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The present invention relates to vibrators, and, 
more particularly, to electric vibratory interrupt 
ers adapted to be operated at relatively high fre 
quencies. 
As those skilled in the art know, electric vibra 

tory interrupters in combination with step-up 
transformers are used at present on a substantial . 
scale for converting current drawn from a low 
voltage source into alternating current of rela 
tively high voltage which after rectification may 
supply the plate circuits of radio transmitting 
and receiving equipment. It has been found that 
in general it is advantageous to employ high Wi 
brator frequencies, as this allows the use of 
smaller transformers and smaller filters for ob 
taining the desired output. Great practical diffi 
culties have been encountered, however, in the 
design of such high-frequency vibrators and al 
though the suggestions and proposals in this di 
rection have been quite numerous, none of these 
various suggestions and proposals was completely 
satisfactory and successful when carried into 
practice on a commercial scale. 

It is an object of the present invention to pro 
vide a novel vibrator which Overcomes the fore 
going difficulties and which may be operated at 
relatively high frequencies. c. 

It is another object of the present invention to 
provide a vibratory interrupter of novel and im 
proved character having such balanced electrical, 
magnetic and mechanical organization as to per 
mit the production of very high rates of inter 
ruptOS'y action. 

It is a further object of the present invention 
to provide a vibratory interrupter including a 
novel type of vibratory element which in addition 
to the conventional compliance about a horizon 
tal axis also possesses a degree of rotational Com 
pliance about a vertical axis whereby the proper 
and desired sequential operation of interrupter 
and rectifier contacts is positively obtained. 

It is also within contemplation of the invention 
to provide a novel vibratory element organization 
in the form of a composite reed having valuable 
vibratory characteristics and which is capable of 
maintaining the vibratory rate substantially con 
stant regardless of contact wear and changes in 
the Operating voltage. 
The invention also contemplates a high-fre 

quency vibrator which is very simple in structure, 
positive and foolproof in operation, and which 
may be readily manufactured and sold on a prac 
tical and commercial scale at a low cost. 
Other and further objects and advantages of 

, the invention will become apparent from the foll 

(C. 171-97) 
2 

lowing description, taken in conjunction with the 
accompanying drawing; in which 

Fig. 1 illustrates a circuit diagram of a pre 
ferred electrical circuit organization employed in 

5 connection with the vibrator embodying the in 
vention; 

Fig. 2 depicts a side elevational view of a pre 
ferred embodiment of the invention into a vibra 
tor; 

10 Fig. 3 shows a longitudinal sectional view, hav 
ing parts in elevation, taken online 3-3 of Fig. 2; 

Fig. 4 is a front elevation of the reed assembly 
of the vibrator shown in Figs, 2 and 3; 

Fig. 5 is a side elevational view of a modified 
15 form of reed; and 

r 6 is a front elevation of the reed shown in 
S. o. 
While a preferred embodiment of the inven 

tion is described herein, it is contemplated that 
20 considerable variation may be made in the 

method of procedure and the construction of 
parts without departing from the spirit of the in 
vention. In the following description, and in the 
claims, parts will be identified by specific means, 

25 for convenience, but they are intended to be as 
generic in their application to similar parts as 
the art will permit. 

Referring now more particularly to Figs. 2 to 4 
of the drawing, in the preferred form of the in 

80 vention a dual coil-frame structure is employed 
comprising two substantially L-shaped ferromag 
netic frame members 0 and fi. The upper ex 
tremity of frame member 0 forms a central pole 
piece 2 and carries a driver coil 3, while the cor 

35 responding extremity of frame member forms 
another central pole piece 4, facing the first pole 
piece, and carries another driver coil 5. Auxil 
iary pole pieces 6 and are welded or otherwise 
secured to frame members 0 and , respectively, 

40 and cooperate therewith in producing a strong 
magnetic field for operating a reed assembly. 

