July 26, 1960 J. G. JOLLY 2,946,905
SINGLE COIL REPEATER SOLENCID
Filed Feb. 13, 1958

3 Sheets-Sheet 1

- R 9'0'0'0"1.\‘;
B IR IARY
RSN

s

t NN
34 564 S ZEey. & N
oy 1§
4 Z ” 7% v F
f &3 fgtd Jpe— INVENTQ
1% RS & %
] 54 T—’. ©o 51 BY,
- t 3“5 dh(,%wf Ezw

ATTORNEYS,




July 26, 1960 J. G. JOLLY 2,946,905
SINGLE COIL REPEATER SOLENOID '

Filed Feb. 13, 1958 3 Sheets-Sheet 2

70 ,136,
M 7@ 71 3 7S @8 | 0 7
4 | 44 e A N NS sl LB I 'z
= 74 Al co -
Lo ) L.
N~Y4 _ . 40 !
T8
2%
GO 2 ] 33 l,"i
XS Go _. laz
! 4‘._..1.:, s 1/ o
rl N N -
it =i~ @8 |}~2s 3
4 41§‘ﬂ]: *j. ) i ) “1 s
| E— [ T 40
74 s oz | o
e
36
e o Vs
e [N l 33 i __.! M
4~ |
) @O~ G - {2
&4 o
55 TS 34 | 4o ___i 45,;
.—@010
ae
7
] K g o8 ) - - 'JI [
) & (ee g2  azj 48
14 &4 74 v-6@_i dH35
41 -5 ) {irnry 13
B S e
.l 56 . > 40 |
— g

INVENTOR,

1 Mﬁi%

ATTORNEYS,




July 26, 1960 J. G. JoLLY

SINGLE COIL REPEATER SOLENOID

2,946,905
Filed Feb, 13, 1958

3 Sheets-Sheet 3

& ? &4 )/5 =Y
&7
a5
24 [] 7 p
: BRI
4—\_ — — g Se— 7‘“‘"
o susramen | 7 |S 0 [t W
SIGNAL ;0;0;0;0;(;0;.;9;.:
89 ca oG B XX IRE IO 42 13
L——'_t%— gt
¢
TWo NOTE 23
20 # _I:r—‘% 4s J
? o
850

RS SRIXRE
DO L
axyy O KON NEXXN

_________ r_.dgz
SINGLE NOTE e

i P
y ¢

R ERRRKXT S
BNANNE

B g\!VENT
ol Hoisns

ATTORNEYS.




United States Patent O

2,946,905
Patented July 26, 1960

1Ce

2,946,905
SINGLE COI. REPEATER SOLENOID
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6 Claims. (Cl 310-—34)

This invention relates to electrically operated signal
chimes and is directed particularly to a repeater solenoid
mechanism which creates either a two-note signal or a
sustained signal in response to actuation of two separate
push buttons.

A repeater mechanism of this general character is dis-
closed in the prior patent of James W, Christy, No.
2,820,913, issued to the present assignee. In general, the
prior patent discloses a solenoid having a pair of coils
spaced apart axially from one another and energizing a
double-acting solenoid through a repeater switch mech-
anism. The repeater switch energizes the two coils alter-
nately, causing a double-acting plunger alternately to
strike a pair of tone bars to create the sustained signal.
For the two-note signal, the two coils are energized in
sequence through one cycle, causing the plunger to strike
the two bars, whereupon both coils are deenergized. For
a third single-note signal, one of the two coils is energized,
causing the plunger to strike one of the bars,

One of the primary objectives of the present invention
has been to provide a simplified repeater solenoid uti-
lizing a single solenoid coil to provide both the two-note
signal and the sustained note signal. The repeater sole-
ncid is provided with a double-acting plunger arranged
to strike two tone bars, the plunger being biased by a
compression spring which stores energy during the power
stroke of the plunger to propel it in the opposite direction
for the second note.

When the sustained signal button is depressed, the coil
is- energized to propel the plunger magnetically toward
one tone bar; a repeater switch mechanism then deen-
ergizes-the coil, such that the energy stored in the com-
pression spring propels the plunger in the opposite direc-
tion toward the second tone bar, thus sounding the second
note. As the plunger strikes the second tone bar, the
repeater switch again energizes the coil to repeat the
cycle, thus sustaining the signal by continued plunger
reciprocation. Briefly therefore, the repeater solenoid
strikes one tone bar under magnetic force and strikes the
second tone bar under stored spring energy.

