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A VIBRATORY SYSTEM COMPRISING SHAFT LIN
CORRESPONDING MACHINE AND METHOD

Sy AND A

L]

The invention relates in general manner to vibratory

systems. The invention also relates to vibratory

machines for screening materials and/or for feeding

materials, which machines include vibratory systems.

pr—

Vibratory systems are known in the state of the art

that comprise two unbalanced shaft lines. Each

unbalanced shaft line has a rotary shaft and an unbalance

module constrained to rotate with said shaft. The shaft

lines are driven in rotation so as to generate vibration

for use 1in screening materials and/or for causing them TO

advance.

pr—

Nevertheless, driving rotation of unbalanced shaft

lines 1in the systems known in the state of the art

pr——

requires a large amount oI energy. In addition, when

stopping rotary drive, the vibration frequencies that are

generated may include wvalues that correspond to resonant

pr—
pr——

frequencies of certain portions of the machine. In

pr——

particular, the frequency of vibration may come close to

the resonant frequency of damper elements on which the

—

frame of the machine i1s mounted.

pr—

An object of the present 1invention 1s To propose a

novel vibratory system and a corresponding vibratory

machine making it possible to reduce the energy needed tO

driving the unbalanced shaft lines and/or to reduce the

pr——
pr——

risk of damage to all or part of the machine.

For this purpose, the invention provides a vibratory

pr—

system for a screening and/or feeder machine, the

vibratory system comprising shaft lines, each shaft line

having an unbalance module, saild vibratory system also

having a drive device configured to drive the shaft lines
in rotation in synchronous manner and 1n tTthe same

direction, said vibratory system being characterized 1n

that 1t also comprilses an angle modifier device

configured to modify the angular position of the
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unbalance module of one shaft 1line relative to the

pr—— pr——
—_—

angular position of the unbalance module oOf the other

shaft line or of one of the other shaft lines.

In other words, the angle modifier device makes 1t

pr—

5 possible to modify the angular position of the unbalance

modules relative to each other when the vibratory system

has two shaft lines, or to modify the angular positions

of the unbalance modules relative to one another when the

pre——

number of shaft lines 1is greater, e.g. three, four, or

10 more. The shaft lines are parallel and are spaced apart

from one another along a direction which is transversal,

pr—

preferably orthogonal, to the longitudinal directlon ot

said shaft lines. In other words, the shaft lines are

not aligned with one another but are disposed side by

e

15 side. The relative angular position of the unbalance

pr——
—

modules is referred to as the angular configuration ot

the unbalance modules.

pr—
—

By way of example, when there are n shatt lines, a

F

given angular configuration of the unbalance modules may

pr——
pr——
—

20 be represented in the form of an (n-1)-tuplet oL angle

o
o

values, with each angle value o0t Che (n=-1)-tuplet

pr—

"erence, 1l.e. the

corresponding to the angular phase di

pr—

ference, between the unbalance module

angular position di

pre——
p—

of a respective 1line and the unbalance module of a

20 neighboring line.

pr——
—

The angular orientation axis of an unbalance module

is defined as being the axis intersecting and orthogonal

pre——

to the axis of rotation of the unbalance module and

pr— pr—

passing through the center of gravity of the unbalance

=
p—

30 module. The angular position of an unbalance module

corresponds to the angle between the angular orlentation

pre——

axis of the unbalance module and a reference axis that 18

= -

orthogonal to and that intersects the axils of rotation of

the unbalance module. Once a first reference axls has

pre——
h—

35 been defined for an unbalance module of a shaft line, the

e
r—

reference axis of the unbalance module of each other line

is an axis that is orthogonal to and that intersects the
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pr——
pr—— pr——

axis of rotation of the unbalance module OL sald other

line and that is parallel to said first reference axis.

The device may be configured to pivot the unbalance

one, several, or each of the shaft llnes,

1)

module 0O

pr——

depending on the number oL shaft lines provided, so as TO

pr——

modify the angular configuration oOf sald unbalance

nodules of the shaft lines.

such a design for the vibratory system of the

invention 1in which the unbalanced shaft lines can be

driven 1in rotation 1n the same direction and in which the

—
e

unbalance module of at least one of the lines can be

angularly adjusted, makes it possible to generate

~ircular vibration of amplitude that 1s adjustable and

with reduced energy consumption.

