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6) HAMMERING DEVICE.

@ An apparatus has a slide rod (6) provided movably in its
axial direction within a hollow frame (4) fixed to the surroun-

ding wall (a) of a hopper or a conduit line etc. to exert impact
forces directly or indirectly on said surrounding wall (a), sald
slide rod (6) comprising a structure including a magnetic mate-
rial (7) as a part thereof, at the same time electromagnetic coils
(11), (12) which move said slide rod (8) in the direction of said
surrounding wall {a) on supplying electricity being disposed
around said slide rod (6). In the hammering device of this in-
vention, electromagnetic forces are exerted on the magnetic
< material (7) of the slide rod (6) by controliing electric current to
the electromagnetic coils (11), (12), causing said slide rod (6)
to be moved to give impact forces on the surrounding wall (a),
leading to shorter intervals of impact, increased number of im-
pact per unit time and improved operation efficiency compared
0 to conventional hydraulic or pneumatics devices. And increase

2 S 1114129

or decrease of impact forces and cycles of impact can be op-
tionally changed by adjusting supply conditions of electricity.

ACTORUM AG



10

15

g
£
N
0O
T
<y
o
c

DETAILED STATEMENT
HAMMEﬁING DEVICE
[FIELD OF ART]

The present invention relates to a hammering dévice for
separating powdery substances adhering from the inner ﬁalls
of their storing hopper and conveying piping by apblicatioh
of shock thereto. |

[BACKGROUND OF THE INVENTION]

In storing and convejing pulverizéd ceramics and other
ceramic materials as well as powdered foodstuff, £hese
pulverized substances tend to adhere to the inside of their
vessels or paths. Large amounts of such pulverized m#tﬁer
adhered cause ratholes, bridges, and archiﬁg in storing
hoppers, hampering pulverized matter from exhaustiﬁg
therefrom. Large quantities of powder adhering inside
conveying pipes result in a reduction in péth area, sometimes
making it impossible to convey powdery goods.

In order to solve the problems in handling such
pulverized matter a hammering device has conventionally been
used against the walls of a hopper and piping causing a shock
and thus removing powder vadhering therefron. Suech a
hammering device employs a hydraulic cylinder in which ai.r
serves as the working fluid, and is éo constructed that an
actuator collides at the edge directly against the hopper and

pipe wall surfaces or an indirect impact is given to prevent
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the wall surfaces from being.damaged. Some hammering devices
can adjust the hammering force according to the nature of
pulverized substances contained and the positions in which
the hammering devices are mounted on the hoppers and the pipe
lines.

However, the use of air as a working fluid neceésitates
the provision of a hydraulic ecircuit consisting of a
compressor for pressurizing the working fluid,.an oiler, and
an air cleaner. This gives rise to the enlargement of the
equipment itself as well as to the degradation of the working
environment partly due to the operating noise of the
compressor.,

Moreover, notwithstanding a sealing mechanism provided
to prevent powder from entering the sliding surfaces between
the c¢ylinder and the actuator, the intrusion of fiﬁes is
unavoidable, causiné faulty sliding which hampers appropriate
hammering. Especially where air is used as a working fluid,
the,shortening'of the interval between air feed and exhaust
for reciproééting the actuator is limited because of a great
influencé of the compressibility of the fluid. Accordingly,
the frequency by which the actuator gives a shock per unit
time has an upper limit, preventing efficient operations of
removing adhering powdery matter.

Therefore, the objects of the present invention are to

simplify the equipment by using an electromagnetic force to
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move the hammering members and to improve the efficiency of

the removing operation by an increase in hammering frequency.
[DISCLOSURE OF THE INVENTION]

According to the present invention the objects described
above are achieved by providing a sliding rod mounted akially
movable in a hollow frame secured on the outer wall of a
hopper or a piping line to exert a direct or indirect impact
on the wall, said sliding rod being a structure partly'of a
magnetic material, and a solenoid coil fitted around the
sliding rod to energize the rod to travel toward the qall.

