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SOLENOID HAVING INCREASED THROW 
CAPABILITY 

This application is a continuation-in-part of US. Pat. 
Application Ser. No. 203,230 filed 30 Nov. 1971 by 
Robert Howard entitled “Improved Solenoid Having 
lncreased Throw Capacity” and assigned to the as 
signee of the present case, which application has been 
abandoned. 
The present invention relates to solenoid assemblies 

and more particularly to a novel solenoid assembly es 
pecially advantageous for use in dot matrix impact 
printers and the like due to its capability of providing 
rapid acceleration in the impact direction and rapid re 
turn to its normal position preparatory to subsequent 
energization and further providing increased throw as 
compared with conventional designs. 

I BACKGROUND OF THE lNVENTlON 

Solenoid assemblies of the general category de 
scribed herein are extremely advantageous for use in 
high speed dot matrix printers of the impact type such 
as, for example, that described in US. Pat. No.. 
3,703,949 issued Nov. 28, 1971 to Robert Howard en 
titled “High Speed Printer” and assigned to the as 
signee of the present case. The printer described 
therein is capable of forming characters or other sym 
bols by selectively impacting one or more of the slender 
print wires against an inking ribbon. so as to print 
“dots" upon the surface of the paper document. Since 
printing speed is of the essence in such devices. it be 
comes quite important to provide an apparatus‘ for rap 
idly impacting the print wires and rapidly returning the 
print wires to the rest position. The printing speed in _ 
the above-mentioned printing apparatus is of the order 
of 50 to 165 characters per second depending on the 
gap in the solenoid which could be from 0.015 to 
0.018. To obtain such 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 to return the print wires to the rest posi 
tion within a time interval of the order of l to 3 milli 
seconds while at the same time providing an impact of 
sufficient force to print a clearly legible dot upon the 
paper document or other printing surface. Whereas so 
lenoid assemblies of the type described in the above 
mentioned copending application discloses such a sole 
noid assembly which provides an extremely long useful 
operating life, it has been found that certain applica 
tions‘require solenoid assemblies having the capability 
of moving a print wire over a signi?cantly greater dis 
tance (i.e.. “throw") than has heretofore been attain 
able. For example, with solenoid assemblies of the type 
described in the above-identi?ed copending applica 
tion, the print wires are caused to move a distance of 
the order of 0.1 15 inch between the rest position and 
the impact position. There exists a number of applica 
tions in which a signi?cantly increased “throw” (i.e., 
total linear movement) of the solenoid print wire is re 
quired. In such applications it has been found that the 
spring element described in the aforementioned co 
pending application is incapable of providing such an 
increased throw since deflection beyond its present ca 
pabilities causes either the spring to de?ect beyond its 
elastic limit whereby a permanent deformation takes 
place and the spring member is no longer capable of re 
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2 
suming its normal unde?ected condition or its fatigue 
failure limit is exceeded and fracturing occurs. 

BRIEF DESCRlPTION OF THE INVENTION 

The present invention is characterized by providing 
a solenoid assembly which incorporates a novel spring 
element employed to achieve the characteristics de 
scribed hereinabove. The solenoid assembly of the 
present invention comprises a case for housing the coil 
and armature. A stem portion threadedly engages the 
forward end of the housing and is provided with an axi 
ally aligned elongated opening for receiving and recip 
rocally mounting a slender 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 ?xedly secured to 
a spring member of the “spiral” type at its central por 
tion. The peripheral portion of the spring rests against 
an annular-shaped‘ spacer which abuts a shoulder pro 
vided therefor within the solenoid housing. The rear 
ward portion of the armature assembly abuts the pro 
jection of 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) imposed upon the spring member and 
also provides for “half cycle” snubbing as anti-bounce 
device. A tubular wire guide is positioned within the so 
lenoid assembly stem portion and is appropriately lu 
bricated so to reduce wearing of the reciprocating 
print wire extending therethroughf 
The “spiral” spring means is formed from a llat sheet 

