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57 ABSTRACT 
A pressure sensing means responsive to gas pressure 
within a gas containing vessel of a motor vehicle's in 
flatable bag restraint system is connected in parallel 
with a signal means located within the passenger com 
partment of the vehicle. The connection is such that 
the signal means receives and becomes energized with 
power from an electrical power source when the sens 
ing means shifts from a conductive to a non 
conductive mode. Normal gas pressures within the 
vessel maintain the pressure sensing means in the con 
ductive mode. If gas pressure in the vessel falls below 
a preselected pressure, the pressure sensing means 
shifts to its non-conductive mode, whereby the signal 
means becomes energized and serves to inform pas 
sengers of the vehicle that the gas pressure is danger 
ously low. 

4 Claims, 4 Drawing Figures 
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3,845,260 
PRESSURE SENSING SWITCH WITH MOVABLE 

CONTACT DIAPHRAGM 
This is a division, of application Ser. No. 278,503, 

filed Aug. 7, 1972. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to apparatus especially 

adapted for use with motor vehicle passive restraint 
systems which operate in the event of a collision to de 
liver gas from a gas source into an inflatable bag, and 
more particularly to pressure sensitive apparatus for 
signalling an occupant of the vehicle when pressure 
within the gas source falls below a preselected pressure. 

2. Description of the Prior Art 
Inflatable bag restraint systems have been recently 

developed which should significantly decrease the 
number of fatalities and serious injuries resulting from 
motor vehicle accidents. Such systems generally in 
clude a source of pressurized gas disposed within a ve 
hicle and apparatus connected to the gas source for 
creating an outlet therein when the vehicle is involved 
in a collision. The outlet communicates with an inflat 
able bag. Gas flows from the gas source through the 
outlet and into the bag, which is rapidly inflated by the 
gas. It is obviously of prime importance that passengers 
of the vehicle be forewarned if the pressure of the 
stored gas falls below the pressure necessary for proper 
inflation of the bag. Pressure indicating devices have 
been employed to inform vehicle passengers when the 
pressure of the stored gas is dangerously low. Such de 
vices contain complex electrical components and cir 
cuits which are expensive and, unless regularly ser 
viced, may become insufficiently reliable in operation 
when subjected to changing climatic conditions for 
prolonged periods of time. For this reason pressure in 
dicating devices of the type described generally result 
in higher purchase and maintenance costs than are con 
sidered to be commercially acceptable. 

SUMMARY OF THE INVENTION 
The present invention provides an inexpensive and 

highly reliable pressure sensing apparatus for informing 
vehicle passengers when gas pressure within a gas 
source falls below a preselected level. A pressure sens 
ing means disposed within a gas containing vessel of the 
gas source is connected in parallel with a signal means 
located within the passenger compartment of a vehicle 
in which the apparatus is disposed. The connection is 
such that the signal means receives and becomes ener 
gized with power from an electrical power source when 
the sensing means shifts from a conductive to a non 
conductive mode. Normally, the pressure of gas within 
the gas containing vessel is above the preselected pres 
sure, with the result that the pressure sensing means is 
maintained in the conductive mode. If the gas pressure 
falls below the preselected pressure, the pressure sens 
ing means shifts from the conductive to the nonconduc 
tive mode, whereby the signal means becomes ener 
gized and serves to inform passengers of the vehicle 
that the pressure of the gas is dangerously low. 
More specifically, the pressure sensing means has a 

substantially rigid supporting member having inner and 
outer faces. A pressure responsive electrically conduc 
tive diaphragm is provided having a portion thereof in 
sealing engagement with the supporting member, the 
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remaining portion being spaced from the inner face of 
the supporting member. The diaphragm and the sup 
porting member define a hollow compartment having 
an evacuated state. A contact member extends through 
the supporting member and partially into the hollow 
compartment. Insulating and sealing means are dis 
posed between the contact member and the supporting 
member for insulating the contact member from the 
supporting member and effecting an air tight seal there 
between so as to maintain said hollow compartment in 
said evacuated state. 
The apparatus of this invention has advantageous 

