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The present invention relates t-o an improved switching 
system which is insensitive to high frequency radiation 
or other electrical noise, but which will respond to a pre 
determined direct current signal. 
The invention is more particularly concerned with such 

an improved switching system which is eminently suited 
for pyro'technic initiation and which renders the ignition 
of the pyrotechnic device immune to spurious signals. 
The use of pyrotechnic devices in airborne applications 

and in spaced vehicles has become more and more preva 
lent in recent years. For example, many space vehicles 
include a nose cone which often is subsequently released 
and returned to ear-th for recovery purposes. The release 
of the nose cone from the space vehicle is often effectuat 
ed by deploying a parachute by pyro-technic means. The 
pyrotechnic means usually comprises a suitable pyrotech 
nic squib which is ignited by means of an electrical 
switching circuit. 
The release of the nose cone from a space vehicle 

represents but one use for the electrically ignited pyro 
Ítechnic devices. In each application, however, it is of 
paramount importance rthat the pyrotechnic device does 
not become ignited and tired due to the action of spurious 
electric or magnetic fields or signals «on the electrical 
ignition system. 

Pyrotechnic devices are used generally, for example, 
throughout the aircraft and missile field wherever a need 
for physical work arises. At the present time these de 
vices represent the best known source of comp-act power. 

These devices are used, for example, for ignition pur 
poses in the launching of missiles, In thi-s application, 
for example, it is of paramount importance that the stray 
íields created, for example, upon the initiation of asso 
ciated radar equipment do not produce an ignition prior 
to the actual time the missile is to be launched. 

' Pyrotechnic devices are als-o in present-day widespread 
use in space vehicles for starting gyros at launch and to 
instigate and control various projects in flight, such as, 
separa-tion of the nose cone as mentioned above; jettison 
of stages and equipment; operation of tests, and so on. 
vAs mentioned above, electrically actuated pyrotech 

nic devices, in general, have a tendency to respond to 
electromagnetic and electrostatic radiations; and it is an 
important object of the present invention to provide a 
switching system which will counteract such a tendency. 
The present invention provides an improved switching 

system which is conceived and constructed to be insensi 
tive to noise, or other spurious signals, lor t-o stray elec 
tromagnetic or electrostatic iields, and which responds 
only to a particular applied direct current signal t-o per 
form a desired switching action. 
The above-mentioned characteristics of Áthe improved 

switching system of Athe invention renders the switching 
system ideal for use in pyrotechnic ignition systems. 
However, it will become apparent as the description pro 
ceeds that the improved switching system of the inven 
tion finds utility whenever a switching action is desired 
which is immune to extraneous electrical or magnetic 
eifects. 

It is, accordingly, an object of the present invention 
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to provide an improved electrical switching system which 
is insensitive to spurious radiations. 
A further object of the invention is to provide such 

an improved switching system which i-s particularly suited 
for the initiation of pyrotechnic devices, and which renders 
the pyrotechnic devices insensitive to spurious radiations 
and to other electrical noise. 
Although mechanical relay systems could conceivably 

be constructed to fulfill the electrical criteria of the sys 
tern of the invention, such relay systems are subject to 
mechanical failure and to spurious electrical response in 
'the presen-ce 'of mechanical shocks and vibrations. In ad 
dition, such relay systems would have a tendency to be 
relatively bulky and heavy. 
The sys-tem of the present invention, as will be de 

scribed, is immune to high accelerations, shocks, vibra 
tions or acoustical loads, insofar as its electrical transfer 
characteristics are concerned. Moreover, the system of 
Ithe invention is not subject to mechanical failure-in the 
presence of such conditions. 

An-other object of the invention, therefore, is to provide 
such an improved switching system which is composed 
»of relatively few, rugged components and inherently 
simple associated circuitry, s-o as to be capable of being 
packaged as .a relatively small, lightweight unit; and one 
capable of withstanding high mechanical shocks and vi 
brat-ions. 
Another object is to provide such an improved switch 

ing system which may be directly coupled to the pyro 
technic ignition circuit, and which is capable of provid 
ing an electrocstatic shield for itself and for the asso 
ciated pyrotechnic device. 
A -still further object is to provide such a system which 

may be packed as a re-usable unit, and which has pro 
visions for adequate testing prior to use. 
The features of the invention which are believed to be 

new are set forth in »the attached claims. The invention 
itself, however, may best be understood by reference to 
the following description, when taken in conjunction with 
the accompanying drawing, in which: 
FIGURE 1 is a circuit diagram of a switching circuit 

constructed in accordance with one embodiment of the 
invention and which contains an internal source of power 
to be switched by the circuit; 
FIGURE 2 is a circuit diagram of ya switching system 

constructed in accordance with a modification of the in 
vention and which responds to an external source of power 
to be switched by the system; 
FIGURE 3 is an i-sometric view of the system of FIG 

