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(57) Abstract

Printing apparatus of the dot matrix type
comprising 2 plurality of print wire actuators 17
employing moving coils (30). The wire printing tip
(20) of each actuator (17) is activated by the coil
magnetic field interacting with an efficiently appli-
ed magnetic field substantially perpendicular to the
- direction of current flow in the coil. The actuator
(17) comprises a thin planar lamination having low
inertia and high heat dissipation for balanced pivo-
tal motion to provide high speed letter quality print-
ing and high resolution graphics.
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. DOT MATRIX PRINTHEAD EMPLOYING MOVING COILS

BACKGROUND OF THE INVENTION

Dot matrix print heads of the impact type are well
known and are widely used in computer printers. They are
generally comprised of a plurality of print wires each
driven by a solenoid. The wires are typically of the
ballistic type, being propelled in free flight by an
impulse force directly proportional to the coil current

and the magnetic field strength. The impulse force must

propel the wire to the required velocity and kinetic

energy to preferably print ink dots on multiple sheets of
are typically slender and must be
are arranged
the

paper. Print wires
supported to prevent buckling. The wires
with adequate supporting  guides to merge towards

front to form a closely packed array of printing tips

aligned by a nose bearing in a matrix of inline or

staggered rows and columns.

After printing the selected dots in each column, or
vertical straight line, the printhead mounted on a carri-
age is stepped either discretely or continuously to the
next horizontal printing position. Correspondence quality
print and graphics are produced by multiple traversing of
the printhead while selectively impulsing combinations of
print wires. It is typical to print using a head compris-
ing a single or double column of seven to nine wires.
However, three staggered columns of eight fine wires are
typically required for producing letter quality print and
high resolution graphics in a single traverse. Using
smaller diameter print wires enables more effectively
overlapping the dots without having the edges of the
characters give a ragged appearance so as to affect the

print quality.
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Because of the high resolution printing capability
with computer software control, the dot matrix printing
concept can provide the desired flexibility not possible
with fully-formed character printing. However, dot matrix
printheads typically must print more slowly as the dot
density or the graphic resolution is increased to enhance
print quality. -
Conventional dot matrix printheads tend to be speed
limited because of the large mass or inertia of the print
wire mechanism coupled with the difficulties of dissipat-
ing heat and the long response time of solenoid devices.
Presently, moving coil printhead actuator designs

are also speed limited and may rely on pulse damping to-

prevent backstop rebound. The actuators are generally
thin and planar but with some mass and stiffness, and may
have a copper coil formed on an insulating substrate.
These low cost printheads generally comprise seven to
nine actuators closely stacked in parallel lines in one
primary magnetic flux gap with the actuator printing tips
disposed along a common line.

Heat transfer from the coils to the magnet heat sink
area tend to be markedly decreased when more than about
three actuators are closely stacked in parallel planes.
Difficulties in adequately dissipating the heat generated
tends to impose limitations on this design configuration.
Substrate coil forms are not densely packed and interact
less effectively with the magnetic flux in the air gap.
Magnetic field strength is lower in one more widely
spaced air gap. -

Whenever magnetic field strength is decreased, or
coil interaction is less effective, or actuator mass is

increased, a larger coil current is required to obtain

-
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the necessary kinetic energy and velocity for printing.
The heat that must be dissipated is directly proportional
to the square of the current. With a lesser heat transfer
capability, the allowable maximum operating temperature
is reached at a lower current level. This further limits
speed and performance.

Moving coil dot matrix actuators have the potential

for achieving high speeds provided the actuator mass and

support stiffness is small, the coil inductance is low,

the heat dissipation is adequate, and the magnetic cir-
cuit is cost effectively optimized to achieve the highest
possible flex density in the air gap. Optimizing the
quantity of high energy permanent magnetic material in
the circuit requires the design to operate at the flux
density where the available external energy is at a
maximum, or the peak energy product of the magnetizing
force of the magnet and the flux density of the magnet.

A large number of computer data and word processing
applications exist where it 1is very desirable to have a
fast, versatile, cost effective printer that has the

capability of producing both high resolution graphics and

letter quality documents.

BRIEF DESCRIPTION OF THE INVENTION

The present invention 1is characteriéed by providing
an efficient, cost effective dot matrix moving coil print-
head comprising a plurality of magnetic element sets.
Each set has a high flux density gap containing one oY
more high torque to inertia ratio print wire actuators
immersed in a ferromagnetic fluid to provide adequate
heat dissipation for performing at high speeds. The sets
are arranged to align all of the actuator print wire tips
adjacent to each other and along at least one common

line. The wire tips are supported and precisely guided by

a nose bearing.
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It is therefore one object of the present invention
to provide unique dot matrix apparatus employing moving
coils.

A further object of the present invention is to
provide a high speed, versatile, cost effective printhead
having the capability for producing both high resolution
graphics and letter quality documents.

Another object of this invention is to provide a dot
matrix printhead having particular utility in a word
processor with the capability for printing fully-formed
characters in a single horizontal pass of the printhead.

Still another object of this invention is to provide
a modular printhead which is vertical, thin and flat for
use in side-by-side, multiple-cartridge arrays with the
capability for printing full color, high resolution gra-

phics in a single horizontal pass of the printhead.

Each actuator has a friction free resilient support,
and ihe ferromagnetic £fluid hes preferably a low viscos-
ity but a large heat transfer coefficient. The coil is
tightly wound with turns maximized to interact effective-
ly with the high flux density in the magnetic gap made
narrow to minimize leakage flux. Each magnetic element
set is optimized to operate at the peak energy product of
the high energy permanent magnetic material which 1is

effectively located near the actuator coils to further

iricrease gap £f£lux density.

The frequency response of the actuators is maximized
by minimizing the mass and the coil inductance, and
reducing the actuator resilient support stiffness to a
small optimum value to minimize stored spring energy
wvhile providing for adequate structural strength and the
biasing of the actuator toward a return damper backstop
at a non-print position.

