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EXPLOSIVELY OPERATED MULTI-CIRCUIT 
BAND SWITCH INCLUDING FLEXIABLE 

DIAPHRAGM BAG CONTACT 

BACKGROUND OF THE INVENTION 

This invention relates to switches and more particu 
larly to explosively operated switches. This invention 
also relates to switches for bomb fusing systems. 
A known form of an explosively operated switch 

which has found wide application in bomb fusing sys 
tems is disclosed in U.S. Pat. No. 3,698,323. The switch 
of this patent incorporates a shaft adapted to move axi 
ally from a ?rst position to a second position upon de 
formation of a concave diaphragm by an explosive 
charge. The axial movement of the shaft functions to 
disconnect a pair of initially connected contacts and to 
electrically interconnect another pair of contacts which 
were initially disconnected. The disconnection and in 
terconnection of the contacts is achieved by means of 
a ?anged contact cup carried by the end of the shaft, 
the cup being deformed upon actuation of the switch. 
Since the shaft and the cup must be propelled and 
guided, the structure of the switch is relatively com 
plex. 
Such a switch construction necessitates strict adher 

ence to speci?ed manufacturing tolerances and tech 
niques if reliability is not to be impaired. In this respect, 
manufacturing speci?cations are not easily complied 
with. To brie?y explain, the ?ared cup and the guide 
therefore must be extremely clean for proper function~ 
ing of the switch. In addition, while the cup wall must 
be thin, it must not be so thin as to permit penetration 
by the shaft upon switch actuation. Furthermore, the 
predetermined geometry of the ends of the electrical 
contact members must be precisely duplicated for a 
?rm electrical connection. Perhaps the most difficult 
component to accurately manufacture is the diaphragm 
which should be devoid of thin spots in the convoluted 
area. A rupture of this diaphragm could possibly short 
circuit all four electrical contact members. 

SUMMARY OF THE INVENTION 

The invention provides a switch which is simple in 
construction and relatively inexpensive to manufac 
ture. A switch of the invention need not include sliding 
components which would inherently detract from reli 
ability. 
A switch according to the invention has an in?atable 

metallic tube with a collapsed portion encircled by an 
electrically conductive band which engages a ?rst pair 
of electrical contact members. A second pair of electri 
cal contact members is situated in spaced relationship 
to the band such that they are adapted to be contacted 
thereby when the tube is in?ated by a pressure generat 
ing device associated therewith. In?ation of the tube 
produces a deformation of the band which causes it to 
withdraw from engagement with the first pair of electri 
cal contact members and thereby assume a spaced rela 
tionship with respect thereto. Succinctly stated, in?a 
tion of the tube occasions a disconnection between the 
band and the ?rst pair of contacts, thereby electrically 
disconnecting the first pair of contacts and essentially 
simultaneously causing an engagement between the 
band and the second pair of contacts which electrically 
connects the second pair of contacts. 
The invention also embraces a switch which includes 

only one pair of contact members. For example, the 
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2 
first pair of contact members could be omitted to 
thereby form a normally open switch; conversely, the 
second pair of contact members could be omitted to 
define a normally closed switch. 

It will be appreciated that a switch according to the 
invention may have no moving parts save for the disten 
sible tube and band. Therefore, a device according to 
the invention is exceedingly simple and relatively inex 
pensive to manufacture. Moreover. a switch of the in 
vention is highly reliable since the only action atten 
dant to its functioning is the inflation or distention of 
a tube. 

Accordingly, it is a primary object of the invention to 
provide a switching device for either connecting or dis 
connecting a pair of contact members. 

It is another object to provide a switching device for 
disconnecting a ?rst pair of contact members and con 
necting a second pair of contact members. 
Yet another object is to provide a simple and inex 

pensive explosive-type switching device which exhibits 
a high degree of reliability. 
A further object is to provide a switching device in 

corporating an in?atable ?attened tube, encircled by 
an electrically conductive band. 
Other objects, aspects, uses and advantages of the in 

vention will become apparent from the following de 
tailed description when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional, side elevational view of a ?rst 
preferred explosive switch of the invention in its un 
?red condition. 
FIG. 2 is a sectional view of the switch of FIG. I, 

taken along the line 2-2 of FIG. 1. 
FIG. 3 is a view similar to that of FIG. 1, showing the 

switch in the fired condition. 
FIG. 4 is the sectional view of the switch of FIG. 3, 

taken along the line 4-4 of FIG. 3. 
FIG. 5 is a schematic representation of the switch of 

FIGS. 1 through 4, illustrating its function. 
FIG. 6 is a front elevational view of a second pre 

ferred explosive switch of the invention in its un?red 
condition. 
FIG. 7 is sectional, side elevational view of the switch 

of FIG. 6, taken along the line 7-7 of FIG. 6. 
FIG. 8 is a sectional, upper plan view of the switch of 