. The reed assembly, generally denoted by ref 
erence character f8, comprises an elongated, up 
wardly tapering piece of thin spring metal, or 

45 hinge, 9. Two pieces 20 and 2 of heavy ferro 
magnetic sheet metal, such as silicon steel, or the 
like, of a shape corresponding to the upper por 
tion of hinge 9, are secured to Opposite faces of 
the hinge by means of rivets 9a, and constitute 

50 the armature of the vibratory structure. Two 
vibratory contacts 22 and 23 are brazed on arma 
ture plate 20 and two similar contacts 24 and 25 
are brazed on armature plate 2 in corresponding 
position. Vibratory contacts 22, 23, 24 and 25, re 

55 spectively cooperate with relatively stationary 



contacts 26, 27, 28 and 29, respectively carried at 
the ends of side arms 30, 3, 32, and 33. The four 
side arms are relatively rigid and in contrast to . 
conventional practice have very slight compliance. 
The portion 36 of hinge 9 between the armature 
and the clamped end thereof is greatly weakened 
by cut-out portions 34 and 35 for reasons to be 
explained more fully hereinafter, and two holes 
37 are punched in the lower extremity of the 
hinge. Similar aligned holes are provided in the 
lower end of the frame members and of the side 
arms whereby the several cooperating elements 
may be mounted in a stack spaced from each 
other by insulative spacer members 38 and metal 
spacers. 39 and are held together by means of 
clamping screws 40. Soldering lugs or terminals 
4 extend from the stack, some or all of which 
may be integrally formed with the side arms, if 
desired. 
The circuit organization of the vibrator will 

appear from Fig. 1. It will be noted that the 
source of low voltage 50 has one of its terminals 
connected to reed assembly 8, while its other 
terminal is connected to the center tap of the 
primary winding. 5 of a transformer 52. One 
end of the primary winding of the transformer is 
connected to stationary interrupter contact 2 
and coil 3, the other end of said winding being 
connected to stationary interrupter contact 29 
and coil 5. The two other ends of coils 3 and 
5 are connected to reed assembly 8. 
The ends of Secondary winding 53 of the trans 

former are respectively connected to stationary 
rectifier contacts 26 and 28 respectively. A buffer 
condenser 54 is connected across the secondary 
winding. The rectified output is taken off be 
tween terminals 55, one of which is connected to 
the reed assembly, While the other is connected 
to the center tap of the secondary winding. A 
capacitor 56 may be connected across the output 
terminals in the conventional manner. 
From the foregoing description the operation 

of the vibrator embodying the invention will be 
readily understood by those skilled in the art. 
It will be observed at the outset that upon closing 
the battery circuit current will flow from one 
terminal of the battery through both halves of 
the primary winding and through both coils back 
to the other terminal of the battery so that both 
coils 3 and 5 will be energized simultaneously. 
Each coil will exert an oppositely directed force 
On the armature so that it would be expected 
that no displacement of the armature will re 
Sult. Experience, however, has surprisingly 
shown that the most minute asymmetry due to 
Orientation, or possibly unequal magnetic forces, 
causes the reed to be deflected in one direction 
and that with a Sufficiently compliant hinge sec 
tion the force is cumulative. This may be ex 
plained by considering that as soon as the most 
minute displacement of the reed has taken place, 
this will move it further away from one pole piece 
and closer to the other pole piece so that the force 
in the direction in which the displacement has 
taken place is strengthened while the force in the 
Opposite direction is weakened, thus causing fur 
ther displacement in the initial direction, etc. 
Assuming that the initial displacement is in the 
direction of coil 3, deflection of the reed as 
sembly will continue until primary contact 27 
is closed and thereby coil 3 is short-circuited. 
This will disable the magnetic field of coil 3 so 
that the field of coil 5 will be controlling and 
will deflect the reed assembly in the opposite di 
rection until primary contact 29 is closed and coil 
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15 is deemergized, and so forth, whereby the reed 
assembly will be maintained in sustained oscilla 
tory motion. It is worth noting that this type 
of operation is different from the operation of 
prior vibrators having a differential coil organiza 
tion in which an intentional mechanical or mag 
netic asymmetry is introduced whereas in the 
instant case reliance is made on extremely slight 
asymmetrical relations in a structure which to all 
practical COnsiderations is symmetrically built. 