structural features. Very few parts are required for con 
struction of the pressure sensing means. Each of such 
parts is easily fabricated and relatively strong. As a re 
sult, the pressure sensing means is quickly and easily 
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assembled at minimal cost to form a remarkably sturdy 
unit. The evacuated state of the hollow compartment 
prevents corrosion of the contact member and elimi 
nates the necessity for employing non-corrosive com 
ponents, which are usually more expensive. If the seal 
ing means cracks and leaks or if the hollow compart 
ment otherwise loses its evacuated state, then the pres 
sure sensing means shifts from the conductive to the 
non-conductive mode and the signal means becomes 
energized. Thus, the apparatus is fail-safe in the most 
probable failure mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood and fur 
ther advantages will become apparent when reference 
is made to the following detailed description and the 
accompanying drawings in which 
FIG. 1 is a diagrammatic representation of a pre 

ferred form of pressure sensing apparatus for informing 
vehicle passengers if gas pressure within a gas contain 
ing vessel falls below a preselected level; 
FIG. 2 is a side elevation, partly in section, of the 

pressure sensing means of FIG. 1; 
FIG. 3 is a plan view of the pressure sensing means 

of FIGS. 1 and 2; and 
FIG. 4 is a schematic electrical diagram of the appa 

ratus of FIG. I. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Most types of inflatable bag restraint systems conven 
tionally employed in motor vehicles have a gas source 
provided with a gas containing vessel. As a conse 
quence, the present invention will function with most 
varieties of apparatus for housing and delivering gas 
into an inflatable bag. For illustrative purposes, the in 
vention is described in connection with an inflatable 
bag restraint system disposed within a motor vehicle 
subject to impact, wherein an inflatable bag is con 
nected to the gas containing vessel of a gas source by 
means of a valve. Upon collision of the vehicle, an ap 
propriate mechanism opens the valve. Pressurized gas, 
such as nitrogen, flows from the gas containing vessel 
into the bag which is inflatably disposed between hard 
portions of the vehicle and passengers or other mobile 
objects contained therein. The inflating gas can be sup 
plied from a gas source which employs pressurized gas 
solely, or pressurized gas in combination with gas de 
veloped by combustion of gas generating material. In 
either of these inflatable restraint systems, the necessity 
for informing vehicle occupants of dangerously low 
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pressure within the gas containing vessel is readily ap 
parent. 

Referring to FIG. 1 of the drawings, the pressure 
sensing apparatus, shown generally at 10, includes a 
pressure sensing means 12 connected in parallel with a 
signal means 14, the connection being such that the sig 
nal means receives and becomes energized with power 
from an electrical power source 16 when the sensing 
means shifts from a conductive to a non-conductive 
mode. The pressure sensing means 12 is disposed 
within the gas containing vessel of a motor vehicle's in 
flatable bag restraint system (not shown) which oper 
ates in the event of a collision to deliver gas from the 
gas containing vessel into an inflatable bag. Signal 
means 14 of the audible, visual or combined audible 
and visual variety can be disposed at any suitable loca 
tion within the passenger compartment of the vehicle. 
As long as gas pressure within the gas containing vessel 
is above the preselected pressure necessary for proper 
inflation of the bag, the pressure sensing means is main 
tained in the conductive mode. Switch means 18, con 
nected in series with and between power source 16 and 
each of pressure sensing means 12 and signal means 14, 
prevents electrical power from reaching signal means 
14 during such time as the pressure sensing means 12 
remains in the conductive mode. The switch means 18 
preferably includes a relay in series with and between 
the signal means 14 and the power source 16 and hav 
ing a mode of conductivity opposite, or reciprocal, to 
that of the pressure sensing means 12. If the gas pres 
sure falls below the preselected pressure, the pressure 
sensing means 12 shifts from the conductive to the non 
conductive mode, thereby causing switch means 18 to 
shift from a non-conductive to a conductive mode, 
whereby electrical power is directed through signal 
means 14. The signal means 14 becomes energized and 
serves to inform passengers of the vehicle that the pres 
sure of the gas is dangerously low. 
The gas containing vessel has a volume in the range 

