The sonic mixing device according to claim 5, wherein each loading connecting rod (304) sequentially passes through
the upper machine frame plate (103), the second upper spring (301a), the upper reaction plate (302) and the fourth
upper spring (406a).

7. The sonic mixing device according to claim 1, wherein the plurality of first upper springs (201a) and the plurality of
first lower springs (201b) are arranged on an upper surface and a lower surface of the fixed plate (202) in an annular
array manner, respectively; or
the plurality of second upper springs (301a) and the plurality of second lower springs (301b) are arranged on the
upper reaction plate (302) and the lower reaction plate (304) in an annular array manner respectively.

8. The sonic mixing device according to claim 1, wherein central axes of each first upper spring (201a) and each first
lower spring (201b) are coincident;

central axes of each second upper spring (301a) and each second lower spring (301b) are coincident; or
central axes of each fourth upper spring (406a) and each fourth lower spring (406b) are coincident.

9. The sonic mixing device according to claim 1, wherein recesses for keeping the first upper springs (201a) are
provided in the upper surface of the fixed plate (202), and recesses for keeping the first lower springs (201b) are
provided in the lower surface of the fixed plate (202);

recesses for keeping the second upper springs (301a) are provided in the upper surface of the upper reaction
plate (302), and recesses for keeping the second lower springs (301b) are provided in the lower surface of the
lower reaction plate (304); or
recesses for keeping the second upper springs (301a) are provided in the upper machine frame plate (103),
and recesses for keeping the second lower springs (301b) are provided in the lower machine frame plate (101);
recesses for keeping the first upper springs (201a) are provided in the lower surface of the upper reaction plate
(302), and recesses for keeping the first lower springs (201b) are provided in the upper surface of the lower
reaction plate (304); or
recesses for keeping the fourth upper springs (406a) are provided in the lower surface of the upper reaction
plate (302), and recesses for keeping the fourth lower springs (406b) are provided in the upper surface of the
lower reaction plate (304).

10. The sonic mixing device according to claim 1, further comprising a vibration excitation device fixed on the vibration
excitation unit (2).

11. The sonic mixing device according to claim 10, wherein the vibration excitation device is an eccentric mechanical
vibration exciter, an electromagnetic vibration exciter or a hydraulic vibration exciter.

12. The sonic mixing device according to claim 1, wherein a plurality of holes for reducing weight are formed in the lower
reaction plate (304).

13. The sonic mixing device according to claim 1, further comprising a mixing container (401) fixed on at least the
reaction unit (3) or the loading unit (4).

14. The sonic mixing device according to claim 1, wherein the lower machine frame plate (101) is fixedly connected
with the upper machine frame plate (103) through a plurality of machine frame upright posts (102).

15. The sonic mixing device according to claim 1, wherein

the first upper springs (201a) and the first lower springs (201b) are arranged on the vibration excitation unit (2)
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in a press-fitting manner;
the second upper springs (301a) and the second lower springs (301b) are arranged on the reaction unit (3) in
the press-fitting manner; or
the fourth upper springs (406a) and the fourth lower springs (406b) are arranged on the loading unit (4) in the
press-fitting manner.

