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[57] ABSTRACT

A solenoid for actuating a print wire normally biased
against the impact direction by “wagon wheel” spring
means. Energization of the solenoid coil rapidly moves
the print wire in the impact direction against the bias
of the spring. Release of the energy supplied to the
solenoid coil causes very rapid return of the print wire
to the non-printing position. The “wagon wheel”
spring structure, which undergoes both bending and
twisting in a predetermined sequence, allows for rapid
initial acceleration of the print wire in the impact
direction while providing for rapid return of the print
wire to the non-print position while significantly
reducing “bouncing” or “‘overshooting™.

The components of the solenoid are so designed as to
greatly simplify and facilitate assembly while providing
highly precise adjustment of the solenoid assembly
through the use of components whose tolerances need
not be tightly controlled.

6 Claims, 11 Drawing Figures
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PRINT HEAD ASSEMBLY CONTAINING
SOLENOIDS

The present application is a continuation-in-part of,
and an improvement upon copending application Ser.
No. 37,815 filed May 15, 1970 by the present inventor,
and now abandoned.

The present invention relates to solenoid assemblies
and more particularly to a novel solenoid assembly
especially advantageous for use in dot matrix printers
and the like due to its capability of providing rapid ac-
celeration in the impact direction and rapid return to
its normal position preparatory to subsequent energiza-
tion while undergoing a minimum of bounce.

The solenoid assembly to be described hereinbelow
in greater detail, is extremely advantageous for use in
the high speed dot matrix printer described in the in-
ventor’copending application Ser. No. 35,405 filed
May 7, 1970. The printer described therein is capable
of forming characters by selectively impacting one or
more of seven vertically aligned slender print wires
against an inking ribbon so as to print *““dots ”” upon the
surface of the paper document. A plurality of the
columns printed are related so as to form any character
or symbol, typically within a five by seven dot matrix.
Obviously, another size matrix may be employed, if
desired. Since printing speed is of the essence in such
devices it is therefore very important to provide an ap-
paratus for rapidly impacting the print wires and
rapidly returning the print wires to the rest position
with a minimum of “bounce” in order that the entire
* printing assembly may operate at such high speeds. The
printing rate in the above mentioned printing apparatus
is of the order of 165 characters per second with 60
lines of characters per minute being printed (with each
line containing up to 132 characters). To obtain these
speeds it is important to provide solenoid assemblies
which are capable of moving the slender print wires
from the rest position to the impact position and return
to the rest position within the time interval of 1 mil-
lisecond or less while at the same time providing an im-
pact of sufficient force to print a clearly legible dot
upon the paper document or other printing surface.

The present invention is characterized by providing a
solenoid assembly of greatly simplified design to
facilitate assembly thereof and which incorporates a
novel “wagon wheel” spring employed to achieve the
characteristics described hereinabove.

The solenoid assembly of the present invention com-
prises a case for housing the coil and armature. A stem
portion threadedly engages the forward end of the
housing and is provided with an axially aligned elon-
gated opening for receiving and reciprocally mounting
aslender elongated print wire. The rearward end of the
print wire is fixedly secured to the solenoid armature at
the forward end of the armature. The rearward end of
the armature is fixedly secured to a spring member of
the “wagon wheel” type at its central portion. The
peripheral portions of the spring rest against an annular
shaped spacer which abuts a shoulder provided
therefor within the solenoid housing. The rearward
portion of the armature housing abuts a cap member
which threadedly engages and seals the rearward end of
the housing. The cap member is adjustable to regulate
the amount of stress or tension (i.e., preloading) im-

posed upon the spring member. A ‘‘half spool” member
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positioned within the solenoid housing cooperates with
the stem member to define an annular shaped hollow
interior space for positioning and receiving the sole-
noid coil. The exposed forward end of the stem portion
is threaded so as to threadedly engage an appropriate
tapped aperture provided in the solenoid mounting
portion of the print head assembly. A tubular wire
guide is positioned within the solenoid assembly stem
portion and is appropriately lubricated so as to reduce
wearing of the reciprocating print wire extending
therethrough.

