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[57] ABSTRACT

A printer has a plurality of print hammers displaceable
between a rest position and a print position, and respec-
tive deformable elastic bodies maintained in a deformed
position by each print hammer in its rest position and
biasing the print hammer toward its print position. Re-
spective magnetic circuit control means are selectively
operable to hold each print hammer in its rest position
and to release the print hammer for displacement to the
print position by the respective elastic body. Each mag-
netic circuit control means includes a permanent mag-
net, a first hammer-hold magnetic circuit including a
portion of the respective hammer and a second release
magnetic circuit-including a release coil operable to
release the print hammer from its rest position respon-
sive to a print command signal thereto in a direction to
increase the magneto-motive force in the second mag-
netic circuit with a corresponding decrease in the mag-
neto-motive force in the first magnetic circuit to release
the respective print hammer for movement to its print
position by the associated elastic body. The second
magnetic circuit has a magnetic reluctance greater than
that of the first magnetic circuit. The first and second
magnetic circuits are connected in parallel with the
permanent magnet. In one embodiment of the inven-
tion, the greater magnetic reluctance is provided by an
adjustable air gap in the second magnetic circuit. In
another embodiment of the invention, the two magnetic
circuits are connected in parallel with the permanent
magnet through a common air gap having a reluctance
greater than that of the print hammer portion in the first
magnetic circuit.

9 Claims, 4 Drawing Figures
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PRINTER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.
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FIELD AND BACKGROUND OF THE
INVENTION

This invention relates to control means for the print
hammers of a printer and, more particularly, to such a
control means in which the print hammers are retained
in a rest position by magnetic circuit means and are
displaced into the print position by the stored energy of
deformable elastic bodies maintained in a deformed
position by each print hammer in its rest position, the
release of each print hammer being effected in response
to a print command signal.

Various hammer mechanism have been proposed for
high speed mechanical printers used as the output sec-
tion in information handling devices. Many such print-
ers are of the “flying” type wherein the characters to be
printed are carried by a drum, a belt, or a chain which
is continuously rotated, printing being effected by strik-
ing a recording device, such as a paper, against the
character to be printed by means of a print hammer
without interrupting the rotation of the character car-
rier. In a high speed printer, printing speed, and thus the
speed of movement of the character carriers is ex-
tremely high. This requires rapid and precise movement
of the hammer in order to assure the hammer squarely
striking the correct character to assure accurate and
clear printing.

Prior art flying printers generally utilized the attrac-
tive forces of an electromagnet to displace the hammer.
Such arrangements generally require the use of a lever
to transmit the energy, resulting from the magnetic
attraction of the electromagnet, to the hammer. In other
words, the hammer is directly supplied with kinetic
energy or printing energy through a lever due to the
attractive force of the electromagnet and, in such an
arrangement, as the print energy and the kinetic energy
of the lever must be supplied by the electromagnet in a
very short time, the efficiency of the electromagnet is
low and a very large power is required. In turn, this
requires a large-scale power device which also results in
the generation of substantial heat.

SUMMARY OF THE INVENTION

In accordance with the invention, a hammer mecha-
nism is provided wherein the hammer can be controlled
by a small current, whereby the above-mentioned disad-
vantages are avoided. More particularly, a printer em-
bodying the invention has at least one print hammer
displaceable between a rest position and a print position,
a deformable elastic body maintained in a deformed
position by the print hammer in a rest position and
biasing the print hammer toward its print position, and
magnetic circuit control means selectively operable to
hold the print hammer in its rest position and to release
the print hammer for displacement to the print position
by the respective elastic body responsive to a print
command signal. The magnetic circuit control means
includes a permanent magnet, a first hammer-hold mag-
netic circuit including a portion of the respective print
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hammer, and a second release magnetic circuit includ-
ing a release coil. The first and second magnetic circuits
are connected in parallel with the permanent magnet.