of about 50 to 150 cubic inches, preferably about 100 
cubic inches. It can be located behind the dashboard of 
the motor vehicle or at other suitable locations there 
within. Nitrogen, air or other suitable gas which is not 
toxic to humans, does not have a deleterious effect on 
the inflatable bag, and can be stored for prolonged pe 
riods without leaking from the gas containing vessel is 
generally used as the pressurized gas. The pressurized 
gas is normally contained within the gas containing ves 
sel at a pressure in the range of about 1,000 to 4,000 
pounds per square inch, and preferably at about 2,000 
pounds per square inch. Gas pressures below a prese 
lected pressure, as in the order of about 500 psi, are in 
sufficient to substantially fill the bag and therefore tend 
to create a potentially dangerous condition. The pres 
sure sensing apparatus of the present invention serves 
to warn vehicle passengers when the latter condition 
exists. 
FIG. 2 illustrates the pressure sensing means of FIG. 
in more detail. The pressure sensing means 12 has a 

substantially rigid electrically conductive supporting 
member 20 of brass, copper or other suitable electri 
cally conductive material. Supporting member 20 com 
prises an inner face 22 and a boss 24 having a centrally 
located bore 26 extending longitudinally thereof. A 
pressure responsive electrically conductive diaphragm 
28 is provided having a portion thereof in sealing en 
gagement with the supporting member 20 the remain 
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4. 
ing portion being spaced from the inner face 22 as, for 
example, by means of a plurality of projecting portions 
30 joined to a connecting bow 32. 
The diaphragm 28 may be made of copper, brass, 

stainless steel or other suitable flexible, electrically 
conductive material and is joined to the supporting 
member 20 by brazing, fusing, soldering or the like. 
When thus joined, the diaphragm 28 and the support 
ing member 20 define a hollow compartment 34, the 
volume of which can vary from about 4 to 3 cubic 
inches, and preferably from about a to 2 cubic inches. 
A contact member 36 made of brass, copper or other 
suitable conductive material is positioned within the 
bore 26. The contact member 36 extends through the 
supporting member 20 and part way into the hollow 
compartment, as in the order of about 20 to 80 percent, 
preferably about 40 to 60 percent of the length, l, 
thereof. For example, the contact member 36 typically 
extends for about 4 inch into a % inch long compart 
ment 34. 
The pressure sensing means is preferably assembled 

within a vacuum chamber (not shown) so as to effect 
within the hollow compartment 34 an evacuated state. 
An insulating and sealing means, generally indicated at 
38 and made of rigid thermoplastic resins such as poly 
ethylene resins, electronic ceramics, glass insulators or 
other suitable electrical insulating and sealing material 
is disposed between the contact member 36 and the 
supporting member 20 for insulating the contact mem 
ber 36 from the supporting member 20 and effecting an 
air tight seal therebetween. Due to the provision of 
such seal, the evacuated state of said hollow compart 
ment 34 is maintained. The insulating and sealing 
means can be secured to the supporting member 20 
and the contact member 36 by means of a suitable ad 
hesive such as mineral filled silicone, mineral filled 
epoxy or the like, formed in situ therebetween. While 
the insulating and sealing means 38 can be a single 
member, a plurality of members is preferably employed 
to effect the insulating and sealing function. Hence, the 
insulating and sealing means 38 generally includes a 
sealing member 40 composed of glass, ceramics or 
other suitable material and an insulating member 42 
composed of such insulating materials as polyethylene 
resins, polyfluorocarbon resins and the like. The vari 
ous methods and types of apparatus employed to dis 
pose the insulating and sealing means 38 between the 
contact member 36 and the supporting member 20 will 
be well understood by those skilled in the art. 