The print head assembly is provided with a plurality
of guide means for guiding and directing each of the
print wires toward the forward end of the print head
housing which is further provided at its forward end
with a multi-apertured jeweled member which ulti-
mately aligns the forwardmost ends of the slender print
wires along a vertical straight line.

The *“‘wagon wheel” spring means is formed from a
flat sheet of prehardened tempered spring steel or any
other suitable material exhibiting similar -charac-
teristics. The spring has a centrally located hub portion
having radially aligned spoke portions extending out-
wardly therefrom an integrally joined therewith. Each
of these spoke portions are provided with arcuate
shaped portions integrally joined to their free ends so as
to define a substantially circular shaped periphery
wherein gaps are provided at discrete intervals about
the periphery of the spring, which gaps define the spac-
ing between the outer ends of adjacent arcuate por-
tions. The arcuate shaped portions rest against the
spacer member referred to hereinabove while the hub
portion of the spring rests against the forward end of
the threaded cap member which is adjustably posi-
tioned relative to the rearward end of the solenoid
housing so as to prestress or preload the spring member
and thereby provide the precise amount of loading
required to assure appropriate high speed reciprocating
operation of the print wires under the control of the
solenoid.

The springs maintain the wires of their associated
solenoids in the non-printing position when the sole-
noid coil is deenergized. Upon energization of the sole-
noid coil, the electromagnetic field tends to urge or puil
the armature towards the forward end of the solenoid
assembly. This force is counteracted by the spring
member which sequentially develops two counteract-
ing spring forces in the following manner.

The initial forward movement of the solenoid arma-
ture causes each of the radially aligned spokes to flex,
which flexing establishes a counteracting spring force
which is substantially linearly related to the movement
of the armature. Subsequently thereto, as the armature
moves still further in the forward direction, the arcuate
portions of the spring provided at the free ends of the
spoke portions experience a twisting. The resultant
counteracting force developed by the spring thus fol-
lows a logarithmic curve whereby the magnitude of the
counteracting force increases more rapidly than the
otherwise linear force developed by the radial portions
of the spring alone. THe initial counteracting force is
both small and relatively linear in nature to enable the
solenoid armature to be rapidly accelerated. The coun-
teracting force of the spring reaches its maximum mag-
nitude as the slender print wires impact the paper docu-
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ment at which time the dots of the character are
printed. The deenergization of the solenoid coil places
the print wires, which are now in the impact position,
under the exclusive control of the counteracting force
of the spring which is substantially at its maximum mag-
nitude at this time causing the print wire to rapidly
return to the rest position. The flexed spokes, in return-
ing to their normal undeflected position, tend to
overshoot their normal rest position. However, the
“twisted” arcuate portions tend to counteract the
overshooting and thereby more rapidly return the ar-
mature and print wire to the rest position with a
minimum of overshoot and ‘‘bounce”.

The threadedly engaging members of the solenoid as-
sembly permit simple rapid assembly of the component
parts after which precise adjustments may be made
whereupon the adjustable members are then epoxied
into position so as to maintain the accurate positioning
of the components thereby providing a solenoid as-
sembly which is formed of components whose
tolerances may be somewhat imprecise while at the
same time are capable of being readily and easily ad-
justed to produce a solenoid assembly whose operating
characteristics lie within highly precise and controlled
ranges. The print head housing supports sensing means
for precisely registering the lines of ““dots” printed.

It is therefore one object of the present invention to
provide a novel solenoid assembly for use in high speed
dot matrix printers and the like.

Another object of the present invention is to provide
a novel solenoid assembly for use in dot matrix printers
and the like in which the components are made adjusta-
ble so as to facilitate ease of assembly and subsequent
precise adjustment thereof.

Another object of the present invention is to provide
a spring member of “wagon wheel” design for use in
solenoid assemblies.