FIG. 6, taken along the line 8——8 of FIG. 7. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Turning now to FIG. I, there is shown a ?rst embodi 
ment of a switch according to the invention in its un 
?red condition prior to actuation. The switch com 
prises a housing, generally shown at 10, which is consti 
tuted by a casing 12 and ?rst and second spaced blocks 
of insulating material 14 and I6, respectively. The cas 
ing 12 comprises ?anges at the axial ends thereof to 
contain the ?rst and second blocks of insulating mate 
rial 14 and 16, respectively, therein. The block 14 has 
a recess 18 which confronts the recess 20 in the block 
16. The recesses I8 and 20 and the space between the 
blocks 14 and I6 de?ne a cavity in the housing. The 
blocks 14 and 16 are spaced :1 distance suf?cient to 
allow for insertion of electrical contact members 22, 
24, 26 and 28 therebetween. The electrical contact 
members 22, 24, 26 and 28 are identical in construe» 
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tion and resemble a hook in form. For example, contact 
member 28 has a long leg 28a, a short leg 28b parallel 
to the long leg 28a and a base 28c interconnecting the 
long and short legs. Each of the contact members has 
its legs imbedded in the block 16 and its base disposed 
between the blocks 14 and 16 such that the base ex 
tends a small distance radially inwardly from the walls 
of the recesses 18 and 20. As depicted in FIG. 2, the 
contact members 22 and 24 de?ne parallel planes and 
the contact members 26 and 28 de?ne parallel planes 
such that the planes of contact members 26 and 28 are 
perpendicular to the planes of contact members 22 and 
24 as is explained hereinafter. Contact members 22 and 
24 are normally electrically connected; that is, they are 
electrically connected until the switch is actuated. The 
contact members 26 and 28 are normally electrically 
disconnected; that is, they are disconnected until the 
switch is actuated. 
Within the cavity in the housing 10 is positioned an 

actuator, generally designated 30, which functions to 
irreversibly electrically disconnect contact members 22 
and 24 and to subsequently, but essentially simulta 
neously, connect contact members 26 and 28. The ac 
tuator 30 comprises an in?atable, thin-walled tube, 
mounted in the housing I0, 32 made of a ductile metal 
and having a cylindrical mass of pyrotechnic material 
inserted therein. The pyrotechnic material in the tube 
32 comprises an ignition charge 34 and a main charge 
36 mounted within a charge retainer 38. A resistance 
element (not shown) is embedded in the ignition 
charge 34 and connected to a pair of leg wires 40 and 
42 which extend through a molded plug 44 mounted in 
an opening in the rear of the tube 32 to hermetically 
seal the interior volume of the tube. The leg wires are 
adapted to be connected to a source of electrical po 
tential to heat the resistance element and thereby ignite 
the ignition charge 34. Preferably, the tube 32 is made 
of a soft metal such as stainless steel 304, 321, or 302, 
copper, or gilding metal, although the selection of a 
particular material is not critical. An intermediate por 
tion of the tube 32 is collapsed or ?attened by a sleeve 
comprising an outer band 46 of electrically conductive 
material such as silver, copper, or gold plated copper 
and an inner band 48 of insulating material, such as 
Mylar, the band 48 being contiguous with both the 
outer band 46 and the tube 32. It will be noted that the 
collapsed portion of the tube has an oblong transverse 
cross section and diametrically opposed ridges 32a and 
32b extending in the direction of the tube‘s axis. 
As may best be appreciated from FIG. 2, the band 46 

encircles the tube 32 transverse to the tube’s axis such 
that the lateral sides of the band are separated by a dis— 
tance less than that between the portions of the band 
46 adjacent the ridges 32a and 32b. It will be noted that 
while the recesses 18 and 20 are generally cylindrical, 
they include opposing narrow channels to receive the 
upper and lower portions of the sleeve to prevent twist 
ing of the tube 32, these channels being designated 16a, 
16b. and 18a and 18b. As FIG. 2 shows, the base of 
contact member 22 protrudes into the channel 16a and 
engages the top of band 46. Similarly, the base of 
contact member 24 protrudes into the channel 16b to 
engage the bottom of the band 46. Hence, in the un 
fired condition of the switch, the contact members 22 
and 24 are electrically connected by the band 46. It will 
also be noted from FIG. 2 that the bases of contact 
members 26 and 28 protrude into the cavity a distance 
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sufficient to engage the lateral sides of the band upon 
in?ation of the tube 32. FIGS. 2 and 4 show that the 
contact members 22 and 24 are diametrically opposed 
and the contact members 26 are similarly diametrically 
opposed. It will be noted that the portions of the 
contact members which protrude into the cavity gener 
ally de?ne the points of a rhombus in the cavity when 
viewed along the axis of the tube. 
When the pyrotechnic mass is ignited, the tube 32 is 

thereby pressurized and subsequently inflates to the 
shape shown in FIGS. 3 and 4. If it were not for the con 
straint provided by the contact members 26 and 28, the 
tube 32 would assume a cylindrical shape upon in?a 
tion; but instead, the lateral sides of the band ?atten as 
they are contacted by the respective electrical contact 
members. Hence, the portions of the band 46 adjacent 
the ridges 32a and 32b are withdrawn radially inwardly 
by in?ation of the tube 32, thereby disconnecting 
contact members 22 and 24. Contact members 26 and 
28 are subsequently electrically connected when the 
sides of the band 46 make respective contact therewith, 
this action occurring essentially simultaneously with 
disconnection of contact members 22 and 24 since the 
tube in?ates within a millisecond. 
As depicted schematically in FIG. 5, the electrical 