The magnetic circuit control means normally retains
the print hammer in its rest position by magnetomotive
force applied to the print hammer, and this magnetomo-
tive force is decreased upon excitation of the release
winding, responsive to a print command signal, in a
direction to increase the magnetomotive force in the
second magnetic circuit with a corresponding decrease
in the magnetomotive force in the first magnetic circuit,
thus to release the print hammer for movement to its
print position by the elastic body.

The second magnetic circuit, in accordance with the
invention, has a magnetic reluctance greater than that of
the first magnetic circuit. In one embodiment of the
invention, the increased magnetic reluctance of the
second magnetic circuit is provided by an adjustable air
gap in the second magnetic circuit, with the magnetic
reluctance of the second magnetic circuit being larger
than that of the hammer hold portion included in the
first magnetic circuit. The magnetic flux flowing
through the release coil, which is non-effective for
holding the print hammer in the rest position, is re-
duced, so that the effective magnetic flux in the first
hammmer-hold magnetic circuit is increased.

If a comparatively large reluctance were not pro-
vided in the release coil portion, the magnetic flux of
the permanent magnet would be divided into the ham-
mer-hold circuit and the circuit containing the release
coil, when no current is flowing in the release coil. In
such a case, it is necessary to make the volume of the
permanent magnet large in order to obtain the necessary
magnetic flux in the hammer-hold first magnetic circuit
to hold the hammer in its rest position.

In accordance with the invention, the magnetic flux
flowing through the second magnetic circuit containing
the release coil, and which is not directly necessary to
hold the print hammer in its rest position, is reduced
resulting in there being a greater effective magnetic flux
in the hammer-hold first magnetic circuit.

The amount of the magnetic flux flowing through the
hammer-hold first magnetic circuit can be adjusted
according to the magnitude of the reluctance inserted in
the release coil second magnetic circuit. This can be
effected, for example, by adjusting the air gap in the
second magnetic circuit.

In a printer embodying the invention and utilizing a
plurality of hammers arranged in the direction of col-
umns, for example, a line printer, the objective of the
invention is to adjust the time, following the supply of
current through the release coil, required to release the
hammer from the rest position, by variably adjusting the
reluctance in the second magnetic circuit containing the
release coil.

In another embodiment of the invention, the first and
second magnetic circuits are connected in parallel with
the permanent magnet through a reluctance larger than
that of the hammer portion in the hammer-hold first
magnetic circuit.

An object of the invention is to provide a printer
wherein a hammer is held in a rest position by magnetic
force generated by a permanent magnet while storing
energy in an elastic body such as a spring.

Another object of the invention is to provide a ham-
mer control mechanism for a printer and which may be
actuated by a relatively small control current.
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A further object of the invention is to provide such a
printer in which magnetic circuit control means for
each hammer includes a permanent magnet, a first ham-
mer-hold magnetic circuit including a portion of a re-
spective hammer and a second release magnetic circuit
including a release coil, and in which the reluctance of
the second magnetic circuit is substantially greater than
that of the hammer-hold magnetic circuit.

Another object of the invention is to provide such a
printer in which the first and second magnetic circuits
are connected in parallel with the permanent magnet
through a magnetic reluctance substantially greater
than the magnetic reluctance of the hammer-hold por-
tion.

Still other objects and advantages of the invention
will in part be obvious and in part be apparent from the
specification and drawings. - ‘

The invention accordingly comprises the features of
construction, combinations of elements, and arrange-
ment of parts which will be exemplified in the construc-
tions hereinafter set forth and the scope of the invention
will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
is had to the following description taken in connection
with the accompanying drawings, in which:

FIG. 1 is a partially sectioned side elevation view of
the operative portion of one column of a printer in
accordance with one embodiment of the invention;

FIG. 2 is a partial sectional side elevation view of one
column of a printer and illustrating a modification;
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FIG. 3 is a view similar to FIG. 1 illustrating another -

embodiment of the invention; and

FIG. 4 is a schematic electrical diagram correspond-
ing to the magnetic circuitry of the embodiment of the
invention shown in FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring first to FIG. 1, one column of a printer
embodying the invention is illustrated as including a
print hammer 1 suspended by parallel flexible springs 9.
The column further includes magnetic material yokes 2
and 3 extending in spaced substantially parallel relation
from the opposite polarity pole faces of a permanent
magnet 4 and having respective attractive faces 2a and
3a forming a hammer-hold arrangement. A release coil
or winding 5 is provided for releasing hammer 1 from
the hammer-hold elements 2a and 3a. In the magnetic
circuit comprising permanent magnet 4, hammer-hold
portions 2a and 3a are release coil §, the hammer-hold
portions 2a, 3a and the release coil are disposed in paral-
lel relation with permanent magnet 3.