These as well as other objects of the present inven-
tion will become apparent when reading the accom-
panying description and drawings in which:

FIG. 1 is a sectional view of a solenoid assembly
designed in accordance with the principals of the
present invention;

FIG. 1a is a sectional view of the solenoid case of
FIG. §;

FIG. 1b is a sectional view of the solenoid armature
of FIG. 1;

FIG. 1c is an end view of the cap member of FIG. 1;

FIG. 2 is a plan view of the solenoid spring employed
in the assembly of FIG. 1;

FIG. 2a is a plot of curves and FIGS. 22 and 2c are
top end views of portions of the spring of FIG. 2 useful
in describing the operation of the spring;

FIG. 3 is a perspective view of a print head assembly
employing solenoid assemblies of the type shown in
FIG. 1; and

FIG. ¢ is a schematic diagram of the solenoid driver
circuit.

Referring now to the drawings, the solenoid assembly
10, shown best in FIG. 1, is comprised of a cylindrical
shaped case 11 which is also shown in sectional fashion
in FIG. 1a. The case is a substantially hollow cylindrical
member provided with a recessed shoulder 11a spaced
inwardly from its left-hand end and a recessed shoulder

11b spaced inwardly from its right-hand end. The right-
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hand or rearward end is threaded at 11c for receiving
an adjustable threaded closing cap, to be more fully
described. An annular groove 11d is positioned im-
mediately adjacent the innermost end of tapped por-
tion 11c. The forward or left-hand end of casing 11 is
further provided with a slot 11ethrough which the leads
of the solenoid (to be more fully described) extend so
as to couple the solenoid to the peripheral driving cir-
cuitry, not shown herein for purposes of simplicity.

The forward (left-hand) end of case 11 receives a
stem member 12 having a threaded portion 12a for
threadedly engaging a tapped mounting hole provided
in the print head assembly, which will be more fully
described hereinbelow. A lock nut 13 threadedly en-
gages threaded portion 12a to firmly secure the sole-
noid assembly to the print head assembly.

The stem is provided with a circular shaped flange
portion 12b which is received within the forward end of
case 11 whereby the right-hand peripheral edge of
flange 12b may nominally abut against shoulder 11a.
The rearward most portion 12¢ of stem 12 has a diame-
ter which is less than both flange 125 and threaded por-
tion 12awith the extreme right-hand end portion 12d
being of still further reduced diameter so as to form a
shoulder 12¢ positioned between sections 12¢ and 12d.

Stem 12 is provided with an axially aligned opening
which is comprised of a portion 12f of a first diameter
and a portion 12g of slightly enlarged diameter extend-
ing therethrough. The extreme left-hand end portion
124 is tapered to form a conical entrance portion to
facilitate the insertion of a hollow tubular elongated
wire guide 14 which is positioned within opening por-
tion 12g so that its right edge abuts against the shoulder
12/ positioned between portions 12f and 12g of the axi-
ally aligned opening. The wire guide is preferably
force-fitted within opening portion 12g so as to ex-
perience no linear movement relative to stem 12. The
interior of wire guide 14 is preferably coated with a
lubricant such as, for example, ‘“Molycote” to reduce
wearing of the print wire 15 which is mounted for
reciprocating movement therethrough.

A solenoid core member 16 having a tubular shaped
portion 16a and an outwardly extending flange portion
16b, is telescoped upon the right-hand end of stem 12
whereby the left-hand end of hollow cylindrical portion
16a abuts against shoulder 12¢ in the manner shown.
The hollow cylindrical portion 16a is preferably force-
fitted upon the right-hand portion 124 of stem 12. The
flanges 12b and 16b, the stem portion 12c, the tubular
portion 164 and the interjor surface of case 11 define a
hollow interior space which is provided for receiving
the solenoid coil 17 whose turns or windings are wound
about stem portion 12¢ and tubular portion 162 with
the axial length of the windings being defined and
physically limited by flanges 12b and 16b. The two end
terminals of sclenoid coil 17 are wound so as to extend
through the slot 11e provided in case 11 (see FIG. 1a).
The coil end terminals 17a and 17b are shown as ex-
tending outwardly through slot 11e. A predetermined
length of each of the leads 17a and 17b is mounted
within an associated insulating sleeve 17¢ and 174,
respectively.

