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UNITED STATES PATENT OFFICE 
2,90,685 

ELECTROMAGNETIC WBRATORY INTER 
E.JPTER 

ira I. Slater, indianapolis, Ind., assignor to 
P. R. Mallory & Co., inc., Indianapolis, Ind., 
a corporation of Delaware 

Application December 10, 1936, Serial No. 115,171 
3 Claims. (C. 200-90) 

This invention relates to electromagnetic vibra- can if is tapered in thickness, the thinnest por 
tory devices such as are used in voltage supply tion being at the center and the thickest portion 
circuits and the like. at the edges. This materially reduces the dia 
An object of the invention is to improve such phragmatic radiation from the end of the can 

5 vibratory devices, When the vibrator is in operation. s 
Other objects of the invention will be apparent At the other end 3 of can is a disc 4 of 

from the following description and accompany- sheet insulating material, such as sheet Bakelite, 
ing drawings taken in connection with the ap in which are mounted the connecting prongs 5 
pended claims. of the vibrator. Disc g4 is provided with an ear 

0 The invention comprises the features of con- or lug 9 which extends through a co-operating 0 
Struction, combination of elements, arrangement opening near the end of can f, the end 3 being 
of parts, and methods of manufacture and opera turned over the edge of the disc at a point oppo 
tion referred to above or which will be brought site lug 9 to secure the disc in place. If desired 
out and exemplified in the disclosure hereinafter the end 3 of the can may be spun or crimped 

15 set forth, including the illustrations in the drast, over disc around the entire periphery. 5 
EngS. A grounding cup 6 fits over the end 3 of 
En the dra Wings: can with its prongs pressing against the 
Figure is a side elevation of a vibrator ani sides of the can in electrical contact therewith. 

the grounding cup therefor; in incunting the vibrator for operation it is pre 
36 figure 2 is a, botton view of the assembly of ferred that the grounding cup S be secured 20 

Figure 1; 2Sainst and in contact with a fiat metal panel or 
figure 3 is a section on the line 3-3 of Eiga chassis by rivets or screws passing through holes 

Lle ; 88 in the ground cup and with the connecting 
Figure 4 is a longitudinal section of the vi socket for the vibrator located in the central 

25 orator; opening of the Cup. The vibrator can then be 25 
Figures 5 and 6 are perspective views of the inserted into the grounding cup 36 with prongs 

Sourid and Vibration insulating members of the S5 in the connecting socket, the grounding cup 
vibrator; Serving as a mechanical support for the vibrator 

Figure is another longitudinal section of the and also providing a low-inpedance path to 
30 vibrator; ground for any high-frequency static or "hash' 30 

Figure 8 is a section on the line 8-3 of Fig- developed by the opening and cigsing of the vi 
ure ; forator contacts. 
Figure 9 is a section on the line S-3 of Fig- The vibrator unit within can is enclosed 

uire 7: Within Sponge rubber sheaths 20 and 2 for pur 
35 Figure 10 is an explodied view of parts of the poses of Sound and vibration Suppression. 35 

vibratory reed and contact assembly of the vi- Sheath. 2) is a generally rectangular hollow cup 
orator; and of molded Sponge rubber having a projecting boss 
Figure 11 is a diagrammatic view of one circuit 22 extending out from the middle of its closed 

in which said vibrator may be used. and and a pair of beveled ridges 23 extending 
40 While a preferred embodiment of the invention along two opposite sides, respectively, adjacent 40 

is described herein, it is contemplated that con- the open end of the sheath. When sheath 20 is 
siderable variation may be made in the method inserted in the can the boSS 22 rests against the 
of procedure and the construction of parts with- center of end 2 of the can and ridges 23 against 
out departing from the spirit of the invention. the inside cylindrical Wall of the can. 