The angle modifier device serves TO adjust the

gl

angular phase dif

1)

ference between tThe unbalance modules O

B

the shaft lines during different operating sequences O

the vibratory system.

pr=—— pr——
h—

Adjusting the angle of the unbalance module of at

least one of the lines makes it possible in particular to

rediice or even eliminate the static moment of tTthe set oI

unbalance modules so that, when starting TO drive

rotation, the energy required for providing such drive 1s

limited, and when stopplng rotary drive, the risk of the

system generating frequencies close to the resonant

pr——

frequencies of certain portions of the system or of the

corresponding machine 1s limited.

pr——

Thus, during a sequence of starting the system, the

angle modifier device may Dbe used  TO obtain a

configuration in which the unbalance modules of the shaft

lines are in phase opposition. When the vibratory system

has two shaft lines, a configuration in phase opposition

et
oy —

~ - O
erence oOtrC 8 0

corresponds TO an angular position di

between the two unbalance modules. In another example,

when the vibratory system has three sharft lines, each

having a respectilve unbalance module, a conflguratlion 1n

phase opposition corresponds tTto an angular position
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difference of 120° between the unbalance modules of the

firet and second lines, and TO an angular posS1tion

difference of 120° between the unbalance modules of the

pr——
—

second and third lines. The static moment of the set oOr

anbalance modules 1is then =zero, thereby reducing the

energy needed for driving the shaft lines in rotation.

During an operatlng seduence, also referred TO as

"sroduction mode", the angle modifier device can be used

-

to modify the angular configuration of the unbalance

g

modules of the shaft lines so as to adapt the level of

vibration to the quality and the quantity of material

that is to be screened and/or caused to advance.

In order to stop the system, the angle modifier

of the system or of the machine entering 1nto resonance.

According to an advantageous characteristic of the

invention, the drive device comprises:

- " T
a motor, referred TO as the "maln motor,

pr——

configured to drive one of the shaft lines in rotation;

and

a synchronous transmission mechanism conflgured TO

transmit rotation from the shaft line driven by the main

motor to the other shaft line(s) sO that said shaft lines

rotate in synchronous manner and 1n the same directlon.

According to an advantageous characteristic of the
invention, the vibratory system also comprises a control

unit configured to control the drive device and the angle

modifier device, the angle modifier device enabling the

unbalance modules to take up an angular position relative

pr——

- | N g Y
to one or each of the others, referred TO as a 1rst

—

angular configuration, 1n which the set of unbalance

pr——

modules presents a static moment oL a first value, and

g

another angular position relative TO one O cach of the

others, referred to as the "second"” angular

pr——

configuration, in which the set oL unbalance modules
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presents a statlc moment having a second value smaller

than sald first value.

pr——
—

According to an advantageous characteristic of the

invention, the control unlt 1s configured, prior tTO

e

driving the shaft lines 1n rotation by means of the drive

device, so as to bring the unbalance modules 1nto tThe

second angular configuration.

According to an advantageous characteristic of the

invention, the control unlt 1s configured, when the

unbalance modules are in the second angular configuration

pr——
pr——

and after a given speed of rotation has been reached for

the shaft lines, so as to bring the unbalance modules

into said first angular configuration.

pr——

According to an advantageous characteristic of the

invention, the control unilit 1s configured, while the

<haft lines are being driven 1in rotation Dby the drive

=

device, so as to modify the amplitude oL the vibration by

pr——

modifying the angular position of the unbalance module oOr

pr——
—

one shaft line relative to the angular position of the

pr—
—

—

-

unbalance module of the other shaft 1line or of one of the

other shaft lines.

According to an advantageous characteristic of the

invention, the control unit is configured, prior to

stopping rotary drive of the shaft lines, so as to bring

the unbalance modules 1Nnto the second angular

configuration.

According to an advantageous characteristic of the

invention, the control unit 1s configured, when rotatlion

of the shaft 1lines 1s stopped, so as toO bring the

unbalance modules into the first angular posltion.

pr——
—

According to an advantageous characteristic of the

invention, the angle modifier device comprises a motor,

referred to as the "adjustment" motor, and an epicyclic

gear train, the epicyclic gear train comprising a sun

pr——

gear connected to the outlet shaft of the adjustment

pr——
—

motor, a toothed ring connected tTO one OL the shaft

lines, and planets mounted to mesh with the toothed ring
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and with the sun gear, the angle modifier device also

comprising a planet carrier that carries the planets and

that is coupled to rotate with the other shaft line.

According to an advantageous characteristic of the

invention, the adjustment motor is configured 1in such a

pr——

manner that its outlet shaft is suitable firstly for

rotating in one direction 1n order to modify the angular

pr——
pr——
p—

position of an unbalance module, and secondly for

preventing rotation in the opposite direction.

The invention also provides a screening and/or

feeder vibrator machine including a vibratory system and
characterized in that the vibratory system 1s as

described above.

pr——

The invention also provides a method of controlling

a vibratory system as described above, said method being

pr——

characterized in that it comprises at least one step OI

modifying the angular position of an unbalance module

pr——

relative to the angular position of the other unbalance

module({s) .

pr——

According to an advantageous characteristic of the

invention, when the shaft lines are stationary, sald

method comprises the followlng steps:

- putting the unbalance modules into the second

angular configuratilion; and

driving the shaft lines in rotatlion Dby means OL

the drive device.

pr—v

According to an advantageous characteristic of the

invention, when the unbalance modules are in the second

angular configuration, sald method COmMpPrilises the

followlng steps:

reaching a given speed of rotation for the shaft
lines; and
- putting the unbalance modules into said filrst

angular configuration.

p—

According to an advantageous characteristic of the

invention, while the shaft lines are belng driven 1n

rotation by the drive device, sald method includes the
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pre——

pr—

" V1ing

the unbalance module of one shaft

pr—

line relative to the angular position of the unbalance

module of the other sha:

—

shaft lines.