Preferably the value of the support mechanical stiff-

ness s made small enough so that the Erequency response
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varies directly with the magnetic flux density in the gap

and inversely with the actuator mass and coil inductance.

The '"stiffness" and damping of the actuator is provided

by the electromagnetic coupling between the coil magnetic
field and the fixed magnetic flux in the gap. This
coupling and the low viscosity ferromagnetic fluid retain-
ed in the gap provides underdamped motion of the actuator
and tends to discourage rebound at the actuator backstop.

The present invention is characterized by having a
configuration which is in complete force balance or dynam-
ic equilibrium. In the preferred embodiments, the print
wire actuator performs pivotal motion such that the print-
ing tip is positioned at the center of percussion with
respect to the supporting pivotal axis of the actuator.
Dynamic equilibrium results with zero reaction force at
the supporting axis.

In the preferred embodiments, the actuator is thin
and planar having low mass and comprising a flat and
generally rectangular coil having low inductance. Each
set of magnetic elements is spaced apart to form a
slot-shaped gap. The actuator pivotal support is resili-
ent, providing for friction-free rotational motion of the
actuator. The electrical current to the coil is provided
by a pair of flat flexual members disposed in the actua-
tor plane between the coil and the support base.

The preferred embodiments are further characterized
by having groups of magnetic element sets disposed paral-
lel to one another with the sets in each group arranged
in a common plane. All of the element sets in the
printhead are arranged in a general radial array about
the closely packed printing tips. The tips are aligned in
a matrix of rows and columns with the columns extending
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transversely of the direction of a line: to be printed.
The slot-shaped Fflux gaps are aligned parallel with the
print wires, and the actuators in each gap are stacked
parallel to one another. The gaps of adjacent sets are
equally angularly spaced from one another. Each actuator
has a backstop functioning as a return damper at the
non-print position.

In one preferred embodiment, a single group of four

sets are arranged in one common plane with the slot-

‘'shaped gaps spaced perpendicular to one another and hav-

ing two actuators in each gap. The printhead comprises
eight short print wires having the same general length.

In another preferred embodiment, the magnetic assem-
bly comprises two parallel groups, each corﬁprising four
sets, with one group disposed further from the primting
tips. The adjacent slotshaped gaps of each group are
spaced perpendicular to one another, and the gaps of one
group are parllel to the gaps of the other group. Two
print wire actuators are in each gap with a total of
sixteen wires in eight rows and two vertical columns. The
rows may be staggered for printing overlapping dots.

In still another preferred embodiment, each of the
four groups comprises a pair of magnetic element sets.
The groups are parallel and adjacent to one another and
have all eight slct—shaped gaps in one common plane.
Successive ones of the four groups are located progress-—
ively further away from the printing tips. Three print
wire actuators are arranged in each gap with a total of
twenty-four fine wire printing tips in a matrix of eight
rows and three vertical columns. The rows of print wires
are offset from each other vertically by one-half of the

wire diameter to print overlapping dots. Utilizing two

I
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actuators per pap there are a total of sixteen print

wires, and with one actuator per gap 4 total of eight
print wires.
As an alternative Co

the conventional ink ribbon, a

magnetic circuit is easily wutilized in any of these

embodiments to retain magnetic ink at the printing tips.

BRIEF DESCRIPTION OF THE FIGURES
AND OBJECTS OF THE INVENTION

Figures 1 and la show simplified front elevational

and partially sectionalized side views, respectively, of

an eight wire moving coil printhead.

Figures 2a, 2b and 2c show detailed side, front, and

top views, respectively, of two moving
actuators contained in the narrow slot-shaped flux gap of
one set of magnetic elements of Figure 1 and typical of

the actuators in the other preferred embodiments.

Figures 3 and 3a show partially sectionalized front

elevational and side views respectively, of a sixteen

wire printhead used primarily for correspondence quality

and high resolution graphics printing.
Figure 3b is a front elevatioconal view of a portion

of the printhead nose bearing of Figure 3 and showing the

‘relationship of all the printing tips of the print wires.

‘Figures & and 4a show simplified front elevational

and partially sectionalized side views, respectively, of

a vertical, thin and flat modular printhead used for

multiple arrays.

Figure 4b is a front elevational view of the nose

cf a sixteen wire printhead of Figure 4 and

bearing
the relationship cf all the printing tips of the

showing
print wires.

Figure 4c is a front elevational view of the nose

bearing of a twenty-four wire printhead of Figure &4 and
showing the relationship of all the printing tips of the

print wires.

coil print wire
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Figure 5 is an end view of a magnetic element set at
the front end of the printhead of Figure 4 and shows a
sectionalized side view of an additional magnetic circuit
attached at the front of the nose bearing for retaining
magnetic ink at the printing tips.

Figures 5a and 5b show detailed front and top views,
respectively, of the magnetic circuit of Figure 5 for
retaining ink at the printing cips.

DETAILED DESCRIPTION OF THE INVENTION

Figures 1, 2, 3 and & show printheads designed in

. accordance with the principles of the present invention.

For purposes of simplicity, the printers in which any of
the printheads are mounted and the driving and control
means for the horizontal positioning of the printheads
have been eliminated. However, it should be understood
that the dot matrix electromagnetic printing apparatus of
the present invention is movable across a paper web
supported by a platen and may be utilized for printing
either uni-directional or bi-directional horizontal pass-
es across the paper web with selected combinations of
print wires. |

The printhead 10 is comprised of a support base 11
having a magnetic assembly 12 mounted thereon as shown in
Figures 1 and la. Characteristic of all of the preferred
embodiments of this invention, the assembly 12 is compris-
ed of at least one group of a plurality of magnetic
element sets 13 located in a common plane parallel to the
support base 11, which is mounted on a printer carriage
(not shown). Each element set 13 comprises magnetic ele-
ments 14 and 15 of opposing polarity and spaced apart
from each other to provide a slot-shaped magnetic flux
gap 16. Each flux gap 16 contains at Lleast one thin,
planar actuator 17 comprising a print wire 18 and having

a printing tip portion 19 including a printing tip 20.