URE ̀1 or FIGURE 2 encased in a suitable housing and 
of an associated pyrotechnic device; and 
FIGURE 4 shows the units of FIGURE 3 plugged to 

gether. 
The circuit of FIGURE 1 includes va pair of input ter 

minals 10 to which the tiring signal or voltage is intro 
duced. The circuit is designed to be immune to strong 
electromagnetic and electrostatic fields and to the result 
ing induced signals or voltages which could otherwise 
cause spurious activation oi the pyrotechnic bridge cir 
cuit s-o as -to detonate the associated pyrotechnic device. 
One of the terminals 10 is connected to a resistor 12 

which may, for example, have a. resistance of 1 kilo-ohm. 
'I‘he other terminal 10 is connected to a capacitor 14 and 
to a pair of resistors 16 and 18. The capacitor 14 and 
resistor 16 are connected to the resistor 12 and to a re 
sistor 20. 
The capacitor 14 may have a capacity, for example, of 

25 microfarads; the resistor 16 may have a resistance of 
800 ohms; the resistor 18 may have a resistance of 4.7 
kilo-ohms; and the resistor 20 may have a resistance of 
1 kilo-ohm. 
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The circuit constants set out above, and others to be 
listed herein, represent merely appropriate and typical 
values for a circuit constructed in accordance with the 
concepts of the invention. These values, of course, are 
not intended to limit the invention in any way. 
The resistor 20 is connected to the anode of a usual 

Zener diode 22. The cathode of the Zener diode 22 is 
connected to the gate electrode of a silicon controlled rec 
tifier switch 24, and to a resistor 26. The resistor 26 is 
connected to the resistor 18, and the resistor is further 
connected to the cathode electrode of the silicon con 
trolled rectifier switch 24 and to the negative terminal of 
a battery 28. The resistor 26 may, for example, have 
a resistance of 680 ohms. The silicon controlled rectifier 
switch 24 may, for example, be of the type presently desig 
nated 3A60A. The battery 28 may, for example, be a 
6 volt battery. 
The anode electrode of the silicon controlled rectifier 

switch 24 and the positive terminal of the battery 28 are 
connected through an appropriate connector 30 to a usual 
pyrotechnic ignition bridge 32. This ignition bridge op 
erates in known manner to respond to a current passed 
therethrough to ignite an associated pyrotechnic device. 
The silicon controlled rectifier switch 24 functions as 

a solid state switch, and when it is rendered conductive, 
it in effect places the battery 28 across the pyrotechnic 
bridge 32, so that a firing current fiows through the bridge 
to detonate the associated pyrotechnic device. The sili 
con controlled rectifier switch 24, as noted above, is a 
known device and is available on the market. Normally, 
conduction between the cathode and anode, and vice versa, 
of the switch is cut off. However, the application of a 
suitable control signal to the gate electrode of the switch 
produces a conductive path through the switch between 
the cathode and the anode. 
As noted above, the circuit of FIGURE 1 serves to re 

duce the noise and other spurious electrical inputs to the 
pyrotechnic ignition bridge 32. This means that the 
bridge 32 is caused to respond only to the actual firing cur 
rent, so that the system is immune to the effects of stray 
radiations and noise. 
The circuitry of FIGURE 1 may be incorporated into 

an appropriate housing, and the battery 28 may also be in 
cluded in the housing, as will be described. This elimi 
nates external wiring from the battery to the ignition 
bridge 32, and it eliminates the attendant susceptibility 
of such external wiring to stray magnetic and radio fre 
quency electrical fields. The direct inclusion of the igni 
tion battery 28 in the housing also permits close coupling 
of the pyrotechnic device to the ignition battery 28 and 
to the silicon controlled rectifier switch 24. 
The resistor 12 and capacitor 14 in the circuit of FIG 