According to an advantageous characteristic o:

invention,

of tThe

bringing the unbalance modules 1nto the first

pr—

T l1llne or of one o:

shaft lines, sald method comprises

position.

invention,

sald method 1ncludes a

modules 1nto the

when rotation o

a sStep ot

pr—

first angular position.

—

pre——

According to an advantageous characteristic of

- the other

the

prior to beginning stoppling the rotary drive

—
-

angular

the

- the shaft lines 1s stopped,

step of bringing the unbalance

The 1nvention can be well understood on readlng the

reference to the accompanying drawlngs,

followilng description

pre——

O

—

1n an embodlment of The 1nvention;

pr——

pr—

the machine 1n an embodiment of the 1nvention:;

pre——

—

—

i embodiments, glven

1n which:

—

Figure 2 1s a diagram of the vibratory system of

wlth

Figure 1 1s a diagrammatlc sil1ide view of a machine

B

Figure 3 1s a perspective view of the vibratory

system of the machlne 1n an embodiment of the 1nvention,

the unit for controlling the motors being

diagrammatically;

eplcyclic gear trailn

machine 1n an embodiment o:

unbalanced shaft lines
embodiment, shown at dai
the sha:

Figures 4 to A4E

ol

pre——

OL

pr—

Figure 3A 1s an exploded perspective view O:

the vilibratory system of

the 1nvention:;

are dlagrammatic end v

O

pre——

—

the vibratory sy

"t lines belng completely stopped, the

pre——

—
-

pre——

shown

the
the

1ews of the

stem 1n an

"erent 1nstants, starting

from

shaft lines

then being driven 1n rotation so as to reach a desilired

glven speed;

Figure 5 1s a

unbalanced shaft 1llnes

machilne 1n an embodiment,

diagrammatic end vi

O

pr—

the vilibratory system of

sald view showlng

pre——

cw OL

p—
-

the
the

che angular
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—

phase difference 1ntroduced between the unbalance weights

while thevy are rotating at a given speed; and

L]

Figures © to oE are diagrammatic end viliews of the

pr— pr—
p—

unbalanced shaft 1lines of the vibratory system of the

pr—

"erent moments,

machine 1n an embodiment, shown at di

starting wilth the shaft lines rotating at a desired given

speed until they come to rest.

With reference to the filgures and as mentiloned

pr——

above, the 1nvention relates to a vibrator machine 6 for

screening and/or moving materials, such as aggregates or

ores.

—

SCreenlng 1s an operation of Jgrading materials

depending on thelr Jgraln size. The vibrator machine can

pr——

thus be used to perform grain size classification or for

feeding materials 1n various filelds such as public works,

bulldings, mines, or quarriles.

The machine 6 comprilses a frame 60 and a surface 62

—

for screening and/or moving materials carried by said

pr—

frame 60. Sailid surface may be made 1n the form of panels

pr——

or plates, e.g. made of rubber, or a taut cloth. For

screening, sald surface presents through gaps and/or

pr— —

meshes of si1ze appropriate for the desired type o:

pr——
—

screenling.

pr——

The frame 60 of the machine © 1s arranged on damper

means such as springs o6l. The springs ©1 then act as a
suspension and they serve to 1solate vibration. In other
words, the machlne comprises a frame o0 that 1s

resiliently mounted.

The machine © has a vilibratory system /7 that serves

to Jgenerate vibration. The vibratory system 7/ 1s

arranged to cause the surface 62 to vibrate. In

particular, the vibratory system comprilises support

pre——

elements (not shown) that are fastened to the frame 60 of

the machlne 0. The support elements carry bearings 56

pr— pr—

for passing the shafts of unbalanced shaft 1lines of the

vibratory system 7, as descrilibed below.
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In the example shown 1n the figures, the vibratory

system 7/ thus 1ncludes two unbalanced shaft lines 1 and

2. In a variant, the vibratory system may have a larger

—

number of shaft lilnes, e.g. three or four shaft lines,

provided wlith respective unbalance modules. The shatft

lines are parallel and preferably horizontal. FBEach

pr—

unbalanced shaft 1line 1, 2 comprises a shaft or a

pr——
—

plurality of shafts constrained to rotate wilith one

another, and one or more unbalance modules 12, 21 mounted

SO as to be constralned to rotate wilith the corresponding

shaft(s) of the 1line. Sald shaft may then comprise a

pr—
—

plurality of shaft fractions connected to one another,

e.dg. Vlia universal Jjoints, as 1n the example shown 1n
Figure 4.
The term "unbalance" weight 1s used to mean a body

pr——

mounted on a shaft line and having 1ts center of gravity

off-center relative to the axilis of rotation of saild shaft
line. In the example shown 1n the figures, each
unbalance module comprises a plurality of unbalance
welghts. In particular, an unbalance module may be

constituted by a single unbalance welght.