In FIG. 3, there is illustrated a plan view of the pres 
sure sensing means of FIGS. 1 and 2. When disposed 
between the contact member 36 and boss 24 of the sup 
porting member 20, the insulating and sealing means 
38 has a substantially annular configuration wherein 
outer surface portion 44 and inner surface portion 46 
thereof are substantially circular in shape. Other con 
figurations of the insulating and sealing means, includ 
ing a ring-shaped structure having polygonal outer and 
inner surface portions 44 and 46 can also be used. 
Flanged portion 48 of supporting member 20 has, in 
turn, a substantially annular configuration when it is 
disposed, as shown in FIG. 2, between the insulating 
and sealing means 38 and attaching ends 50 of dia 
phragm 28. Other configurations of the flanged portion 
48, including a ring-shaped structure wherein surface 
52 is polygonal can also be used. The form of the 
flanged portion 48 and of the insulating and sealing 
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means 38 shown in FIG. 3 is intended to be illustrative 
and should not be interpreted to limit the invention to 
the particular configuration disclosed. Accordingly, the 
term "substantially annular configuration' as used in 
the specification and claims with reference to each of 
the insulating and sealing means 38 and the flanged 
portion 48 is intended to include, as well, configura 
tions of the type discussed in this paragraph. 
FIGS. 2 and 3 collectively illustrate the pressure sens 

ing means 12 in its assembled form. End 58 of contact 
member 36 is electrically connected in series with the 
positive terminal of power source 16. Hind face 60 of 
the flanged portion 48 of base 20 is electrically con 
nected in series with and between diaphragm 28 and 
power source 16 by a conducting means 62 soldered or 
otherwise electrically connected thereto. Contact face 
56 of contact member 36 and diaphragm 28 coact to 
selectively transmit electric power through the pressure 
sensing means 12. The diaphragm 28 has an inner sur 
face 54 adapted for movement relative to the contact 
face 56. Forces resulting from gas pressures in excess 
of the preselected pressure move the diaphragm 28 in 
the direction of the arrow until the inner surface 54 
thereof is brought into continuous contact with contact 
face 56 of contact member 36. So long as the pressure 
sensing means 12 is subjected to such forces, an electri 
cal current from power source 6 is transmitted there 
through. If the gas pressure falls below the preselected 
pressure, the magnitude of the resulting forces is insuf 
ficient to hold the inner surface 54 of diaphragm 28 in 
contact with contact face 56. The natural resiliency of 
the diaphragm causes it to move against the direction 
of the arrow, thereby terminating electrical communi 
cation across the pressure sensing means 12. 

In FIG. 4 there is shown, schematically, an electrical 
diagram of one form of the pressure sensing apparatus 
10. Other forms can also be used. The pressure sensing 
means 12, schematically shown as switch 76, is con 
nected in parallel with the signal means 14 and coupled 
to the power source 16 through the switch means 18. 
Such pressure sensing means has a conductive and a 
non-conductive mode and is responsive to gas pressure 
within a gas containing vessel of an inflatable bag re 
straint system (not shown). Power source 16 may be a 
primary or storage battery 63 having an electrical po 
tential of about 12 volts and typically comprises the 
storage battery of a vehicle in which the apparatus 10 
is disposed. Signal means 14 contains in parallel the 
combination of a lamp 72 located in the dashboard 
area so as to be readily visible to the driver, and an 
audio alarm 74 which may be a buzzer, tone generator 
or the like. The switch means 18 comprises a coil 64 
connected in series with and between power source 16 
and pressure sensing means 12 and a relay 66 in series 
with and between signal means 14 and power source 
16, the relay being moved from a closed position to an 
open position upon application of power through the 
coil 64. When thus connected the switch means 18 and 
the pressure sensing means 12 have opposite, or recip 
rocal, modes of conductivity. Moreover, with such con 
nection the switch means 18 is responsive to the mode 
of conductivity of the pressure sensing means 12, 
whereby the switch means 18 selectively directs electri 
cal power to the signal means 14. If the relay 66 is in 
the closed position, terminals 68 and 70 are placed in 
electrical communication with power source 16, with 
the result that the signal means 14 becomes energized. 
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6 
This condition can only exist when electrical communi 
cation across the pressure sensing means 12 has been 
terminated. Normally, the pressure sensing means 12 is 
subjected to pressure above the preselected pressure 
and is held by forces resulting therefrom in a closed po 
sition. The latter condition causes application of power 
through the coil 64. As a result, relay 66 remains open 
to prevent energization of the signal means 14. 
The pressure sensing apparatus 10 which has been 

