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Maurice E. Shindledecker, Laurel, and Edward F. Brana 
gan, Rockville, and Charles S. Horsmau, Beltsville, 
Md., assignors to the United States of America as rep 
resented by the Secretary of the Navy 

Filed Oct. 28, 1955, Ser. No. 543,635 
11 Claims. (Cl. 200--61.45) 

(Granted under Title 35, U.S. Code (1952), sec. 266) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 
The present invention relates to a vibration sensitive 

device for use in an ordnance item having an electrical 
circuit and more particularly to a normally open tremble 
switch employing a pair of magnets to resiliently support 
a contact rod in spaced relation with respect to contact 
members so the rod may respond to vibrational waves to 
momentarily close the circuit. 

Devices of this character heretofore devised have em 
ployed a spring with a weight on the end in a cantilever 
type arrangement or have used a weight exerting a force 
through a lever against a spring, thus necessitating jewels 
or low friction bearings to reduce ‘damping due to fric 
tion, and have required considerable space. Such devices 
are usually too large for the space available in a fuze, 
and when reduced in size to fit fuze requirements, do 
not possess the necessary resonant frequency. Or to 
avoid great variation in sensitivity due to change in posi 
tion, two or more such devices must be incorporated in 
the fuze. 
The device of this invention is small and compact, hav 

ing a body but one inch in length and in which a rod 
between a pair of magnets is supported by the magnets 
in spaced relation to annular contact members adjacent 
the ends of the rod, thereby conforming to critical space 
requirements and eliminating the necessity for jeweled 
or low friction bearings. 
An object of the invention is to provide a new and im 

proved normally open tremble switch. 
A further object of the invention is the provision of 

a tremble switch that is small and compact and is nor 
mally maintained open by the force of magnetism. 
A final object of the invention is to provide a tremble 

switch which possesses the necessary vibrational proper 
ties and in which the parts thereof are of such a size and 
so related as to fit within the space available to house the 
switch in a fuze. 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated as the same be 
comes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 

FIG. 1 shows a longitudinal sectional view of a pre 
ferred embodiment of the invention; 

FIG. 2 shows a section of the device taken on the line 
2-2 of FIG. 1 looking in the direction of the arrows; 
FIG. 3 is a fragmentary detail view of one end of the 

switch; and 
FIG. 4 illustrates a modification of the device. 
Referring now to the drawing, wherein like reference 

characters designate like or correspondingparts through 
out the several views, there is shown in FIG. 1 a tremble 
Switch generally designated 11 comprising a hollow cylin 
drical body or casing 12 having at one end thereof an 
inwardly directed flange 13; casing 12 being composed of 
insulating material, such as “Lucite” or the like. 

Disposed within casing 12 and seated against ñange 13 
is a disc 14 of metal or other electro-conducting mate 
rial. Disc 14 is suitably slitted and a portion thereof is 
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2 
pressed out of the plane of the disc to form a terminal 
tab 15 extending outwardly between the edges of fiange 
13; best understood by reference to FIGS. l and 3. 

Also disposed within casing 12 is a magnet 16 com 
prising a cylindrical base portion 17 and a tapered por 
tion 18; with said base portion lodged against disc 14 
to hold the same in place. The tapered portion of the 
magnet is in the form of a frnstum of a cone, the base 
thereof being joined to said 'oase portion 17. The tapered 
portion has a flat surface 19 parallel to the base portion. 
Surrounding the tapered portion 18 of the magnet is a 
magnet seat 21 which is provided with a recess 22 which 
receives said tapered portion of the magnet. Magnet 
seat 21 is composed of electro-conducting material hav 
ing non-magnetic properties, such as brass or the like, 
and extends beyond flat surface 19; the seat being cut 
away as at 23 to expose said flat surface. 