As was described hereinabove, the slender elongated
print wire 15 is slidably received by the interior of wire
guide 14 and extends still further to the right so as to be
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slidably received by the portion 12f of the stem axial
opening and to protrude therebeyond by a predeter-
mined distance. The right-hand end portion 15a of
print wire 15 is mounted within an axially aligned open-
ing 18a provided within the solenoid armature 18. Ar-
mature 18 is a substantially cylindrical shaped member
which is further provided with a right-hand portion 18
of reduced diameter relative to the main body portion,
forming an annular shoulder 18c¢, portion 18b, which is
further provided with an axially aligned opening 184. A
solenoid spring 19 is mounted upon armature 18 so that
it's central opening (to be more fully described in con-
nection with FIG. 2) receives reduced diameter portion
18b and rests against shoulder 18¢. A washer 20 is posi-
tioned upon spring 19 so that its central opening
receives reduced diameter portion 18b. A fastening
member 21 has a shaft portion (not shown) passing
through the openings in washer 20, spring 19 and arma-
ture opening 184 so as to firmly secure washer 20 and
spring 19 to the right-hand end of armature 18.

Spring member 19 has a substantially circular shaped
periphery as will be described in detail hereinbelow. A
ring shaped spacer member 22 has its left-hand surface
bearing against shoulder 115 of solenoid case 11 and
has its right-hand surface bearing against the periphery
of spring 19. The spacer 22, spring 19 and armature 18
are maintained in position within case 11 by means of
cap 23 which is provided with a threaded portion 23a
which threadedly engages tapped portion 11c of case
11. The cap is provided with a projecting portion 23b
whose left-hand surface bears against the head of
fastener 21. An axially aligned opening 23c is provided
for adjusting the preloading of spring 19 in a manner to
be more fully described. A linear groove 23d is pro-
vided on the left-hand surface of cap 23 to facilitate the
insertion of an adjusting tool such as, for example, a
screw driver head. By rotating cap 23 within casing 11
the amount of preloading of spring 19 may be easily
and accurately controlled.

After assembly of the solenoid, the stem 12 may be
accurately positioned relative to casing 11 and main-
tained in this position by application of a suitable epoxy
shown at 24 which, in addition to securing stem 12 to
casing 11, serves to provide a moisture seal over slot
11e. If desired, a shim in the form of a washer 25 may
be positioned between shoulder 11a of casé 11 and the
right-hand peripheral edge of flange 12b. As another
obvious alternative, the annular periphery of flange 12b
may be threaded and the interior surface of the ex-
treme left-hand portion of casing 11 may be tapped so
as to provide for adjustable threaded engagement
between these two members. Deposition of epoxy upon
the members in the manner shown at 24 may be pro-
vided to rigidly secure stem 12 to case 11 int the desired
position.

As was described hereinabove, the amount of pre-
loading imposed upon spring 19 may be controlled by
rotation of cap 23 within casing 11. The amount of pre-
loading may be measured by the insertion of a probe
through axial opening 23. After precise adjustment of
the preloading, epoxy may be deposited at the position
25 shown in FIG. 1c in order to rigidly maintain cap 23
in the desired position. From the foregoing it can be
seen that the initial assembly of a solenoid can be per-
formed in a simple straightforward fashion since rela-
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tively little concern need be given, at the time of initial
assembly to final adjustment thereof. For example, the
assembly steps may be comprised of mounting core 18
upon stem 12; winding coil 17 about this assembly and
inserting the assembly into casing 11. Spacer 22 may
then be positioned within casing 11 so as to abut
against shoulder 11b. The armature assembly com-
prised of print wire 15, armature 18, spring 19, washer
20 and fastening member 21 may then be inserted into
the casing whereby wire guide 15 is passed through the
axial opening in stem 12 (which may be fitted with wire
guide 14 either before or after insertion of wire 15
therethrough). Finally, cap 23 may be threaded into
casing 11 thereby completing the assembly. Final and
accurate adjustment of the solenoid assembly may then
be performed, at which time epoxy is deposited at the
forward and rearward portions of the housing in the
manner shown in FIG. 1 to retain the components in
their desired alignment.