Patentansprüche

1. Schallmischvorrichtung, die auf einem Resonanzsystem mit drei Freiheitsgraden basiert, umfassend:

einen Maschinenrahmen (1) umfassend eine untere Maschinenrahmenplatte (101) und eine obere Maschinen-
rahmenplatte (103), die fest mit der unteren Maschinenrahmenplatte (101) verbunden ist;
eine Reaktionseinheit (3) umfassend eine obere Reaktionsplatte (302) und eine untere Reaktionsplatte (304),
die fest mit der oberen Reaktionsplatte (302) verbunden ist; wobei die Reaktionseinheit (3) in der oberen Ma-
schinenrahmenplatte (103) und der unteren Maschinenrahmenplatte (101) des Maschinenrahmens (1) durch
eine Vielzahl von zweiten oberen Federn (301a) gestützt wird, die auf einer oberen Oberfläche der oberen
Reaktionsplatte (302) angeordnet sind, und durch eine Vielzahl von zweiten unteren Federn (301b), die auf
einer unteren Oberfläche der unteren Reaktionsplatte (304) angeordnet sind;
eine Vibrationserregungseinheit (2) umfassend eine befestigte Platte (202), die zwischen der oberen Reakti-
onsplatte (302) und der unteren Reaktionsplatte (304) durch eine Vielzahl von ersten oberen Federn (201a)
gestützt wird, die auf ihrer oberen Oberfläche angeordnet sind, und durch eine Vielzahl von ersten unteren
Federn (201b) auf ihrer unteren Oberfläche; und
eine Ladeeinheit (4) umfassend eine obere Ladeplatte (402) und eine untere Ladeplatte (407), die fest mit der
oberen Ladeplatte (402) verbunden ist; wobei die untere Ladeplatte zwischen der oberen Reaktionsplatte (302)
und der unteren Reaktionsplatte (304) der Reaktionseinheit (3) angeordnet ist,
wobei die untere Ladeplatte (407) zwischen der oberen Reaktionsplatte (302) und der unteren Reaktionsplatte
(304) der Reaktionseinheit (3) durch eine Vielzahl von vierten oberen Federn (406a) und durch eine Vielzahl
von vierten unteren Federn (406b) gestützt wird.

2. Schallmischvorrichtung nach Anspruch 1, wobei die Ladeeinheit (4) ferner eine Vielzahl von Federführungsstützen
(404) umfasst, die an einer unteren Oberfläche der oberen Ladeplatte (402) befestigt sind;
wobei jede Federführungsstütze (404) durch die obere Maschinenrahmenplatte (103) hindurchtritt, um ein oberes
Halbteil und ein unteres Halbteil zu formen;
wobei die oberen Halbteile der Federführungsstützen (404) mit dritten oberen Federn (403a) ummantelt sind, die
zwischen einer oberen Oberfläche der oberen Maschinenrahmenplatte (103) und der unteren Oberfläche der oberen
Ladeplatte (402) gestützt werden; und
wobei die unteren Halbteile der Federführungsstützen (404) mit dritten unteren Federn (403b) ummantelt sind, die
zwischen der oberen Maschinenrahmenplatte (103) und den Enden der unteren Halbteile der Federführungsstützen
(404) gestützt werden.

3. Schallmischvorrichtung nach Anspruch 1, wobei die obere Reaktionsplatte (302) mit der unteren Reaktionsplatte
(304) über eine Vielzahl von Reaktionssäulen (303) fest verbunden ist.

4. Schallmischvorrichtung nach Anspruch 3, wobei die Vielzahl von Reaktionssäulen (303) durch eine Vielzahl von
Durchgangslöchern hindurchtreten, die entsprechend in der unteren Ladeplatte (407) geformt sind.

5. Schallmischvorrichtung nach Anspruch 1, wobei die obere Ladeplatte (402) mit der unteren Ladeplatte (407) durch
eine Vielzahl von Ladeverbindungsstangen (405) fest verbunden ist.

6. Schallmischvorrichtung nach Anspruch 5, wobei jede Ladeverbindungsstange (304) nacheinander durch die obere
Maschinenrahmenplatte (103), die zweite obere Feder (301a), die obere Reaktionsplatte (302) und die vierte obere
Feder (406a) hindurchtritt.

7. Schallmischvorrichtung nach Anspruch 1, wobei die Vielzahl von ersten oberen Federn (201a) und die Vielzahl von
ersten unteren Federn (201b) entsprechend auf einer oberen Oberfläche und einer unteren Oberfläche der befes-
tigten Platte (202) in einer ringförmigen Anordnung angeordnet sind; oder
wobei die Vielzahl von zweiten oberen Federn (301a) und die Vielzahl von zweiten unteren Federn (301b) entspre-
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chend auf der oberen Reaktionsplatte (302) und der unteren Reaktionsplatte (304) in einer ringförmigen Anordnung
angeordnet sind.