L

L1
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The element sets 13 are arranged to align the printing

tip portions 19 adjacent to one another and along at

least one common line with the printing tips 20 supported
by a nose bearing 21 (preferably a jewel or other mater-
ial having a high wear resistance) having straight guide
channels 22, which are closely packed in at least one
column and extending transversely to the direction of a
line to be printed. In addition, the magnetic element
sets 13 are arranged in a general radial array about the
printing tips 20 contained in the nose bearing 21, which
is fixed to the face 23. The slot-shaped flux gaps 16 are
aligned with the printing tip portions 19 of their corres-

ponding planar actuators 17, which are stacked parallel

to one another and pivotally supported on a fixed axle
24. The fixed axle 24 is mounted on a support arm 25
fixed to baseplate 26, which connects face 23 to the
support base 11. Further, the actuator 17 is force balanc-
ed by having the printing tip 20, i.e. the impact point,
positioned at the center of percussion with respect to
the fixed axle 24. Establishing dynamic equilibrium of
the printing tip 20 impact force in this manner eliminat-
es a damaging impulsive force from being exerted at the
pivotal bearing means 24', which is positioned substanti-
ally coincident with the fixed axle 24. '

In preferred embodiments, the flux gaps 16 of adja-
cent element sets 13, which may be integral as shown in
Figure 1 separated by imaginary lines A and B, are
equally angularly spaced from one another. And the ele-
ments 14 and 15 each comprise a permanent magnet segment
27 (preferably formed of a low cost hard ferrite, or rare
earth cobalt material for a higher energy product) sand-
wiched between two magnetic soft metal pole pieces 28 and
29 of opposite polarity. Pole faces 28' or 29' are
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located adjacent to one another in adjacent magnetic
element sets 13 to eliminate opposing magnetic flux link-
age between adjacent flux gaps 16. Further, the slot-shap-
ed flux gaps 16 of element sets 13 are preferably arrang-
ed in perpendicular ‘or opposed combinations to more
easily align and closely pack all of the printing tip
portions 19 along at least one common line, and also to
achieve a large area of magnet segment 27 between adja-
cent flux gaps 16. The large area is required to produce
a dense magnetic field of 8 to 13 kilogauss in flux gaps
16 to permit operation of the actuators 17 at high
operating frequencies from 3500 to 6500 Hz. The magnetic
assembly 12 is cost effectively designed to preferably
minimize the required volume of permanent magnet segments
27, while achieving the necessary high flux density in
flux gaps 16. The magnet segment 27 volume is minimized
by designing the magnetic element sets 13 to operate at
the magnet flux density where the available external
magnet energy is at a maximum, equal to the peak energy
product of the magnetizing force of the magnet and the
flux density of the magnet. In addition, the magnetic
flux leakage, which reduces magnet efficiency, is minimiz-
ed by designing the element sets 13 with a small surface
to volume ratio, a narrow flux gap 16 with a large pole
face 28" or 29' area, a large magnet segment 27 area (the
area perpendicular to the direction of magnetization),
and a small segment 27 thickness between the pole piecés
28 and 29 respectively. Also, the magnet segments 27 are
concentrated close to the pole faces 28' and 29' while
extending slightly beyond the outer edges of the pole
pieces 28 and 29.

The preferred embodiment of Figures 1 and 1la compris-

es one group of four magnetic element sets 13 equally
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angularly disposed in one common plane with ad jacent flux

gaps 16 spaced perpendicular to one another. Each flux

contains two low mass actuators 17
having the same

gap 16 comprising

short printing tip portions 19 or 19’
general length. Two actuators 17 have printing tip por-
tions 19' which are bent to align their printing tips 20
with straight guide channels 22 of nose bearing 21. The
nose bearing 21 acts both to support and guide the short
print wires 18 and 18', and to prevent them from buckling
under the impact of the printing tip 20 at the print
position.

Each actuator
rectangular current-energizable coil 30. The coil compris-

17 includes a flat and generally

ing two longitudinal portions 31 and 32 having low induct-

ance- is linked by two opposing magnetic flux paths provid-
ed by pole faces 28' and 29'. The activator 17 includes
first and second electrically conductive flexible support
members 33 and 34 which preferably comprise substantially
flat semicircular springs disposed in the same plane with
the actuator 17 between the coil 30 and the baseplate 26.
The support members 33 and 34 have their first ends 35