Abutting magnet seat 21 is an annular contact mem 
ber in the form of a circular metallic disc 24 having a 
circular opening 25 centrally thereof. A similar annular 
contact member comprising a metallic disc 26 with open 
ing 27 is located in casing 12 and spaced from disc 24 
by means of spacer 28 of insulating material, such as 
“Lucite” or the like, the discs 24 and 26 being com 
posed of non-magnetic material. Extending longitudinal 
ly of spacer 28 is a central bore 29. j 

Lodged against metallic disc 26 on the side thereof 
opposite spacer 28 is a magnet seat 31 similar to magnet 
seat 21, said magnet seat`31 having a recess 32 and 
being cut away as at 33. A magnet 34 comprising a 
cylindrical base portion 35 and a tapered portion 36 is 
disposed in casing 12 so that said tapered portion 36 is 
received in recess 32 of magnet seat 31. Similar to mag 
net 17, magnet 34 has a fiat surface 37 which faces 
disc 26 across the cut away portion 33 of magnet seat 31. 

Backing up magnet 34 is a metallic disc 38 which is 
provided with a terminal tab 39 formed similarly to tab 
15. A retainer ring 41 fits snugly within casing 12 and 
abuts disc 38 to hold the aforenamed parts in proper re 
lation, with surfaces 19 and 37 and openings 25 and 27 
coaxially disposed in casing 12 and longitudinally spaced 
therein. 
Disposed between said surfaces 1.9 and 37 and within 

openings 25 and 27 is an elongated contact rod 42, said 
rod extending through bore 29 in spacer 28. Each end of 
rod 42 is rounded off as at 43 and 414 and said rounded 
off ends as well as surfaces 19 and 37 have a smooth 
finish to reduce friction between the rodr and surfaces. 
The rod is made of steel or other material that has a, high 
magnetic permeability and is adapted to be supported by 
the force of magnets 16 and 34 substantially centrally of 
-openings 25 and 27 so that there is a gap 45 between the 
rod and the annular contact members, one end of the 
rod normally being in contact with one of said magnets. 
The switch described above is assembled by placing disc 

14 in casing A12 with the disc against iiange 13 and tab 
15 directed outwardly. Magnet 16 is inserted with base 
portion 17 thereof in contact with disc 14. Magnet seat 
21 is placed so that the walls of recess 22 are in engage 
ment with tapered portion 118 of magnet 16. Disc 24 is 
slipped into place next to magnet seat 21 followed by 
spacer 28 and disc 26. Rod 42 is dropped in and ex 
tends through openings 25 and 27. Magnet seat 3'1, mag 
net 34 and disc 38 follow in the order named with ter 
minal tab 39 being directed outwardly. Retainer ring41 
is pressed firmly into casing 12 and into engagement with 
disc 38 to hold the parts in proper relationship. 

FIG. 4 illustrates a switch 11’ which is a modification 
of switch 11 and similar thereto in that casing 12’ has as 
at its ends discs 14’ and 38’ each having a terminal tab` 15’ 
and 39', respectively. Also similar to switch 11, switch 
11' has a pair of magnets 16’ and 34', a pair of metallic 
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discs 24' and 26', each with a central opening, a spacer 
28’ between the discs and a contact rod 42'. Magnet 
seats 211’ and 31' are provided but, unlike switch 11, these 
magnet seats are of insulating material, such as “Lucite” 
or the like, the same as the casing and the spacer. I-n 
order that disc 14’ and disc 24’ be electrically connected 
there is provided a connecting cylinder 46 of metal or 
other electro-conductive material. Connecting cylinder 47 
serves the same purpose between discs 26' and 38’. Con 
necting cylinders 46 and 47 are kept out of contact with 
each other by means of an enlargement 48 on spacer 28' 
which keeps the connecting cylinders separated. 
The assembly of switch 11’ should be readily apparent. 