disclosed herein can, of course, be modified in numer 
ous ways without departing from the scope of the in 
vention. An ignition switch can be connected in series 
with and between the battery 63 and each of coil 64 
and signal means 14. This modification advantageously 
prevents loss of power from battery 63 during such 
time as the ignition switch is open. Lamp 72 may be 
equipped with a red lens or include a flasher circuit for 
increased visability. Such modifications are intended to 
fall within the scope of the present invention. 

In operation, the pressure sensing means 2 is dis 
posed within the gas containing vessel of a motor vehi 
cle's inflatable bag restraint system (not shown). 
Forces resulting from gas pressures above the prese 
lected pressure hold inner surface 54 of diaphragm 28 
in continuous contact with contact face 56. Power is 
thus applied from battery 63 through coil 64, and relay 
66 remains open to prevent enerigization of signal 
means 14. If the gas pressure falls below the prese 
lected pressure, the contact between inner surface 54 
and contact face 56 ceases, thereby terminating electri 
cal communication across the pressure sensing means 
12 and application of power through coil 64. Relay 66 
moves to the closed position, and terminals 68 and 70 
are thereby placed in electrical communication with 
battery 63. As a result, the signal means becomes ener 
gized and serves to inform occupants of the vehicle that 
gas pressure within the gas containing vessel is danger 
ously low. 
Having thus described the invention in rather full de 

tail, it will be understood that these details need not be 
strictly adhered to but that various changes and modifi 
cations may suggest themselves to one skilled in the art, 
all falling within the scope of the invention as defined 
by the subjoined claims. 

I claim: 
1. Pressure sensing means comprising: 
a. a single substantially rigid, electrically conductive 
supporting member having inner and outer faces; 

b. a pressure responsive, electrically conductive dia 
phragm having a portion in sealing engagement 
with said supporting member and the remaining 
portion spaced from the inner face thereof, said di 
aphragm and said inner face defining a hollow 
compartment having an evacuated state; 
an integral contact member of substantially con 
stant diameter extending through said supporting 
member and partially into said hollow compart 
ment, said contact member having a face engaging 
the inner face of said diaphragm upon application 
of pressure to the outer face of said diaphragm; and 

d. insulating and sealing means disposed between 
said contact member and said supporting member 
for insulating said contact member from said sup 
porting member and effecting an air tight seal 
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therebetween so as to maintain said hollow com 
partment in said evacuated state. 

2. Pressure sensing means as recited in claim 
wherein said supporting member includes a flanged 
portion having a substantially annular configuration 
and a boss having a centrally located bore extending 
longitudinally thereof. 

3. Pressure sensing means as recited in claim i 
wherein said diaphragm includes a plurality of project 
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8 
ing portions joined to a connecting bow for spacing said 
diaphragm from the front face of said supporting mem 
ber. 

4. Pressure sensing means as recited in claim 1 
wherein the volume of said hollow compartment ranges 
from about 4 to 3 cubic inches and said contact mem 
ber extends into the compartment from about 20 to 80 
percent of the length thereof. 
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