The magnetic flux flowing from permanent magnet 4
is divided into the magnetic flux loop i which is effec-
tive for holding hammer 1 in its rest position indicated
in FIG. 1, and the magnetic loop ii which is not directly
effective for holding hammer 1. Release coil 5§ is con-
nected magnetically with yoke 2 through the air gap G,
and gap G is maintained by a spring 6 disposed in the
gap between release coil portion 5 and yoke 2. An ad-
justing screw 8 is threaded through a fixed element 7 for
adjusting the magnitude of gap G. By changing the
magnitude of gap G, the reluctance of the release coil
portion is changed, and the amount of the magnetic flux
flowing through the magnetic flux loop ii is changed in

35

45

55

60

65

4

addition to which the amount of the magnetic flux flow-
ing through the hammer-hold loop i can be changed.

Furthermore, by providing the air gap G, one part of
the magnetic flux, flowing through magnetic flux loop
ii, can be utilized effectively to control the magnetic
flux flowing through the hammer-hold circuit i, as com-
pared with a case where the air gap G is not provided.
Consequently, the volume of permanent magnet 4 can
be substantially decreased.

A lever 11, swingable about a pivot 13, is provided
for transmitting' the force ‘of a spring 12, for driving
hammer 1, to the hammer 1, and a stop 10 is provided to
limit movement of transmitting lever 11 in the hammer
driving, direction. A cam 14 is provided to reset the
hammer, and forms one part of a return mechanism for
returning hammer 1 to its rest position indicated in FIG.
1. A print drum, on which characters are disposed, is
indicated at 15 in association with. an ink ribbon 16,
whereby printing may be recorded on a paper 17 by
operation of hammer 1.

Hammer 1 is attracted magnetically and held in the
hammer rest position by the attractive faces 2a and 3a,
forming the hammer-hold means, when no printing is to
be effected, and is biased in the direction. of drum 15,
through transmitting lever 11 under the bias of spring
12, for driving the hammer, it being noted-that, in the
rest position, spring .12 constitutes a deformable elastic
body which is maintained in a deformed position. When
a selected character on drum 15 approaches a position
opposed to hammer 1, current is supplied to release coil
5 to flow through coil 5 in a direction such as to increase
the amount of the magnetic flux in the magnetic circuit
ii. Thereby, the magnetomotive force in the hammer-
hold circuit i is decreased and the amount of the mag-
netic flux flowing in the circuit i is reduced. When the
magnetic force holding the hammer in its rest position is
less than the force exerted on the hammer by spring 12,
hammer 1 is released from the holding or rest position
and is actuated toward the character on drum 15. The
hammer 1 is supplied with the printing energy through
lever 11 under the bias of spring 12 until lever 11 strikes
stop 10, after which hammer 1 is actuated by its kinetic
energy and strikes paper 17 and ink ribbon 16 against
the selected character to perform the printing.

Hammer 1 is returned to its rest position by actuation
of reset cam 14 to engage lever 11 and swing the latter
clockwise. As hammer 1, under the action of its flexible
suspension springs 9, approaches attractive faces 2a and
3a, hammer 1 is attracted by the magnetic force due to
permanent magnet 4. In the rest state, when reset cam
14 is disengaged from transmitting lever 11, hammer 1 is
held in its rest position stressing spring 12, and remains
in its rest position, with spring 12 stressed, until a fur-
ther print command signal is given to release coil 5.