8. Schallmischvorrichtung nach Anspruch 1, wobei die Mittelachsen jeder ersten oberen Feder (201a) und jeder ersten
unteren Feder (201b) zusammenfallen;
wobei die Mittelachsen jeder zweiten oberen Feder (301a) und jeder zweiten unteren Feder (301b) zusammenfallen;
oder
wobei die Mittelachsen jeder vierten oberen Feder (406a) und jeder vierten unteren Feder (406b) zusammenfallen.

9. Schallmischvorrichtung nach Anspruch 1, wobei Aussparungen zum Halten der ersten oberen Federn (201a) in der
oberen Oberfläche der befestigten Platte (202) und Aussparungen zum Halten der ersten unteren Federn (201b)
in der unteren Oberfläche der befestigten Platte (202) vorgesehen sind;
wobei Aussparungen zum Halten der zweiten oberen Federn (301a) in der oberen Oberfläche der oberen Reakti-
onsplatte (302) vorgesehen sind und Aussparungen zum Halten der zweiten unteren Federn (301b) in der unteren
Oberfläche der unteren Reaktionsplatte (304) vorgesehen sind; oder
wobei Aussparungen zum Halten der zweiten oberen Federn (301a) in der oberen Maschinenrahmenplatte (103)
und Aussparungen zum Halten der zweiten unteren Federn (301b) in der unteren Maschinenrahmenplatte (101)
vorgesehen sind;
wobei Aussparungen zum Halten der ersten oberen Federn (201a) in der unteren Oberfläche der oberen Reakti-
onsplatte (302) und Aussparungen zum Halten der ersten unteren Federn (201b) in der oberen Oberfläche der
unteren Reaktionsplatte (304) vorgesehen sind; oder
wobei Aussparungen zum Halten der vierten oberen Federn (406a) in der unteren Oberfläche der oberen Reakti-
onsplatte (302) und Aussparungen zum Halten der vierten unteren Federn (406b) in der oberen Oberfläche der
unteren Reaktionsplatte (304) vorgesehen sind.

10. Schallmischvorrichtung nach Anspruch 1, die ferner eine an der Vibrationserregungseinheit (2) befestigte Vibra-
tionserregungsvorrichtung umfasst.

11. Schallmischvorrichtung nach Anspruch 10, wobei die Vibrationserregungsvorrichtung ein exzentrischer mechani-
scher Vibrationserreger, ein elektromagnetischer Vibrationserreger oder ein hydraulischer Vibrationserreger ist.

12. Schallmischvorrichtung nach Anspruch 1, wobei in der unteren Reaktionsplatte (304) eine Vielzahl von Löchern zur
Gewichtsreduzierung geformt ist.

13. Schallmischvorrichtung nach Anspruch 1, die ferner einen Mischbehälter (401) umfasst, der zumindest an der
Reaktionseinheit (3) oder der Ladeeinheit (4) befestigt ist.

14. Schallmischvorrichtung nach Anspruch 1, wobei die untere Maschinenrahmenplatte (101) mit der oberen Maschi-
nenrahmenplatte (103) durch eine Vielzahl von Maschinenrahmenaufrechtstützen (102) fest verbunden ist.

15. Schallmischvorrichtung nach Anspruch 1, wobei
die ersten oberen Federn (201a) und die ersten unteren Federn (201b) auf der Vibrationserregungseinheit (2) in
einer Presssitzweise angeordnet sind;
wobei die zweiten oberen Federn (301a) und die zweiten unteren Federn (301b) auf der Reaktionseinheit (3) in der
Presssitzweise angeordnet sind; oder
wobei die vierten oberen Federn (406a) und die vierten unteren Federn (406b) auf der Ladeeinheit (4) in der Press-
sitzweise angeordnet sind.

