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(54) SUPPORT, MACHINE AND PROCESS FOR SURFACE FINISHING

(57) Support (10) comprising a fastening device (11)
which is suitable to be joined to at least one piece (1) to
be treated in a vibrating tank (31; 41) and is connected
through at least one elastic member (16) to at least one
joint (17) suitable to be fixed to a vibrating body (30, 40),

wherein the elastic member (16) extends along a longi-
tudinal axis (L), so that the elastic member (16) can flex
and/or twist if the joint (17) is vibrated.

The present description also relates to a machine
and a process which can use such a support (10).
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Description

TECHNICAL FIELD

[0001] The present description relates to a support for
surface finishing, in particular a support that can be used
to support a piece during a surface finishing thereof. The
present description also relates to a machine and a proc-
ess which can use such a support.

FRAMEWORK OF THE DESCRIPTION

[0002] Known machines for surface finishing comprise
a vibrating tank that can contain pieces and abrasive el-
ements suitable to treat the outer surface of these pieces
when the tank is vibrated. The pieces and the abrasive
elements are free to move in the vibrating tank, since
they are not fastened to any support. Such known ma-
chines cannot treat the inner surface of the pieces ho-
mogeneously, especially if these comprise ducts of dif-
ferent shape and/or section, long and/or curved, such as
those made with 3D printers, so that the final results of
the surface finishing are unsatisfactory.

SUMMARY OF THE DESCRIPTION

[0003] The object of the present description is there-
fore to provide a machine which is free from these draw-
backs. Said object is achieved with a particular support,
a machine and a process, whose main features are spec-
ified in the attached claims.
[0004] Thanks to the particular support for the pieces
to be treated, the machine is able to perform a suitable
finishing not only of the outer surface of the pieces but
also of their inner surfaces, in particular long and/or
curved ducts.
[0005] The support is preferably fixed to the vibrating
tank of the machine to vibrate with it and induce further
vibrations to the piece, in particular vibrations close to
the resonant frequency of the support, so as to optimize
the effect of the vibrations for the surface finishing of the
piece.
[0006] The support preferably comprises at least one
joint, a counterweight, a vibrator and/or an actuator to
further improve the speed and/or quality of the surface
finishing of the piece fixed to the support.
[0007] The fastening device and/or the joint of the sup-
port can be fixed in a removable manner respectively to
two ends of the elastic member, preferably a bar made
of spring steel having a round or square section with a
given length, so as to adapt the support to the particular
piece to be treated.
[0008] The machine preferably comprises means for
rotating the support around an axis, in particular a sub-
stantially horizontal axis, so as to be able to arrange the
piece both inside the mass of the abrasive elements and
outside this mass, so as to adjust the processing times
of the surface finishing, even for different pieces arranged

in the same vibrating tank.
[0009] The support and/or the machine preferably ex-
ploit the movement of the abrasive elements to rotate the
pieces around one or more axes in the vibrating tank
and/or above it.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Further advantages and characteristics of the
support, the machine and the process will become ap-
parent to those skilled in the art from the following detailed
and nonlimiting description of some embodiments there-
of with reference to the accompanying drawings in which:

- figure 1 shows a first axonometric view of a piece to
be treated;

- figure 2 shows a second axonometric view of the
piece of figure 1;

- figure 3 shows a front view of the piece of figure 1;
- figure 4 shows section IV-IV of figure 3;
- figure 5 shows a first axonometric view of a first em-

bodiment of the support with the piece of figure 1;
- figure 6 shows a second axonometric view of the

support of figure 5;
- figure 7 shows a side view of the support of figure 5;
- figure 8 shows section VIII-VIII of figure 7;
- figure 9 shows an axonometric view of a second em-

bodiment of the support with the piece of figure 1;
- figure 10 shows a side view of the support of figure 9;
- figure 11 shows section XI-XI of figure 10;
- figure 12 shows an axonometric view of a third em-

bodiment of the support with the piece of figure 1;
- figure 13 shows a side view of the support of figure

12;
- figure 14 shows section XIV-XIV of figure 13;
- figure 15 shows a first axonometric view of a fourth

embodiment of the support with the piece of figure 1;
- figure 16 shows a second axonometric view of the

support of figure 15;
- figure 17 shows a side view of the support of figure

15;
- figure 18 shows section XVIII-XVIII of figure 17;
- figure 19 shows a front view of the support of figure