URE 1 form a low-pass filter, which serves to by-pass and 
attenuate strong high frequency noise signals. This cir 
cuit may also be used as a timing circuit to provide a 
desired time delay between the application of the actual 
direct current firing signal to the circuit and the activa 
tion of the silicon controlled rectifier switch 24 to ener 
gize the bridge circuit 32 and detonate the associated pyro 
technic device. 
The spurious signal voltages which tend to be developed 

across the capacitor 14 are discharged through the re 
sistor 16. It is evident that the time constant of the cir 
cuit formed by the capacitor 14 and resistor 16 must be 
less than that formed by the capacitor 14 and resistor 12. 
The value of the resistor 12 must, therefore, be greater 
than the value of the resistor 16. 
The silicon controlled rectifier switch 24 will be ren 

dered conductive only when the voltage across the resistor 
16 exceeds a particular threshold. The circuit is con 
structed so that this threshold voltage is exceeded only 
when a direct current firing voltage of a particular value, 
for example, of 24 volts, is applied across the input ter 
minals 10. The resistors 12 and 16 also serve as a volt 
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age divider for the firing voltage so that the system will 
be insensitive to low amplitude signals. 
The resistors 18, 20 and 26, and the Zener diode 22, 

serve as a decoupling circuit for preventing the spurious 
signals from reaching the silicon controlled rectifier switch 
24, and for permitting only the actual direct current firing 
signal to the switch. The Zener diode 22 serves to block 
all voltages less than its specified reverse breakdown 
voltage. 

Only in the presence of the actual direct current firing 
signal or voltage does the Zener diode 22 become conduc 
tive so as to establish a voltage across the resistor 26. 
This voltage, for example, may be of the order of 0.55 
volt. 
The silicon controlled rectifier switch 24 is a three junc 

tion semiconductor device with Thyratron-like character 
istics. As indicated above, these switches are well known 
and available on the market. The switch 24, as explained 
above, will block both in its forward and reverse directions 
until it is rendered conductive by the application of a 
positive voltage to its gate electrode. Present-day silicon 
controlled rectifier switches, such as the switch 24, are 
capable of passing currents of the order of 5 amperes, for 
example, 50 milliseconds at 100° Fahrenheit ambient 
conditions. 
As noted above, there are advantages in including the 

battery 28 directly in the casing which houses the switch 
ing circuit. However, in some instances, external arm 
ing may be desirable. For this latter purpose, the circuit 
of FIGURE l can be modified in the manner shown in 
FIGURE 2. 
The circuit of FIGURE 2 is generally similar to the 

circuit of FIGURE l and like components have been des 
ignated by the same numerals. In the latter embodiment, 
however, the battery 28 is replaced by a capacitor 40 and 
a resistor 42. The external arming voltage is then applied 
across the input terminals 44. It is evident that the cir 
cuit is fully inactive until an appropriate arming voltage 
is applied to the terminals 44. The circuit is armed by 
the application of a direct current arming voltage or of 
an arming pulse of sufficient duration to charge the ca 
pacitor 40 to a predetermined value within a time deter 
mined by the time constant of the circuit formed by the 
capacitor 40 and resistor 42. 
The value of the resistor 42 is chosen to limit the 

current fiow into the capacitor 40 to a predetermined 
value of, for example, 5 milliamps, or other appropriate 
value at the highest voltage expected or intended. The 
value of the capacitor 40 is such that the capacitor may 
store sufficient energy to ignite the associated pyrotech 
nic device when the silicon controlled rectifier switch is 
rendered conductive. 
As mentioned, the resistor 42 also forms a time con 

stant circuit with the capacitor 40. The circuit of FIG 
URE 2, therefore, can be armed only in response to an 
arming signal having predetermined characteristics, t0 
the exclusion of spurious signals; and, once armed, the 
circuit can be fired only in response to a particular firing 
signal, again to the exclusion of spurious signals. 
The firing of the circuit of FIGURE 2 is similar t0 

that of FIGURE l. When the silicon controlled recti 
fier switch 24 in the circuit of FIGURE 2 is rendered 
conductive in response to the proper firing signal, the 
capacitor 40 will discharge and igniting current through 
the silicon controlled rectiñer switch 24 and through the 
pyrotechnic bridge 32 to detonate the associated pyro 
technic device, but only in the presence of the proper 
arming signal. 
As shown in FIGURES 3 and 4, the switching systems 

of FIGURES l or 2 can be included in a suitable hous 
ing 50. As shown, the housing can have a tubular con~ 
figuration. By way of example, in a constructed ern 
bodiment, the tubular housing measured 5/s” in diameter 
and 3%" in length. The tubular housing 50 is made of 
a suitable electrically conductive material to form an 
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electrostatic shield for the enclosed system. In the con 
structed embodiment, the tubular housing was composed 
of steel, so that it would also serve as a magnetic shield. 
A connector 52 is mounted at one end of the housing. 