of prehardened tempered spring steel or any other suit 
able material exhibiting similar characteristics. The 
spring has a centrally located hub portion for joinder _ 
with the rearward end of the armature. The spring may 
be compared with an elongated leaf spring which has 
been constructed in the form of a tight spiral with the 
entire length of the leaf spring lying within an imagi 
nary plane. The particular spiral design employed may 
be either an Acrhimedean spiral or an involute ofa line 
wherein separate interleaving spirals are cut or other 
wise formed within the ?at spring steel disc. This pro 
vides for a relatively long active “beam” over which the 
de?ection stresses can be absorbed. 
The spring maintains the slender print wire of its sole 

noid in the quiescent condition when the solenoid coil 
is deenergized. Upon energization of the solenoid coil, 
the electromagnetic field urges the armature toward 
the forward end of the solenoid assembly. This force 
overcomes the spring constant of the spring member to 
deflect the center portion of the spring member se 
cured to the armature relative to the outer periphery 
which rests against the aforementioned shoulder. The 
spring constant of the spring is substantially linear with 
increasing de?ection over the entire range which is 
substantially increased by as much as 3 to 5 times the 
throw of conventional solenoid assemblies. This spring 
design permits signi?cantly increased throw of the sole 
noid print wire without causing the spring member to 
be deflected beyond its elastic limit while at the same 
time providing a spring structure having an extremely 
long useful operating life. 

OBJECTS OF THE lNVENTlON 

It is therefore one object of the present invention to 
provide a novel solenoid assembly for use in high speed 
dot matrix printers of the impact type having an in 
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creased throw as compared with conventional struc 
tures. - 

Another object of the present invention is to provide 
a novel spring member of the leaf spring type in the 
form of a circular disc member having spiral grooves 
cut therein, which is extremely advantageous for use in 
printers of the dot matrix type. - 

BRIEF DESCRIPTION OF THE FIGURES 

These, as well as other objects of the present inven 
tion, will become apparent when reading the accompa 
nying description and drawings in which: 
FIG. 1 is a sectional view of a solenoid assembly de 

signed in accordance with the principles of the present 
invention; - ' 

FIG. 2 is a plan view of a solenoid spring designed in 
accordance with the principles of the present inven 
tion; 
FIG. 2a is a plot showing the force versus de?ection 

characteristics of the springs of FIGS. 2 and 3; 
FIG. 3 is a plan view showing another spring design ' 

embodying the principles of the present invention; and 

FIG. 4 shows another alternative embodiment of the 
present invention. ‘ 

DETAILED DESCRIPTION OF THE FIGURES 

The solenoid assembly I0, shown best in FIG. I, is 
comprised ofa cylindrical shaped case 11 which is also 
described in detail in U.S. Pat. 3,690,431 issued Sept. 
12, 1972 to Robert Howard entitled “Print Head As 
sembly Containing Solenoids" and assigned to the as 
signee of the present case (see FIG. la thereof) which 
is incorporated herein by reference thereto. The case 
is a hollow cylindrical member provided with a re 
cessed shoulder llu spaced inwardly from its right 
hand end. The right-hand end is threaded at 11C for re 
ceiving an adjustable threaded closing cap 23. The for 
ward end of casing 11 is further provided with a slot 
110 through which the leads 17a and 17b of the sole 
noid extend so as to couple the solenoid to the periph 
eral driving circuitry. not shown herein for purposes of 
simplicity. 
Case 11 receives a stem member 12 having a 

threaded portion 12:! threadedly engaging a tapped 
mounting hole provided in a print head assembly such 
as. for example. that described in copending U.S. Pat. 
application Ser. No. 179,457 ?led Sept. 10, 1971 by 
Robert Howard entitled "Printer Head Assembly” and 
assigned to the assignee of the present application. 
Lock nut 13 threadedly engages threaded portion 12a 
to ?rmly secure the solenoid assembly to the print head 
assembly in a manner shown in detail in the above 
mentioned copending application. 
The stem is provided with a circular-shaped ?ange 

portion 12b which is received within the forward end 
of case 11 whereby the right-hand peripheral edge of 
?ange 12h may nominally abut against shoulder Ila. 
The rearward most portion 121' of stem 12 has a diame 
ter which is less than both ?ange 12b and threaded por 
tion l2u with the extreme right-hand end portion 12b 
being of still further reduced diameter so as to form a 
shoulder 12c positioned between sections 120 and 1211. 