Brieiiy, disc 38’ is placed against flange 13" of casing 12 
and connecting cylinder 47 is inserted to hold disc 38' in 
place. Magnet 34", magnet seat 431', disc 26’ and spacer 
28' are inserted in the order named. After connecting 
cylinder 46 has been placed around spacer 2.8 and brought 
into firm engagement with enlargement 48 thereof, and 
disc 24' has been inserted in cylinder 46 with disc 24' in 
contact with spacer 28', rod 42’ is dropped in so as to be 
disposed in the openings in discs 24' Iand 26’. Seat 21’ is 
placed against disc 24’ and magnet 16’ is inserted in the 
seat followed by disc 14', the parts being retained in 
proper relation by suitably crimping the end of casing 12’ 
as at 49. 
'In the operation of switches 11 and 11', the contact 

rod is supported by the magnetic force of the magnets so 
as to be disposed substantially centr-ally of the openings 
in the discs of the annular contact members, it being 
understood, of course, that the tapered portions of the 
pair of magnets of each switch are of opposite polarity. 
The resonant frequency of the rod is determined by the 
pole strength of the magnets, the length of the rod, the 
permeability of the rod, and the mass of the rod. The 
contour of »the end of the rod in contact with the flat sur 
face of a magnet and 'the finish of said rod end and flat 
surface will also to a less degree determine the resonance. 
Any desired resonant frequency may be obtained by vary 
ing the factors named. With a switch made up to possess 
vibrational properties such that the switch is responsive 
to lthe vibrational waves emitted by a vehicle or machine 
that it is desired to destroy, the switch is inserted in the 
ñring circuit of an ordnance item and the item is located 
by suitable means along the route of the vehicle or ma 
chine, and the item is armed. Normally, the contact rod 
is supported spaced from the annular contact members 
and the tiring circuit of the ordnance item is therefore 
open. However, when the rod is set into vibration in re 
sponse to the vibrational waves of the vehicle or machine 
and the vehicle or machine is within the effective range 
of the ordnance item, the extent of such vibration is 
sutlicient to cause the end of the rod not in contact with a 
magnet to engage the annular contact member adjacent 
said end so as to close the firing circuit and detonate the 
ordnance item. 
The switches of the instant invention have the advan 

tage that the resonant response thereof can be adjusted 
by varying the strength of the magnets, or the space be 
tween them, so that by selection of suitable magnets 
properly spaced, a switch may be provided which possess 
es the desired vibrational properties and at the same time 
is suñiciently small and compact to meet critical space re 
quirements. Also, the gap setting is substantially uniform 
for all normally open positions of the switch. Further 
more, the materials in the device are inexpensive and not 
diñ‘icult to obtain »and the parts are easily produced with 
standard machine shop equipment, the tolerances on the 
parts being easily adhered to in production. 

In an alternative arrangement, the contact rod and one 
of the magnets may be replaced by a metallic spring hav 
ing. a mass on one end thereof, the other end of the 
spring -being ñxed by suitable means and electrically con 
nected to a terminal tab. The mass is composed of steel 
or other material having a high magnetic permeability 
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and is normally held by the force of the remaining magnet 
substantially centrally in the annular contact member 
adjacent the magnet. 

Thus, applicants have achieved the objects of the in 
vention and have provided -a magnetically restored trem 
ble switch which possesses the desired vibrational prop 
erties and at the same time is suñìciently small and com 
pact to meet the critical space requirements of a fuze in 
an ordnance item. 
Obviously many modifications and variations of the 

present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
What lis claimed as new and desired to be secured by 

Letters Patent of the United States is: 
l. A magnetic tremble switch comprising a casing, a 

pair of magnets supported in said casing in spaced rela 
tionship with oppositely solid portions thereof facing each 
other, a pair of spaced apart contacts interposed between 
said magnets, each of said contacts having an opening 
therein, and a rod extending through said openings and 
in contact with one of said por-tions. 