In order to provide self-rectifying operation of 
the vibrator, it is necessary that the rectifier con 
tacts 26 and 28, respectively, make after the cor 
responding interrupter contacts, 2 and 29, re 
spectively. In prior self-rectifying vibrators, this 
was accomplished by introducing a sufficient 
amount of compliance in the side arms or by 
mounting the vibratory contacts of the reed as 
Sembly on auxiliary arms of sufficient compliance. 
However, the compliance introduced into the vi 
bratory system in this manner reduced the oper 
ating frequency and required that the ensuing 
harmonic Oscillations either be tuned or dissi 
pated during the off-contact period. It was found 
to be practically impossible to produce the desired 
high-frequency operation of the vibrator by these 
Conventional expedients. 
In accordance with the present invention, the 

proper timing of the interrupter and rectifier 
contacts is obtained by introducing a slight de 
gree of rotational compliance into the hinge sec 
tion, about the vertical axis thereof. In the pre 
ferred embodiment of the invention, this rota 
tional compliance is obtained by providing a sub 
stantially weakened portion 36 in the hinge, be 
tween the armature and the clamped end of the 
hinge. In addition, the side arms are made rela 
tively rigid and non-yielding and are adjusted 
So as to have the stationary interrupter contacts 
a little closer to the corresponding vibratory con 
tacts than the rectifying contacts. Thus, during 
Vibration of the reed assembly, the force due to 
the moving armature together with the inter 
rupter Contact pressure will form a couple which 
Will slightly rotate the armature about its ver 
tical axis and will cause subsequent closure of 
the corresponding rectifier contact. In other 
Words, the structure of the invention combines 
the necessary compliance for starting and for 
contacting sequence in a single element. 
When two contacts come together at high 

Speed, undesirable "bouncing' is produced, par 
ticularly at higher frequencies and such “bounc 
ing" may comprise a major percentage of the 
cycle. In general, proper placement and design 
of the compliances is employed to reduced “bounc 
ing.' In the instant case magnetic forces re 
place the mechanical compliances, said magnetic 
forces exceeding the rotational forces of the mak 
ing contacts. The circuit of the vibrator of the 
invention actuates the armature in relay fashion 
and comprises the central pole, the frame, the 
auxiliary pole and the armature, all in series. Of 
course, a number of modifications may be re 
Sorted to in order to obtain optimum results, the 
most obvious of these being changes in the me 
chanical arrangement, selection of suitable mag 
netic materials, lamination, and the like. 
Additional advantages of this preferred em 

bodiment of the invention are that as contacts 
wear, the armature will travel further whereby 
more energy is received into the System. This 
permits a greater range of wear on the contacts, 
than this was possible With conventional actu 
ating means, thereby providing a considerably 
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longer useful life for the vibrator before replace 
ment becomes necessary. No contact 'rock' or 
"scoot' is involved in the operation of the novel 
vibrator so that these most important sources 
of high contact resistance are completely elimi 
nated. With single-pole interrupter arrange 
ments, the asymmetrical magnetic effect becomes 
very pronounced at high frequencies and this dif 
ficulty is fully remedied by the dual coil arrange 
ment of the present invention. By using a vi 
brator of the described character, Operating fre 
quencies as high as 520 cycles per second, and 
over, have been successfully obtained and main 
tained over long periods of time. 

Figs. 5 and 6 illustrate a modified reed struc 
ture which provides excellent results in the vibra 
tor structure embodying the invention. This reed 
structure is of a composite character and COm 
prises a thin spring steel stack part and hinge 
section 60, held between two spacers 6 and 62 
and two outer auxiliary reed members 63 and 64 
likewise made of spring steel, by means of rivets 
65. These outer reed members have contacts 66 
directly brazed to them in appropriate position. 
The other ends of the Outer reed members are se 
cured together between two ferromagnetic 
weights or armature members 67 and 68 by means 
of rivets 69. The hinge section of the composite 
reed is identical with that of the reed shown in 
Fig. 4 and is provided with a weakened portion 
70 which imparts a rotational compliance to the 
hinge about a vertical axis. As the stationary 
interrupter contact exerts a pressure upon the 
corresponding vibratory contact, a torque is pro 
duced effective in rotating the vibratory rectifier 
contact to a contacting position without recur 
ring to compliant side springs or independently 
Sprung reed arms. The advantages of this im 
proved structure, however, are not restricted to 
self-rectifying vibrators but substantial advan 
tages, such as automatically equalized and bal 
anced contact pressures, are assured in non-syn 
chronous or interrupter vibrators. 
The upper reed section of this novel composite 