15;
- figure 20 shows an axonometric view of a fifth em-

bodiment of the support with the piece of figure 1;
- figure 21 shows a side view of the support of figure

20;
- figure 22 shows section XXII-XXII of figure 21;
- figure 23 shows an axonometric view of the sole vi-

brating tank of a first embodiment of the machine;
- figure 24 shows a top view of the machine of figure

23;
- figure 25 shows section XXV-XXV of figure 24;
- figure 26 shows a vibrating body with two supports

according to the first embodiment;
- figure 27 shows a first axonometric view of a second

embodiment of the machine;
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- figure 28 shows a second axonometric view of the
machine of figure 27;

- figure 29 shows a top view of the machine of figure
27;

- figure 30 shows section XXX-XXX of figure 29;
- figure 31 shows section XXXI-XXXI of figure 29.

EXPLANATORY EMBODIMENTS

[0011] Referring to figures 1 to 4, it is seen that a piece
1 to be subjected to surface finishing may comprise one
or more ducts 2, 3 that can be opened towards the outside
of the piece 1 at one or both ends and present one or
more bends 4, 5 inside the piece 1, for example a bend
4 of 180° and two bends 5 of 90° in the duct 3 and a bend
5 of 90° in the duct 2. The piece 1 can also comprise one
or more openings 6, for example four slots, to house the
shank of a screw 7 (only the respective head is shown
with dashed lines in the figures). The ducts 2, 3 can have
different dimensions and shapes, in particular a preva-
lently circular section with a substantially constant diam-
eter d, for example of about 10 mm.
[0012] With reference to figures 5 to 8, it is seen that
the support 10 according to a first embodiment comprises
a fastening device 11 suitable to be joined to at least one
piece 1 to be treated, for example by means of a base
12 provided with threaded holes for the screws 7. Further
means for fixing the piece 1 to the fastening device 11
can include vices, magnets or other mechanisms. The
fastening device 11 may comprise at least one articula-
tion 13 suitable to rotate the piece 1 (in the direction of
the arrow of figure 7) around a first axis A1 and lock it in
a desired position. The movable portion of the articulation
13 is joined to the base 12. The fastening device 11 may
also comprise at least one counterweight 14 which pro-
trudes from the support 10 along a second axis A2. The
counterweight 14 comprises an arm 15 and is adapted
to move the center of gravity of the fastening device 11
with the piece 1. The position of the arm 15 can be mod-
ified in the fastening device 11, so as to modify the po-
sition of the axis A2 with respect to the piece 1. In par-
ticular, by acting on jaws arranged at the end of the arm
15 opposite to the counterweight 14, the axis A2 can be
rotated in various positions lying on a plane parallel to
the axis A1. The counterweight 14 can comprise one or
more rings, for example having a mass of about 0,5 kg.
[0013] The fastening device 11 is connected through
at least one elastic member 16 to at least one joint 17
suitable to be fixed to a vibrating body, for example by
means of a flange integral with the joint 17. The fastening
device 11 and/or the joint 17 are preferably fixed respec-
tively to two ends of the elastic member 16, in particular
in a removable manner, for example by means of jaws.
The jaws of the fastening device 11 and/or of the joint 17
have a shape complementary to the section of the elastic
member 16. The elastic member 16 extends along a lon-
gitudinal axis L and preferably comprises only a rectilin-
ear bar which can be full or hollow with a polygonal, cir-