In the modification of the invention shown in FIG. 2,
the first hammer-hold magnetic circuit i and the second
release coil magnetic circuit ii are connected in parallel
with each other with permanent magnet 4 through
magnetic saturation area A of magnetic yoke 23. In the
same manner as in the arrangement of FIG. 1, the mag-
netic saturation area A is maintained constant when
hammer 21 is held in its rest position. The effective
magnetic flux in the hammer-hold circuit i is increased
by providing the air gap G in the magnetic circuit ii
including the release coil 25, in the same manner as in
FIG. 1. Hammer 21 can be released from its rest posi-
tion by exciting the release coil 25 in the direction of
increasing the amount of magnetic flux flowing through
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the magnetic circuit ii. The arrangement includes the
yoke 22 which, with yoke 23, is engaged with perma-
nent magnet 4, the two yokes being engaged with per-
manent magnet faces of respective opposite polarities.
A spring 26 is again provided in air gap G and the air
gap may be adjusted in magnitude by a screw 28
threaded through a fixed member 27. Thus, the opera-
tion of the invention is the same irrespective of the
method of connecting permanent magnet 24 into the
magnetic circuit i and ii. Also, the effective magnetic
flux flowing through the hammer-hold magnetic circuit
i, for holding the hammer, can be adjusted by adjusting
air gap G and thus changing the reluctance in the mag-
netic circuit ii, whereby adjustment of the various print-
ing columns can be easily effected.

In a printer including a plurality of hammers disposed
in the directions of columns, such as a line printer, the
invention, as shown in FIGS. 1 and 2, has a substantial
advantage in that the time elapsing between the applica-
tion of a signal to the release coil until the hammer
strikes a character can be maintained constant, for all of
the hammers, by adjusting the respective air gaps G to
adjust the magnetic forces holding the hammers in the
rest position, thereby preventing unevenness of printed
characters such as would be caused by shifting of the
striking position at the time of striking the hammer
against the character.

Furthermore, it has been ascertained experimentally
that the print hammer can be controlled with a very
small value of current flowing through the release coil,
because the value of the current is determined substan-
tially equal for each column in accordance with the
magnitudes of the respective air gap G.

The arrangement of FIGS. 1 and 2 provides a com-
paratively small hammer mechanism wherein the ham-
mer can be controlled with a small controlling current
and the power consumption is small, and furthermore
an arrangement in which the timing adjustment for the
hammers can be performed very simply. The advan-
tages are very great and of great utility.

In the embodiment of the invention shown in FIG. 3,
a print hammer 31 is again suspended from parallel
flexible springs 36 and is attracted to the attractive faces
32a and 32'a, forming a hammer-hold arrangement,
further including a holder 44 of non-magnetic material
for mounting attractive face 32'a on magnetic yoke 32.
Magnetic yoke 32 is an engagement with one polarity
face of permanent magnet 34, and a magnetic yoke 33 is
in engagement with the opposite polarity face of perma-
nent magnet 34 and is connected magnetically with
yoke portion or attractive face 32'a through an air gap
A

The hammer-hold magnetic circuit i comprises per-
manent magnet 4 and hammer-hold portions 32a and
32'a, and the hammer-release magnetic circuit ii is con-
nected in parallel with the hammer-hold magnetic cir-
cuit i with permanent magnet 34. The magnetic circuit
ii comprising release coil 35, and the hammer-hold mag-
netic circuit i are connected magnetically with perma-
nent magnet 34 through the comparatively large reluc-
tance in air gap A’ between yoke 32’ and yoke 33, the
yoke 32’ having the magnetic attractive face 32'a.

The transmitting lever 36, pivoted at 37, is provided
for transmitting the bias of a spring 38, for driving ham-
mer 31, to hammer 31, and a stop 40 limits counter
clockwise movement of lever 36 under the bias of
spring 38. A reset cam 39 is provided for returning lever
36 to the rest position in which spring 38 is tensioned.
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The character drum is indicated at 41 in association
with an ink ribbon 12 and recording paper 13. Hammer
31 is pressed by spring 38 through lever 36, and is held
in the rest position, illustrated in FIG. 3, by the magnetx-
cally attractive faces 32a and 32'a.