[BRIEF DESCRIPTION OF THE DRAWINGS]

Fig.1 is a logitudinal seﬁtion of a hammering device.of
the present invention with the sliding rod in its retreated
position; Fig.2 is a logitudinal section of the device with
the sliding rod in its hammering position; Fig.3 shows
energizing time charts for an actuating solenoid coil and a
retreating solenoid coil; and Fig.4 is the hammering device
secured to the wall around a ﬁopper of powdery matter. Fig.5
shows a further embodiment of the present invention; Fig.6 is
a section on the line I-I in Fig.5 looking in the direction
of the arrows; Fig.7 is a perspective view of the inner pipe
and yoke disassembled; and Fig.8 shows energizing time charts
for solenoid coils of the hammering device in Fig.5. Fig.9
is a still further embodiment of the present invention;

Figs.10, 11 and 12 illustrating other embodiments; and Fig.13
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shows energizing time charts for the solenoid coils of the
device in Fig.12.
[DESCRIPTION OF PREFERRED EMBODIMENT]

The features of the present invention are described in
detail making reference to the drawings attached herewith
showing the embodiments of the invention.

Figs.1 and 2 are longitudinal sections showing a'first
hammering device embodying the present invention.

Referring to Fig.4, the hammering device 17 is secured
onto the outer wall a of hopper A to give a shock thereto so

as to cause pulverized matter B adhering to the inner wall to

-- detateh therefrom. - The hammering device is similarly fixed

on the wall of the pipe line carrying powdery substances in
such a manner that the device hammers the pipe wall.

Referring to Fig.1, the hammering device 1 comprises an
enclosed cylindrical frame 4 having flanges 2 and 3 at the
ends, a base plate 5 connected to said flange 2 being
securely welded onto the outer wall a of the hopper A to give
a shock thereto, which lends itself to transmitting to said
outer wall a hammering force developed by the action of a
sliding rod 6 in said frame 4.

The sliding rod 6, which has a body 7 of a magnetic
metal such as iron integrated with a head 8 located on the
side of the base plate 5, is so supported slidably in the

axial direction by a given number of yokes 9 arranged in the



10

15

05286630
frame 4 that said head 8 at one end of the rod 6 gets ihte
contact with the base plate 5, exerting a hammering }force
thereon, said head 8 being made of a nonmagnetic metal such
as stainless steel and a shock absorbing element 10 of }ubber
and others being fitted on the side of the flange 3 to.
receiver the body 7. _

The sliding rod 6, whose iron body 7 is magnetic, can.
travel toward and from the base plate 5 due to an
electromagnetic force developed when the actuating solenoid
coil 11 or the retreating solenoid coil 12 are energized;
i.e., said actuating and retreating solenoid coils 11 and 12
are disposed around the sliding rod 6 in the frame 4 in such
a way that the sliding rod 6 travels to the positions in
Figs.1 and 2 by the action of the magnetic field when these
solenoid coils 11 and 12 are eneréized.

When the actuating solenoid coil 11 is energized to move,
the sliding rod 6 to the hammering position shown in Fig.2,
the axial center of the body 7 aligns with the center of the
actuating solenoid coil 11. It is, therefore, necessary to |
set half the axial distance of the head 8 plus the body 7 so.
that the head 8 can hammer the base plate 5.

Energizing these actuating and retreating solenoid coils
11 and 12 is achieved by means of a cable 13 connected to an
external control panel (not shown). The energizing control

is to be made in such a way as to change the travel speed and
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the traveling interval of the sliding rod 6. For example, an
increase in traveling speed at the time of actu;tion can
increase the hammering force exerted on the base plate 5, so
that the magnitude of the hammering force can be adjusted
freely by conﬁrolling' the energizing current or voltage
according to the service conditions.: A change in enefgizing
cycle of the solenoid coils 11 and 12 can alter the hammering
frequency per unit time.

A connecting duct 14 is fitted outside the frame 4 to
provide smooth travel of the sliding rod 6, said connecting
duct 14 -functioning to allow air f?om inside the frame u;
when the sliding rod 6 shifts, according to the travel
direction thereof. In other words,' the ends of the
connecting duct 14 are opened toward the side of the base
plate 5 and damping element 10 respectively, so that air
flows right through the gonnecting dﬁct 14 from inside the
frame Y4 when sliding rod 6 travels to the base plate 5 from
the position in Fig.1. As a result, air is excluded from
inside the frame 4 only on the side to which the sliding rod
6 is to travel, permitting the rod 6 to travel without being
subject to the resistance of internal air.