and 36 secured to the actuator 17 and respectively elec-

trically connected to the first and second terminals (not

shown for purposes of simplicity) of the coil 30. The

second ends 37 and 38 of the support members 33 and 34
extend into the basepiate 26 and are connected to conduc-
tors (not shown) which extend from the baseplate 26. When
the coil 30 is energized, the actuator 17 moves perpendic-
ularly to the magnetic field in a first direction toward
a print position. After impact of printing tip 20, the
actuator 17 returns to a non-print position in a second
direction. The flexible support members 33 and 34 are
positioned to maintain the deenergized actuator 17 slight-
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ly preloaded towards a return damper backstop 39 (érefer—
ably comprising an energy absorbing maéerial with 1low
rebound properties such as ISODAMP sold by Cabot Corpora-
tion, Indiana) at a non-print position with adequate
mechanical stiffmness to minimize the return time and
insure the correct dynamic operation of actuator 17.
Support members 33 and 34 are preferably of beryllium,
copper, or other material having high resistance to
torsional stress, to provide good fatigue life. Ends 35
and 36 are typically soldered respectively to first and
second terminals of the coil 30, which is tightly wound
and effectively utilizes the volume of flux gap 16. Multi-
turn coil 30 is preferably formed of copper wire having a
square or rectangular cross-section. The coil 30 is typi-
cally designed with sufficient ampere turns to provide an
actuator 17 kinetic energy of 10,000 to 13,000 ergs per
dot resulting in speeds from 500 to 1000 characters per
second. High speed performance is enhanced by dissipating
the coil 30 heat to the magnet assembly 12 using ferromag-
netic fluid 41 (preferably with a low viscosity and a
high heat transfer coefficient such as that sold by
Ferrofluidics Corporation, Nashua, N.H. under the trade-
mark FERROFLUID) containing particles retained in the
flux gap 16 by the magnetic field. The fluid 41 immerses
both sides of the longitudinal portions 31 and 32 of the
coil 30 forming a heat conduction path to the pole faces
28" and 29' and to magnetic elements 14 and 15 through
holes 42 in actuator 17.

In a constructional model of the preferred actuator
17 shown in Figures 1 and 2a of the present invention,
the print wire 18 or 18', having a diameter of .014
inches and preferably formed of tungsten rhenium, is

secured in a slot 40' in structural member 40, which is
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positioned on the actuator 17 to contact the backstop 39
when the actuator 17 is in the non-print position. The
actuator 17 is constructed with coil 30, wire 18 or 18',
member 40, pivotal bearing means 24' (preferably formed
of a plastic such as nylon or teflon), and the ends 35
and 36 of flexible support members 33 and 34 all laminat-
ed together between two layers of high temperature elec-
trical insulation, which forms the high strength planar
actuator 17 having holes 42. Preferably the lamination
polyimide film such as KAPTON coated on the
outer side with TEFLON for low friction. The film, adhes-
ive, and laminating process is sold by the duPont Com-
Because of the excellent match of coefficient of

pany.
copper is preferably used

thermal expansion with KAPTON,
for the coil 30 and members 33, 34, and 40. Also, the-
longitudinal portions 31 and 32 on both sides of the coil
30 are preferably void of KAPTON. This provides direct
contact - of fluid 41 with the coil 30 insulation to
enhance heat transfer. The completed size of actuator 17
is generally about .014 inch thick and as small as 1.25
by .38 inches. When two or more actuators 17 are contain-
ed in a flux gap 16, as shown in Figure 1, the actuators
17 are separated by a spacer 43.

Spacer 43 is preferably comprised of KAPTON poly-
imide film with a TEFLON coating on both sides, also solad
by the duPont Company. Spacer 43 has holes 44 positioned
in line with holes 42 in actuator 17 to transfer heat
with the ferromagnetic fluid 41. In addition to transfer-
ring heat, the retention of fluid 41 by the magnetic
field in the flux-gap 16 both lubricates and seals out
foreign particles from between the actuators 17 with
bearing means 24', spacers 43, and pole pieces 28' and
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29'.
Figures 2a, 2b and 2c show another preferred embodi-
ment comprising actuator 17'' utilized as an equivalent

of actuator 17 by the printing apparatus of the present
invention. This embodiment modifies the form of construc-
tion, wherein a resilient pivotal bearing means 45 compri-
ses a coil bobbin 46 (preferably beryllium copper) which
supports the coil 30. The bobbin 46 which has holes 47
aligned with holes 44 in spacer 43, includes at least one
torsion spring portion 48 comprising a central hub 49
having a square hole 50 and mounted on a square axle 51,
which is fixed to the support art 25. Each torsion spring

portion 48 comprises at least one flexual arm 52 connect-

ing the bobbin 46 with the central hub 49. Each spring
portion 48 is positioned longitudinally on the .bobbin 46
for pivotal motion of the actuator 17'' about the fixed
axle 51.

A second preferred printhead embodiment is shown in
Figures 3, 3a and 3b comprising sixteen print wires and
used preferably for correspondence quality and graphics
printing. The printhead 60 has essentially the same fea-
tures and functional characteristics as the printhead 10
of Figures 1 and la except that the magnetic assembly 62
comprises two parallel groups 62a and 62b sandwiched
together, one behind the other, so that group 62b which
is mounted on support base 61 is disposed further from
the sixteen printing tips 20 than group 62a. Groups 62a
and 62b each have four magnetic element sets 13 with each
element set 13 having a slot-shaped flux gap 16. The
adjacent flux gaps 16 in each group 62a and 62b are

spaced perpendicular to one another. And the flux gaps 16

of group 62a which are adjacent to the flux gaps 16 of
group 62b are parallel to one another. Group 62a compris-
es eight actuators 17, each having a print wire 18, with
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two actuators 17 in each flux gap 16. Group 62b comprises
eight actuators 17a, differing from actuators 17 in group
62a only by the longer print wire 18a, with two actuators
17a in each flux gap 16. Figure 3b shows the relationship
of all the printing tips 20 of print wires 18 and 18a
respectively, and also shows that the two columns of
eight print wires may be offset from one another typical-
ly by one-half of a print wire diameter. The printing
tips 20 are supported by a nose bearing 71 fixed to the
face 72 and having straight guide channels 73, which are
closely packed in a matrix of eight rows in two columns.

The support arms 25 are fixed to the baseplate 74 which

connects face 72 to support base 61. Partition 75 guides

and supports the longer print wires 18a with passages 75"
to prevent the printing tip portions 19a from buckling
under the impact of printing tips 20 at the print posi-
tion. Partition 75 is preferably formed of a plastic such
as DELRIN.