The action of the mechanism shown in FIG. 3 will be
explained with respect to the rest state in which ham-
mer 31 is illustrated in FIG. 3 as attracted and held at
attractive faces 32a and 32'a by the magnetic flux loop
or circuit i. The magnetic holding force is understood to
be superior to the force exerted by spring 38, and so as
not to be influenced by external influence such as, for
example, temperature changes.

FIG. 4 illustrates an electric circuit equivalent to the
magnetic circuit shown in FIG. 3. In FIG. 2, the magne-
tomotive force of permanent magnet 34 is indicated at
U, and the magnetomotive force applied to release coil
35 is indicated at p. The magnetic reluctance in the
hammer-hold circuit i is indicated at R, and that in the
release coil circuit ii is indicated as r. The magnetic
reluctance in the air gap A is indicated at Z, and B
indicates the reluctance determined by the leakage mag-
netic flux.

FIG. 3 illustrates only one hammer column but, in
practice, when the hammer column is used in a line
printer, for example, hammers are arranged in each
column. In such a case, permanent magnet 34 can be
used in common for all of the columns. The magnetic
circuits i including the hammer-hold portion, and the
magnetic circuit ii, including release coil 35, are con-
nected magnetically in parallel with permanent magnet
34 through the air gap A which has a magnetic reluc-
tance larger than that of the hammer-hold circuit. The
hammer is released from the hammer-hold circuit i in a
manner which will now be explained.

Release coil 35 is excited in the direction of increasing
the magnetic flux in the circuit ii of FIG. 3, responsive
to a print command signal, namely in the direction of
the magnetic reluctance p shown in FIG. 4. The magne-
tomotive force U is changed only slightly when the
magnetomotive force p is applied, because the magnetic
reluctance Z is substantially greater than the magnetic
reluctance R. Accordingly, when the magnetomotive
force p is applied, the magnetomotive force between
the conductors c and d is decreased and the magnetic
flux flowing through the hammer-hold circuit i is re-
duced. When the hammer-hold force is smaller than the
force exerted by spring 38, hammer 31 is released from
its rest position and is actuated, by spring 38 acting
through lever 36, in the direction of a character on
drum 41. Thus, printing is performed.

It should be noted that the magnetic flux flowing
through reluctance R of the hammer-hold circuit i can
be reduced to zero by applying a magnetomotive force
p = rU/Z. However, in practice it is not necessary to
lower the magnetic flux flowing through the reluctance
R to zero.

After release of hammer 21 from the hammer-hold
arrangement, the hammer is supplied with print energy
by driving spring 38 through transmitting lever 36 until
lever 36 strikes stop 40. After that, hammer 21 is actu-
ated in the direction of the character on drum 41 by the
transformed kinetic energy to perform the printing. To
return hammer 21 to its rest position, reset cam 39 is
actuated to swing lever 36 clockwise, with hammer 21
being returned toward attractive faces 32a and 32'a
under the resilience of suspending springs 36 until it is
attracted by the magnetomotive force of permanent
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magnet 34, release coil 35 being de-energized at this
time. Cam 39 is then disengaged from transmitting lever
36 and hammer 21 is held in its rest position with spring
38 being under tension so that energy is stored in the
deformable elastic body constituted by the spring 38.
Thereby the hammer is ready for the next printing with
one printing operation being completed. In the embodi-
ment of the invention shown in FIG. 3 of control means
for print hammers, the print energy is stored in a de-
formable elastic body, such as a spring, and each of the
hammers is supplied with printing energy by the respec-
tive deformed elastic bodies responsive to a print com-
mand signal. The control means includes the first mag-
netic circuit i for holding the print hammer in its rest
position by utilizing the magnetic force of a permanent
magnet while deforming the elastic body, and includes
the second magnetic circuit ii including the release coil
35 for releasing the print hammer from the hammer-
hold arrangement responsive to a print command signal.
The first and second magnetic circuits are connected in
parallel with the permanent magnet 34 through a reluc-
tance larger than that of the hammer-hold portion of
hammer 31, so that the magnetic flux flowing through
the hammer-hold magnetic circuit i is reduced by sup-
plying a small current through release coil 35 to release
hammer 21 from its rest position. Thus, a substantial
advantage is provided in that the hammer can be actu-
ated with a very small operating current and the ham-
mer control mechanism has a very small power con-
sumption.

