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1

This invention relates to printing apparatus,
particularly to its imprinting means, and more
particularly to imprinting means for effecting
printing operation in response to electrical print-
call signals.

The general object of the invention is to pro-
vide novel imprinting means capable of extremely
high speed of operation under electrical impetus.

More specifically, an object of the invention is
to provide an imprinting device with magnetic
impelling means involving a movable coil en-

ergized in response to a print-call signal for

interacting with a fixed magnetic field to develop
self-impelling force imparted by the coil to a
print-effecting structure,

Still more specifically, an object of the inven-
tion is to provide imprinting means with a mag-
netic impelling unit involving a fixed magnet and
a proximate movable coil within a fixed magnetic
field established by the magnet. According to the
invention, a pulse of current will be sent through
the coil in response to an electrical, character-
selecting print-call signal and will thread the
coil with a magnetic flux, the interaction of which
with said magnetic field will develop accelerating
force on the coil, whereupon the coil will impart
this force to an imprint-effecting device to impel
it through a printing stroke. The force thus
developed is proportional to the broduct of the

intensity of the fixed magnetic field and the cur- 1y,

rent sent through the movable coil and is inde-
pendent of the mass of the coil. A very large
force may be developed, within the limitation
of the amount of current which the coil may
carry without overheating.

According to the invention, the mass of the
movable coil and the mass of the impression-
effecting strueture driven thereby may be ex-
tremely low relative to the large force induced
upon the energization of the coil. The high ratio
of force to mass will result in large acceleration
of the assembly of coil angd impression-effecting
structure. Further, the assembly may perform
an extremely short stroke and yet, because of the
large acceleration, attain sufiicient impact en-
ergy to produce a sharp, clear imprint. The
large acceleration and the short stroke of the
assembly combine to define g printing time of
exceedingly small duration, which can be in the
order of a fraction of a millisecond.

The novel imprinting device is particularly
adaptable to a printing apparatus in which se-
lected types on continuously moving carriers are
struck by type hammers while the types are in
motion. Operation of the hammers is controlled
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by sigrnals timed according to the data to be
brinted. Such timed signals may be derived, for
instance, from the sensing of codally designated
data on record material.

According to the invention, the timed signals
will initiate excitation of the movable coils of
the novel magnetic, impelling units to impel the
associated type hammers for striking types, se-
lected by the signals, while the types are in mo-
tien. The great rapidity of action of which the
novel imprinting means is capable enables the
type carriers to he moved at far sreater speed
than formerly practicable. In view of the high
speed of the type carriers and the exceedingly
short printing time of the imprinting means, it
is important that the imprinting means reliably
respond to the timing signal in a very small frac-
tien of the printing time. Slight variations in
respense of the imprinting means to the con-
trol signals may otherwise result in printing
characters incompletely or out of line. Accord-
ingly, an object of the invention is to provide
electronic circuitry for effecting substantially
instant response of the imprinting means to the
control signals or, more specifically, for effect-
ing substantially instantaneous excitation of the
movable coils of the magnetic impelling units in
response to timed print-call signals.

It is contemplated that the fixed magnet of the
impelling unit for the impression-effecting struc-
ture may be either a permanent magnet or an
electromagnet ang that the movable coil may be
either rockably or linearly movable. Preferably,
the coil will ke linearly movable and the induced
impelling force, the coil movement, and the ac-
celeration of the imprinting link actuated by the
coil will all be in the same direction so that
the impelling force will be applied with maximum
effect.

Other objects and advantages will become clear
irom the detailed deseription, the claims, and the
drawings.

As illustrative, the invention will be explained
in connection with a printing apparatus con-
trolled by a record handling machine such as
disclosed in Patent No. 1,976,617 to C. D. Lake
et al,, but it will be understood that the inven-
tion is applicable to any printing apparatus in
which printing is to take place under control of
electrical signals.

In the drawings:

Fig. 1 is a sectional view through printing
apparatus incorporating the novel imprinting
means.

Fig. 2 is a plan view of certain elements of this
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printing apparatus, substantially as indicated by
line 2—2 of Fig. 1.