Still another preferred embodiment is shown in Figur-
es 4 and 4a comprising up to twenty-four small diameter
(preferably .008 inch tungsten rhenium) print wire tips
20' for printing letter quality word processing and high
resolution graphics in a single pass. The printhead 80
has essentially the same characteristics as printheads 10

~and 60 except that the magnetic assembly 81 comprises

four groups 82, 82a, 82b and 8Zc respectively, with each
group comprising a pair of magnetic element sets 83
aligned cpposite one another in a radial array. The four
groups are arranged parallel and adjacent to one another
with all eight slot-shaped flux gaps 84 in one common
plane. Successive ones of the four groups 82, 82a, 82b
and 82c respectively (their respective flux gaps 84 each

containing three print wire actuators 17', 17a', 17b' and
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17¢' respectively) are disposed progressively further
from the twenty-four printing tips 20'. (An alternative
embodiment of printhead 80 may be utilized with each
respective flux gap 16 containing two actuators 17, 17a,
17b and 17c respectively. Figu_re 4b shows the relation-
ship of the sixteen printing tips 20 of the respective
print wires 18, 18a, 18b and 18c in two offset columns of
eight printing tips 20.) Figure &4c shows the relationship
of the twenty-four brinting tips 20' of print wires 18',
18a', 18b' and 18c' respectively. The printing tips 20 '
are disposed in a matrix of eight rows in three columnms
supported by the guide channels 86 of nose bearing 85,
which is fixed to face 87. The columns are preferably
vertically offset .005 inch from each other with .015
inch spacing between all of the printing tips 20'. Dots
printed with printing tips 20' and an ink ribbon are
generally .010 inch diameter. The printhead 80 is prefer-
ably translated, equivalent to .005 inch increments to
print overlapping dots at .005 inch increments both hori-
zontally and vertically, thereby achieving letter quality
and high resolution graphics in one pass of the printhead
80. The baseplate 88 is fixed to the face 87 and mounted
between side walls 89 and 90 which support partitions 91,
92, and 93. The partitions 91, 92 and 93, having passages
91', 92' and 93' respectively, support and guide print
wires 18a’', 18b' and 18c' respectively to prevent the
printing tip portions 19a', 19b' and 19¢c' respectively,
from buckling under the impact experienced by printing
tips 20' at the print. position. Magnetic element sets 83
mounted on side walls 89 and 90 as shown in Figures 4 and
4a comprise elements 94 and 95. Element 94 comprises a
permanent magnet segment 96 sandwiched between two pole

pieces 97 and 98 of opposite polarity, having respective
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pole faces 97' and 98'. As with the other preferred

embodiments, magnet segments 96 preferably comprise rare

earth samarium cobalt, mischmetal, or lower cost hard

ferrite. Element 95 comprises preferably a soft magnetic

member having pole piece portions 99 and 100 of opposite

polarity, which have respective pole faces 99' and 100'.

Pole faces 99' and 100' are of opposite polarity to pole
faces 97' and 98' respectively. Print wire actuators 17,
17a, 17b and 17c, shown in Figure. 4, are each supported
for pivotal motion on a fixed axle 101 mounted on element
95, which functionally replaces support arm 25 shown in
Figures la, 2a and 2b.

In preferred embodiments, magnetic element set 83,

shown in Figures 4 and 5, having one magnet segment 96 is
13 type of design
In

an alternative to the element set
having two magnetic segments 27 as shown in Figure 1.
either type of design, magnetic segment 27 or 96 prefer-
ably has a large cross-sectional area, is short or thin
and can be located close to the coil 30 to greatly reduce
the flux leakage path. Short magnets, such as rare earth
cobalt or hard ferrite, have a high magnetomotive force
(m.m.f. is equal to the product of the unit magnetizing
force and the length of the magnet) per unit length.

Hard ferrite magnets are readily available and are

less expensive than rare earth magnets, and although

their residual induction is lower, this property is over-
come by enlarging the area of the magnet cross—section. A
cost effective alternative design for magnet segment 27
or 96 comprises a combination of segment portions 105 and
106 as shown in Figure 5. Portions 105 and 106 are
comprised of high m.m.f. per unit length materials such
as samarium cobalt and ferrite respectively. The segment

portion 105 having the highest energy product such as
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samarium cobalt 1is preferably positioned close to the
load or the coil 30 to minimize flux leakage. An addition-
al preferred design of magnetic element set 13, shown in
Figure 1, utilizes a combination of different permanent
magnetic materials héving a high m.m.f. comprising ele-
ment 14 of one magnetic material and element 15 of
another material with a different energy product.

Figure 5 shows an end view of the magnetic element
set 94 at the front end of printhead 80 of Figures 4 and
4a. Figure 5 also shows a sectionalized side view of a
magnetic circuit 102 for retaining magnetic ink at print-
ing tips 20 as an alternative to an inked ribbon. Figures
5a and 5b show detailed front and top views, respective-
ly, of the magnetic circuit 102 comprising elements 103
and 104 of opposite polarity.

An advantage of this invention is that the mass of
the print wire actuator including the print wire 1is
reduced. Another advantage is that the moment of inertia
of the actuator is minimized and the torque to inertia
ratio is maximized. A further advantage is that extensive
bending of the print wires is eliminated while having a
large number of print wires closely packed for producing
high quality print. Still another advantage is that high
quality print is obtained from a dot matrix printhead in
a single pass relative to the paper web.