Stem 12 is provided with an axially aligned opening 
which is comprised of portion 12f of a ?rst diameter 
and portion 12g of slightly enlarged diameter extending 
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4 
therethrough. The extreme left-hand end portion 1211 
is tapered to form a conical entrance portion to facili 
tate the insertion of a hollow tubular elongated wire 
guide 14 which is positioned within opening portion 
12g so that its right-hand end abuts against shoulder l2j 
positioned between portions 12f and 12g of the axially 
aligned opening. The wire guide is preferably force 
?tted within opening 12g so as to experience no linear 
movement relative to stem 12 when the solenoid is op 
erating. The interior of wire guide 14 is preferably 
coated with a suitable lubricant to reduce friction 
losses and wearing of 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 ?ange portion 
16b, is telescoped upon the right-hand end of stem 12 
whereby the left-hand end of hollow cylindrical portion 
160 abuts against shoulder 122 in the manner shown. 
The hollow cylindrical portion 16a is preferably force 
?tted ‘upon the right-hand portion 12d of stem 12. The 
?anges 12b and 16b, the stem portion 12c, the tubular 
portion 16a and the interior surface of case 11 de?ne 
a hollow interior space which is provided for receiving 
the solenoid coil 17 whose turns or windings are wound 
about stem portion 120 and tubular portion 16a with 
the axial length of the windings being de?ned and phys 
ically limited by ?anges 12b and 16b. The two end ter 
minals of solenoid coil 17 are wound so as to extend to 
slot lle provided in case 11. The coil end terminals 17a 
and 17b are shown as extending outwardly through slot 
lle. A predetermined length of each of the leads 17a 
and 17b is mounted with an associated insulating sleeve 
17c and 1711. 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 slidably received by the portion l2fof the stem axial 
opening and to protrude therebeyond by a predeter 
mined distance. The right-hand end portion 150 of 
print wire 15 is mounted within an axially aligned open 
ing 18a provided within the solenoid armature 18. Ar 
mature 18 is substantially cylindrical in shape and is 
further provided with a right-hand portion of reduced 
diameter relative to the main body portion, forming an 
annular shoulder. The right-hand portion of armature 
18 is further provided with an axially aligned opening 
for receiving a fastening member to secure the arma 
ture to spring member 19. Aforementioned U.S. Pat. 
No. 3,690,431 shows a ‘detailed view of the armature 
member in FIG. lb thereof. 
A solenoid spring 19 is mounted upon armature 18 

so that its central opening (to be more fully described 
in connection with FIGS. 2 and 3) receives the reduced 
diameter portion of armature l8 and rests against the 
aforementioned annular shoulder. A stress relief 
washer 20 is positioned upon spring 19 so that its cen 
tral opening receives the reduced diameter portion of 
armature 18. A fastening member 21 has a shaft por 
tion (not shown) passing through the openings in 
washer 20, spring 19 and armature opening 18d so as 
to ?rmly secure washer 20 and spring 19 to the right 
hand end of armature 18 with a minimum of stress con 
centration applied to the center section of the spring. 