FIG. 2 is a detailed view of spring 19 which is com-
prised of a central portion 19 having a central opening
19b for receiving the reduced diameter portion 18b of
armature 18. A plurality of radially aligned spoke por-
tions 19c¢ are integrally formed with the central portion
192 and extend outwardly therefrom. The free ends of
spoke portions 19c are each provided with arcuate
shaped portions 19d whose outer edges define a sub-
stantially circular shaped periphery. The free ends of
adjacent arcuate shaped portions define gaps 19e
therebetween. As was described hereinabove, the cen-
tral portion 192 engages armature 18 while the mar-
ginal portions, arcuate section 194 rest upon the right-
hand surface of spacer 22 (relative to FIG. 1). It has
been found that the provision of gaps 19¢ between the
adjacent free ends of arcuate sections 19d significantly
increase the operating life of the spring.

In one preferred embodiment of the present inven-
tion, the print wires are moved a distance of 0.015
inches from the rest position to the impact position.
FIG. 2a is a plot which is useful in explaining the opera-
tion of spring 19 wherein distance D is plotted against
spring force F. The nature of a flexing member, such as,
for example, the spoke portions 19c, is such that the
spring force varies linearly with distance, i.e., F= kx,
where F is the spring force, x is the flexing or deflection
distance, and k is the spring constant. Curve A
represents the spring force of a flexing member. Due to
the design of the spring 19, however, it has been found
that the relationship of force against distance is a
logarithmic relationship as represented by curve B of
FIG. 2a. Although it is not desired to predicate patenta-
bility on the theory of operation of the spring, it is be-
lieved that the logarithmic relationship is the result of
the combined characteristics of the flexing and twisting
of the spoke and arcuate shaped portions, respectively,
which appear to operate as follows:

Considering FIGS. 2b and 2c, which are top and end
views respectively of one spoke 19¢’ and one arcuate
shaped portion 194’, the energization of the solenoid
coil causes the armature to move toward the left from
the rest position (relative to FIG. 1). The initial move-
ment of armature 18 imparts a force represented by
arrow F, as shown in FIG. 2¢, to be imparted to the
spring. The force F initially causes the spokes to flex
downwardly as shown by dotted lines 19¢''. After the
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spokes undergo a predetermined amount of flexure it
has been found that the arcuate shaped portions, such
as, for example, arcuate shaped portion 194, reacts in
such a manner that its end portions 19f and 19g remain
stationary while its central portion intermediate the
ends experiences a twisting relative thereto, as shown
by arrow R, which is the apparent reason for the signifi-
cant departure from the linear force versus distance
relationship to the logarithmic relationship as shown by
the respective curves A and B.

When the solenoid coil is deenergized, the mag-
nitude of the spring force is substantially at its max-
imum value (represented by the value of curve B when
the print wires have moved a distance of the order of
0.015 inches) thereby placing the print wire exclusively
under control of spring 19. The large force imposed
upon the armature at this time causes a rapid return of
the armature toward the rest position. The spoke por-
tions tend to return to their normal undeflected posi-
tion. The arcuate portions tend to significantly reduce
the amount of overshooting which may occur as a
result of the movement of the spoke portions toward
their normal undeflected state thereby significantly
reducing the amount of “bounce” and overshooting
which would otherwise occur in springs of conventional
design.