cular or elliptical section, in particular with a square sec-
tion. In other embodiments, the elastic member 16 may
have shapes other than a rectilinear bar, for example a
helical shape and/or may be formed by several parts
which are joined to each other. The elastic member 16
is preferably made of metal, in particular spring steel.
The elastic member 16 can flex and/or twist if the joint
17 is vibrated with an amplitude X1 and a frequency F1,
so that the fastening device 11 can vibrate with an am-
plitude X2 and/or a frequency F2 different from those of
the joint 17. The elastic member 16 preferably has a
length of between 100 and 300 mm, in particular between
150 and 250 mm, and can be replaced with another elas-
tic member having a different length by acting on the jaws
of the fastening device 11 and of the joint 17. The first
axis A1 of the articulation 13 and/or the second axis A2
of the counterweight 14 are substantially perpendicular
to the longitudinal axis L of the elastic member 16.
[0014] Referring to figures 9 to 11, it is seen that the
support 10 according to a second embodiment differs
from the first embodiment in that the fastening device 11
includes also an actuator suitable to rotate the piece 1
around a third axis A3. This actuator may comprise a
driven shaft 18 adapted to be operated by an electric
motor 19 fixed to the fastening device 11. The driven
shaft 18 can be connected to the base 12 directly or
through the articulation 13, if present. The first axis A1
of the articulation 13, when the electric motor 19 is op-
erating, rotates on a plane substantially parallel to the
longitudinal axis L of the elastic member 16. The third
axis A3 is substantially perpendicular to the longitudinal
axis L of the elastic member 16. The base 12 cannot be
arranged along the longitudinal axis L of the elastic mem-
ber 16 as in the first embodiment of the support 10 but
can protrude from one side of the fastening device 11,
so that the axis longitudinal L does not pass through the
piece 1.
[0015] Referring to figures 12 to 14, it is seen that the
support 10 according to a third embodiment differs from
the second embodiment in that the fastening device 11
comprises, in addition or as an alternative to the articu-
lation 13, a vibrator 20 suitable to vibrate the piece 1
around and/or along one or more axes. The vibrator 20
may comprise a plurality of exciters, in particular four 25
W electric exciters, which can vibrate at a frequency of
1000-5000 Hz and/or are contained in a housing ar-
ranged between the base 12 and the driven shaft 18.
[0016] With reference to figures 15 to 19, it is seen that
the support 10 according to a fourth embodiment differs
from the second embodiment in that the driven shaft 18
of the actuator suitable to rotate the piece 1 around the
third axis A3 can be operated, instead of the motor 19,
by a rotor 21 provided with blades and adapted to be
driven in turn by the motion of abrasive elements ar-
ranged in a vibrating tank.
[0017] With reference to figures 20 to 22, it is seen that
the support 10 according to a fifth embodiment differs
from the second embodiment in that the driven shaft 18
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of the actuator suitable to rotate the piece 1 around the
third axis A3 can be operated by an electric motor 19
through a transmission comprising a transmission shaft
22 arranged coaxially in the elastic member 16, which is
hollow. The transmission may further comprise a bevel
gear 23 which is arranged in the fastening device 11 and
is suitable to transmit the rotary motion from the trans-
mission shaft 22 to the driven shaft 18. The electric motor
19 may be fixed to the joint 17.
[0018] With reference to figures 23 to 25, it is seen that
the joints 17 of four supports 10 (in particular according
to the first, second, third and fourth embodiments) are
fixed to a vibrating body 30, so that the pieces 1 fixed the
supports 10 are arranged in a vibrating tank 31 of a first
embodiment of a machine which can be filled with abra-
sive elements (not shown in the figures) for the surface
finishing of the pieces 1 joined to the supports 10. The
vibrating body 30 is preferably fixed to the vibrating tank
31, so that the vibrating body 30 can vibrate together with
the vibrating tank 31 when the latter is driven by one or
more vibrators 32, in particular two vibrators (not shown
in the figure 23) which are driven by an electric motor
and are fixed on an external surface, in particular a lateral
surface, of the vibrating tank 31. In the figures, the vibra-
tors are shown solid for simplicity. The vibrating tank 31
may have a substantially cylindrical or annular shape with
the central axis C oriented in a substantially vertical man-
ner. The longitudinal axis L of the elastic members 16 of
the supports 10 is substantially parallel to the central axis
C of the vibrating tank 31. The vibrating tank 31 rests on
one or more shock absorbers 33.
[0019] The vibrating body 30 may comprise a frame,
for example cross-shaped, which is arranged over the
vibrating tank 31. The joints 17 of the supports 10 may
be fixed to the vibrating body 30 by means of screws.
The vibrating body 30 is joined to a spacer 34, in particular
a shaft, which connects the vibrating body 30 to the vi-
brating tank 31. The spacer 34 is preferably fixed in a
central area of the vibrating tank 31, so that the central
axis C of the vibrating tank 31 passes through the spacer
34, in particular coaxially. In particular, the spacer 34 can
be fixed to a dome 35 which protrudes from the base of
the vibrating tank 31.
[0020] With reference to figure 26, it is seen that the
joints 17 of two supports 10 (in particular according to
the first embodiment) may be joined to each other through
a vibrating body 40, in particular a sleeve provided with
a central hole, so that the longitudinal axes L of the elastic
members 16 of the supports 10 are substantially aligned
to each other.
[0021] With reference to figures 27 to 31, it is seen that
the joints 17 of two pairs of supports 10 are fixed to two
vibrating bodies 40 of figure 26, so that the pieces 1 fixed
to the supports 10 can be arranged in a vibrating tank 41
of a second embodiment of a machine which can be filled
with abrasive elements (not shown in the figures) to treat
the pieces 1 joined to the supports 10. The vibrating bod-
ies 40 are preferably fixed to the vibrating tank 41, so