Spring member 19 has a substantially circular-shaped 
outer periphery, as will be described in detail hereinbe 
low. A ring-shaped spacer member 22'has its left-hand 
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surface bearing against shoulder 11b of solenoid case 
11 and has its right-hand surface bearing against the pe 
riphery of spring 19. The spacer 22, spring 19 and ar 
mature 18 are maintained in position within case 11 by 
means of cap 23 which is provided with a threaded por 
tion 23a which threadedly engages tapped portion 23b 
whose left~hand surface bears against the head of fas 
tener 21. An axially aligned opening 230 is provided for 
adjusting the preloading of spring 19 in a manner to be 
more fully described. A linear groove 23d is provided 
in the left~hand surface of cap 23 to facilitate insertion 
of an adjusting tool such as, for example, a screwdriver 
head. By rotating cap 23 within casing 11, the amount 
of preloading of spring 19 may be easily and accurately 
controlled. 
As is directed in detail in aforementioned US. Pat. 

No. 3,690,431 the various components of the solenoid 
assembly are adjustable so as to facilitate fine adjust 
ment thereof. Once the spring has been appropriately 
preloaded by the rotation of end cap 23 within the sole 
noid assembly, an epoxy 25 may be deposited in the re 
gion shown in FIG. 1 to rigidly maintain cap 23 in the 
desired position. From the foregoing, it can be seen 
that the initial assembly of the solenoid can be per 
formed in a simple, straightforward fashion, since rela 
tively little concern need be given at the time of initial 
assembly to the final adjustment thereof. The ?nal 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. For example, the amount of 
preloading exerted upon spring member 19 may ‘be 
measured by the insertion of a probe (not shown) 
through axial opening 23C. After precise adjustment of 
the preloading, the epoxy may be deposited at the posi 
tion 25 as shown in FIG. 1. 
FIG. 2 is a detailed plan view of one preferred em 

bodiment of spring 19 shown in FIG. 1 which is com 
prised of a central portion 19a having a central opening 
191: for receiving the reduced diameter portion of ar 
mature 18. As was mentioned hereinabove, spring 
member 19 is preferably formed from a ?at sheet of 
spring steel so as to have a circular periphery 19c. In 
addition thereto, a pair of spirals 1911 and 190 are cut 
or otherwise formed within the disc-shaped spring 
member with the spirals defining an involute of a line. 
The inner ends 19f and 19g of the spirals 19d and 19a, 
respectively, can be seen to lie opposite one another 
along a diameter D, of the disc-shaped spring. The 
outer ends 1911 and 191' of spirals 194/ and 190, respec 
tively, also lie opposite one another and along a diame 
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ter D2 of the disc. It can be seen that the region be- I 
tween the two separately generated involutes consti 
tutes an elongated leaf spring wound in a right spiral 
fashion. The characteristics of this design cause the 
spring member 19, even though it is of a spiraldesign, 
to function in a manner substantially similar to that in 
which an elongated straight leaf spring functions. FIG. 
2a shows the spring characteristics of spring 19 wherein 
spring de?ection d is plotted along the X-axis, while 
spring force], is plotted along the Y-axis. The slope C 
relates de?ection to spring force. From the point of 
zero deflection (i.e., with the spring in its normal unde 
?ected state) the spring which is preloaded follows a 
constant spring rate slope. Low stress springs of this de 
sign having high length to de?ection ratios have proven 
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6 
highly successful for use in solenoids where the length 
of travel reaches a maximum of 0.085 inch whereas 
springs of aforementioned US. Pat. No. 3,690.43] 
have been found to reach their elastic limit and to be 
come permanently deformed after deviation distances 
of the order of 0.015 inch. 
The positioning of the cap 23 with respect to the neu 

tral position of the spring 19 (preloading in direction of 
forward stroke) prohibits reverse bending hence elimi 
nates bounce, i.e.,: rearward kinetic energy is dissi~ 
pated in impacting the cap 23. The cap’s absorbtion 
characteristics are enhanced by the selection of a suit 
able plastic material. _ 