While this invention has been particularly shown and
described with reference to preferred embodiments there-
of, it will be understood by those skilled in the art
that the foregoing and other changes in form and details
may be made therein without departing from the spirit and

scope of the invention.
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WHAT IS CLAIMED IS:

1. A dot matrix electromagrietic printing apparatus
movable across a paper web supported by a platen comprising:
i a plurality of print wire actuators;
a print wire connected to each of said actuators,
) said print wire having a printing tip portion projecting
beyond a first end of said actuator;
a support base;
a magnetic assembly comprising a plurality
of magnetic element sets each having a plurality of magnetic
10 elements and being mounted on said support base;
_ the elements of each of said element sets being
spaced from each other to provide a magnetic field in
a narrow flux gap therebetween for containing at least one of
said print wire actuators; )
15 said element sets being arranged for aligning
each of said printing tip portions adjacent to one another
and along at least one imaginary line;

each of said print wire actuators including
a current energizable coil for movement of said actuator in a
20 first direction perpendicular to said corresponding magnetic
field in a first direction upon energization of said coil;
7 said printing tip impacting a print position
due to movement in said first direction, and said actuator

moving in a second direction to return to a non-print

25 position;

means for supporting each of said actuators
including each of said printing tip portions for movement
in said first and second directions and for absorbing

said impact at said print position.
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2. The apparatus of Claim 1 wherein said actuator is a
thin, planar member, said coil being flat .and generally
rectangular;

said magnetic elements each having two pole
faces of opposite polarity and spaced from one another to
form said narrow slot-shaped flux gap;

said coil comprising two longitudinal portions
each of said portions linked by the magnetic flux path of

said pole face of opposite polarity.

3. The apparatus of Claim 1 wherein each actuator is
mounted to pivot about a first axis;
each wire printing tip being positioned on
said actuator substantially coincident with the center
of percussion for said actuator pivotally about said

first axis.

4. The apparatus of Claim 3 wherein said actuator
comprises supporting means positioned on said actuator
substantially coincident with said first axis comprising:

a baseplate connected to said support base, and a
support arm connected to said baseplate;
a fixed axle mounted on said support arm, and

pivotal bearing means mounted on said fixed axle.

5. The apparatus of Claim 4 wherein said actuator
pivotal bearing means comprises:

a bobbin supporting said coil connected to said
actuator, and said bobbin including a resilient portion
comprising a central hub fixedly mounted on said fixed axle
and including at least one torsion spring portion;

said torsion spring portion comprising at least
one flexible arm connecting said bobbin with said central
hub, and said torsion spring portion positioned longitudinal-

ly on said bobbin.
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6. The apparatus of Claim 1 wherein each actuator
supporting means includes first and second electrically
conductive flexible support members with each member having
first and second ends; and said coil having first and second
electrical terminals; and
said first and second flexible support members
being respectively connected to said first and second

terminals at their first ends and to said supporting means at

their second ends.

7. The apparatus of Claim 6 wherein said first
and second support members comprise substantially flat
semicircular springs, each of said springs being disposed in
the same plane with said actuator between said coil and said

supporting means.

8. The apparatus of Claim 1 wherein said means

for supporting said actuator printing‘tip portions comprises:
guide means having said print wires extending

therethrough and supported thereby for guiding each of

said wires; o
said guide means comprising partitions having

passages positioned to prevent each of said printing

tip portions from buckling due to impacts experienced

by said printing tips at said print position; and wherein
said means for supporting said wire printing

tips comprises a nose bearing having a straight guide

channel for guiding each of said tips substantially straight

and parallel;
said guide channels being adjacent to one another

and closely packed in at least one column along said
common line and extending transversely of the direction

of a line to be printed.
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9. The apparatus of Claim 1 wherein at least-one
of said magnetic elements of each of said -sets comprises a
permanent magnet segment having a high magnetomotive force
per unit length, and each of said magnetic element sets is
designed to operate at the magnetic flux density wherein the

available external energy is at a maximum.

10. The apparatus of Claim 9 wherein each permanent
magnet segment is sandwiched between two magnetic soft metal
pole pieces, each of said pole pieces having a pole face;

said magnetic element sets arranged with said
elements having like pole faces adjacent to one another
to eliminate magnetic flux leakage between adjacent flux
fields, and said elements having like pole faces comprised

of like magnet segment material.

11. The apparatus of Claim 10 wherein said permanent
magnet segments further comprise segment portions, each of
said segment portions comprising a different magnetic
material; _

said segment portion having the highest energy
product located nearest said pole faces to minimize flux

leakage.

12. The apparatus of Claim 1 further comprising means
in said narrow flux gap forrtransferring heat from said coil
to said magnetic element sets thereby dissipating the heat
generated by said coil;

said means comprising a liquid containing magnetic
particles such that said liquid is retained in said narrow
flux gap by the action of said magnetic field on said

particles;
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said liquid and said particles comprising.said

heat transfer path between said coil and said magnetic

element sets.

13. The apparatus of Claim 2 wherein said magnetic
assembly comprises at least one group of said magnetic
element sets disposed in a common plane in a general radial
array about said printing tips;

said slot-shaped gaps aligned generally parallel
with said corresponding printing tip portions, and with said
corresponding actuators stacked parallel to one another;

resilient means for maintaining each of said

deenergized actuators at said non-print position;
separate damping means for functioning as a return

damper backstop at said non-print position.

14. The apparatus of Claim 13 comprising one group
having four of said magnetic element sets;
said adjacent slot-shaped gaps spaced perpendicular
to one another;
said group comprising a plurality of said printing

tip portions having the same general length.

15. The apparatus of Claim 13 wherein said magnetic
assembly comprises a first group and a second group of
magnetic element sets disposed further than the first group
from said printing tips of said priﬁt wires;

said planes of said first and second groups

being parallel and adjacent to each other;
each of said first and second groups comprising

four of said magnetic element sets;
said adjacent slot-shaped gaps in each of said

groups spaced perpendicular to one another;
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said slot-shaped gaps of said first group_adjacent
to said slot-shaped gaps of second group being parallel
to one another; -
said printing tips being aligned adjacent to
one another and closely packed in a matrix of rows and

at least one column.

16. The apparatus of Claim 13 wherein each of said
groups comprises a pair of said magnetic element sets-
with each of said pairs arranged opposite one another;

said groups being parallel and adjacent to
one another having all of said slot-shaped gaps disposed
in a common plane'with successive ones of said groups
disposed progressively further from said printing tips of
said print wires;

said printing tips aligned adjacent to one
another and closely spaced in a matrix of rows and at

least one column.