that the vibrating bodies 40 vibrate together with the vi-
brating tank 41, when the latter is operated by one or
more vibrators 42, in particular two vibrators which are
driven by an electric motor and are arranged outside the
vibrating tank 41. The vibrating tank 41 has a substan-
tially cylindrical shape with the central axis C oriented in
a substantially horizontal manner and/or the longitudinal
axis L of the elastic members 16 of the supports 10 is
substantially perpendicular to the central axis C of the
vibrating tank 41. The vibrating tank 41 rests on one or
more shock absorbers 43.
[0022] The vibrating bodies 40 are joined to a spacer
44, in particular a shaft, which connects the vibrating bod-
ies 40 to the vibrating tank 41. The spacer 44 is preferably
fixed in a central area of the vibrating tank 41, so that the
central axis C of the vibrating tank 41 passes through the
spacer 44, in particular coaxially. The spacer 44 can pass
through at least one wall of the vibrating tank 41 to be
connected to at least one motor 45 which is arranged
outside the vibrating tank 41. The motor 45 can therefore
rotate the spacer 44 around its own axis, in particular
around the central axis C of the vibrating tank 41, so that
the vibrating bodies 40 rotate the supports 10 and the
pieces 1 can be located in the mass of the abrasive ele-
ments contained in the vibrating tank 41 or above this
mass. Figure 30 shows a possible level M of the mass
of the abrasive elements in the vibrating tank 41, with
two pieces 1 arranged above and below this level M,
respectively. The spacer 44 can be connected to one or
more brakes 46, in particular disc brakes arranged out-
side the vibrating tank 41, suitable to prevent the rotation
of the spacer 44, that is of the supports 10, around the
axis C, since the movement of the abrasive elements in
the vibrating tank 41 can induce this rotation even when
the motor 45 is not working or is not present.
[0023] In the surface finishing process of the pieces 1,
the vibrators 32, 42 can vibrate the vibrating tank 31, 41
at a main frequency MF up to 100 Hz, in particular be-
tween 25 Hz and 55 Hz. The main frequency MF of vi-
bration of the vibrating bowl 31, 41 is adjusted so as to
induce in the joints 17 of the supports 10 a vibration with
an amplitude X1 at a vibration frequency F1 such that
the amplitude X2 of the respective fastening devices 11,
namely of the pieces 1, is greater than the amplitude X1
of the joints 17, namely X2>X1, and/or such that the vi-
bration frequency F2 of the respective fastening devices
11 is equal to the vibration frequency F1 of the joints 17,
within a range of 6 50%, i.e. 0,5<F1/F2 <1,5. In particular,
the vibration frequency F1 of the joints 17 is substantially
equal to the main frequency FM of the vibration of the
vibrating tank 31, 41. The particular vibration of the pieces
1 can be obtained by adjusting the position of the artic-
ulations 13, the position and/or mass of the counter-
weights 14, the length of the elastic elements 16, and/or
the frequency of the vibrators 32, 42, depending on the
weight and of the dimensions of each piece 1. The abra-
sive elements in the vibrating tank 31, 41 preferably have
a substantially spherical shape with a diameter com-
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prised between 60% and 90% of the diameter d of the
ducts 2, 3 of the piece 1.
[0024] Any variants or additions may be made by those
skilled in the art to the embodiments herein described
and illustrated, while remaining within the scope of the
following claims. In particular, further embodiments may
comprise the technical features of one of the following
claims with the addition of one or more technical features
described in the text or illustrated in the drawings, taken
individually or in any mutual combination thereof.

Claims

1. Support (10), characterized in that it comprises a
fastening device (11) which is suitable to be joined
to at least one piece (1) to be treated in a vibrating
tank (31; 41) and is connected through at least one
elastic member (16) to at least one joint (17) suitable
to be fixed to a vibrating body (30, 40), wherein the
elastic member (16) extends along a longitudinal ax-
is (L), so that the elastic member (16) can flex and/or
twist if the joint (17) is vibrated.