In the example shown 1n the figures, each unbalance

pr—

module 12, 21 comprises two palrs of unbalance welghts.

The two palrs of each unbalance module 12, 21 are
distributed spaced apart from one another along the
shaft. The two pairs of each unbalance module 12, 21 are

separated from each other by a universal joint 130, 230.

—

The two unbalance weights of a palr are separated

pr—

from each other along the shaft line by a shaft bearing

56 secured via a support element (not shown) to the frame

— pr—

o0 of the machine o. In the example of Figure 3, only

one bearing 56 1s shown for each shaft line.

In the example shown 1n Figure 1, the screening

e~ gr—

set from the

and/or movement surface 62 is sloping and o

— pr—

plane containing the axes of rotation of the unbalanced

shaft lines.
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Sald vibratory system 7 also has a motor 3, referred

to as the "main" motor, 1n engagement with the first

shaft line 1. In a wvariant that 1s not shown 1n the

figures, the shaft 1line that 1s engaged with the main

motor 3 could be the second shaft line 2. Sald system

also has a synchronous transmission mechanism 30

pre——

configured so that rotation of the shaft line 1 that 1s

pr—

the main motor 3

driven 1n rotation under tThe control o

1s synchronous wlth and 1n the same direction as the

pr— pr—

direction of rotation of the second shaft line 2. Thus,

pr——
—

the flrst and second shafts rotate at the same speed of

rotation relatlive to each other, possibly being i1n-phase

pr—

or out-of-phase, as a function of steps 1n the operation

—

of The machine as described below.

The synchronous transmission system 30 1s thus

configured so that the unbalanced shaft lines are driven
1n rotation by the motor 3 at the same speed and 1n the
same dilrection.

The synchronous transmilission system 30 comprises a

—

wheel 31 fastened to the outlet shaft of the main motor

3, a shaft 134 constralned to rotate with the shaft 1line

1, a Wwhee. 13 secured to the shaft 134, and a

transmission belt 100 between the wheel 31 and the wheel
13. The synchronous transmission system 30 also has a
wheel 14 fastened to the shaft 134, and a wheel 45
coupled by a belt 101 to the wheel 14. The wheel 45 1s

carried by, but 1s suitable for rotating relative to, the

outlet shaft 400 of a motor 41 that 1s referred to as the

"adjustment" motor. The transmission system also has a
toothed ring 424 coupled to rotate with planet gears 423
carried by the wheel 45 that constitutes a planet
carrler. The shaft 134 and the ring 424 of the

synchronous transmission system are connected

respectively to the shaft lines 1 and 2 by the universal
Jolnts 130 and 230.
The ring 424, the planet gears 423, and the planet

pre——

carrier 45 form part of an epicyclic gear train 42 that
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1s described below. The eplcyclic gear train has a sun

pr——

gear 421 connected to the outlet shaft of the adjustment

motor 41, that 1s described below. The eplcyclic Jgear

train also has the outer toothed ring 424, which 1s

connected to the second shaft line 2, and planets 423
mounted to mesh with the toothed ring 424 and with the
sun dJdear 421. The epilcyclic gear train 42 also has a

planet carrier 45 that carries the planets 423 so that

pre——

rotation of the planet carriler 45 drives the planets 423

1n rotation.

The vlibratory system /7 has an angle modifier device

pr——
—

4 configured to modify the angular position of the

pr——

unbalance module 21 of the second shaft line 2 relative

to the angular position of the unbalance module 12 of the

flrst shaft 1line 1. In a wvariant not shown 1n the

figures, the angle modifier device may be configured to

pre—— pr——
—

modify the angular position of the unbalance module of

the first shaft line or to modilify the angular positions

— pr—

of each of said shaft 1lines. More generally, when the

—
-

vibratory system / has a number n of shaft lines provided

with respective unbalance modules, where n 1s dJreater

pr——

than or equal to 2, 1t 1s possible to make provision for

the angle modifilier device to be configured to modify the

pr—

angular positions of n-1 shaft lines 1n order to be able

pr—— pr——

to modify the static moment of the set of unbalance

modules, as described below.

In the example shown 1n the figures, the angle

modifler device 4 comprises the epicyclic gear train 42

and the adjustment motor 41. The motor 41 presents an

outlet shaft 400 having the sun gear 421 mounted thereon

to rotate therewith.