45 in the following description and in the claims, Sheath 2 comprises a double-ended cup of 45 
parts will be identified by specific names for con- molded sponge rubber exteriorly of generally cy 
Yenience, but they are intended to be as generic lindrical shape and having recesses 25 (Figure 6) 
in their application to similar parts as the art and 26 (Figure 7) in the respective ends thereof. 
will permit. The opposite sides of sheath 2 are beveled, as at 

50 Referring to the drawings the vibrator com- 3f, to increase the spacing from the wall of can 50 
prises a metal can enclosing the operating . 
parts of the unit, the can preferably being ex- 'When the vibrator is assembled the vibrator 
truded or drawn from a single piece of metal, such unit, comprising the electromagnet 28, vibratory 
as zinc or cadmium, although other metals, for reed 29 controlled thereby, the contacts cooper 

55 example, iron can also be used. The end 2 of ating with the reed and the frame supporting 55 
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2 
these parts and securing them together in co 
operating relation, is held within the closed 
chamber formed by recess 25 in sheath 2 and 
recess 27 in sheath 20, the ends of sheaths 20 
and 2? being held together by the end walls of 
the can. 
This arrangement affords a kind of cantilever 

suspension for the sheaths and the vibrator unit 
inside it thereby allowing considerable freedom 
of vibration of the end portion 24 of the assembly 
within the can without transmitting the wi 
brations to the can to any great extent. 

Suitable perforations are made in dividing wall 
30 in sheath 2 to accommodate the conductors 
64 which connect the vibrator unit to the prongs 
5. 
The electromagnetic vibrator unit within the 

sponge rubber sheaths comprises frame 32 formed 
of a flat bar of metal of high magnetic permeabil 

20 

25 

30 

40 

ity, such as iron, bent into what might be termed 
a rectangular hook shape So as to provide an 
elongated shank portion 33, a short transverse 
portion 34 at one end of the shank portion, and 
a short reverse portion 35 at the outer end of the 
transverse. portion, the reverse portion 35 being 
parallel or Substantially parallel to the Shank por 
tion. 33. The shank portion 33 and transverse 
portion 34 are preferably, although not neces 
sarily of equal width and thickness but the re 
verse portion 35 is preferably considerably nar 
rower than the other portions so that the coil 28 
may be conveniently fitted over it. The single 
piece frame and core member adapts itself to 
precision manufacture, so that very little indi 
vidual adjustment of the unitS is required. 

Coil 28 is a winding of insulated wire on a 
bobbin 36 comprising a single molded piece of 
insulating material such as "Bakelite'. The cen 
tral opening in form 36 is just sufficient in size 
to fit over reverse portion 35 of the frame with 
a Snug-fit So that the reverse portion comprises 
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the core of the coil. If necessary the end or 
pole 37 of reverse portion 35 may be enlarged 
slightly after the coil form is in place by hammer 
ing or pressure to lock the coil form in place. 
With the coil mounted on the reverse portion 
in the manner described the magnetic variations 
caused by current variations in the coil are con 
Centrated and made most effective at the pole 
of the core where they may be effective in con 
trolling the reed. 
The free end of shank portion 33 of the frame 

32 is reduced slightly in thickness to provide an 
accurately planed flat surface 38 against which 
rests one end of a stack 39 of operating parts 
and Spacers including an end of reed 29 and its 
co-operating contacts. The stack is held to the 
frame by the pair of stack screws 40 passing 
through the shank portion 33 of the frame and 
held by nuts 4. 
The stack 39 (starting at face 38 of the frame) 

comprises a thick metal spacer 42 threaded to 
receive the two stack screws 40, an insulating 
sheet Spacer 43 of fibre, ceramic, mica, mica sub 
stitute, Synthetic resin, anodized aluminum or 
other Suitable material, a pair of contact springs 
44 and 45 mounted side by side over respective 
insulating bushings 6, a pair of stop arms 46 and 
47 individual to the contact springs 44 and 45 
respectively and similarly mounted, an insulat 
ing sheet spacer 48, a metal plate 49, end of reed 
29, metal plate 50, contact shim 59, insulating 
sheet Spacer 5, stop arms 52 and 53, contact 
Springs 54 and 55 individual to arms 52 and 53, 
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insulating spacer 56, contact shim 60, metal plate 
57 and spring plate 58. 
A pair of insulating sleeves 6 cover screws 40 

between plates 42 and 57 so that the screws are 
insulated from the contact springs. Contact 
shims 59 and 60 are joined by a metal strip 62 
thereby providing an electrical connection be 
tween the reed 29 and the frame 32. Stop arms 
6, 47, 52 and 53 and plate 50 are each provided 
With Soldering lugs such as 63 (Figure 10) at 
the sides of the stack and insulated wires 64 are 
Soldered at one end to these lugs and at the other 
end to prongs 5 of the unit. A shim may also 