FIG. 3 shows a modified spring member 19' having 
a central portion 19a’ provided with a central opening 
191)’ for receiving the fastening member which joins it 
to armature 18. 
The spring member is provided with a circular pe 

riphery 19c’ and is further provided with two spiral 
shaped slots 19d’ and 19e’ whose inner ends ‘19fY and 
19g’ respectively, lie along a ?rst diameter D,’ and 
whose outer ends 1911’ and l9j’ lie opposite one an 
other along a diameter D2’. The spiral shaped elon 
gated slots 19d’ and 19e' are of slightly greater width 
W’ than the width W of the spiral-shaped slots provided 
in the spring 19 of FIG. 2. The spirals 19d’ and 190’ of 
FIG. 2 represent curves lying in a plane which are gen 
erated by a point moving away from or toward a ?xed 
point at a constant rate while the radius vector from the 
?xed'point rotates at a constant rate. Such a spiral is 
known is an Archimedean spiral. As was the case with 
the spring member 19 of FIG. 2 the pair of spiral 
shaped slots 19d’ and 190’ can be said to define an 
elongated leaf type spring which is wound in a tight spi 
ral manner so that the entire leaf spring lies within a 
plane. The characteristics of the spring force for the 
spring 19' of FIG. 3 are substantially similar to those 
shown in FIG. 2a. 

In one preferred embodiment of the present inven 
tion, the print wires are moved a distance of the order 
of 0.075 inch from the rest position to the impact posi 
tion. Relationship of force plotted against de?ection 
distance is a similar linear relationship as compared 
with the logarithmic relationship obtained from the 
spring design of the spring shown in FIG. 2 of the afore 
mentioned U.S. Pat. No. 3,690,431. The linear spring 
force characteristic greatly simplifies the determination 
of the required driving force provided by the solenoid 
coil 17 while the design further provides a greatly in 
creased amount of de?ection without causing the 
spring to be de?ected beyond its elastic limit. Thus, the 
spring 19 (or 19’) provides a substantially linear rela 
tionship between spring force and de?ection distance 
over the entire “throw” of the print wire 15. 
When the solenoid coil is deenergized (i.e. when'im 

pact against a paper document has occurred) the mag 
nitude of the spring force is substantially at its maxi 
mum value, thereby placing the print wire exclusively 
under the control of spring 19. The force imposed upon 
the armature by spring 19 at this time causes a rapid re 
turn of the armature toward the rest position. 
FIG. 4 shows an alternative arrangement for the 

spring of FIG. 3, for example, wherein cutout portions 
19k and 19/ have been provided behind the end por 
tions 19]’ and 1911’ of the slots formed in the spring to 
relieve the torsional stresses which are developed at 
points 20a and 20b, respectively. Likewise, slots 20c 
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and 20d are provided adjacent the inner extremities 
19g’ and 19]” of the slot 19 to relieve the torsional 
stresses that would otherwise be developed at points 
20@ and 20f. The spring of FIG. 4 is therefore com 
prised of a continuous outer ring R and a continuous 
inner ring R’. The spiral spring portions 32 and 33 have 
their outward extremities coupled to outer ring R by 
radially aligned integral joining portions 20a and 20/) 
which are transversely aligned to the spiral spring por 
tions, and have their inner extremities joined to ring R’ 
by radially aligned integral joining portions 200 and 20f 
which are transversely aligned to the spiral spring por 
tions. This structure significantly improves the useful 
operating life of the spring by markedly reducing tor 
sional stresses which are otherwise present at the inner 
and outer extremities of the spiral spring portions. 

It can therefore be seen that the foregoing invention 
provides a novel spring design enabling substantially 
increased throw for a slender print wire not heretofore 
attainable in conventional solenoid driving assemblies. 

Although there has been described a preferred em-' 
bodiment of this novel invention, many variations and 
modi?cationswill 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: 
l. A solenoid assembly comprising: 
a housing; _ _ 

an elongated substantially cylindrical stem having an 
axial opening of small diameter extending the 
length of said stem; 

said stem being secured to the forward end of said 
housing; . 