Revendications

1. Dispositif de mélange sonore faisant appel à un système de résonance à trois degrés de liberté, comprenant :

un bâti de machine (1) comprenant une plaque de bâti de machine inférieure (101) et une plaque de bâti de
machine supérieure (103) raccordée de manière fixe avec la plaque de bâti de machine inférieure (101) ;
une unité de réaction (3) comprenant une plaque de réaction supérieure (302) et une plaque de réaction inférieure
(304) raccordée de manière fixe avec la plaque de réaction supérieure (302) ; l’unité de réaction (3) étant
supportée dans la plaque de bâti de machine supérieure (103) et la plaque de bâti de machine inférieure (101)



EP 3 459 619 B1

10

5

10

15

20

25

30

35

40

45

50

55

du bâti de machine (1) par le biais d’une pluralité de deuxièmes ressorts supérieurs (301a) agencés sur une
surface supérieure de la plaque de réaction supérieure (302) et une pluralité de deuxièmes ressorts inférieurs
(301b) agencés sur une surface inférieure de la plaque de réaction inférieure (304) ;
une unité d’excitation vibratoire (2) comprenant une plaque fixe (202) qui est supportée entre la plaque de
réaction supérieure (302) et la plaque de réaction inférieure (304) par le biais d’une pluralité de premiers ressorts
supérieurs (201a) agencés sur sa surface supérieure et une pluralité de premiers ressorts inférieurs (201b) sur
sa surface inférieure ; et
une unité de chargement (4) comprenant une plaque de chargement supérieure (402) et une plaque de char-
gement inférieure (407) raccordée de manière fixe à la plaque de chargement supérieure (402) ; la plaque de
chargement inférieure étant agencée entre la plaque de réaction supérieure (302) et la plaque de réaction
inférieure (304) de l’unité de réaction (3),
dans lequel la plaque de chargement inférieure (407) est supportée entre la plaque de réaction supérieure (302)
et la plaque de réaction inférieure (304) de l’unité de réaction (3) par le biais d’une pluralité de quatrièmes
ressorts supérieurs (406a) et d’une pluralité de quatrièmes ressorts inférieurs (406b).

2. Dispositif de mélange sonore selon la revendication 1, dans lequel l’unité de chargement (4) comprend en outre
une pluralité de montants de guidage de ressort (404) fixés sur une surface inférieure de la plaque de chargement
supérieure (402) ;
chaque montant de guidage de ressort (404) passe par la plaque de bâti de machine supérieure (103) afin de former
une demi-partie supérieure et une demi-partie inférieure ;
les demi-parties supérieures des montants de guidage de ressort (404) sont emmanchées avec des troisièmes
ressorts supérieurs (403a) supportés entre une surface supérieure de la plaque de bâti de machine supérieure
(103) et la surface inférieure de la plaque de chargement supérieure (402) ; et
les demi-parties inférieures des montants de guidage de ressort (404) sont emmanchées avec des troisièmes
ressorts inférieurs (403b) supportés entre la plaque de bâti de machine supérieure (103) et des extrémités des
demi-parties inférieures des montants de guidage de ressort (404).

3. Dispositif de mélange sonore selon la revendication 1, dans lequel la plaque de réaction supérieure (302) est
raccordée de manière fixe avec la plaque de réaction inférieure (304) par le biais d’une pluralité de colonnes de
réaction (303).

4. Dispositif de mélange sonore selon la revendication 3, dans lequel la pluralité de colonnes de réaction (303) passe
par une pluralité de trous débouchants formés dans la plaque de chargement inférieure (407), respectivement.

5. Dispositif de mélange sonore selon la revendication 1, dans lequel la plaque de chargement supérieure (402) est
raccordée de manière fixe avec la plaque de chargement inférieure (407) par le biais d’une pluralité de tiges de
raccordement de chargement (405).

6. Dispositif de mélange sonore selon la revendication 5, dans lequel chaque tige de raccordement de chargement
(304) passe de manière séquentielle à travers la plaque de bâti de machine supérieure (103), le deuxième ressort
supérieur (301a), la plaque de réaction supérieure (302) et le quatrième ressort supérieur (406a).

7. Dispositif de mélange sonore selon la revendication 1, dans lequel la pluralité de premiers ressorts supérieurs (201a)
et la pluralité de premiers ressorts inférieurs (201b) sont agencées sur une surface supérieure et une surface
inférieure de la plaque fixe (202) à la manière d’un réseau annulaire, respectivement ; ou bien
la pluralité de deuxièmes ressorts supérieurs (301a) et la pluralité de deuxièmes ressorts inférieurs (301b) sont
agencées sur la plaque de réaction supérieure (302) et la plaque de réaction inférieure (304) respectivement à la
manière d’un réseau annulaire.