Preferably, the adjustment motor 41 1s a gear motor,

l.e. a motor with a stepdown gJgear, thus enabling the

outlet shaft of the adjustment motor 41 to rotate at a

pr—

speed that 1s small compared wilith the speed of rotation

—

of the motor 4, and with torgque that 1s high.
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As described 1n detail below,

PCT/IB2016/051230

the adjustment motor

41 and the epicyclic gear train 42 serve to modify the
the shaft

pre——

angular position of the unbalance module 21 of

line 2, thereby 1introducing an angular phase di

pr—

—

—

“erence

between tThe unbalance module 21 of the second shaft line
the first shaft

or enablling them to be brought 1nto phase, 1.e€

2 and the unbalance module 17/

same angular position.

Below, the orientation

—

unbalance weight of a shaft line 1,

the axls perpendicular to the axis of

pr——

passing through the center of

pr—

welght and through the axis of

pr——

The angular phase d:

modules, or 1ndeed the angular

between the unbalance modules,

difference between the angular position o

pr——

of

ax1ls

pr—

012

2 1s de:

C

or 021

line 1,
1nto the
of an

"1lned as being

he shaft lline and

pr—

gravity of sald unbalance

sald sha

pr——

pr—

C 1lilne.

poslition

corresponds

pr—

ol

"erence between The unbalance

pre——

“erence

to the

one unbalance

module and the angular position of the other unbalance

module.

The angular position of

defined as the angle AlZ,

"orlentation" angle, that 1is

pr——

AZ

an unbalance

1, re

formed

1n one

ferred to

module 1S

as The

direction

between filrstly a gilven reference ax1ls perpendilcularly

pr——
—

lntersecting the axis of rotation

pr—

module (1.e. the axis of the corresponding

secondly the orientation axis 012,

module, as defined above.

O

pr—

f sailid unbalance
shaft) and

021 of said unbalance

Sald orlentation angle lles 1n a plane perpendicular

— pr—

"0 The axes of rotation of

embodliment shown 1n Figure 4C,

—he shaft

which 18 an end view of

Wt

lines.

In the

—
e

the shaft 1lines, 1.e. 1n a plane perpendicular to their

pr—
—

axes of rotation, the reference axis

"Or each unbalance

pr—

module 12, 21 1s selected as being the portion of the

vertical axis V12, V21 that

pre——

intersects the

—
-

axls of

rotation of sald unbalance module and that extends below

—

sald axis of rotation. In addition,

shown 1n Figure 4C, said orilen

L d

C1on angle 1s de:

1n The embodiment

"1ned 1n
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the counterclockwlise dilrectilion, going from the reference

pr—

axls to the orientation axis of the unbalance welght.

the unbalance modules

In other words, the angular phase di

12,

difference between thelr orientation angles Al2 and AZl.

In The embodiment shown 1n the

pr—

21 corresponds

pr—

pre——

figures,

erence petween
Lo the

for a gilven

shaft 1line, the unbalance welghts of the 1line have the

same angular position from one welght to another, such

pr—

—
-

that the angular orientation of an unbalance weight of a

shaft line corresponds to the angular orientation of the

pre——

unbalance module of sailid line.

has unbalance weights that

phases relative to one another,

pr——

the angular position of the unba.

pre——

are at di

pr——

ance modu.

pre——

"erent

When an unbalance module

angular

1t may be consilidered that

e Ccorresponds

to the mean of the orientation angles of the unbalance

—

welghts of the unbalance module.

The angle modifier device 4 thus serves to bring the
12

unbalance modules 21,

configuration, e.g. 1nto phase opposition,

—

1nto a

first

angular
sO That the

—

set of unbalance modules presents a static moment of a

posslible to bring the unba.

angular configuration, e.g

unbalance modules presents a static moment of

value that 1s smaller than said

first wvalue. The angle modai:

"1ler device 4 also makes 1t

1n—-phase,

ance modu.
sO That the set of

o

pr—

first wvalue.

In order to adjust the angular position

1nto a

second

a second

of tThe

unbalance module 21, the motor 41 operates at low speed

with high torque. The motor 41

pr——

pre——

rotation of 1ts output sha:

when the deslred angular phase

unbalance modules 18 reached,

S

400 1s

difference Dbetween the

1S cCcon:

1rreversible,

pre——

"1gured so that

sO that

rotation of the sun gear

421 1s prevented, since otherwlise that would modify the

pr—

angular orientation o

line 2 1n unwanted manner.

pr——

the unbalance module 21 of the

The vibratory system 7 1ncludes a control unit 700.

The control unit 1s a unit o:

CVPe, e.qd. comprising

d

pr—

milicrocon

"roller

electronic and/or computer

Or d
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mlcroprocessor assoclated with a memory. Advantageously,

pr——

the vibratory system also comprises a detector system for

pr—

detectling the angular positions of the unbalance modules

—

of the shaft lines. The detector system may comprlse one

OY more sensors connected to the control unit 1n order to

determine the angular phase difference Dbetween the

pre——

unbalance modules of the shaft lines. The sensor(s) may

be configured to detect the relative angular position

between the unbalance modules or to determline the pivot

pr—

angles of the or each shaft line controlled by the angle

modiflier device 4. Thus, 1n the embodiment shown 1n the

figures, the motor 41 may be fitted with an angle

—
-

measuring system for measuring the pivot angle of 1ts

outlet shaft and for deducing therefrom the angular phase

pre——
—

difference that exists between tThe unbalance modules of

the shaft lines.