In the above construction the magnetic field developed
uponr energizing the actuating solenoid coil 11 or the
retreating solenoid coil 12 causes the sliding rod 6 to move.

As shown in Fig.3, the application of a voltage with a pulse
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width of T1 to the actuating solenoid coil 11 develops the
magnetic field, which, in turn, attracts the solenoid coil
11, causing the sliding rod 6 to move to the position ih
Fig.2. Then, if the traveling speed of the sliding rod 6 due
to the magnetic field increases to some exﬁent, this cau;es:_
the head 8 to collide with the base plai‘.e 5, which, in turn,
hammers the outer wall a of the hopper A, simultaneously
bringing the sliding rod 6 to a halt in the position in
Fig.2. The inertia of the traveling rod 6 also helps its
collision against the base plate 5, adding to the hammering
force thereof. The head 8, of a nonmagnetic material, w@ll
not be absorbed even while the base plate 5 has beén
mégnetized. |

r Next, applying a voltage with the pulse width T3 to t;he~
retreating solenoid coil 12 a time T2 after deenergizing the
actuating solenoid c¢oil 11 develops the magnetic field
attracting the body 7 right, thereby returning the sliding
rod 6 to the position shown in Fig.1.

Hereinafter, alternate operations are to be made in a
cycle of time Ty by energizing the actuating solenoid coil 11
to develop the magnetic field which attracts the body 7T
toward the base plate 5 and energizing the retregting
solenoid coil 12 to develop the magnetic field fc;f returning

the body 7 to its position in Fig.l so as to provide the

reciprocation of the sliding rod 6.
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If a greater hammering force is reqﬁired, this may be
obtained by providing the energizing conditions which
increase the electromagnetic force as well as by increasing
the coil turns of the actuating solenoid coil 11.
Accordingly, the energizing control allows desired changes in
hammering force and the setting theréof according to the
service positions.

The hammering frequency can be increaéed and decreased
simply by changing the interval between voltage applications.
While the possible hammering frequency per sec. obtained by
using a pneumatic cylinder is about one 'because of time
required for air -charge, the device embodying the invention
utilizing the electromagnetic force has increase the
hammering frequency to tpree, thereby permitting efficient
hammering operations in a short time.

In addition, the employment of the enclosed type of the
frame 4 can prevent the intrusion of pulverized substances
and the wear of the movable members such as the sliding rod

6, which improves the durability and lengthens the life of

- the hammering device. Especially in plants where salt, sugar

and similar substances whose moisture absorption is very highA
are treated, it will prove to be very important in preventing
the intrusion of those substances by the employment of such a
full enclosed type. Unlike the pneumatic cylinder in which

the sliding rod 6 is driven by the feeding and exhausting of
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fluid, the embodiment of the invention eliminates the-need
for the high accuracy of the sliding surfaces between tﬁe
sliding rod 6 and the yokes 9, thus facilitating the
gachining of the sliding rod 6 and reducing the manufacturing
cost as compared with the conventional hydfaulic cylinder
type.

Fig.5 is a logitudinal section of a second embodiment of
the present invention, in which the components corresponding
to those of the first embodiment of the invention are’
indicated by the same reference numbers, their detailed
description being omitted. |

The frame 4, preferaSly of a fefromagnetic metal, is
pipelike wutilizing an iron pipe intended for use in gas
piping, in which an inner pipe 20 with the sliding rod 6
inserted slidably is coaxially disposed in the form of dual
pipes, said inner pipe 20 being of a nonmagnetic material
such as stainless steel. The base plate 5 connected to.the,
flange‘ 2"hasr the flat outer end face and is practically
mounted on.the hopper A with a metallic adapter (not shown)
attached projected from the outer end face thereof. As shown
in the first embodiment of the invention, the frame 4 has
yokes 9 provided at three different points for holding the
inner pipe 20.

The sliding rod 6 is made of a magnetic material such as

SY5C; the inner pipe 20, of nonmagnetic stainless steel, as
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described above; the frame Y4, of a magnetic iron pipe; the
base plate 5, of a nonmagnetic material such as stainless
steel to prevent the absorption of{the sliding rod 6; and the
yokes, of mégnetie SS. In this way, the members are made up
of combinations of magnetic and nonmagnetic materials.