contact members 22 and 24 are normally closed; that 
is, they are electrically interconnected by the band 46 
prior to actuation or firing of the switch. In addition, 
prior to actuation of the switch, the contact members 
26 and 28 are normally open; that is, they are not elec 
trically interconnected. When the switch is actuated 
lateral contact members 26 and 28 become irreversibly 
connected. 
A second embodiment of a switch of the invention is 

depicted in FIGS. 6-8. In this embodiment of the inven 
tion, the actuator 30' is identical to the actuator 30 of 
the previously described embodiment and comprises a 
band 46’, an inner band 48', a tube 32’ and leg wires 
40' and 42'. The salient differences between the two 
embodiments concern the housings and the contact 
members. 
Referring to FIGS. 6-8, a housing 50 has a cavity 52 

de?ned therein in which is positioned the actuator 30'. 
Also retained in the cavity 52 is a contact support 54 
and an insulating spacer disk 56, a space being defined 
between the disk and the contact support. The disk 56 
includes four spaced apertures adapted to respectively 
receive electrical contact members 58, 60, 62 and 64. 
The contact members are generally flat and are charac 
terized by rectangular cross sections, as best shown in 
FIG. 6. As may be seen from FIGS. 7 and 8, each of the 
contact members is provided with two right angle 
bends such that the section lying therebetween is lo 
cated in the space separating the Contact support 54 
and the disk 56 and such that the contact support en 
gages the inboard surfaces of the contact members. It 
should be noted that the segment of each contact mem 
ber which extends to the left of contact support acts as 
a leaf spring to ensure that the inboard surface adjacent 
the left end ?rmly engages the band 46' either prior to 
or subsequent to switch actuation. Sealant masses 66 
and 68 are situated at the left and right ends of the cav 
ity 52 to respectively secure the actuator 30' and the 
disk 56 in the cavity 52. 
The operation of the switch of FIGS. 6-8 is the same 

as that of the previously described embodiment. Upon 
actuation of the switch, initially connected contact 
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members 58 and 60 are disconnected and initially dis 
connected contact members 62 and 64 are subse 
quently connected. 
Obviously, many variations and modi?cations are 

possible in light of the above teachings with respect to 
the disclosed embodiments. For example, the band 46 
need not be continuous but may be split as long as an 
electrical path is provided in the un?red and ?red con 
ditions of the switch. The band could also take the form 
of a helical wire. Furthermore, if desired, a switch of 
the invention may incorporate a plurality of axially 
spaced bands. Of course, for each band, at least a pair 
of contact members must be provided. In such an ar 
rangement, the contact members associated with each 
band may either be connected or disconnected upon 
switch actuation. 

It will also be appreciated that the contact members 
may engage the band at locations other than the top, 
bottom, and sides although in both the ?red and un 
?red conditions, the illustrated arrangements furnish 
the greatest separation between the contact members 
of each pair and between the disconnected contact 
member and the band. By way of illustration, the 
contact members of each pair could be closely adja 
cent. Also, as previously noted, the invention may be 
practiced with a single pair of contact members. 

it will be understood that the tube could be in?ated 
by means other than a pyrotechnic charge. For exam 
ple, a source of compressed gas or hydraulic pressure 
may be employed to in?ate the tube. Indeed, the pres 
sure generating device, whatever its nature, could be 
located remote from the tube. Also, it is within the 
scope of the invention to increase the pressure on the 
interior of the tube by a mechanical device which forci 
bly distends the tube. 

1 claim: 
1. A switch comprising: 
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a housing having a cavity therein; 
a tube mounted in the housing so as to be positioned 
within the cavity, the tube having a collapsed por 
tion in the cavity with an oblong transverse cross 
section and diametrically opposed ridges extending 
in the direction of the tube’s axis; 

at least one band, made of an electrically conductive 
material, at least partially encircling the collapsed 
portion of the tube transverse to the tube’s axis; 

a pair of diametrically opposed electrical contact 
members mounted in the housing so as to protrude 
into the cavity in respective contact with the band 
adjacent the ridges; and 

means to in?ate the tube for causing the collapsed 
portion to assume a cylindrical shape, whereby the 
band will radially withdraw from and disconnect 
the contact members. 

2. The switch of claim 1, further including: 
another pair of diametrically opposed electrical 
contact members mounted in the housing so as to 
protrude into the cavity in spaced relationship to 
the band such that the pairs of contact members 
generally define the points of a rhombus in the cav 
ity when viewed along the axis of the tube, the 
spacing between the ?rst mentioned pair of contact 
members being greater than the spacing between 
the second mentioned pair of contact members 
such that in?ation of the tube causes the band to 
engage and connect the second mentioned pair of 
contact members. 

3. The switch of claim 2, wherein the inflating means 
comprises: 

a pyrotechnic charge mounted in the tube. 
4. The switch of claim 3, wherein each electrical 

contact member comprises: 
aflatwire. 

* * * * * 