2. Support (10) according to the previous claim, char-
acterized in that the fastening device (11) compris-
es at least one articulation (13) suitable to rotate the
piece (1) around an axis (A1) and to lock it in a de-
sired position.

3. Support (10) according to one of the previous claims,
characterized in that the fastening device (11) com-
prises at least one counterweight (14) which projects
along an axis (A2).

4. Support (10) according to one of the previous claims,
characterized in that the fastening device (11) com-
prises an actuator (18) suitable to rotate the piece
(1) around an axis (A3).

5. Support (10) according to the previous claim, char-
acterized in that the actuator (18) comprises a driv-
en shaft (18) suitable to be rotated by a rotor (21)
provided with blades or by an electric motor (19) fixed
to the fastening device (11) or to the joint (17).

6. Support (10) according to one of claims 2 to 5, char-
acterized in that the rotation axis (A1) of the artic-
ulation (13) and/or the axis (A2) of the counterweight
(14) and/or the rotation axis (A3) of the actuator (18)
are substantially perpendicular to the longitudinal ax-
is (L) of the elastic member (16).

7. Support (10) according to one of the previous claims,
characterized in that the fastening device (11) com-
prises a vibrator (20) suitable to vibrate the piece (1)
around and/or along one or more axes.

8. Support (10) according to one of the previous claims,
characterized in that the fastening device (11)
and/or the joint (17) are fixed respectively at two ends
of the elastic member (16) in a removable manner.

9. Machine comprising a vibrating tank (31; 41) suitable
to contain at least one piece (1) to be treated, char-
acterized in that the machine also comprises at
least one support (10) according to one of the pre-
vious claims.

10. Machine according to the previous claim, charac-
terized in that the vibrating tank (31; 41) has a sub-
stantially cylindrical or annular shape with a central
axis (C) and that the longitudinal axis (L) of the sup-
port (10) is substantially parallel or substantially per-
pendicular to this central axis (C).

11. Machine according to claim 9 or 10, characterized
in that the support (10) can rotate in the vibrating
tank (41) around a substantially horizontal axis (C).

12. Machine according to one of the claims from 9 to 11,
characterized in that the joint (17) of the support
(10) is fixed to at least one vibrating body (30; 40)
suitable to vibrate when the vibrating tank (31; 41)
is driven by one or more vibrators (32; 42).

13. Machine according to the previous claim, charac-
terized in that the vibrating body (30; 40) is fixed to
the vibrating tank (31; 41) by means of at least one
spacer (34; 44), so that the vibrating body (30; 40)
can vibrate together with the vibrating tank (31; 41).

14. Machine according to the previous claim, charac-
terized in that the spacer (44) is suitable to rotate
around an axis (C) by means of at least one motor
(45) and/or the movement of abrasive members ar-
ranged in the vibrating tank (31; 41).

15. Machine according to the previous claim, charac-
terized in that the spacer (44) is connected to one
or more brakes (46) suitable to prevent the rotation
of the spacer (44) around the axis (C).

16. Process for the surface finishing of at least one piece
(1) in a vibrating tank (31; 41), characterized in that
it comprises the following operating steps:

- fastening the piece (1) to a support (10) ac-
cording to one of the claims 1 to 8;
- arranging the piece (1) fastened to the support
(10) in a vibrating tank (31; 41) together with
abrasive members, wherein the vibrating tank
(31, 41) vibrates at a main frequency (MF);
- vibrating the joint (17) of the support (10).

17. Process according to the previous claim, character-
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ized in that the joint (17) of the support (10) vibrates
with an amplitude (X1) at a vibration frequency (F1)
such that the amplitude (X2) of the vibration of the
fastening device (11) of the support (10) is greater
than the amplitude (X1) of the vibration of the joint
(17) and/or such that the vibration frequency (F2) of
the fastening device (11) is equal to the vibration
frequency (F1) of the joint (17), within a range of 6
50%.

18. Process according to the previous claim, character-
ized in that the vibration frequency (F1) of the joint
(17) is substantially equal to the main frequency (FM)
of the vibration of the vibrating tank (31; 41).

19. Process according to one of claims 16 to 18, char-
acterized in that the abrasive elements in the vi-
brating tank (31; 41) have a substantially spherical
shape with a diameter of 60% to 90% of the diameter
(d) of ducts (2, 3) present in the piece (1).

20. Process according to one of claims 16 to 19, char-
acterized in that the vibrating tank (31; 41) belongs
to a machine according to one of claims 9 to 15.
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