When the two-note button is depressed, the repeater
mechanism is inactive; in this case, the plunger is pro-
pelled magnetically to strike the first tone bar and is
propelled in the opposite direction by the compression
spring when the push button is released.

In order to provide a third single-note signal, a single
acting solenojd is mounted alongside the double-acting
solenoid. in a position to strike one of the tone bars.
The single acting solenoid is energized by a third push
button through a separate circuit.

Another objective of the invention has been to provide
a simple repeater switch which assures reliable operation
of the repeater solenoid for a prolonged period of service
without requiring attention on the part of the house-
bolder. According to this aspect of the invention, the

double-acting solenoid plunger actuates.a slidable shuttle

sleeve having a contact pole which establishes. a bridging

connection across a pair of stationary contact plates. A.
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lost motion coupling provides a driving connection be-
tween the plunger and shuttle, the arrangement being
such that the pole completes a circuit to the solenoid
coil when the plunger resides in a retracted position.
When the circuit is energized by the sustained signal but-
ton, the circuit is completed through the switch pole to
energize the coil; toward the limit of the power stroke
of the plunger, the lost motion coupling shifts the shuttle
and pole to an open circuit position to deenergize the
solenoid. The spring then urges the plunger toward its
retracted position, and as the plunger approaches the end
of the retracting stroke, the lost motion coupling shifts
the shuttle back to its circuit closing position. The lag
in the reciprocating motion of the shuttle thus provides
sustained reciprocation of the double acting plunger so
long as the sustained signal button is depressed.

A further objective of the invention has been to reduce
the frictional resistance of the repeater switch mechanism
and to improve the circuit closing action of the switch
contact elements. In order to reduce friction, the switch
pole is free to float laterally in an arc with respect to
the opposed contact plates which are yieldably mounted
to permit the pole to slide between them as it opens and
closes the circuit. By virtue of the lateral floating action
of the pole, the yieldable plates react under equal pres-
sure against opposite sides of the pole with minimum
frictional resistance to the longitudinal motion of the
pole as it slides between them. The opposed contact
plates reside in planes which are inclined upwardly to-
ward one another and-are spaced apart slightly less than
the diameter of the pole. By virtue of this relationship,
the pole establishes a line contact with the opposed plates,
creating a self-cleaning action to provide reliable circuit
closing action, even after prolonged service.

The various features and advantages of the invention
will be more fully- apparent to those skilled in the art
from the following description taken in conjunction with
the drawings.

In the drawings:

Figure 1 is a front view of
embodies the present invention.

Figure 2 is an enlarged sectional view taken along line
2—2 of Figure 1, detailing the construction of the re-
beater solenoid and its switching mechanism.

Figure 3 is an enlarged fragmentary top plan view of
the switching mechanism with the cover rebound, as
viewed along line 3—3 of Figure 2.

Figure 4 is an enlarged end view of the switching
mechanism as indicated along line 4-—4 of Figure 2.

Figure 5 is an enlarged fragmentary sectional view
taken along line §5—5 of Figure 4, further detailing the
plunger and switching mechanism of the repeater sole-
noid.

Figure 6 is similar to Figure 5,
the parts during the
plunger.

Figure 7 is a fragmentary side view illustrating a sole-
noid plunger of meodified construction.

Figures 8-11 inclusive are diagrammatic views show-
ing the operation of the switching mechanism during the
forward and retracting strokes of the repeater plunger.

Figure 12 is a diagram of the electrical circuit which
energizes the repeater and single action sclenoids.

a chime assembly which

showing the motion of
power stroke of the repeater solenoid

Chiine assembly

Described generally with reference to Figure 1, the
chime assembly comprises a repeater solenoid 18 and
a single action solenoid 11, mounted in side-by-side rela-
tionship upon a base or mounting panel 12, formed of
sheet metal. Two tone bars, indicated at 13 and 14, are
mounted upon the panel adjacent the opposite ends of
the solenoids in position to be struck by the solenoid




plungers. The several components, which are mounted
upon panel 12, are enclosed by a cover 15 formed of
sheet metal and attached by conventional means (not
shown) to the periphery of the panel. The cover 15 is
broken away in Figuré 1 in order to illustrate the com-
ponents which it encloses.