10 

connect adjacent stop arms, such as 52 and 53, 
together (and thereby their associated contact 
Spring). 
stop arms (and its associated spring). with one 
end of the Winding of coil 28, the other end of 
the winding being grounded to frame 32 (thus be 
ing connected to the reed through jumper S2). 
Spring plate 58 may be of spring steel having a 
concave-convex bias about a longitudinal axis so 
that When screws 4C are tightened into position 
a constant compression will be applied to the 
Stack 39 and any tendency to loosen after ex 
tended use will be overcome. Lock washers also 
may be provided beneath nuts A, if desired. 

It will be understood that variations can be 
made in the Stack assembly. For example, shims 
may be inserted at various places to adjust the 
Spacing. Likewise, in some instances, the end 
of Shank 33 of the frame may be extended by a 
transverse lug to make contact with the base of 
reed 29 to improve the magnetic path between 
the frame and reed. This can also be accom 
plished by providing a transverse lug on metal 
plate 42 provided it is of magnetic permeable 
material, or by bending an extended portion of 
the reed down against the frame. 
Reed 29 comprises a strip of thin spring metal, 

preferably of magnetically permeable material 
such as steel, and has a pole piece 66 of magnetic 
permeable material, such as iron, riveted or 
welded to its free end. The free end of the reed 
is offset with respect to pole 37 of the electro 
magnet (formed by coil 28 plus the frame 32) 
So..that a magnetization of the electromagnet will 
attract the reed pole piece and draw the reed 
in the direction of contact springs 54 and 55. 
Pole piece 66 is comparatively heavy with respect 
to the stiffness and mass of the reed assembly 
So that it largely dominates the reed vibration. 
A pair of metal stampings -67 and 68 are riv 

eted to opposite faces of reed 29 by rivets 69 
which pass through both stampings and the 
portion of the reed located between the clamped 
and free end thereof, relatively nearer the 
clamped end. Stampings 67 and 68 each carry 
a pair of integral tongues 70, 7 and T2, 73 re 
Spectively which are spaced from the reed and 
whose ends are substantially parallel to the reed 
and extend toward the free end thereof. A con 
tact disc 4 is secured to the outer face of each 
tongue at the end thereof. Contacts 74 are pref 
erably of tungsten or the like. While they may 
be of considerable thickness, as shown, it may 
in Some instances be desirable to make them 
Very thin, for example, of a thickness in the order 
of 0.02 inch. An advantage in using the thin 
tungsten discs on the contact springs resides in 
their light weight which introduces less inertia 
deflection in the portions of the springs beyond 
the stop arms. The springs thus have less tend 
ency to bounce away from the stop arms dur 
ing Operation. 

A Wire 65 may connect one of the 
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Reed 29 is provided with a transverse slot or 

opening 75 between its clamped end and the 
portion where the stampings 67 and 68 are se 
cured. This slot greatly increases the flexibility 
of this part of the reed, thus greatly improving 
the starting characteristics of the vibrator since 
less magnetic pull is required to close the con 
tacts than would be necessary without the slot. 
A second opening 76 is provided in reed 29 be 

tween the place where the stampings are Secured 
and the free end of the reed. Opening 76 is 
tapered in width; being widest near the free end 
and tapered to a rounded point near the central 
portion of the reed. This controls the stiffness 
of the reed so that its stiffness near the stamp 
ings is greater than near the pole piece. As a 
result of this the curvature of the reed during 
vibration will be approximately constant over a 
considerable length instead of being greater at 
one point than at another. This produces ap 
proximately uniform fibre stress throughout most 
of the flexing portion of the reed so that break 
age is reduced. Hole 76 also reduces the Sound 
radiation of the reed which would otherwise re 
sult due to diaphragm action and reduces the air 
load on the reed. This reduction in air load en 
ables the reed to vibrate at higher speeds with 
greater stability and less damping during opera 
tion. Likewise greater contact pressures Will 
result and the amplitude of the reed vibration 
will be increased. 