In the high speed printer described in the above men-
tioned copending application Ser. No. 35,405, the print
wires are designed to move from the initial rest position
through a distance of 0.015 inches to the impact posi-
tion and return to the rest position within the span of 1
millisecond. Since a typical line may contain 132
characters, any given print wire may experience as
many as 660 deflections per line, all of said deflections
occuring within the span of less than 1 second. Taken
the above high speed operation into consideration with
the fact that the printer is intended for use over ex-
tremely long periods of time with a minimum of down
time, it can be seen that the spring members must be
quite rugged while at the same time providing highly
uniform operating characteristics for any given in-
dividual deflection. This necessitates the provision of a
spring member which is dimensionally precise.

FIG. 3 is an exploded perspective view showing a
printing head assembly 30 which incorporates sole-
noids 19 of the type described hereinabove. The as-
sembly 30 is comprised of a body portion 31 having a
rear wall 32 provided with a plurality of tapped
openings 33 which threadedly engage the threaded por-
tions 12a of each of he solenoid stems 12.

Body portion 31 is further provided with first and
second pairs of vertically aligned guide slots 34 and 35
for receiving positioning members 36 and 37 which are
respectively positioned within the guide slots to align
the slender print wires therethrough. A plurality of wire
guides 38 extend through appropriate openings pro-
vided in positioning members 36 and 37 to guide the
print wires therethrough. The interiors of the hollow
elongated tubular members 38 are preferably
lubricated to reduce wear.

The forward end of housing 31 is provided with an
opening 39 and a pair of guide slots 432 and 43b for
receiving and positioning a jeweled member 44 which,
in turn, is provided with a plurality of vertically aligned
openings for receiving each of the print wires.
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Housing 31 is further provided with a pair of out-
wardly extending flanges 44a and 44b each having
tapped openings 45 for threadedly engaging fastening
members to secure the print head housing to mounting
plates 46a and 46b which form a part of the printer and
serve to move the print head along a horizontal line to
successively print a plurality of vertical columns of
dots, with the total number of dots per column being
selectively controlled in accordance with the particular
character or symbol to be printed.

The rear end of housing 31 further supports a regis-

. tration device 60 shown in FIG. 3a and includes a pair

of supporting members 61,61 for securing assembly 60
to housing 32. A plate 63 is secured to members 61,61
and supports a lamp 64 and a photo-head 65 suspended
from the underside of plate 63. A stationary mylar strip
66 having a plurality of narrow transparent slits 67 is
mounted in spaced parallel fashion relative to the
printer platen (not shown). As the print head assembly
moves in the direction of arrow A during a printing
operation, light passes through a transparent slit and
impinges on the photo-head 65. The light is carried by a
fiber optic bundle 68 to a photocell 69 to activate the "'
photocell only when passing a transparent slit. The
photocell generates a pulse which enables the solenoids
to be energized only at the positions of the narrow
transparent slits thus assuring accuracy in the locations
of the dots printed regardless of the speed of movement
(i.e., at a constant or a non-constant speed) of the print
head assembly.

FIG. 4 is a schematic diagram showing the driver cir-
cuitry employed for selectively driving solenoids of the
type shown in FIG. 1. Since the driving circuits for each
solenoid are all identical in both design and operation,
only one of the circuits will be described herein for pur-
poses of simplicity.