Thus, when 1t 1s stated that the unit or means of

the unit are configured to perform a glven operation, 1t

should be understood that the unit has computer

instructions and corresponding execution means that

enable sald operation to be performed.

In particular, the contro. unit 700 1ncludes

pre—— pre——

instructions for controlling the speed of rotation of the

pr— pr—

maln motor 3 and the angle of rotation of the outlet
shaft 400 of the motor 41.

When the vibratory system 1s statlionary and 1n order

to put 1t 1nto operation, the control wunit 700 1s

configured to execute the followling steps.

Initially, the unbalance modules 12 and 21 of the

first and second shaft lines 1 and 2 are statlonary and

1n the same angular position, 1.e. 1n-phase, and

preferably 1n a low position, as shown i1n Figure 4.

In a first step, shown 1n Figure 4A, the angular

p— pr—

position of the unbalance module 21 of the second shaft

line 2 1s modilified by using the motor 41 so that the

unbalance module 21 1s taken to an angular position

referred to as the "starting" angular position, that 1s
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pre——

different from the angular position of the unbalance

pr—

module 12 of the first shaft 1line 1. Relatively to a

pr——
—

glven reference axls which 1s parallel to the axes of

pr——

rotation of the 1lines, 1n the starting position, the

pr—— pre——

static moment of the set of unbalance modules, referred

to as the "total" static moment, 1s thus less than the

pr—

the unbalance

moment corresponding to a configuration o

modules 1n which they present the same angular position.

pr——

In this example, the wvalues of the total static moments

are consilidered as absolute wvalues. The energy needed by

—

the motor 3 for driving rotation of the unbalanced shaft

llnes 1s thus reduced.

The static moment of the set of unbalance modules 12

and 21, referred to as the "total” static moment, 1s

deflned relative to an axlis parallel to the axes of

pr—

rotation of the lines, coplanar therewith, and situated

pr——

at equal distances from these two axes of rotation. When

pr——

the number n of parallel and coplanar shaft 1lines 1s

greater than two, the static moment of the set of

unbalance modules, referred to as the "total” static

moment, can be defined relative to an axils parallel to

pr— pr——

the axes of rotation of the 1lines, coplanar therewith,

and situated at equal distances from the two shaft lines

that are furthest apart.

Preferably, the unbalance modules 12 and 21 are put

1nto phase opposition, as shown 1n Figure 4B. The total

static moment 1s then zero.

The control unit 700 then causes the first and

pre——

second shaft lines 1 and 2 to be rotated by the motor 3

1n order to reach a glven speed, referred to as the

"nominal" operating speed, as shown 1n Figure 4C. During

this step, 1.e. until they have reached the nominal

operating speed, the unbalance modules of the shaft lines

are kept 1n phase opposition.

Thereafter, the control unit controls the motor 41

—
-

so that, as shown 1n Figure 4D, the angular position of

pre—— pre——

—he unbalance module 21 of the second shaft 1line 2 1s
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modified 1n order to bring the unbalance modules 1nto an

angular position, referred to as the "vibratory" angular
position, 1n which the total statlc moment 1s dJreater

than that corresponding to sald starting angular

position. As shown 1n Figure 4E, the unbalance module 21

1s preferably put 1nto the same angular position as the

unbalance module 1Z2. Thus, 1n the operating step shown

1n Figure 4E, the wvibratory system 1s operating at the

pr— pr—
—

nominal speed of rotation and with an amplitude of

vibration that 1s at a maximum sSl1nce The unbalance

pre——

modules of both lines are 1n-phase.

—
-

The control unit 700 can cause the amplitude of

vibration to be modilified by modifying the angular

pr—

position of the unbalance module 21 of the second shaft

—

line 2 relative to the angular position of the unbalance
module 12 of the first shaft line 1.

pr— pr—

The amplitude of vibration of the vibratory system

can be reduced, as shown 1n Figure 5, by 1Introducing an

pr——

"erence between the unbalance modules.

angular phase di

As explained above, the angular phase difference 1s

introduced by controlling the motor 41 1n such a manner

pr——

as Tto cause the sun gear 421 of the epilicyclic gear trailn

pr——
—

to turn through a deslred angle. The amplitude of

vibration can thus be adjusted progressively to a value

lvying 1n the range 0 to 100%.

In order to stop the vibratory system while the two

shaft lilnes are belng driliven 1n rotation by the motor 3

at the nominal operating speed and 1n-phase, as shown 1n

Figure 6, the control unit performs the following steps

p—

correspondlng to steps that are the 1nverse of those

described above with reference to Figures 4 to 4E.