Pig. 3 is a section along line 3—3 of Fig. 1 and
shows, on an enlarged scale, the form of mag-
netie, hammer impelling unit in which a per-
manent magnet is associated with the movable
coil.

Fig. 4 is a front view of the Fig. 3 unit, with
the cover removed.

Pig. 5 is a side view of the coil of the Fig.
3 unit.

Tig. 6 is a side view of & printing assembly
using a hammer impelling unit of an alternative
form in which the fixed magnet associated with
the movable coil is an electromagnet,

Tig. 7 is an isometric view of the movable coil
of the latter unit.

Fig. 8 is a plan view of a magnetic structure
constituting a spaced pair of hammer impelling
units of the form provided with electromagnets
to coact with the movable coils.

Fig. 9 is a section through record card feeding
and sensing elements of an illustrative record
handling machine which may be used to control
the printing apparatus.

Fig. 10 shows a fragment of a record card.

Fig. 11 is a circuit diagram showing a pair of
coil exciting circuits in connection with the rec~
ord card sensing circuit of the record handling
machine. ‘

Pig, 12 is a timing chart of circuit breakers

" and a eard lever contact present in the record
card sensing circuit.

Fig. 13 shows an alternative coil exciting cir-
cuit.

Referring to Fig, 1, typical printing apparatus
with which the invention may be used includes
a type wheel {8 bearing similar sets of tyves for
printing characters 0 to 9. This type wheel and
others like it are fixed side-by-side, in the usuail
manner, to a shaft 1. Shaft i1 is ro-
tated through gearing {2 by a shaft 88, Above
the type wheels are type hammers {4 (also see
Tg. 2) individually rockable about a common

rod 14a. Between the hammers and the type 4

wheels are an imprint receiving paper web P and
an ink rikbon 15. The paper may be fed by any
conventional means as, for example, the line spac-
ing means in Patent No. 1,976,617. Springs {6
normally retract the hammers id sgainst ad-
justable stops {1. -
The invention provides novel magnetic, ham-~
mer impelling units M, each secured, with the
capshility of slight positional adjustment, to a
frame {8 by means of threaded elements 9. Hach
unit M includes a permanent magnet 28 and a
movable coil 21 (see Figs. 3, 4, and 5). The per-
manent magnet, in the illustrative form, is a com-
posite structure of pole pieces, is generally cylin-
drical in shape, and has a 1ohe-shapsd front end
formed with a narrow, eircular magnetic gap 26a.
The flux of the magnet 20 is in the indicated di-
rections and establishes a strong magnetic field
radially across the circular gap 28a. The movable
coil comprises a bobbin of very light material
(thin nylon has been found satisfactory) on
which the coil wire 21a is wound. The bobbin has
a free slidable fit on the inner circle of the gap
200 and can move axially inward until it abuts
the front of magnet 26. A two-parf cover 23 is
provided for magnet 20, the front plate of the
eover limiting outward displacement of coil 21.
. Extending axially forward from the coil head and
passing with clearance through an opening in
the front plate of cover 22 is a thin tubular rod
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23. A pull wire 24 is fastened at one end into
the rod 23 and secured at the other end to &
type hammer 14, engaging hetween its ends with
a guide sheave 25. A plurality of such sheaves
95 are rotatably carried by a fixed shaff 26 and
guide the pull wires 24 from the different mag-
etic units M into the same direction and lever-
age of pull on the associated type hammers 4.
ttention is called to the fact that the axis of
a coil 21 is perpendicular to the radial direction
of the magnetic ficld across the gap 28a. Hence,

when current is passed through the coil winding, :

it sets up & magnetic flux which interacts with
the magnetic field across gap 28a to propel the
coil axially. The direction of current flow through
the coil will decide whether the coil will be pro-
pelled axially inward toward the magnet 28 or
axially outward, away from the magnet. In the
form of printing assembly shown in Figs. 1t6 5,
current will be sent through the coil in a direc-
tion to cause axially inward movement of the
coil. Upon such movement of the coil, it pulls
on the connected wire 24 to impel a hammer i4
clockwise for effecting a printing stroke.