It will thus be seen that the objects set forth above,
and those made apparent from the preceding descrip-
tion, are efficiently attained and, since certain changes
may be made in the above constructions without depart-
ing from the spirit and scope of the invention, it is in-
tended that all matter contained in the above descrip-
tion as shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described, and all state-
ments of the scope of the invention which, as a matter of
langunage, might be said to fall therebetween.

What is claimed is:

1. In a printer having respective control means for
print hammers which are arranged in a plurality of
columns and each of which is displaceable between a
rest position and a print position, and having respective
deformable elastic bodies maintained in deformed con-
dition by the associated print hammers in the rest posi-
tion, improved magnetic circuit control means associ-
ated with each of said columns for [selectively] hold-
ing each said print hammer at its rest position and selec-
tively releasing same for displacement to a print position
including a permanent magnet [common to at least two
of said columns], a first hammer hold magnetic circuit
portion associated with each print hammer including a
portion of the associated print hammer and a second
release magnetic circuit portion associated with each
print hammer including release coil means and means
for adjusting the magnetic reluctance of the release
magnetic circuit portion said release coil means includ-
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ing means for applying signals thereto, said first and
second magnetic circuit portions being connected in
parallel with said permanent magnet, each of said mag-
netic circuit control means being adapted to hold said
respective hammers in said rest position and to release
said respective hammer upon application of a signal to
its release coil means by means of said signal applying
means in a direction so as to decrease the magnetomo-
tive force applied to said hammer, the energy stored in
the respective deformed body displacing said respective
hammer from said rest position to said print position
upon said decrease in said magnetomotive force.

2. In a printer as claimed in claim 1, wherein said
magnetic reluctance adjusting means is an adjustable air
gap.

3. In a printer, the improvement claimed in claim 1, in
which said first and second magnetic circuits connected
in parallel with said permanent magnet through a com-
mon magnetic saturation area of said magnetic circuit
control means.

4. In a printer, the improvement claimed in claim 1,
including a respective two armed lever for each print
hammer having one arm engaging the print hammer
and the other arm connected to a spring constituting the
deformable elastic body.

5. In a printer, the improvement claimed in claim 4,
including means limiting pivoting movement of each
lever in a direction toward the print position of the
associated print hammer.

6. In a printer, the improvement claimed in claim 4,
including cam means selectively engageable with each
lever to restore the lever to the rest position of the
associated print hammer.

7. In a printer, the improvement which comprises a
print hammer displaceable between a rest and print
position; an elastic body maintained in deformed posi-
tion by said print hammer at said rest position; a mag-
netic circuit control means for selectively holding said
hammer at said rest position and releasing same for
displacement to said print position including a perma-
nent magnet, a first hammer hold magnetic circuit por-
tion including a portion of said hammer, and a second
release magnetic circuit portion including a control coil
means, said first and second magaetic circuit portions
being connected in parallel through a common reluc-
tance means with said permanent magnet, said common
reluctance means having a magnitude greater than the
reluctance of said first hammer hold magnetic circuit
portion, said magnetic circuit control means being
adapted to hold said print hammer at said rest position
and to release said print hammer upon the application of
a signal to said control coil means in a direction so as to
decrease the magnetomotive force applied to said print
hammer, the energy stored in said deformed elastic
body displacing said print hammer from said rest posi-
tion to said print position upon said decreased magneto-
motive force.

8. In a printer as claimed in claim 7, wherein said
common reluctance means is an air gap.

9. In a printer as claimed in claim 1, said permanent

magnet being common to at least two of said columns.
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