The two tone bars 13 and 14 are carried by respective
pairs of brackets 16 projecting outwardly from panel 12
each bracket having a right angular neck 17 (Figure 2)
at its free end. The necks 17 project through matching
soft rubber grommets 18 seated within openings formed
in the tone bars. The grommets and brackets thus cush-
jon and support the tone bars with respect to the mount-
ing panel. ] ’

As shown in Figure 1, a free end portion of tone bar
13 resides adjacent an opening 20 formed in the end wall
of a tuned resonator chamber 21. The tone bar 14 like-
wise has a free end portion residing adjacent the opening
29 of a second resonator chamber 22.- Both resonator
chambers 21 and 22 are attached to panel 12 by means
of screws indicated at 23. The tone bars and their re-
lated resonator chambers are pitched to provide two dis-
tinctive notes when the tone bars are struck individually
and to provide a two-note chord signal when struck in
sequence. .

" As explained later in detail, when the single-note push
button is depressed, the plunger of the single action sole-
noid 11 strikes only the tone bar 13, thus sounding a
single note signal. When the two-note push button is
depressed, the plunger of the repeater solenoid 10 first
strikes the tone bar 13, then strikes tone bar 14 to sound
the two-note chord signal. - When the sustained signal
button is depressed, the plunger of the repeater solenoid
19 is reciprocated continuously to alternately strike both
tone bars, thereby to sound the sustained chord signal.

As best shown in Figure 2, the two solenoids 10 and
11 are mounted upon panel 12 between a pair of sheet
metal mounting plates 24—24, rising upwardly from the
surface of panel 12. The lower edge of each mounting
plate is provided with attachment tangs 25 passing through
slots which are formed in panel 12, the tangs being
clinched over upon the opposite side of the panel to lock
the mounting plates-in position. Upon the upper edges
of the mounting plates there is secured a terminal panel
26 formed of insulating material. The upper edges of the
mounting plates 24 are. provided with tangs passing
through slots formed in panel 26, the tangs being twisted
to lock the panel 26 in position. The mounting plates
24 and panel 26 thus form a housing enclosing the coils
of the two solenoids. The top surface of panel 26 is
provided with a series of electrical terminals indicated
- at 39 (Figure 1) of conventional design. These terminals
complete the electrical circuits from the push buttons
and through the two solenoid coils, as described later
with reference to Figure 12.

Solenoid structure

According to the present disclosure, the two solenoids
19 and 11 are similar in construction except that the re-
peater solenoid 16 is provided with a switch housing, in-
dicated generally at 31, which encloses the repeater
switch mechanism indicated generally at 32. As best
shown in Figure 2, the repeater solenoid comprises a
solenoid tube 33 formed of brass or similar non-magnetic
material, having a solenoid plunger 34 slidably confined
within the tube. The plunger 34 is fabricated from a
magnetic material, such as iron or steel, and its opposite
ends are delineated by relatively narrow flanges 35 slid-
ably interfitting the tube to reduce friction. In the normal
retracted position of the plunger (Figure 2), the forward
end of the plunger extends partially within the solenoid
coil 36 which is wound upon the forward portion of tube
33. The opposite ends of the coil 35 include insulating
washers 37 and a spacer 38, also formed of insulating
material, The coil is confined endwisely between the
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mounting plates 24—24, the insulating washer 37 and
spacer 38 being seated against the opposed plates 24.
The opposite ends of the solenoid tube 33 pass through .
openings formed in the mounting plates 24.

The opposite ends of the repeater or double-acting
plunger 34 are provided with respective striker pins 46
and 41 which are formed of a fibrous or plastic material,
the pins being pressed into bores drilled axially to the
opposite ends of the plunger, as indicated in broken lines
in Figure 8. A compression spring 42 has cne end
seated against the end wall 43 of tube 33, and has its
opposite end seated against the end of the plunger. As
described later, the magnetic flux generated by the coil
36 acts upon the plunger with sufficient force to com-
press spring 42, causing the pin 40 to strike the tone bar
13. When the coil is deenergized, the energy stored in
the spring is sufficient to propel the plunger in the oppo-
site direction, causing pin 41 to strike the second tone
bar 14. This action provides the two-note signal and
the sustained signal as described later.