The entire coil assembly is extremely light,
while the current pulse which can be sent through
the coil winding is very large. Thus, the ratio
of inducible energy to the mass of the coil is very
high, the limitation to the amount of. energy
developed being only a function of the amount
of eurrent the coil winding can carry without
excessive heating due to its resistance.

The expression for the force generated on the
coil at the beginning of current flow is:
F0=B><I oX Le

10
where B is the flux density at the coil due to the
fixed magnet, Io the current through the coil,
and Le the effective length of the coil winding.

As indicated by the above expression, the force
developed on the coil is proportional to the prod-
uct of the fixed magnet field intensity and the
current sent through the coil. Since the current
threads the coil with a magnetic flux in air, which
has no fnite magnetic saturation limit, it is
evident that the force developed on the coil could
pe increased without limit by proportionately in-
creasing the current. In practice, however, care
must be taken not to overheat the coil and this
acts as the practical limitation to the ‘maximum
amount, .of current which may be sent through
the coil. Although the force developed on the
coil can be extremely high, the coil itself can be
extremely light since it may be comprised of a

very light bobbin and a comparatively small

number of turns of conductive wire.

Tn view of the very high ratio of force which
can be developed on the coil to the mass of the
coil, its acceleration can be very large. The entire

actushle impression-effecting assernbly, includ-

ing the movable coil, the type hammer, and the
connection between them will preferably be made
of such light weight in comparison to the large
maguitude of force induced upon the energiza-
tion of the coil, that a very large acceleration
will be imparted to the assembly. It follows that
the actuable impression-effecting assembly may
perform an extremely shord stroke and the type
hammer will nevertheless strike a type with suffi-
cient impact energy to produce a sharp and clear
jmprint ocn an imprint-receiving medium. As a
corollary to the large acceleration -and shord
stroke of the impression-efiecting assembly, its
printing time will be of an exceedingly short
duration, c R
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As an example, by no means to be taken as
a limiting case, the imprinting device may be
brovided with a coil 21 of which the winding 2iq
may, for instance, have an effective length, ILe,
of 1,000 cm. (represented by, for example, 76
turns) ; the fixed magnet 20 may provide a field
density, B, of, say, 4,000 gauss; and the current
Io sent through the coil may be, for instance, 30
amps. The force, Fo, developed on the coil will
then be 12,000,000 dynes, equal to 5.35 1bs. The
coil assembly in this example may weigh no
more than about 15 gms.; 1. e, about % ounce,
and be given an acceleration by the developed
force of about 250 g’s. The coil may, in a stroke
of no more than about .012 in., for example, ef-
fectively impart its acceleration to the actuable
imprinting meang to cause this means to make a
sharp, clear imprint on the medium (P). In
practice, a printing time of g iraction of a milli-
second has been attained with such imprinting
device.

The great speed with which the novel imprint-
ing device can act allows the type wheels to be
rotated continuously at far higher speed than
formerly possible. Nevertheless, printing time
is of such brief duration that at the moment of
hammer impact on g type, the type may be con-
sidered as being relatively at rest.

The transverse spacing between adjacent mag-~
netic units M is greater than the spacing between
adjacent type hammers (4. Accordingly, the units
M are arranged in staggered fashion around the
hammers, being offset in transverse direction,
with one unit overlapping the position of the
next in said direction, Three such wunits are
shown in Fig. 1 and the bresence and positions
of others in a series are indicated by their asso-
ciated pull wires 24. One or more of such series
of units M may be provided, depending on the
number of type hammers to be operated.