In the step shown 1n Figure 6A, the motor 41

pr—

the unbalance module 21

modlfies the angular position ©

— —
e

of the second shaft line 2 until the angular positions of

pr—

the unbalance modules 12 and 21 of the first and second

lines 1 and 2 are 1n opposition (Fligure ©6B). The

—

- vlibratlion 1s then at a minimum. Thereafter,

amplitude o:
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rotary dri

PCT/IB2016/051230

pre——

ve of the shaft

pr—

lines 1 and 2 1s stopped so that the shaft lines cease

turning without running any

—
o

of the machine to enter resonance.

pr——

risk of causling some or all

Thereafter, as shown

5 1n Figures 6D and ©6E, the unbalance module 21 1s pivoted

by the motor 41 so as to modi:

preferably, as shown 1n Filgu

re oFE, so as

'y 1ts angular position and

to bring it into

the same angular position as the unbalance module 12. 1In

particular, the unbalance modules are brought 1nto a low

10 position such that the

—

potential energy of these

unbalance modules 1s zero, thereby making 1t possible to

act 1n safe manner on the

purposes.

system, e.d.

for maintenance

The present 1nventilion can advantageously be used for

15 screening materials 1n mlnes

and aquarries, and/or for

feedlng a machine for processing said materials.

The person skilled 1n the art readily understands

that the wvarious steps and

described above can be per

formed by m

pr—

functions of tTthe embodiments

—

eans of computer

20 programs. In particular, the above-described steps may

pr—

be embodied 1n the form of electronic

ilnstructions tThat are execut

able by the

pr—
-

may be embodled 1n the

25 instructions executed by a processor of

/00.

form of a

pre——

and/or computer

control unit 700.

In particular, the functilions executed by the control unit

pr——

set of computer

the control unit

The computer programs oOr computer 1nstructions may

be contalned 1n program S

computer readable digital

—

torage devices, for example

data stO

30 executable programs. The programs or

rage medla, or

lnstructions may

also be executed from program storage perlpherals.

Although at least one embodiment of

—

the 1nvention 1s

shown and described, 1t should be observed that other

modifications, substitutions, and alternatives, will

35 appear to the person skil

led 1n the

art and can be

pr—

changed without goiling bevond the ambit of the presently

described subject matter.
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The present application seeks to COVer all

pr——
p—

adaptations and variations of the above-described

embodliments.

In addition, the term "comprising" does not

ocxclude other elements Or SLEPS and the term "a" does not

exclude the plural.

steps

above-described

In addition, characteristics oOr

B

that are described with reference to one OL the

embodiments may also be used 1in

p—

combination with other ~characteristics or steps OLI other

above-described embodiments. T+ should be observed that

trhe ambit of the patent extends to include all of the

nodifications envisaged above insofar as they form part

[}

of the contribution of

the inventors to the prior art.

such modificatilions, substitutions, and alternatives may

be 1mplem

SP1r]

Ve

of the present 1

ented without going beyond the ambit and the

nventlion.
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CLAIMS

1. A vibratory system (7) for a screening and/or feeder

machine (6), the vibratory system (7) comprising shatt

lines (1, 2), each shaft line (1, 2) having an unbalance

module (12, 21), said vibratory system (7) also having a

drive device configured to drive the shaft lines (1, 2 )
in rotation in synchronous manner and 1n the same

direction, said vibratory system (7) belng characterized

in that it also comprises an angle modifier device (4)

pr—

configured to modify the angular position of the

=
p—

unbalance module (21) of one shaft line (2) relatilive to

pr——

the angular position of the unbalance module (12) of the

other shaft line (1) or of one of the other shaft lines.

2. A vibratory system (7) according to claim 1,

characterized in that the drive device comprises:

a motor (3), referred to as the "main" motor,

configured to drive one of the shaft 1lines (1) 1n
rotation; and

a synchronous transmission mechanism (30)

configured to transmit rotation from the shaft 1line (1)

driven by the main motor (3) to the other shaft line(s)

(2) so that said shaft lines (1, 2) rotate 1n synchronous

manner and 1n the same direction.

3. A vibratory system (7) according to either preceding

claim, characterized 1in that the vibratory system (/)

also comprises a control unit (700) configured to control

the drive device and the angle modifier device (4), the

angle modifier device (4) enabling the unbalance modules

(21, 12) to take up an angular position relative tTo one

pr——

or each of the others, referred to as a "first" angular

pr—

configuration, in which the set of wunbalance modules

pr—
—

presents a static moment of a first value, and another

H

angular position relative to one or each of the others,

referred to as the "second" angular configuration, 1n

which the set of unbalance modules presents a static
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moment having a second value smaller than said first

value.