The sliding rod 6, entirely of the magnetic material,
differs from the first embodiment of the invention in which
the head 8 of a nonmagnetic material is conneqted to the
magnetic body 7, said sliding rod being conditioned and
preferably quenched to prevent strains due to its collision
against the base plate 5. The sliding rod 6 is also
chamfered around the edge so as to prevent burrs fesulting
from the hammering force exerted thereby on the base piate 5.

Fig.6 is a perspective section on the line I-I in Fig.5,
and Fig.7T is a perspective view of the inner pipe 20 and the
yoke 9 disassembled.

The three yokes 9 are arranged inserted into substantial
engagement with the inner wall of the pipe-like frame 4, as
illustrated in Fig.6, on the sides of the flanges 2 and 3,
and in the viecinity of the center, each having four notches

21 around the peripheral surface so as to provide a clearance

from the inner wall of the frame 4. The inner wall 20 the

periphery of which the yokes 9 are mounted in engagement with
has a plural number of ventilating holes 22 at the ends so as

to allow for air circulation due to the travel of the sliding



10

15

20

25

-11-

00286680

rod 6.

These yokes 9 and the inner pipe 20 are assembled in the
frame Y4 in such a way that the yoke 9 at each end of thé pipe
is disposed on the side of the axial center from the
ventilating holes 22 of the inner pipe 20. When the sliding
rod 6 travels, such a disposition alldws air to pass from
inside the inner pipe 20 through the venfilating'holés 22 in
the direction of the travel of the rod 6 into the external
frame 4 and simultaneously permits the air to flbw through
the frame 4 thanks to the notches 21 of the yokes 9 until the
air reenters the inner pipe 20 through the opposite

ventilating holes 22. In this way, the inner pipe 20 .is

provided with the ventilating holes 22 and the notches 21 areii :

formed on the yokeé 9 to provide the clearance from the inner
wall of the frame 4, so that .the air resistance can be
reduced to nearly zero when the sliding rod 6 travels. The .
above construction eliminates the connecting duct 14.
described in the first embodiment of the invention and makes
the entire equipment smaller.

In the second embodiment of the present invention so
constructed as mentioned above, too, the sliding rod 6 ié
operated by the control over the energizing of the actuating
solenoid coil 11 and the retreating solenoid coil 12.

Fig.8 shows energizing time charts revealing how to

control the actuating solenoid coil 11 and the retreating
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solenoid coil 12, where, unlike the chart given in Fig.3 of
the first embodiment, at the beginning of the operation, the
retreating solenoid coil 12 is first pulse energized, and the
actuating solenoid is then pulse énérgized at a given time
after the completion of the first energizing. As a result of
energizing the actuating solenoid coil 11 the siiding rod 6.
travels toward the base plate 5 to give the hammering force
thereto.

Such control that the retreating solenoid coil 12 is

first energized to set the sliding rod 6 in its retreated

-position has the following advantages: for example, when the

flange 3 is mounted in the lower position, the sliding rod 6
is kept down in the retreated position by the dead 1load
thereof throughout the unoperational period. In this case,
when the actuating solenoid coil 11 is first energized, the
sliding rod 6 travels toward the base plate 5 upon the
initial energizing to give a shock thereto. On the contrary,
when the flange 2 is disposed in the lower position, the
sliding rod 6 is kept down on the side of the base plate 5,
thus leaving the sliding rod 6 as it 1is despite the
energizing of the actuating solenoid coil 11 and effecting no
hammering action. In order to avoid this inconvenience
énergizing the retreating solenoid coil 12 first moves up the
sliding rod 6 from its down position. After that, the base

plate 5 gets hammered by energizing the actuating solenoid
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coil 11.

In this way, the hammering action can be effected ffom

the initial stage without any delay just by pulse ehergizing :.-

the retreating solenoid coil 12 first. Hence, efficient

hammering can be provided regardless of the posture of the

hammering device against the hopper A.