Figs. 6 to 8 show an alternative imprinting
assembly using a, magnetic, hammer impelling
unit with an electremagnet in coaction with a
movable coil, here designated 21 A. For extreme
lightness of weight, the coil bobbin is U-shaped.
The ends of the coil winding 2{a’ may be brought
to terminal pins 21. A core piece 28 of the elec-
tromagnet has a reduced, rectangular front end
on which the coil 214 is mounted for linear slid-
able movement. While the coil may be connected
to a.type hammer by a tie rod or a wire, the ad-
vantages of a snap printing action may be ob-
tained by the push connection shown in Fig. 8.
The push connection includes a link 35 one end
of which freely extends into a hole 29 in the coil
head (see Fig. 7) while the other end loosely
passes through a hole in the vertical arm of g
type hammer 36. The link is threaded near its
ends to carry nuts 37 ang 39 for limiting longi-
tudinal play of the link between the coil head
and the fype hammer. A leaf spring 40 normally
holds the hammer in retracted position, above
the paper P, ink ribbon {3, and type wheel 10.

In this form of the invention, the movable coil
2[{A will be impelled outwardly. Upon such
movement of the coil, it will impart its motion
positively to link 35 and hammer 36 until stopped
by a nut 424 on a stud 42 extending from core
piece 28 and passing freely through a nole 43 in
the coil head. The coil is stopped before the
hammer completes itg printing stroke, but the
momentum of the hammer carries it through to
completion of the printing stroke. Since the
hammer is unrestrained by its impelling means
at the moment of printing impact, it is able to
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rebound rapidly, the effect being that the ham-
mer strikes a type with a snap blow. With the
type carrier travelling at very high speed dur-
ing printing operation, as in the ease here, the
rapid rebound of the hammer has the advantage
of providing for minimum time of hammer and
type contact, insuring absence of blurred or
smudged impressions., Further, with the rela-
tively delicate coil 21A released from the ham-
mer during printing impact, the coil receives
none of the shock of the impact. :

Fig. 8 shows a form of electromagnetic struc-
ture which provides a uniform transverse field
for two coils 21A. Besides core pieces 28, this
structure includes a bair of core pieces 45, a
cross piece 46, and a yoke 47. Cutrent from a
suitable D. C. source will be supplied the wind-
ings on the core pieces to induce flux in the in-
dicated directions. This flux establishes a trans-
verse field for each of the pair of coils 21A so
that when a current pulse is sent through g coil,
it will be impelled in an axial direction to oper-
ate a type hammer. The coils of the magnatic
structure are spaced several times the spacing
between adjacent hammers 36. Accordingly, te
enable adjacent hammers to be operated, a nlu-
rality of the magnetic structures such as in Fig.
8 will be arranged in staggered formation about
the hammers, in a manner such as indicated for
units M in Fig. 1, to permit a, coil-on one of these
structures to operate one hammer, a coil on a
next such structure to operate the next hammer,
and so on. -

The movable coils of the magnetic, hammer
impelling units may be energized under control
of print-call signals from any suitable source.
As illustrative, the control of the coils by sig-
nals derived from the sensing of cards in a card
handling machine of the kind disclosed in Pat-
ent No. 1,976,617 will be explained. Fig. 10 shows
& portion of the controlling card C. The card
has columns of index positions 0 to 9, and a per-
foration in an index position of a column des-
ignates the digit denoted by the number of the
position; e. g., columns 1 and 2 are perforated
to designate “63.” Fig. 9 shows card feeding
and sensing means of said card handling ma-
chine. The cards are fed, a distance apart, by
pairs of feed rolls 31, 32, and 33 and are sensed,
while in motion, by coaction of a common con-
tact roll 56 with brushes LB, one for each card
column. The cards are fed bottom first so that
index positions 9 to 0 are sensed in sequence.
Feed rolls 33 are driven through a gear train
38 from a clutchable carq cycle shaft (3 which
also drives the other feed rolls through gearing
not shown. In order to provide for synchronism
between the card handling machine and the
printing apparatus, the card cycle shaft 13 will
be geared to the shaft 44 which drives the type
wheels {0 (see Fig. 1). The shaft 44 may, for
instance, correspond to the same-numbered shaft
in Fig. 3 of the aforementioned patent. In the
illustrative printing apparatus, the type wheels
will be rotated through one revolution for four
revolutions of the card cycle shaft. For this rea-
son, the type wheel (0 hag four sets of types.
The arrangement is such that types 9 t0 0 of a set
will move across printing position in step with
the sensing of index Positions 9 to 0 of g record
card C.