The single acting solenoid 11 includes a solenoid tube
44 similar to the repeater solenoid, a solenoid coil 45
being wound upon the tube (Figure 12). The opposite
ends of the tube project through the mounting plates
24--24 and the coil 45 is confined between the plates.
This structure is similar to the repeater solenoid shown
in Figure 2, therefore it is omitted from the drawings.
The single acting solenocid acts only upon the tone bar 13,
its plunger 46 being provided with a single striker pin 47,
similar to the pins 40 and 41. The plunger 46 is nor-
mally maintained in the retracted position shown in
Figure 12 by a compression spring 48 similar to the
spring 42 of the primary solenoid. The opposite end of
the solenoid tube 44 includes a rubber cap 50 against
which the end of the plunger normally seats. When
the single acting coil 45 is energized, plunger 46 is pro-
pelled under magnetic flux with sufficient force to com-
press spring 48, causing the pin 47 to strike tone bar 13.

The modified plunger structure shown in Figure 7 rep-
resents an end portion of the repeater plunger 34 on an
enlarged scale, showing a striker pin molded upon the
plunger instead of being press fitted. For this purpose,
stud 39 is machined on the plunger, the stud having an
annular groove 3%a. In fabricating this structure, the
machined plunger may be placed in a suitable split mold
having a cavity surrounding stud 39 and delineating the
profile of the molded striker pin 41a. Molding ma-
terial, such as a commercial thermoplastic in a flowable
state, is forced into the closed cavity to form the pin.
This material penetrates into groove 3%z and thereby keys
the pin permanently to the stud. It will be understood
that both striker pins may be molded to the opposite
ends of the plunger of the same time and that the striker
pin 47 of the single acting plunger may be molded in
place in the same manner.

Repeater switch mechanisin

Referring to Figure 2, the switch housing 31 of the re-
peater solenoid 10 comprises a fixed base 51 and a de-
tachable cover 52 secured over the base by screws 53.
The switch housing preferably is molded from a plastic

~ composition and is arranged to enclose and protect the

65

switch components from dust and dirt. The base 51 of
the switch housing is bored longitudinally as af 54 (Fig-

ure 4) and is snugly fitted upon the portion of the solenoid . -

tube 33 which projects to the left through the mounting

plate 24. . The base is locked in position upon the tube-
by a tang 55 struck from the end portion of the tube and

bent downwardly into a slot 56 formed in the end of the

base (Figure 5). The tang thus locks the base longitu-

dinally against the mounting plate 24, and its engagement -
with the slot locks the base against rotary motion with
respect to the tube. = As best shown in Figure 4, the cover

52 of the switch housing includes a vertical wall 57 wiich

delineates a chamber 58 above the base 51,
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The switch mechanism includes a siiding shuttle sleeve
69 having a bore 61 looscly fitted upon a stem 62 which
projects from the rearward end of the double-acting plung-
er 34, as viewed in Figure 5. The outside diameter of
the sleeve 68 slidably interfits the tube 33 for longitudinal
sliding motion. Stem 62 comprises a lost motion cou-
pling between the plunger and slittle, as described below.
Sleeve 60 is fabricated from a suitable dielectric material,
such as a plastic or fibrous composition. The outer por-
tion of stem 62 has an annular groove 63, a retainer ring
64 being locked within the groove. The sleeve 60 is free
to move along stem 62 between the retainer ring 64 and
the shoulder 65 which is delineated by the major dizameter
of the plunger 34.

The length of the stem 62, as delineated by the retainer
ring 64 and shoulder 63, is related to the total stroke of
the plunger to shift the shuttle alternately to the two
positions indicated at Figures § and 9. As scen in these
views, the stroke of the shuttle is but a fraction of the
total stroke of the plunger. Thus, as the plunger is pro-
pelled magnetically in its power stroke (Figure 9), it at-
tains maximum velocity before the lost motion shifts the
shuttle to the open circuit position. During the return
stroke under spring action, the plunger again reaches
maximum velocity before it shifts the shuttle to the cir-
cuit closing position (Figure 10) near the ead of the
stroke. Accordingly, the lost motion conmmection takes
advantage of the momentum of the plunger in shifting the
shuttle to its two positions. It will be understood that
the shuttle is slidably guided by the sleeve while the stem
62 passes loosely through the shuttle sleeve. Accord-
ingly, during the major portion of the plunger siroke there
is no frictional resistance between the plunger and shuitle.