As shown in FIG. 4, the driving circuit 50 is provided
with an input terminal 51 normally coupled to one of
the seven outputs of a character generator of the type
described in the aforementioned application Ser. No.
35,405. ‘When the output of the character generator
coupled to input terminal 51 is low, input terminal 51 is
held at ground potential and no current flows through
resistor R4. When the output of the character generator
goes high, then current flows through resistor R4. If
diode D1 is back-biased, the current flows into the base
of transistor Q3. This current, in turn, causes current to
flow through resistor R3 and transistor Q3, thereby
establishing a voltage across Zener diode ZD1. This volt-
age causes transistors Q2 and Q1 to act as emitter fol-
lowers, thereby developing a voltage drop across resistor
R1. Resistor R2 limits the power dissipation in
transistor Q2. The voltage drop across resistor Rl
causes a collector current of the order of 2.5 amps to
flow through transistor Q1. When the stage first turns
ON, the inductance of the solenoid prohibits the cur-
rent from flowing through transistor Q1 and at this
point transistor Q1 is saturated. When the current flow-
ing through the solenoid reaches approximately 2.5
amps, transistor Q1 goes into an active region and
limits the current at this value.

When transistor Q1 shuts OFF, the current flowing
through the solenoid passes through diode D2 and
causes capacitor C1 to charge. The value of capacitor
C1 is chosen to act as a parallel resonant circuit with
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the inductance in the solenoid. Diode D2 allows only
one-quarter wave of this characteristic frequency to be
developed thereacross.

After the capacitors of each charging circuit (one
charging circuit of the type 50 shown in FIG. 4 is pro-
vided in each solenoid) have charged to approximately
60 volts due to the discharge of the printer solenoids,
resistor R4 serves to bleed off this charge so that the
capacitors will be at a 30 volt bias at the time of the
next discharge. The value of the resistor is chosen so
that a time constant of about 275 microseconds results.

Each diode D1 of each of the driver circuits of the
type 50 shown in FIG. 4 have their cathodes tied
together and connected to the collector of transistor
Q4 in the manner shown. When the printer is normally
running, a voltage is developed across relay R1 to close
its relay contact C1 to prohibit current from flowing
through diode D3 and into the base of transistor Q4,
thereby insuring the transistor Q4 is shut off. In this
condition, each diode D1 of each driver circuit cannot
shunt current away from the solenoid drivers. When
the printer is shut off, however, the power supply which
energizes relay R1 will drop before the power supply
employed to operate the solenoid driver circuits 50.
When this happens, relay R1 opens, thereby allowing
the current to flow through resistor R6 and diode D3
into the base of transistor Q4, thereby saturating Q4.
This causes all the bases of the solenoid drivers to be
tied to ground through their diodes D1, thus preventing
any of the solenoids from firing on shut off. As shown in
FIG. 4, each solenoid and solenoid driver circuit is pro-
tected against overload current by a fuse F1.

Although not shown for purposes of simplicity, it
should be understood that a cover member is posi-
tioned upon housing 31 so as to keep the interior of
housing member 31 free from contamination.

It can be seen from the foregoing description that the
present invention describes a solenoid assembly espe-
cially adapted for use in printers of the dot matrix type
in which high speed of the print wires comparable with
present day printers are obtained due to the nature of
the design of the solenoid assembly and of the springs
employed therein which are further designed to pro-
vide a unique operation not heretofore obtained in the
performance of such components.

Although there has been described a preferred em-
bodiment of this novel invention, many variations and
modifications will now be apparent to those skilled in
the art. Therefore, this invention is to be limited, not by
the specific disclosure herein, but only by the append-
ing claims.

. What is claimed is:

1. A solenoid assembly comprising:

a hollow case;

a stem having an axial aligned opening of small

diameter extending the length of said stem;

said stem having a flange intermediate its ends

secured to the forward end of said case and having
its rearward portion extending into the interior of
said case;

an annular shaped coil positioned within said case

and surrounding a portion of said stem;

a threaded cap threadedly engaging the rearward end

of said case;

said cap having a projection extending into said case;
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an armature positioned within said case and along
the axis of said case, at least the forward portion of
said armature extending into the rearward portion
of said coil;

a slender print wire positioned within the axial open-
ing of said stem and having its forward end extend-
ing beyond the forward end of said stem and its
rearward end secured to the forward end of said
armature;

circular shaped spring means having its central por-
tion secured to the rearward portion of said arma-
ture; ‘