Fig. 11 shows a form of the electronic eircuit
B used to supply energy to a movable coil 2f (or
21A) and also shows the connection of the elec-
tronic circuit to the card sensing circuit of the
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record handling machine discussed above. Basic-
ally, circuit B consists of a thyratron tube V for
rapidly discharging a capacitor Ci through 2
movable coil when a triggering pulse is applied
to the tube. The discharge through the coil is
essentially in the form of a ecurrent pulse decay-
ing exponentially from a high initial value. Be-
fore the triggering pulse arrives, tube V.is not
conducting because its grid is returned to a nega-
tive bias through a resistor R2. Capacitor Cl is
allowed to charge through a resistor Ri to essen-
tially full plate supply voltage E since the time
constant Rf-C1 is short compared to the time bhe-
tween successive triggering pulses to the same
tube. The triggering pulse is applied through a
capacitor C2 and a resistor R3. Capacitor C2
acts as a D. C. block and performs a differentia-
tion on the input pulse to shorten it so as to as-
sure that it will not be present at the time the
tube V is to deionize.

In the illustrative circuit system shown in Fig.
11, the triggering pulse for a coil exeiting circuit
will result from the sensing of perforations in the
record cards C (Fig. 10). On the common side of
the sensing circuits for all the card columns are
a card lever contact 58 and circuit breakers g1, the
timing of 59 and €1 being shown in Fig. 12. The
brushes LB are wired to plug sockets 300 selec-
tively plugzable to sockets 302. An electronic
circuit B may be wired to each plug socket 302.
As shown, electronic circuits B-{ and B-2 are
wired to the sockets 202-1 and 2 which are
plugged to brushes LB-I and 2 for sensing card
columns | and 2, respectively.

Assume that brush LB—I senses a “6” perfora-
tion. This occurs during the “6” cycle point of
the card cycle (Fig. 12) and a triggering circuit
is established as follows: From the positive termi-
nal L of a voltage source, through 59 and 6 (Fig.
11), 56, LB—{, 300—1, plugging to 382-4, thence to
2 of circuit B~1, and via R3 and R2 to the nega-
tive terminal of the bias supply. The resulting
triggering pulse entirely overcomes the negative
bias on the grid of tube V of circuit B-1 and the
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tube ionizes and begins to conduct. Capacitor ci,

which has been charged up before the arrival of
the triggering pulse, now discharges through
tube V and the coil 21 (or 21A) in series with the
tube. The coil becomes energized and, in the
manner previously described, impels a type ham-
mer to effect an imprint. It is to be noted that
the coil exciting circuit will respond to the trig-
gering pulse, and the energization of the movable
coil and its consequent hammer impelling move-
ment will begin, within a very few microseconds
of the arrival of the triggering pulse. The total
time required to effect the imprinting operation
is in the order of a fraction of a millisecond.
Hence, the type wheel 10 and the record cards
C may be moved at very high speed. In the ex-
ample where a “6” perforation is sensed, the
type hammer will be impelled by the energized
coil to strike the type 8 as it moves past printing
position.

The exact nature of the current wave form of
the energizing current of the movable coil 21 (or
2{A) is dependent on the electrical characteristics
of the coil winding but is very close to an eX-
ponential decay, starting at peak current value
substantially as given by the expression:

E—Ev
Ip= Re

where Ip is peak current valué, E is the plate
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supply voltage, Ev is the arc-drop voltage of tube
Vv, and Re is the resistance of the coil winding.

When the discharge current decays below the
extinction current value of the tube V, the tube
stops conducting and the current pulse through
the movable coil ends. The value of R{ is chosen
high enough so that capacitor C1{ cannot charge
up rapidly enough to prevent deionization of the
tube.

The presence of inductance in the movable
coil has some effect, but by suitable design ifs
effects may be minimized.

When the tube V stops conducting, the bias
recovers control, capacitor Ci recharges, and the
circuit B reverts to its original condition ready to
respond to the next triggering pulse, any charge
in capacitor C2 meanwhile leaking off through
a resistor R4 to ground.