The shuttle sleeve 66 includes a reciprocating switch
pole or finger 66, consisting of a cylindrical metal siud
embedded in a boss 67 formed on the periphery of the
sleeve. To provide for longitudinal motion of the sleeve
and switch pole, a longitudinal clearance slot 68 is formed
in the upper portion of the solenoid tube. Boss 67 fits
loosely within the slot and projects upwardly beyond the
periphery of the tube. The boss limits rotary motion of
the sleeve and switch pole; it also insulates the metallic
switch pole from the solenoid tube;

The switch pole 66 moves longitudinally relative to a
pair of stationary contact plates 76-—78 which are formed
of thin flexible sheet metal; the pole completes the circuit
across the plates intermittently during reciprocation of
the plunger, as explained later.

As viewed from above (Figure 3), each contact plate
70 forms a part of a one-piece stamping comprising a base
section 71 having a spring arm 72 vieldably supporting
the contact plate 79. As viewed in Figure 4, the endwise
portion 73 of each yieldabie arm 72 is bent upwardly at
an angle to the plane of the base section 71. The spacing
of the opposed angular portions 73—73 is greater than
the diameter of switch pole 66 to provide clearance for
the lower poriion of the pole. However, the opposed
contact plates 70—79 reside in planes which are inclined
upwardly toward one another, such that the opposed plates
normally intercept the upper edge of pole 66 at diametri-
cally opposite sides. The normal spacing of the plates 79
is slightly less than the diameter of the pole, such that the
plates 76 are sprung apart by the pole to provide a wip-
ing line contact with the upper edge of the pole as it passes
longitudinally between the opposed plates. The pole thus
completes an electrical circuit across the plates and the
sliding action keeps the contact surfaces clean to provide
a good electrical contact even after prolonged service.
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As viewed in Figure 3, the sleeve boss 67 loosely inter- -

fits the longitudinal sloi 68, being provided with fats
74—74 at opposite sides for clearance. Since the shuttle
sleeve is rotatable about stem 62, the switch pole 66 is
free to swing in an arc laterally within the limits pro-
vided by the slot clearance. Accordingly, when the pole
slides between the plates 7070 and springs them apart,

70

75

é
the plates react under equal pressure against the oppostie
edges of the pole by reason of its floating action. This
assures the most efficient circuit closing action across the
plates and offers minimum resistance to the reciprocating
motion of the switch pole.

To provide a camming action with respect to the switch
pole, the oprosite ends of each contact plate are provided
with outwardly inclined skid sections 75—75 (Figure 3).
These sections delineate converging passageways which
guide the floating switch pole into alignment as the pole
approaches the plates in its reciprocating motion.

The base section 71 of each contact stamping is seated
upon a spacer plate 76 formed of dielectric material (Fig-
ure 3). The base sections are secured by screws 77 pass-
ing through the spacers 76 and threaded into the opposed
tlanges 78 of base 51. The spacer plate 76 extends trans-
versely across the longitudinal slot 68 and provides a stop,
as indicated at 80, which engages the boss 67 and thus
limits the outward motion of the shuttle sleeve 60, The
base sections 71 each include an outwardly projecting tab
81, providing a terminal for the wires 82—82 which com-
plete the electrical circuit across the contact plates. Az
shown in Figure 4, the wall 57 of cover 52 is notched out
as at 83 to provide clearance for the screws 77 and tabs
81 which project outwardly beyond the sides of the cover,

It will be understood at this point, that the switch poie
normally resides between the contact plates as shown in
Figures 4 and 5. When the primary winding 36 is enzr-
gized and the plunger is propelled toward the right, the
stem 62 shifts longitudinally relative to the shuttle slecva
69 to provide lost motion which maintains the circuit
through the coil during a major portion of the DOWEr
stroke. However, as the plunger approaches its right
hand limit (Figure &), ring 64 contacis the sleeve and thus
shifts the switch pole towazrd the right to open the circuit.

,

i

Electrical circuit and operation

The circuit illustrated in Figure 12, represents a
typical household instaliation, utilizing three separate push
buttons, indicated at §9, for the different entrances o the
building. The circuit is powered by a standard bell trans-
former 84 having a primary winding 85 energized by the
A.C. lines 86. One side of the secondary winding 87 is
connected by way of line 28 to the coils 36 and 45 of the
two solenoids. The opposite side of the circuit is com-
pleted to the coils individually by way of line 94, through
the single-note push button, two-note push buticn or sus-
tained signal button, as indicated in the diagram.