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

a closure cap threadedly engaging the rearward end 
of said housing; 

an armature positioned within said housing and along 
the axis ofsaid housing, at least the forward portion 
of said armature extending to a position relative to 
said coil; whereby said armature is activated and 
moved by the magnetic ?eld generated by the coil 
when energized; V 

slender elongated wire positioned within the axial 
opening of said stem and having its forward end ex 
tending beyond the forward end of said stem and 
its rearward end secured to the forward end of said 
armature; 

circular shaped spring means having a circular outer 
periphery and having its central portion joined to 
the rearward portion of said armature; 

said housing having an annular shoulder engaging the 
periphery of said spring means; 

said spring means being formed of a resilient metallic 
sheet and having a pair of spiral shaped slots encir 
cling said central portion and interleaving one an 
other; 

each of said spiral shaped slots having an inner end 
portion near said central portion and an outer end 
portion near said spring outer periphery and encir 
cling said central portion at least once. 

2. The solenoid assembly of claim 1 wherein the 
inner ends of said slots lie on opposite sides ofsaid cen 
tral portion. 
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8 
3. The solenoid assembly of claim 2 wherein the 

inner ends of said slots lie along a common diameter of 
said spring. 

4. The solenoid assembly of claim 1 wherein the 
outer ends of said slots lie on opposite sides of said cen 
tral portion. 

5. The solenoid assembly of claim 4 wherein the 
outer ends of said slots lie along a common diameter of 
said spring. 

6. The solenoid assembly of claim I wherein said 
spring is formed from a sheet of spring steel. 

7. The solenoid assembly of claim I 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 ?ex said spring to cause said print 
wire to return rapidly to the non-impact position when 
said coil is deenergized; said spring being adapted to 
engage said closure cap in returning to the non-impact 
position, which closure cap eliminates bounce. 

.8. The solenoid assembly of claim 1 wherein each of 
said spiral slots represents an Archimedian spiral. 

9. The solenoid assembly of claim 1 wherein each of 
said spiral shaped slots represents an involute of a line. 

10. A solenoid assembly comprising: 
a hollow substantially cylindrical housing; 
an elongated substantially cylindrical stem having an 

axial opening of small diameter extending the 
length of said stem; 

said stem being secured to the forward end of said 
housing; 

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

a closure cap threadedly engaging the rearward end 
of said housing; 

an armature positioned within said housing and along 
the axis of said housing. at least the forward posi 
tion of said armature extending to a position rela 
tive to said coil; whereby said armature is activated 
and moved by the magnetic field generated by the 
coil when energized; 

a slender elongated wire positioned within the axial 
opening of said stem and having its forward end ex 
tending 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 joined to the rearward portion of said arma 
ture; 

said housing having an annular shoulder engaging the 
periphery of said spring means; 

said spring means being formed of a resilient metallic 
sheet and comprising an inner ring and a concen 
tric outer ring; 

a pair of spiral-shaped spring portions each encircling 
the inner ring at least once and having their inner 
ends adjacent the inner ring being integrally joined 
to said inner ring and having their outer ends adja 
cent said outer ring being integrally joined to the 
outer ring. 

1 l. The assembly of claim 10 whereby the outer ends 
of said spiral-shaped spring portions are diametrically 
opposite one another. 
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12. The assemblyof claim 10 wherein the inner ends 
of said spiralfshaped spring portions are diametrically 
opposite one another. ~ 

13. The assembly of claim 10 wherein the free ends 
of the outer extremities of said spiral-shaped spring 
portions are transversely aligned to their spiral por 
tions, whereby forming an integral joining section be 
tween said spiral-shaped portions and said outer ring to 
significantly reduce torsional stresses during de?ection 
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10 
of the spring means. 

14. The assembly of claim 10 wherein the free ends 
of the inner ends of said spiral-shaped portions are 
transversely aligned to their spring spiral-shaped por 
tions, thereby forming an integral joining section be 
tween said spring spiral portion and said inner ring to 
signi?cantly reduce torsional stresses during de?ection 
of the spring means. 