In Fig. 11, the coil in circuit B-1 is shown as
connected between tube V and ground to receive
a current pulse in one direction, while the coil in
circuit B2 is shown with its connections reversed
to receive current in the opposite direction. Ac-
tually, both coils may be connected to receive
current in the same direction, the showing in
Fig. 11 merely indicating how current direction
may be determined, the current direction, in
turn, determining whether the coil will move to-
ward or away from the fixed magnet.

Tn the Fig. 11 circuit, the tube V may be of
type C3J, for example, and coil 2| may have a
resistance of 10 ohms, for instance. Other suit-
able values may then be as follows: Positive ter-
minal L at akout 60 volts, plate supply at about
350 volts, bias at about —30 volts, R1 about 5,000
ohms, R2 about 100,000 ochms, R3 and R4 each
about 10,000 ohms, Ci about 40 mfds. and C2 about
01 mfd. Itisto be understood that other suitable
values may be used, depending on the resistance
of the movable coil, and that any other suitable
type of tube may be used, the stated values and
tube type being merely representative.

The Fig. 11 circuit has the limitation that the
current pulse, although very short, is so large
that the tube used must be a large, heavy-duty,
expensive type capable of withstanding such
large current surges repetitively.  Conversely, if
a smaller, cheaper tube is used, its life will be
relatively short, necessitating frequent replace-
ment.

Fig. 13 shows a coil exeiting eircuit for elimi-
nating the above difficulty. In Fig. 13, ‘the
movable coil 2{ (or 2{A) is coupled to a thyra-
tron tube VV by a transformer T. Preferably,
the transformer has a large step-down ratio.
Capacitor CCi can be smaller than capacitor Cli
(Fig. 11) but will be charged to a higher voltage.
Tube VV, when friggered, then discharges the
smaller capacitor, charged to a higher voltage,
through the “reflected” coil resistance, as seen
in the primary of the transformer. The result-
ing secondary current, energizing the coil, can
still be high, but the tube is now required to de-
liver a much lower surge of current than the
tube V of the Fig. 11 circuit. The transformer
should be designed to maintain the resistive
character of the coil impedance.

As an example, the transformer T may have
a step-down ratio of 3:1, the movable coil may
have 5 resistance of 10 chms, capacitor CCI may
have a value of approximately 5 mfds., the tube
VV may be of the C1K type, and plate. supply
voltage may be in the order of S00 volts. The
remaining elements of the Fig. 13 circuit can
have the same values as the corresponding ele-
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ments of the Fig, 11 circuit. These constants
and tube type are understood to be merely
illustrative and any other suitable constants and
tube type may be used to carry out the purpose
of the Fig. 13 circuit, )

While the invention has been disclosed with
reference to certain printing apparatus and
print-call means, it is to be understood that the
principle of the invention may be applied to
cther printing apparatus and that the print-call
signals may be obtained from other means than
shown here. It is further to be understood that
variations in the form and details of the illus-
trated embodiments may be made without de-
parting from the principle of the invention.

What is claimed is:

1. For a printing apparatus provided with a
continuously movable series of types; a hammer
impelling unit having a fixed magnet and a con-
tiguous movable coil responsive to g flow of elec-
trical energy therethrough for interacting with
said magnet to develop self-impelling force, a
type hammer thereupon impelled by the coil into
printing impact with a selected one of the types
in motion, an electrical energy storing circuit
triggerable by an input pulse to discharge elec-
trical energy through the coil, and means for
applying a timed type selecting input pulse to
said circuit, said circuit including a normally
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deionized gaseous discharge tube, a transformer
coupling the tube and the coil, with the primary
of the transformer being in series circuit with
the tube, and a capacitor connected in parallel
with said series circuit to be charged during
deionization of the tube and to discharge through
the tube and the transformer primary upon
ignition of the tube.

2. The invention as set forth in elaim 1, said
transformer having a step-down ratio to pro-
duce an amplified pulse of current through the
coil upon discharge of the capacitor,
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