When the single-note push button is depressed, the cii-
cuit to the single acting solencid 43 is completed by way
of line 21, propelling the plunger magnetically toward
the right, compressing its spring 48, and causing the pin
47 to strike tone bar 13.. Upen striking the tone bar, the
plunger rebounds to create an air gap between stem 47
and the tone bar, as indicated at 92 by the broken linss.
The plunger is held in this position so Iong as the coil is
energized, the magnetic flux acting in one direction and the
energy stored in the spring 48 acting in the opposite direc-
tion, the two forces being in balance. When the single- -
note button is released to deenergize the coil, spring 43
shifts the plunger back to its retracted position into en-
gagement with cap 50.

When the two-note button is depressed, the circuit to
the repeater solencid coil 36 is completed through the line
93, causing the double-acting plunger 34 tc be propelled
magnetically toward the right, compressing its spring 42
and causing striker pin 40 to impinge against tone bar 13
and immediately to rebound to create an air gap 92, asg
indicated in Figure 9. It will be seen that when the cir-
cuit is energized through the iwo-note button, the switch
mechanism 32 is not brought into the circuit, although the
shuttle sleeve is shifted to the right, as indicated in broken
lines in Figure 9. It will be understood that the plunger 34
is held magnetically in the rebound position, shown in full
lines, so long as the primary solenoid coil 36 remains
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energized by the two-note button. When the button is
released, the energy stored in the compressed spring 42
propels the plunger sharply toward the left, causing striker
pin 41 to impinge against tone bar 14, as shown in Figure
10, thus striking the second note. After striking the tone
bar, the plunger rebounds from the tone bar and resides
in the inactive retracted position shown in Figure 8,
with the circuit closed across the contact plates 70.

When the sustained signal button is depressed, a cir-
cuit is completed to one of the contact plates 76 by way
of line %4 (Figure 12). The circuit is completed through
switch pole 66 to the opposed contact plates 78, and by
way of line 95 to repeater coil 36. As soon as repeater
coil 36 is energized, the plunger is magnetically propelled
toward the right (Figure 11) to strike tone bar 13. During
the major portion of the power stroke, the stem 62 slides
tongitudinally with respect to shuttle sleeve 69, thus pro-
viding lost motion for maintaining the circuit to the
solenoid coil. Toward the end of the power stroke, re-
tainer ring 64 contacts the shuttle sleeve and shifts it
toward the right (Figure 9) thus opening the circuit to coil
36.  However, the plunger will have attained sufficient
velocity to complete its right hand stroke under momen-
tum to overtravel and impinge against tone bar 13 as it
compresses spring 42.

Upon striking the tone bar 13 (coil 36 now being de-
energized), spring 42 immediately propels the plunger
toward the left with sufficient force to strike tone bar 14
(Figure 10) and also to shift the shutile sleeve to switch
closing position. This again energizes coil 36 to repeat
the cycle. It will be seen in Figures 9 and 10 that the
shuttle remains in switch open position during the major
portion of the return stroke under spring action and that
the shuttle is shifted to switch closing position as pin 41
strikes the second tone bar 14. Accordingly, as the
plunger rebounds from tone bar 14, it is immediately
propelled magnetically toward bar 13. The shuttle action
thus provides continuous reciprocation so long as the sus-
tained button is depressed.

Having described my invention, I claim:

1. A repeater solenoid comprising, a solenoid tube, a
solenoid coil mounted on a forward portion of said tube,
a solenoid plunger slidably sustained for longitudinal
motion within said tube, a plunger spring connected to
the plunger and normally urging said plunger toward a re-
tracted position relative to said coil, a pair of stationary
contact plates extending in parallelism with said tube,
spring means vieldably mounting said plates in trans-
versely spaced relationship relative to the tube, a switch
pole mounted for longitudinal motion relative to the tube,
said pole projecting generally at right angles to the longi-
tudinal axis of the tube and in a radial direction trans-
versely thereof, said contact plates having opposed rela-
tively inclined contact surfaces which intercept the outer
end of said pole, said pole residing in a first position be-
tween said contact surfaces whén the solenoid plunger is
in said retracted position, the outer end of said relatively
inclined contact surfaces engaging the outer end of said
pole when the pole is in said first position and providing
line contacts with said contact surfaces which ccmplete an
clectrical circuit across the plates to the coil, whereby the
coil propels the plunger forwardly in a power stroke, and
a lost motion coupling element in driving connection be-
tween said plunger and pole, said coupling element shifting
the pole longitudinally to a second position spaced from
said contact surfaces as the plunger approaches the eand
of said power stroke, said pole in said second position
opening the circuit across said contact plates and deener-
gizing said coil, said plunger spring thereupon propelling
the plunger toward said retracted position, said coupling
means shifting said pole back to said first position as the
plunger approaches said retracted position and thereby
providing sustained reciprocation of the plunger.