17. The apparatus of Claim 2 wherein said planar
actuator comprises a thin lamination of high temperature
insulation having voids along the longitudinal portions of
both sides of said coil and including holes positioned along

the longitudinal axis of said actuator for enhancing heat

dissipation.

18. The apparatus of Claim 17 wherein said lamination

comprises high temperature polyimide insulation.

19. The apparatus of Claim 1 further comprising
retaining means positioned at said printing tips for

retaining ink for printing.

20. The apparatus of Claim 19 wherein said retaining

means comprises a magnetic circuit for retaining magnetic ink.
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AMENDED CLAIMS
[received by the International Bureau on 9 July 1984 (09.07.84);
original claims 1 to 20 replaced by amended claims 1 to 26]

1. A dot matrix electromagnetic printing apparatus movable
across a paper web supported by a platen comprising:
a plurality of elongated rectangular-shaped print wire
actuators;
a print wire connected to each of said actuators,
said print wire having a printing tip portion projecting beyond
a first end of said actuator;
each of said print wire actuators including a rectangular

shaped current energizable coil for movement of said actuator in

a first direction perpendicular to said corresponding magnetic
field upon energization of said coil;

a support base;

a magnetic assembly comprising a plurality of magnetic
element sets cooperating with said actuators each element set
having a plurality of magnetic elements and being mounted on

-»

said support base;
selected ones of the elements of each of said element

sets being spaced from each other to provide a magnetic field
in a pair of thin elongated flux gaps therebetween for containing
opposing sides of the coil of at least one of said print wire

-actuators;

said element sets being arranged for aligning each
of said printing tip portions adjacent to one another and along
at least one imaginary line;

said printing tip impacting a print position due to
movement in said first direction, and said actuator moving in
a second direction to return to a non-print position;

each of said actuators including means for supporting
each of said actuators for movement of said printing tip portions
in said first and second directions and for sustaining said
impact at said print position;

each of said actuators being a thin elongated, planar
rectangular-shaped member, said coil being flat and generally

rectangular;

TUREAD
OM.IFI




35

40

45

10

WO 84{03256 26 PCT/US84/00216 -

said coil comprising two longitudinal coil portiomns,
each of said coil portions arranged adjacent to the longitudinal
sides of the actuator and linked by the magnetic flux path of -
said pole faces of opposite polarity;

each magnetic element set comprising at least one ¢
permanent magnet and first and second pole pieces each having ’
a first face of a large surface area engaging the pole faces of
the permanent magnet, the free end faces of the pole pieces per-
pendicular to said first face being positioned adjacent to the
longitudinal side portiomns of the coil and being thin and having
a small surface area to concentrate the magnetic flux in said
pole pieces to said thin elongated flux gaps.

2. The apparatus of Claim 1 wherein each actuator is
mounted to pivot about a first axis;
each wire printing tip being positioned on said
actuator substantially coincident with the center of percussion

for said actuator pivotally about said first axis.

3. The apparatus of Claim 2 wherein said actuator comprises
supporting means positioned on said actuator substantially
coincident with said first axis comprising:

a baseplate connected to said support base, and a
support arm connected;zo said baseplate;

a fixed axle mounted on said supﬁort arm, and
pivotal bearing means mounted on said fixed axle.

4, The apparatus of Claim 3 wherein said actuator pivotal
bearing means comprises:

a bobbin supporting said coil comnected to said N
actuator, and said bobbin including a resilient portion comprisim
a central hub fixedly mounted on said fixed axle and including
at least one torsion spring portion; '

said torsion spring portion comprising at least one
flexible arm connecting said bobbin with said central hub,

and said torsion spring portion positioned longitudinally on

said bobbin.
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5. The apparatus of Claim 1 wherein each actuator
supporting means includes first and second electrically
conductive flexible support members with each member having
first and second ends; and said coil having first and second
electrical terminals; and |

said first and second flexible support members being
respectively connected to said first and second terminals at
their first ends and to said supporting means at their second

ends.

6. The apparatus of Claim 5 wherein said first and second
support members comprise substantially flat semicircular springs,
each of said springs being disposed in the same plane with said
actuator between said coil and said supporting means.

7. The apparatus of Claim 1 wherein said means for

supporting said actuator printing tip portions comprises:

guide means having said print wires extending there-
through and supported thereby for guiding each of said wires;

said guide means comprising partitions having passages
positioned to prevent each of said printing tip portiomns from
buckling due to impacts experienced by said printing tips at
said print position; and wherein

said means for supporting said wire printing tips
comprises a nose bearing having a straight guide channel for
guiding each of said tips substantially straight and parallel;

said guide channels being adjacent to one another and
arranged in at least one column along said common line and
extending transversely of the direction of a line to be printed.

8. The apparatus of Claim 1 wherein at least one of said
magnetic elements of each of said sets comprises a permanent
magnet having a high magnetomotive force per unit length, and
each of said magnetic element sets is designed to operate at
the magnetic flux density wherein the available external energy

is at a maximum.
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9, The apparatus of Claim 8 wherein each permanent
magnet segment is sandwiched between two magnetic soft metal
pole pieces, each of said pole pieces having a pole face;
said magnetic element sets arranged with said 2
5 elements having like pole faces adjacent to ome another to
eliminate magnetic flux leakage between adjacent flux fields, :
and said elements having like pole faces comprised of like

magnet segment material.

10.. The apparatus of Claim 9 wherein said permanent magnet
further comprise segment portions, each of said segment portions
comprising a different magnetic material;

said segment portion having the highest energy product

5 located nearest said pole faces to minimize flux leakage.