This connector receives the terminals 10. The leads bear 
ing the firing signal are plugged into the connector 52 by 
means of a suitable mating plug. 
The connector 30 is mounted at the other end of the 

tubular housing 50, and this connector is adapted to be 
plugged into a mating connector 54 associated with »a 
usual pyrotechnic device 56. The connector 54 is con 
nected to the bridge circuit 32 described above. 
As shown in FIGURE 4, for example, the casing of 

the connector 30 completely surrounds the connector 54 
when the switch assembly is plugged into the pyrotechnic 
device. The casing of the switch assembly is, moreover, 
in electrical contact with the casing of the pyrotechnic 
device. 

If so desired, further immunization, even in the pres 
ence of the most adverse high frequency conditions, can 
be realized by interposing ferrite high frequency attenua 
tors in the input leads. 
The arrangement shown in FIGURES 3 »and 4 pro 

vides a complete electrostatic and electromagnetic shield 
for the switching system and for the pyrotechnic device. 
This not only serves to shield the switching system from 
electrostatic and electromagnetic radiations, but also 
shields the pyrotechnic material. 

It has been found that the pyrotechnic material often 
deteriorates and loses its ignition ability, when such mate 
rial is subjected to electromagnetic or electrostatic radia 
tions. 
The invention provides, therefore, an improved switch 

ing system for use, for example, in energizing pyro 
technic ignition bridges. The switching system of the 
invention is eminently suited for its intended use in that 
it exhibits a high degree of immunity to noise signals 
and to other stray signals and radiation fields. 
While particular embodiments of the invention have 

been shown, modifications can be made, and it is intended 
in the claims to cover all such modiñcations as fall 
within the scope of the invention. 
We claim: 
1. A system for applying a preselected detonating cur 

rent from a source of detonating current forming an 
integral part of an independent detonating circuit that 
comprises a pyrotechnic detonating bridge circuit, said 
detonating circuit being actuated by a normally elec 
trically isolated switching circuit which is -actuated by a 
ñring voltage applied to said switching circuit from a 
source remote in space therefrom, comprising, in com 
bination: 

(A) an electrical switching circuit including, 
(l) a low pass filter network having input and 
output terminals for passing without substantial 
attenuation at said output terminals all fre 
quencies below a predetermined cut-oirr fre 
quency appearing _at said input terminals and 
blocking with substantially high attenuation at 
said output terminals all frequencies above said 
predetermined cut-off frequency, said low pass 
filter network including resistance and capaci 
tance means connected in series across said 
input terminals with said capacitance means 
connected across said output terminals and a 
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6 
shunt resistor connected across said capacitance 
means and said output terminals: 

(2) a Zener diode circuit coupled to said output 
terminals including first, second and third resis 
tor means connected in series across said shunt 
resistor, and a Zener diode including an anode 
connected in series with said ñrst resistor means 
and a cathode connected in series with said 
second resistor means, said Zener diode having 
a high ratio of reverse to forward resistance 
until avalanche breakdown occurs at a predeter 
mined avalanche breakdown voltage. 

(3) means to apply a tiring voltage from 'said 
remote source of tiring voltage to said input 
terminals to produce said predetermined ava 
lanche breakdown voltage across said Zener 
diode to drive said Zener diode into conduction 
for producing a switching voltage across said 
second resistor means proportional to said firing 
voltage, and 

(4) a silicon controlled rectifier connected ̀ across 
said second resistor means including an input 
electrode connected between said second and 
third resistors means, an output electrode and 
a gate electrode connected in series with said 
cathode, said silicon controlled rectiñer nor 
mally representing an open circuit to the flow 
of current and able to switch rapidly to a con 
ducting state when said switching voltage is 
produced across said second resistor means; 
and 

(B) a detonating circuit including a pyrotechnic det 
onating bridge circuit connected in series with a 
source of detonating current of predetermined value, 
said pyrotechnic bridge circuit connected in series 
with said output electrode and said source of det 
onating current connected in series with said input 
electrode so that said predetermined detonating cur 
rent is applied to s-aid pyrotechnic bridge circuit only 
when said silicon controlled rectifier responds to 
said switching voltage. 

2. The system of claim 1 wherein said source of pre 
determined detonating current is -a battery including a 
negative electrode connected in series with said input 
electrode and a positive electrode connected in series 
with said pyrotechnic detonating bridge circuit, said bat 
tery and said pyrotechnic bridge circuit being mounted 
in a unitary structure. 
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