2. A repeater solenoid comprising, a solenoid tube, a
solenoid coil mounted on a forward portion of said tube,
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a solenoid plunger slidably sustained within said tube,
spring means connected to the plunger and normally urg-
ing said plunger to a retracted position relative to the
solenoid coil, a shuttle slidably mounted within a rear-
ward portion of said solenoid tube, said shuttle being
partially rotatable relative to said.tube, a pair of con-
tact plates mounted relative. to the solenoid tube and
spaced apart transversely from one another, a switch
pole mounted on said shuitle and projecting at right
angles to the longitudinal axis of the tube, said pole
residing in a first position between said contact plates
when the solenoid plunger is in said retracted position,
said switch pole completing an electrical circuit across
said plates to the solenoid coil, whereby the coil propels
the plunger forwardly in a power stroke, and a cou-
pling stem projecting longitudinally from said plunger
and providing a lost motion connection with said shut-
tle, said stem shifting the shuttle and switch pole longi-
tudinally to a second position as the plunger approaches
the end of sajd power siroke, said contact pole in said
second position opening the circuit across said contact
plates and .deenergizing the solenoid coil, said spring
means thereupon propelling the plunger toward said re-
tracted position, said stem shifting said shuttle and switch
pole back to said first position whereby said pole pro-
vides sustained reciprocation of the plunger.

3. A repeater solenoid comprising, a solenoid tube,
a solenoid coil mounted upon the forward portion of
said tube, a solenoid plunger slidably sustained within
said tube, spring means connected to said plunger and
normally urging the plunger toward a retracted posi-
tion relative to said coil, a shuttle slidably mounted for
longitudinal motion within the rearward portion of the
solenoid tube, the rearward portion of said tube being
slotted longitudinally, a contact pole mounted on said
shuttle and having an outer end projecting generally at
right angles to the axis of the tube and in a radial di-
rection transversely of the tube, said outer end extend-
ing outwardly -through said slot and beyond the pe-
riphery .of said tube, a pair of opposed contact plates
mounted relative to said tube at opposite sides of said
slot, said plates spaced apari transversely in angular
planes intercepting the outer end of said pole at oppo-
site sides, and a lost motion coupling element in driving
connection between said plunger and shuttle, said shut-

tle residing in a first position with the outer end of the

pole interposed between said comtact plates when the
plunger is in said retracted position, said pole complet-
ing an electrical circuit across said plates to said sole-
noid coil, whereby the coil propels the plunger forwardly
in a power stroke, said coupling element shifting said
shuttle and contact pole longitudinally to a second posi-
tion as the plunger approaches the end of said power
stroke, the outer end of the pole in said second posi-
tion being spaced longitudinally from said plates and
opening the circuit to the coil to deenergize the same,
said spring means propelling the plunger toward said
retracted position, said coupling means shifting said
shuttle back to said first position as the plunger ap-
proaches said retracted position, whereby the contact
pole provides sustained reciprocation of the plunger.

4. A repeater solenoid comprising, a cylindrical sole-
noid tube, a solenoid coil mounted upon the forward
portion of said tube, a solenoid plunger slidably sus-
tained within said tube, spring means connected to said
plunger and normally urging the plunger toward a re-
tracted position relative to said coil, a cylindrical shuttle
slidably mounted for rotary and longitudinal motion with-
in the rearward portion of the solenoid tube, the rear-
ward portion of said tube being slotted longitudinally,
a contact pole projecting radially from said shuttle, said
pole passing outwardly through said slot and beyond the
periphery of said tube, said pole having a diameter less
than the width of said slot, the rotary motion of the
shuttle providing arcuate motion of the pole laterally