4., A vibratory system (/) according to clalm 3,
5 characterized 1n that the control unit (700) 1S

configured, prior to driving the shaft lines (1, 2) 1n

pre——

rotation by means of the drive device, so as to bring the

unbalance modules (21, 12) 1nto the second angular

configuration.
10
5. A vilibratory system (/) according to clalm 3 or claim

4, characterized 1n that the control unit (700) 1S

configured, when the unbalance modules (21, 12) are 1n

the second angular configuration and after a given speed

15 of rotation has been reached for the shaft lines (1, 2),

SO as to bring the unbalance modules (21, 12) 1into said

first angular configuration.

pr——

6. A vibratory system (/) according to any one of claims
20 3 to 5, characterized 1n that the control unit (700) 1s

configured, while the shaft lines (1, 2) are belng driven

1n rotation by the drive device, so as to modify the

amplitude of the wvibration by modifvyving the angular

pr—— pr—

position of the unbalance module (21) of one shaft 1line

—

25 (2) relative to the angular position of the unbalance

pr——

module (12) of the other shaft line (1) or of one of the

other shaft lines.

pre——

/. A vlibratory system (/) according to any one of clailms
30 3 to ©6, characterized 1n that the control unit (700) 1s

pr—

configured, prior to stopplng rotary drive of the shaft

lines (1, 2), so as to bring the unbalance modules (21,

12) 1nto the second angular configuration.

35 3. A vlbratory system (/) according to clalm 7,

characterized 1n that the control unit (700) 1S

configured, when rotation of the shaft 1lines (1, 2) 1s
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stopped, so as to bring the unbalance modules (21, 12)

into the first angular position.

pr——
—

9. A vibratory system (/) according to any one of claims

1 to 8, characterized 1n that the angle modifilier device

(4) comprilses a motor (41), referred (e as the

"adjustment" motor, and an epicyclic gear train (42), the

eplcyclic gear train (42) comprising a sun dJear (421)

pr—

connected to the outlet shaft of the adjustment motor

pr——

(41), a toothed ring (424) connected to one of the shaft

lines (2), and planets (423) mounted to mesh with the
toothed ring (424) and with the sun gear (421), the angle

modifier device (4) also comprising a planet carrier (45)

that carries the planets (423) and that 1s coupled to
rotate with the other shaft line (1).

10. A vibratory system (/) according to c¢laim 9,

characterized 1n that the adjustment motor (41) 1S

configured 1n such a manner that 1ts outlet shaft (400)

pr——

1s sultable firstly for rotating 1n one direction 1n

pre——

order to modify the angular position of an unbalance

module (21), and secondly for preventing rotation 1n the

opposlite direction.

11. A screening and/or feeder vibrator machine (6)
including a vibratory system (/) and characterized 1n
that the vibratory system (7) 1s 1n accordance with any

—

one of claims 1 to 10.

—

12. A method of controlling a vibratory system (7) 1n

pre——

accordance with any one of claims 1 to 10, sald method

being characterized 1n that 1t comprises at least one

pre—— pr—

step of modifying the angular position of an unbalance

pr—

module (21) relative to the angular position of the other

unbalance module(s) (12).
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pre——

13. A method according to the preceding claim for a

vibratory system (/) 1n accordance with c¢laim 3, the

method belng characterized 1n that when the shaft lines

(1, 2 ) are statlionary, sald method comprilises the

followlng steps:

- putting the unbalance modules (21, 12) 1nto the

second angular configuration; and

driving the shaft 1lines (1, 2) 1n rotation by

pre——

means of Tthe drive device.

14. A method according to c¢laim 12 or claim 13 for a
vibratory system (/) 1n accordance with c¢laim 3, the

method being characterized 1n that, when the unbalance

modules (21, 12) are 1n the second angular configuration,

sald method comprises the followlng steps:

pr——

reaching a gilven speed of rotation for the shaft

lines (1, 2); and

- putting the unbalance modules (21, 12) 1into said

first angular configuration.

pr— pr—

15. A method according to any one of claims 12 to 14 for

a Vilibratory system (/) 1n accordance with c¢laim 3, the

method being characterized 1n that, whilile the shaft lines

(1, 2) are being driven 1n rotation by the drive device,

pre——

sald method 1ncludes the step of modifying the amplitude

— —

of wvibration by modifying the angular position of the

pre——

unbalance module (21) of one shaft line (2) relative o

pr—

the angular position of the unbalance module (12) of the

— pr—

other shaft 1line (1) or of one of the other shaft lilnes.

pr——

l6. A method according to any one of claims 12 to 15 for

a Vlibratory system (7) 1n accordance with c¢lalm 3, the

method being characterized 1n that, prior to beglnning

p—

stopping the rotary drive of the shaft lines (1, 2), said

—

method comprises a step of bringing the unbalance modules

(21, 12) 1into the first angular position.
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pr——

17. A method according to any one of claims 12 to 1lo6 for

a Vilibratory system (/) 1n accordance with c¢laim 3, the

pre——

method being characterized 1n that, when rotation of the

shaft lines (1, 2) 1s stopped, sald method 1includes a

5 step of bringing the unbalance modules (21, 12) 1nto the

first angular position.
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