2. A tremble switch of the character disclosed, corn 
prising a tubular casing of insulating material, a pair of 
magnets spaced apart in said casing and disposed ad 
jacent the ends thereof, respectively, said magnets each 
having a portion mutually facing each other of opposing 
polarities, a pair of annular contact members spaced apart 
in said casing between said magnets and disposed ad 
jacent each of said magnets respectively, a pair of mag 
net seats disposed in said casing, each of said magnet 
seats being arranged between each magnet and the ad 
jacent contact member, said contact members each hav 
ing a central aperture therein, and a magnetic contact 
rod normally centrally disposed within said apertures and 
disengaged 4from said contact member with one end of 
the rod normally held by magnetic attraction in contact 
with one of said magnet portions. 

3. A magnetic tremble switch of the character dis 
closed, comprising a hollow cylindrical casing of insulat 
ing material, a cylindrical spacer member of insulating 
material snugly ñtting within said casing and located 
at the mid portion thereof, said spacer member having 
a central bore therein coaxial with said casing, a pair of 
metallic discs, each of said discs abutting one end of said 
spacer member, respectively, a pair of spaced apart mag 
net seats in said casing, each of said magnet seats being 
in engagement with each of said discs, respectively, each 
of said magnet seats having a tapered recess therein, a 
pair of spaced apart magnets, each of said magnets hav 
ing a tapered portion received in the tapered recess of 
one of said magnet seats, respectively, said tapered por 
tions being of unlike polarity and a pair of terminal tabs 
at the ends of said casing, each tab being connected to 
the adjacent magnet, said discs having openings therein 
coaxial with said casing, and a magnetic contact rod 
normally coaxially disposed within said openings nor 
mally spaced from said discs and with one end of the 
rod in contact with one of said tapered portions. 

4. A tremble switch of the character disclosed, com 
prising a hollow cylindrical casing of insulating material, 
a pair of spaced apart magnets within said casing, each 
of said magnets being disposed at the ends of said casing 
respectively, each magnet including a cylindrical base 
portion and an inwardly directed tapered portion in the 
shape of a frustum of a cone having a Hat circular sur 
face disposed coaxially of said casing, said tapered por 
tions being of unlike polarity, a pair of magnet seats, 
each magnet having a magnet seat adjacent thereto, each 
magnet seat being formed with a recess complementary 
to the tapered portion of the adjacent magnet and receiv 
lng the same, each of said magnet seats also having a 
tapered opening exposing the ñat circular surface of the 
adjacent magnet, each magnet seat being made of electro 
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conducting material having non-magnetic properties, a 
pair of metallic discs, each of said discs being in abutting 
engagement with each of said magnet seats, respectively, 
a spacer member of insulating material interposed be 
tween said discs and having a central bore, each disc 
having a central aperture therein, said apertures and said 
ñat circular surfaces being disposed longitudinally of 
said casing and coaxially thereof, and a magnetic Contact 
rod substantially centrally disposed within said aper 
tures and normally spaced from said discs, said rod 
also being disposed on the aXis of said casing and with 
one end of said rod engaging the flat circular surface of 
one of said magnets. 

5. A magnetic tremble switch as defined in claim 4, 
characterized in that the ends of the contact rod are 
rounded off. 

6. A magnetic tremble switch as deñned in claim 5, 
characterized in that said flat circular surfaces of the 
magnets and the rounded ends of the contact rod have 
a smooth ñnish. 