reed structure has such mechanical character 
istics that, upon application of a deflecting force, 
the reed will be bent in the immediate proximity 
to the weights, and such bending will progress 
downwards as the two auxiliary or outer reeds 
roll together. Hence, the greater the amplitude 
of the vibrations, the greater is the effective bend 
ing length of the reed. This tends to compensate 
for the frequency increase caused by the increase 
of amplitude when higher operating voltages are 
applied. In other words, the operating frequency 
may be maintained substantially constant even 
though the operating voltage may be subject to 
considerable variations. Thus, it was found that 
the operating voltage could be increased from 4 
to 8 volts with a change of frequency of only 
-2 cycle. Of course, this excellent frequency 
stability is of great practical value in vibrator 
power supply systems supplied from storage bat 
teries where considerable changes in operating 
voltage are frequently unavoidable. 
At comparatively low frequencies, such as 150 

cycles per second, this reed assembly operated 
in conjunction with rigid mating contacts had 
a harmonic contact frequency of 3 to 1. At 
higher frequencies, however, this ratio becomes 
to 1 and is not very critical. At even higher 

frequencies, the harmonic motion cannot be 
distinguished by stroboscopic observation. Also 
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at these higher frequencies the frequency com 
pensation effect referred to in the foregoing be 
comes Smaller. 
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: 
1. In an electromagnetic vibratory interrupter 

including a vibratory reed, electromagnetic means 
for deflecting said reed, and interrupter and rec 
tifier contact means operable by said reed and 
controlling said electromagnetic means thereby 
to maintain said reed in vibratory motion, the 
improvement which comprises a hinge plate for 
said reed having weakened portions to impart 
rotational compliance thereto, armature plates 
Secured to both faces of said plate, and contact 
discs on Said armature plates and forming the 
vibratory part of said contact means, said rota. 
tional compliance being so determined with re 
Spect to contact spacing as to cause sequential 
Operation of said interrupter and rectifier con 
tact means. 2. A composite reed structure for an electro 
magnetic vibratory interrupter adapted to co 
Operate with an electromagnetic driving system 
and with non-compliant stationary contacts for 
controlling a plurality of circuits including a 
driver circuit for said system, an interrupter cir 
cuit, and a rectifier circuit which comprises a 
hinge plate clamped at one end thereof, a pair 
of Substantially non-compliant armature plates 
Secured to the opposite faces of the upper por 
tions of said hinge plate spacedly from its 
clamped end, cut-out portions in the hinge section 
of Said hinge plate to impart rotational compli 
ance thereto, and vibratory interrupter and rec 
tifier contacts on each armature plate capable 
of Sequential cooperation with said stationary 
contacts during rotational displacement of said 
reed structure about its vertical axis. 

3. A high-frequency electromagnetic vibratory 
interrupter comprising in combination a sym 
metrically arranged dual electromagnetic driver 
System; a composite reed assembly substantially 
Symmetrically mounted with respect to said sys 
tem; said reed assembly including a hinge plate 
clamped at one end thereof, an armature plate 
secured to each side of said hinge plate spacedly 
from the clamped end thereof and defining a 
hinge section therein, and weakened portions in 
its hinge section to impart rotational compliance 
to the reed assembly; a plurality of substantially 
non-compliant stationary contacts, and a plural 
ity of vibratory contacts on said armature plates 
adapted to cooperate with said stationary con 
tacts to alternately disable one-half of said driver 
system and to sequentially control an interrupter 
and a rectifer circuit. 
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