11. A dot matrix electromagnetic printing apparatus movable
across a paper web supported by a platen comprising:
a plurality of print wire actuators;
a print wire connected to each of said actuators, said
5 print wire having a printing tip portion projecting beyond a
first end of said actuator;
a support base;
a magnetic assembly comprising a plurality of magnetic
element sets each having a plurality of magnetic elements and
10 being mounted on said support base;
the elements of each of said element sets being spaced
from each other to provide a magnetic field in a narrow flux
gap therebetween for containing at least one of said print wire
actuators;
15 said element sets being arranged for aligning each
of ;éid printing tip portions adjacent to one another and along
at least one imaginary line; ‘
each of said print wire actuators including a current
energizable coil for movement of said actuator in a first
20 direction perpendicular to said corresponding magnetic field

upon energization of said coil;
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said printing tip impacting a print position due to
movement in said first direction, and said actuator moving in
a second direction to return to a non-print position;

means for supporting each of said actuators including
each of said printing tip portions for movement in said first
and second directions and for sustaining said impact at said
print position;

means in said thin flux gap for transferring heat
from said coil to said magnetic element sets thereby dissipating
the heat generated by said coil;

said means comprising a liquid containing magnetic
particles such that said liquid is retained in said thin flux
gap by the action of said magnetic field on said particles;

said liquid and said particles comprising said heat
transfer path between said coil and said magnetic element sets.

12. The apparatus of Claim 1 wherein said magnetic assembly
comprises at least one group of said magnetic element sets
disposed in a common plane in a general radial array about
said printing tips;

said thin elongated gaps being substantially parallel
with their corresponding actuators which are stacked parallel

to one another;
said thin elongated gaps of adjacent magnetic element

sets substantially equally angularly spaced from one another;
resilient means for maintaining each of said

deenergized actuators at said non-print position.

13. The apparatus of Claim 12 comprising a group of four

of said magnetic element sets;
said adjacent thin elongated flux gaps spaced perpen-

dicular to one another;
said group comprising a plurality of said printing
tip portions being substantially equal in length.
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14, The apparatus of Claim 12 wherein said magnetic assembly
comprises a first group and a second group of magnetic element
sets disposed further than the first group from the nose
bearing slidably supporting the printing tips of said print
wires;

each of said first and second groups comprising four
magnetic element sets;

said thin elongated flux gaps of said first group
adjacent to said thin elongated flux gaps of second group
being parallel to one another; |

said printing tips being aligned adjacent to one
another and closely packed in a matrix of rows and at least

one column.

15. The apparatus of Claim 12 wherein each of said
groups comprises a pair of said magnetic element sets with
each of said pairs arranged opposite one another;
said groups being parallel and adjacent to ome
anothef having all of said thin elongated gaps disposed
in a common plane with successive ones of said groups disposed
progressively further from said printing tips of said print
wires;
said printing tips aligned adjacent to one another
and closely spaced in a matrix of rows and at least one

column.

16. The apparatus of Claim 1 wherein said planar actuator
comprises a pair of thin sheets of insulation laminated to
one another and having voids along the longitudinal portions
of both sides of said coil and including at least one hole
positioned along the longitudinal axis of said actuator for

enhancing heat dissipation.

17. The apparatus of Claim 16 wherein said lamination
comprises high temperature polyimide insulation.

e WIZO W0
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18. The apparatus of Claim 1 further comprising
retaining means positioned at said printing tips for

retaining ink for printing.

19. The apparatus of Claim 18 wherein said retaining
means comprises a magnetic circuit and said ink is magnetic

ink.

20. An actuator for use in dot matrix printing comprising:
a bobbinless coil surrounding an elongated hollow

rectangular-shaped region having two long parallel sides and

two short parallel sides;
said coil having two long sides extending along the

two long sides of said hollow region and two short sides
extending along the short sides of the hollow region, and
being curved where the long and short side are joined;

said coil being laminated between a pair of thin
sheets of insulation material, the coefficient of thermal
expansion of said insulation material substantially matching
that of the coil conductive material to eliminate thermally
induced mechanical stress between the coil and the laminate;

said pair of thin sheets being laminated to one
another in said hollow region;

a print wire having a mounting end laminated between
said thin sheets adjacent to one short side of said coil and
a free end forming a printing tip extending away from said

actuator;
a pivot mounting laminated between said thin sheets

in the hollow region surrounded by said coil and adjacent the
other one of the short sides of said coil;

a pair of spring mounting members each having first
ends electrically coupled to said coil and laminated between
said thin sheets adjacent to the said other one of said short
sides of the coil and extending away from said coil for

electrical connection to a driving source.

Do WIFO
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21. The actuator of Claim 20 wherein the thickness of

said actuator is of the order of 0.014 inches.

22. The actuator of Claim 20 wherein said spring mounting
members each comprise resilient conductive members having a
substantially U-shaped central portion having a first end
laminated betweén said thin sheets and having a second end

serving as an electrical terminal.

23. The actuator of Claim 22 further comprising a
mounting means for mounting the second ends of said conductive
spring members to a support, sald springs normally biasing the
end of the associated actuator containing said printing tip
away from the printing position.

24. The actuator of Claim 23 wherein only the first ends
of the springs adjacent to the U-shaped position of said
springs are laminated between said first and second insulation
sheets to enable the spring members to freely flex when the
actuator is moved during a printing operation.

25. The actuator of Claim 20 wherein openings are provided
in laminated sheets in said hollow regiom to further reduce
the mass and inertia of the actuator and to increase the heat
dissipation of the actuator during operation.

26. The printing apparatus of Claim 1 wherein each of
said print wire actuators include pivot means arranged on
said actuator and lying within the region surrounded by said
coil for pivotally mounting each actuator, the location of
said pivot reducing the torque required for printing.




WO 84/03256 PCT/US84/00216

 STATEMENT UNDER ARTICLE 19

It is believed that Claims 1 through 26 avoid the U.S.
and Japanese documents recited in the International Search Report

dated 10 May 1984.
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