.
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relative to said slot, a pair of opposed contact plates
yieldably mounted relative to said tube at opposite sides
of said slot in planes intercepting opposite sides of said
pole, and a lost motion coupling element in driving con-
nection between said plunger and shuttle, said shuttle
and contact pole residing in a first position with the
pole interposed between said contact plates when the
plunger is in said retracted position, said pole complet-
ing an electrical circnit across said plates to said sole-
noid coil, whereby the coil propels the plunger forwardly
in a power stroke, said coupling element shifting said
shuttle and pole longitudinally to a second position as
the plunger approaches the end of said power stroke,
said pole in said second position being spaced longitudi-
nally from said plates and opening the circuit to the
coil to deenergize the coil, said spring means thereupon
propelling the plunger toward said retracted position,
said coupling means shifting said shuttle back to said
first position as the plunger approaches said retracted
position, whereby the contact pole provides sustained
reciprocation of the plunger.

5. A repeater solenoid comprising, a solenoid fube, a
solenoid coil mounted upon the forward portion of said
tube, a solenoid plunger slidably sustained within said
tube, spring means connected to the plunger and nor-
mally urging the plunger to a retracted position relative
to the solenoid coil, a cylindrical shuttle sleeve slidably
mounted upon the rearward portion of the solenoid
plunger for longitudinal and rotary motion relative to
the plunger, a pair of opposed contact plates yieldably
mounted relative to the solenoid tube and spaced apart
transversely from one another, a switch pole projecting
outwardly from said shuttle sleeve, said pole having a
substantially flat outer end residing in a first position
between said contact plates when the solenoid plunger
is in said retracted position, said rotatable shuttle sleeve
providing lateral rocking motion of said pole for guid-
ing the outer end of the pole laterally relative to said
yieldable contact plates, said substantially flat outer end
providing a line contact with the surfaces of the op-
posed contact plates and completing an electrical cir-
cuit across said plates to the solenoid coil, whereby the
coil propels the plunger forwardly in a power stroke,
and a pair of longitudinally spaced abutments on said
plunger, one of said abutments engaging the shuttle
sleeve and shifting the same longitudinally to a second
position as the plunger approaches the end of said power
stroke, said switch pole in said second position being
spaced longitudinally from said plates and opening the
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circuit to deenergize the coil, said spring means there- 50

upon propelling the plunger toward said retracted posi-
tion, the other of said abutments engaging said shuttle
sleeve, and pole back to said first position as the plunger
approaches the said retracted position and thereby pro-
viding sustained reciprocation of the plunger.
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6. A repeater solenoid comprising, a solenoid tube, a
cylindrical solenoid coil mounted on the forward por-
tion of said tube, a solenoid plunger slidably sustained
within said tube, compressible means connected to said
plunger and normally urging the plunger to a retracted
position relative to the coil, a cylindrical shuitle sleeve
sleeve slidably mounted for longitudinal motion within
the rearward portion of said tube, the rearward portion
of said tube being slotted longitudinally, 2 contact pole
mounted on said shuttle and projecting outwardly through
said slot and beyond the periphery of said tube, said
slot guiding said pole for motion along a longitudinal
path, a pair of opposed contact plates mounted relative
to said tube at opposite sides of said slot, said plates
spaced apart transversely in planes along the path of
motion of said pole, said plates being yieldably mounted
relative to the tube and presenting opposed contact sur-
faces which reside in inclined planes intercepting the
outer end of the pole at opposite sides, said shuttle sleeve
and pole residing in a first position with the pole inter-
posed between said opposed contact plates when the
plunger is in said retracted position, said inclined con-
tact surfaces engaging the outer end of the pole at oppo-
site sides and providing a line contact therewith when
the pole is in said first position, said pole completing an
electrical circuit across said plates to said coil, where-
by the coil propels the plunger forwardly in a power
stroke, a coupling stem projecting rearwardly from said
plunger and passing loosely through said shuttle sleeve,
spaced abutments on said stem residing on opposite
sides of said shuttle sleeve, said stem movable longitudi-
nally relative to said sleeve during a major portion of
said power stroke, one of said abutments engaging the
shuttle sleeve as the plunger approaches the end of the
power stroke and shifting the shuttle sleeve and pole
longitudinally to a second position deenergizing said coil,
said compressible means thereupon propelling the plunger
toward said retracted position, the other of said abut-
ments engaging the shuttle sleeve and shifting the shuttle
sleeve and contact pole back to said first position as the
plunger approaches the end of said retracting stroke to
energize the coil and thereby provide sustained reciproca~
tion of the plunger.
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