Contact, springs 44, 45, 52 and 53 each carry 
a contact disc near their ends and positioned 
so as to co-operate with contacts 4 on the reed 
tongues. 
An some instances as where contact springs 45 

and 35 are connected in the primary circuit of 
a gotiential changer system and Springs 44 and 
is is are in the secondary, or high potential circuit, 
the spring 45 and 55 may be thinner than Springs 
{}f and 54 the extra space being made up in the 
stack by shims individual to the thinner Springs. 
This grovides greater contact pressure on the 
Springs AA and 54 so that the contact is improved 
in he high potential circuit. Other means could 
also be used to provide different stiffness in cer 
&aign of the SpringS. 
The springs 44, 45, 52 and 53 are each bent at 

a sight angle along a line 8 at a point that 
lies beyond the edge of the stack not more than 
one-third the exposed length of the stop arms. 
The bends 3 are shown somewhat exaggerated 
in Sigure 3.0. When the springs are clamped in 
the stack their Outer regions lie fiat against the 
stop, as shown, for example, in Figure 8. The 
spring has substantially no tendency to bounce 
siuring operation. In order to provide greater 
contact pressure on the rectifier (or high poten 
tial) contacts the bend can be made Somewhat 
greater for these contact springs So that their 
initial pressure against the stop arms is greater. 
This expedient can be used either with or with 
out the thicker Springs described above. 

in operation the vibrator unit can be used in 
any of the customary potential changer circuits of 
the prior art such as that shown in Figure 3 of 
Patent i:2,049,3i.0. In this circuit each of con 
tact springs 34, 45, 54 and 55 is in a separate 
oranch of the circuit. 
According to another arrangement the contact 

springs 44 and 35 are connected together (as by 
a bridging shim in the stack) and contact springs 
54 and 55 are similarly connected together so 
that each pair is, in effect, a single contact ex 
cept for the obvious advantage of lower resist 

3 
ance and less chance of erratic contact where 
dual contacts are used. This parallel contact 
arrangement provides an interrupter Such as 
could be used for primary circuit interruptions 
only, where the secondary current is lectified by 
some form of rectifying device. Figure 11 is a 
circuit diagram showing parts of Such a circuit. 
According to a modification of the structure 

herein described only one contact Spring may be 
provided on each side of the reed and a single 
contact will then be attached to each side of the 
reed to co-operate therewith. The contacts, in 
this instance, will be centered with respect to the 
reed. This provides a structure adapted for use 
in a primary interrupter circuit of the type just 
described. 
The vibrator structure disclosed provides a very 

fast contact break during operation due to the 
provision of stop arms 46, 7, 52 and 53 and the 
mounting of contacts 4 on tongues 0, f, 72 
and 73. This materially reduces the arcing at 
the contacts during break. 

Vibrators according to the present invention 
can be made of very Small size, for example, in 
the Order of 1% inches in diameter and 3 inches long. 
While the present invention, as to its objects 

and advantages, has been described herein as 
carried out in Specific embodiments thereof, it is 
not desired to be limited thereby but it is in 
tended to cover the invention broadly within the 
Spirit and scope of the appended claims. 
What is claimed is: 
i. An electromagnetic vibratory interrupter 

Comprising a frame, an electromagnet coil 
mounted on one end thereof and a vibratory reed 
raounted on the opposite end thereof and having 
its free end extending toward the first men 
tioned end of Said frame, electrical contacts con 
trolled by the vibration of said reed, said frame 
consisting of a continuous piece of magnetically 
permeable material having an elongate shank 
comprising the main body of the frame, a trans 
Verse portion integral with one end of said shank 
and transverse thereto and a reverse portion in 
tegral with the Outer end of said transverse por 
tion and Substantially parallel to said shank with 
its free end extending toward the opposite end 
thereof, said coil being mounted on said reverse 
portion. So that the free end of said portion com 
prises a pole of the electromagnet thereby pro 
duced, the free end of said reed being disposed 
adjacent the free end of said reverse portion and 
a pole piece thereon of magnetically permeable 
material whereby said reed is controllable by Said electromagnet. 