7. A magnetic tremble switch of the character dis 
closed, comprising a hollow cylindrical casing of insulat 
ing material, said casing having an inwardly directed 
flange at one end thereof, a first contact disc in said cas 
ing seated against said shoulder and having an outwardly 
directed terminal tab thereon, a first magnet including a 
cylindrical base portion in abutting engagement with the 
inner side of said disc, said magnet also including a tap 
ered portion in the form of a frustum of a cone, said 
tapered portion tapering inwardly and terminating in a 
circular dat surface having a smooth finish, a iirst magnet 
seat of electro-conducting material and having a tapered 
recess therein corresponding to the tapered portion of the 
magnet, said magnet seat being lodged against said mag 
net and said recess receiving said tapered portion, said 
magnet seat having a plane surface parallel to said cir 
cular fiat surface of said magnet, a first metallic annular 
Contact member abutting the plane surface of said mag 
net seat, said magnet seat being cut -away between said 
ilat surface and said disc to provide an open space there 
between, a tubular spacer of insulating material abutting 
the other side of said disc, a second metallic annular con 
tact member abutting the other end of said spacer, a 
second magnet seat of similar formation and material as 
said first magnet seat in abutting engagement with 
the other side of said second metallic disc, a second 
magnet of similar formation as said first magnet having 
its tapered portion received in the recess of said sec 
ond magnet seat, said tapered portions of the magnets 
being dissimilarly poled, the circular flat surfaces of said 
magnets being parallel and coaXially disposed in said 
casing, each of said metallic discs having a central aper 
ture therein coaxially disposed in said casing, and an elon 
gated magnetic contact rod of a length shorter than the 
distance between the ñat surfaces of said magnets coaxi 
ally disposed in said casing substantially centrally of said 
apertures and normally spaced from said annular con 
tact members, said contact rod having rounded ends and 
one of said ends being held in contact with the flat sur 
face of one of said magnets by magnetic attraction, a 
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second contact disc engaging the cylindrical base portion 
of said second magnet and having an outwardly directed 
terminal tab thereon, and a retaining ring fitting snugly 
within said casing and abutting said second contact disc 
to hold the parts Within the casing. 

8. In a magnetic tremble switch of the character dis 
closed, comprising a casing of insulating material, a pair 
of contact tabs, each contact tab being supported at the 
ends of said casing, respectively, a pair of connecting 
cylinders of electro-conducting material, said cylinders 
being spaced apart within said casing, one of said cylin 
ders being in engagement with one of said contact tabs 
and the other cylinder being in engagement with the 
other contact tab, a pair of magnets of similar configura 
tion, each magnet including a base portion and a tapered 
portion, one magnet being supported in one of said cylin 
ders with the base portion of the magnet in engagement 
with the associated contact tab, the other magnet being 
similarly related to the other cylinder and contact tab 
in such manner that the tapered portions of the magnets 
are directed toward each other, said tapered portions be 
ing of opposite polarity and terminating in parallel flat 
surfaces facing each other, a pair of spaced apart annular 
contact members parallel to said ñat surfaces, said con 
tact members being disposed in such manner that there 
is a contact member in each of said cylinders and engag 
ing the same, a tubular spacer of insulating material inter~ 
posed between said annular contact members, a pair of 
magnet seats of insulating material, each magnet having 
associated therewith one of said magnet seats with the 
magnet seat interposed between the magnet and the ad~ 
jacent annular contact member, each magnet seat being 
cut away to expose the dat surface of the associated mag 
net, and an elongated magnetic contact rod encircled by 
said annular contact members and normally disposed 
centrally thereof and spaced therefrom with one end of 
said rod being in contact with the flat surface of one of 
said magnets, the ends of said rod being rounded. 

9. A magnetic tremble switch as defined in claim 8, 
in which said spacer has an enlargement thereon inter 
posed between the adjacent ends of said cylinders to insu 
late the cylinders from each other. 

10. A magnetic tremble switch as defined in claim 8, 
in which said flat surfaces of the magnets and the rounded 
ends of the rod have a smooth finish. 

ll. A magnetic tremble switch of the character dis 
closed, comprising a casing, a support memberin said 
casing, a magnetic contact element disposed in said casing 
with one end of the element being yieldably supported 
by said support member, an annular contact member en 
circling the other end of the element and normally spaced 
therefrom, and a magnet in said casing having a portion 
disposed adjacent said contact member and said other 
end of the element, said last-named end of the element 
and the magnet portion being of unlike polarity. 
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