Additionally, in the second émbodiment of the invention,
the frame 4 and yokes 9 are made of ferromagnetic materials,
where the lines of magnetic force of the actuating Solenoid
coil 11 and the retreating solenoid coil 12 form the magnetic

circuit of the sliding rod 6 and the frame 4 both of magnetic

materials. This results in the formation of a structure with-

few magnetic leaks by the energizing of the actuating and
retreating solenoid coils 11 and 12, thus increasing the
attraction to the sliding rod 6 and théreby thé hammering
force to the base plate 5, which also shortens the intervals
between hammering and retreating and consequently provides a
more efficient operation.

Fig.9 is a logitudinal section showing a third
embodiment of the present invention, which is a partial
modification of the construction of the second embodiment of
the invention in Fig.5 with the description of the members
common to those of the second embodiment omitted.

The third embodiment of the invention differs from the

second embodiment thereof in that the base plate 5 is

L
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provided with an opening 23 coaxial with the sliding rod 6, a
hammering head 24 fitted at the edge of the sliding rod 6
protruding and retreating through the opening 23 to give the
hammering force directly to the outer wall a of the'hoppef A.
Namely, the sliding rod 6 is integrated at the edge with the
hammering head 24 of a nonmagnetic material sucﬁ as stainless
steel, said hammering head 24 being so constructed as to -
protrude and retreat through the opening 23 and of such a
size that it can protrude as much as illustrated from the
opening 23 when the sliding rod 6 has traveled to the side of
the base plate 5.

Although the provision of the opening 23 through which
the hammering head comes out and retreats has lost the frame
4 of the sealing performance, the air resisténce against the
sliding rod 6 can be lessened by the employment of such a
construction as shown in Fig.5 having the inner pipe 20 and
the yokes 9. The way of controlling the energizing of the
actuating and retreating solenoid coils 11 and 12 is the same
as with the second embodiment.

Fig.10 is a schematic view showing a fourth embodiment
of the present invention, with the description of the members
corresponding to those of the aforesaid embodiments omitted,
wherein only the actuating solenoid coil 11 is disposed in
the vicinity of the axial center of the frame 4, the sliding

rod 6 has the edge of the magnetic body 7 integrated with the
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hammering head 25 of a nonmagnetic material such as stainless
steel, and a compression coil spring 26 is provided between
the base plate 5 and the body 7 to excite the sliding rod 6
in such a direction as to separate from the base plate 5,
said hammering head 25 having a smaller diameter than that of
the body 7 and being surrounded by ﬁhe compression coil
spring 26. The inner pipe 20 and the yokes 9 coniaining the
sliding rod 6 are identical to those described in the
aforesaid embodiments, the yokes 9 and the inner pipe 20
being provided with notches and ventilating holes (not shown)
respectively.

In the above construction with the single actuating
solenoid coil 11 the magnetic field developed by the
energizing thereof permits the sliding rod 6 to travel toward
the base plate 5 as shown in Fig.10 (b) to exert the
hammering force thereon, while upon the deenergizing of the
actuating solenoid co0il 11 the magnetic force is
extinguished, allowing the sliding rod 6 to return to its
original position as in Fig.10 (a) undér the excitation of
the compression coil spring 26.

As described above, the construction including the
single solenoid coil can be used as an intermittent hammering
device by providing an appropriate mechanical means for
reciprocating the sliding rod 6.

Fig.11 shows the construction of the fourth embodiment



10

15

20

25

-

05285680

-16-

in Fig.10 partly modified, wherein the retreating solenoid

coil 12 is disposed separate from the base plate 5 and the

compression coil spring 26 is located. on the side of the
flange 3, the edge of the body 7 being integrated with the
hammering head 25 of the nonmagnetic material.

In this construction the retreating solenoid coil 12
serves to attract the body 7 of the slidihg rod 6 aﬁd the
compression coil spring 26 excites the sliding rod 6 toward
the bése plate 5 to give the hammering force thereto; i.e.,
upon the energizing of the retreating solenoid coil 12 the

electromagnetic force develops to attract the body 7 to be

deenergizing thereof 1liberates the sliding rod 6 from the
magnetic force to travel to the base plate 5 as in Fig.11 (b)
under the excitation of the compression coil spring 26 to

exert the hammering force thereon.