the projection of said cap abutting against the rear-
ward portion of said armature and being adjustable
to adjust the pre-loading of said spring;

said case having an annular shoulder engaging the
periphery of said spring;

said spring being formed of a resilient metallic sheet
and having a circular central portion;

a plurality of radially aligned portions each being in-
tegrally joined to and extending outwardly from
said central portion;

the outer ends of each radially aligned portion having
a pair of arcuate shaped ears extending from op-
posite sides of said radially aligned portions; 16

the free end of each ear being a spaced distance from
the free end of an adjacent ear whereby all of said
ears define a circular shaped periphery whose mar-
ginal portion abuts against said annular shoulder.

2. The solenoid assembly of claim 1 wherein said
spring is formed from a sheet of spring steel.

3. The solenoid assembly of claim 1 wherein said
spring is adapted to exert a rearwardly directed force
on said armature to normally hold said print wire in the
non-impact position when said solenoid coil is deener-
gized, said coil being adapted to overcome the rear-
ward directed force of said spring when energized to
rapidly move said print wire toward the impact posi-
tion, and thereby flex said spring to cause said print
wire to return rapidly to the non-impact position when
said coil is deenergized while reducing bounce and
overshooting of said armature.

4. A print head assembly comprising:

a housing having a rear wall and a front wall joined

by a pair of side walls;

a plurality of solenoid assemblies each comprising:

a hollow case;

a stem having an axial aligned opening of small
diameter extending the length of said stem;

said stem having a flange intermediate its ends
secured to the forward end of said case and having
its rearward porticn extending into the interior of
said case;

an annular shaped coil positioned within said case
and surrounding a portion of said stem;

a threaded cap threadedly engaging the rearward end
of said case;

said cap having a projection extending into said case;

an armature positioned within said case and along
the axis of said case, at least the forward portion of
said armature extending into the rearward portion
of said coil;

a slender print wire positioned within the axial open-
ing of said stem and having its forward end extend-
ing beyond the forward end of said stem and its
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rearward end secured to the forward end of said
armature;

circular shaped spring means having its central por-
tion secured to the rearward portion of said arma-
ture;

the projection of said cap abutting against the rear-
ward portion of said armature and being adjustable
to adjust the preloading of said spring;

said case having an annular shoulder engaging the
periphery of said spring;

said spring being formed of a resilient metallic sheet
and having a circular central portion;

a plurality of radially aligned portions each being in-
tegrally joined to and extending outwardly from
said central portion;

the outer ends of each radially aligned portion having
a pair of arcuate shaped ears extending from op-
posite sides of said radially aligned portions;

the free end of each ear being a spaced distance from
the free end of an adjacent ear whereby all of said
ears define a circular shaped periphery whose mar-
ginal portion abuts against said annular shoulder;

said rear wall having a plurality of openings for
mounting said solenoids to said rear wall; ,

said print wires extending through said rear wall and
between said side walls toward said front wall;

said front wall having openings each adapted to
receive the free end of an associated one of said
print wires;
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said front wall openings being arranged to be along a
straight line;

said rear wall openings being aligned with their axes
generally converging toward said front wall.

5. The assembly of claim further comprising a sta-

tionary elongated strip having a plurality of spaced
transparent openings along said strip;

said assembly being movable along a line parallel to
said strip;

a light source mounted upon said housing and being
positioned on one side of said strip;

light sensitive means being mounted upon said hous-
ing and being positioned along the opposite side of
said strip so as to sense light emitted from said light
source when said light source passes a transparent
opening for generating a pulse to control the ener-
gization of said solenoids only upon passing one of
said transparent openings.

6. The assembly of claim 5 wherein said light sensi-

tive means comprises a photo head mounted im-
mediately adjacent said opposite side of said strip and
secured to said housing;

a photocell secured to said housing;

a fiber optic bundle coupled between said photo
head and said photocell to pass light from said light
source impinging upon said photo head to said
photo cell. ‘

*-.% % ok %k
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