2. An article of manufacture consisting of a 
mechanical interrupter unit for a potential 
changer adapted for use with a direct current 
Source as the 'B' supply of a radio receiver, 
Said unit comprising a base formed of a single 
piece of magnetic permeable material having an 
elongate shank, a transverse portion integral 
with one end of said shank and a reverse portion 
integral with the outer end of said transverse 
portion and having its free end extending to 
Ward the other end of said shank, a magnetic 
coil mounted on said reverse portion, a vibratory 
reed of magnetic permeable material mounted 
On Said other end of the shank, said vibratory 
reed having the major portion of its body dis 
posed substantially parallel to the axis of said 
reverse portion with its free end extending to 
ward the free end of said reverse portion to con 
stitute one pole of said magnetic coil. 
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4. 
3. As an article of manufacture, a mechanical 

interrupter comprising an elongated base formed 
of a single piece of magnetically permeable nate 
rial bent into a rectangular hook shape so as to 
comprise an elongated shank, a transverse por 
tion integral with and substantially perpendicu 
lar to one end of said shank and a reverse por 
tion integral with the outer end of said trans 
verse portion and extending toward the other end 
of said shank with its axis disposed substan 
tially parallel to said shank, a magnetic coil 
mounted on said reverse portion whereby said 
portion comprises the core for said coil, an elon 
gated vibratory reed mounted on the last-men 
tioned end of said shank with the major por 
tion of the body thereof disposed substantially 
parallel to the axis of said core and the free 
end thereof disposed adjacent to and offset from 
the free end of Said Core. 

4. As an article of manufacture, a mechani 
cal interrupter comprising an elongated base 
formed of a single piece of magnetically perme 
able material bent into a rectangular hook shape 
so as to comprise an elongated shank, a trans 
verse portion integral with and substantially 
perpendicular to one end of said shank and a 
reverse portion integral with the Outer end of 
said transverse portion and extending toward 
the other end of said shank withi its axis disposed 
substantially parallel to said shank, a magnetic 
coil mounted on said reverse portion whereby 
said portion comprises the core for said coil, an 
elongated vibratory reed of magnetically perme 
able material mounted on the last-mentioned 
end of said shank with the major portion of the 
body of said reed disposed substantially parallel 

2,190,685 
to the axis of said core and the free end there 
of disposed adjacent to and offset from the 
free end of said core for movement substantially 
transversely of the axis of said core whereby the 
free end of said reed constitutes one pole of 
Said magnetic coil. 

5. A vibratory motor comprising, in combina 
tion, a frame formed of a continuous piece of 
material bent into a rectangular hook shape 
and comprising an elongated shank, a transverse 
portion integral with one end thereof and sub 
Stantially perpendicular thereto and a reverse 
portion integral with the outer end of said trans 
verse portion and extending toward the other 
end of said Shank with its axis substantially 
parallel thereto, a magnetic coil mounted on said 
reverse portion and a vibratory reed secured 
to said other end of the shank and extending to 
Ward the free end of said reverse portion. 

6. A vibratory motor comprising, in combina 
tion, a frame formed of a continuous piece of 
magnetic permeable material bent into a rectan 
gular hook shape and comprising an elongated 
flatshank, a transverse portion integral with one 
end thereof and substantially perpendicular 
thereto and a reverse portion integral with the 
Outer end of Said transverse portion and extend 
ing toward the other end of said shank with its 
axis Substantially parallel thereto, a magnetic 
coil mounted on said reverse portion whereby 
Said portion comprises the core for said coil and 
Said coil and core form an electromagnet, and a 
Vibratory reed secured to said other end of the 
shank and extending to a position for Co-Opera 
tion with said electromagnet. 

IRA. M. SLATER. 
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