‘held in the nonoperated position as in Fig.11 (a); and the

In the embodiments provided with the single solenoid

coil as shown in Figs.10 and 11 the desired hammering
operations can be accomplished by controling appropriately
the energizing of the solenoidrcoil.

Additionaliy, Fig.12 shows an example of the arrangement
provided with four solenoid coils.

The frame 4 contains a first, a second, a third, and a
fourth solenoid coil 27, 28, 29 and 30 disposed coaxial with

the travel axis of the sliding rod 6, each of the coils being
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provided with an energizing control circuit, and the sliding
rod 6 being made entirely of a magnetic material. The
dimensional relation between the sliding rod 6 and’ each of
the solenoid coils 27~30 is such that the axial length ,-of the
sliding rod 6 1is slightly 1longer than any two adjacent
solenoid coils. the embodiment illustrated has the same
basic construction as given in‘Figs.S and 9 except'for the
yokes which are not shown. |

Fig.13 shows time charts for energizing the soleﬂoid
coils 27~30, which indicate that only the second 'solenoid
coil 28 gets pulse energized in the state as in Fig.12 (a) to
cause the sliding rod 6 to travel to thé position (b) under
the electromagnetic force, that energizing only. the first
solenoid coil 27 when the sliding rod 6 has reached the
position (b) moves the rod 6 further left until the rod
hammers the base plate 5 as in (e¢), that upon énergizing the
third solenoid coil 29 the sliding rod 6 gets retreated to
the position (d), and that the energizing of the fourth
solenoid coil 30 causes the sliding rod 6 to retreat to the
original position (a). |

As described above, the sequential eﬁergizing of the
plural number of solenoid coils disposed along the traveling
direction of the sliding rod 6 causes the sliding rod 6 to
hammer the base plate and retreat to its origiﬁal position.

In the hammering operation these solenoid coils attract the
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Sliding rod to travel smoothly and continuously and

accelerate the travel speed thereof, consequently

strengthening the hammering force to the base plate 5. In

addition, sequentially energizing the solenoid coils speeds

up the action of the sliding rod 6 as well as increasés the

hammering times per'unit time, resulting in an increase in

hammering force and a reduction in hammering intervals, and
thus providing a vefy efficient operation.
[INDUSTRIAL FEASIBILITY]

As described above, the hammering devices embodying the

present invention have the sliding rod made partly of the

magnetic material disposed in the frame, said sliding rod

being allowed to reciprocate by the wuse of the
electromagnetic force developed by the solenoid coils and the
reciprocating movement being conversible to the direct or
indirect hammering force to objects. Since an increase and a
decrease in the hammering force and the hammering cycle can
be changed freely by altering the conditions of energizing
the solenoid coils for reciprocating the sliding rod, the use
of the hammering device, if attached to containers such as a
hopper, permits efficient operation of removing pulverized
substances in accordance with the service conditions. Unlike
the hammering devices utilizing hydraulic pressure which has
such problems as delay in operation due to the hydraulic

compressibility and the 1limitation of the hammering cycle,
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the embodiments of the invention provide smooth and proper

movement of the sliding rod and increésing the hammering'

eycle thereof.
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WHAT IS CLAIMED IS:

1. A hammering device comprising a hollow frame to be
secured onto the outer wall of a hopper or a pipe line, a
sliding rod mounted slidably along the axial line thereof in
said frame to app;y a direet or indirect hammering force to
said outer wall, said sliding rod being a structure made
partly of a magnetic material, and solenoid coils disposed
around said sliding rod to move said sliding rod toward said
outer wall when energized.
2. A hammering device, as set forth in claim 1, wherein
said frame is of an enclosed construction having a base plate
at one end which is to be secured onto the outer wall of said
hopper or pipe line.
3. A hammering device, as set forth in eclaim 1 or 2,
wherein said frame contains an actuating solenoid coil which
moves said sliding rod toward said base plate to apply a
hammering force thereto and a retreating solenoid coil which
returns said sliding rod to the retreated position thereof.
y, A hammering device, as set forth in claim 1, wherein
said frame also contains a compression coil spring which
excites the sliding rod in the hammering or retreating
direction.
5. A hammering device, as set forth in claim 1, wherein a
plural number of solenoid coils are arranged around said

sliding rod along the axis thereof.
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