8. Dispositif de mélange sonore selon la revendication 1, dans lequel les axes centraux de chaque premier ressort
supérieur (201a) et de chaque premier ressort inférieur (201b) coïncident ;
les axes centraux de chaque deuxième ressort supérieur (301a) et de chaque deuxième ressort inférieur (301b)
coïncident ; ou bien
les axes centraux de chaque quatrième ressort supérieur (406a) et de chaque quatrième ressort inférieur (406b)
coïncident.

9. Dispositif de mélange sonore selon la revendication 1, dans lequel des évidements pour maintenir les premiers
ressorts supérieurs (201a) sont prévus dans la surface supérieure de la plaque fixe (202), et des évidements pour
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maintenir les premiers ressorts inférieurs (201b) sont prévus dans la surface inférieure de la plaque fixe (202) ;
les évidements pour maintenir les deuxièmes ressorts supérieurs (301a) sont prévus dans la surface supérieure
de la plaque de réaction supérieure (302), et les évidements pour maintenir les deuxièmes ressorts inférieurs (301b)
sont prévus dans la surface inférieure de la plaque de réaction inférieure (304) ; ou bien
les évidements pour maintenir les deuxièmes ressorts supérieurs (301a) sont prévus dans la plaque de bâti de
machine supérieure (103) et les évidements pour maintenir les deuxièmes ressorts inférieurs (301b) sont prévus
dans la plaque de bâti de machine inférieure (101) ;
les évidements pour maintenir les premiers ressorts supérieurs (201a) sont prévus dans la surface supérieure de
la plaque de réaction supérieure (302), et les évidements pour maintenir les premiers ressorts inférieurs (201b) sont
prévus dans la surface supérieure de la plaque de réaction inférieure (304) ; ou bien
les évidements pour maintenir les quatrièmes ressorts supérieurs (406a) dans la surface inférieure de la plaque de
réaction supérieure (302), et les évidements pour maintenir les quatrièmes ressorts inférieurs (406b) sont prévus
dans la surface supérieure de la plaque de réaction inférieure (304).

10. Dispositif de mélange sonore selon la revendication 1, comprenant en outre un dispositif d’excitation vibratoire fixé
sur l’unité d’excitation vibratoire (2).

11. Dispositif de mélange sonore selon la revendication 10, dans lequel le dispositif d’excitation vibratoire est un dispositif
d’excitation vibratoire mécanique excentrique, un dispositif d’excitation vibratoire électromagnétique ou un dispositif
d’excitation vibratoire hydraulique.

12. Dispositif de mélange sonore selon la revendication 1, dans lequel une pluralité de trous pour réduire le poids sont
formés dans la plaque de réaction inférieure (304).

13. Dispositif de mélange sonore selon la revendication 1, comprenant en outre un récipient de mélange (401) fixé au
moins sur l’unité de réaction (3) ou sur l’unité de chargement (4).

14. Dispositif de mélange sonore selon la revendication 1, dans lequel la plaque de bâti de machine inférieure (101)
est raccordée de manière fixe avec la plaque de bâti de machine supérieure (103) par le biais d’une pluralité de
montants verticaux de bâti de machine (102).

15. Dispositif de mélange sonore selon la revendication 1, dans lequel :

les premiers ressorts supérieurs (201a) et les premiers ressorts inférieurs (201b) sont agencés sur l’unité
d’excitation vibratoire (2) par montage à la presse ;
les deuxièmes ressorts supérieurs (301a) et les deuxièmes ressorts inférieurs (301b) sont agencés sur l’unité
de réaction (3) par montage à la presse ; ou bien
les quatrièmes ressorts supérieurs (406a) et les quatrièmes ressorts inférieurs (406b) sont agencés sur l’unité
de chargement (4) par montage à la presse.
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