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AUTOMOTIVE INERTIA SWITCH WITH DASHPOT 
TYPE ACTUATOR 

The present invention relates to mechanical pressure 
responsive switch devices and, more particularly, to 
switch devices which are adapted to be actuated in re 
sponse to mechanical pressures applied thereto as a re 
sult of compression, deformation or unusual movement 
of objects which are brought into forceful contact with 
other moving or stationary objects which may be parts 
of machines or vehicles. The pressure responsive 
switch device herein disclosed is especially advanta 
geous where used on motor vehicle safety devices, al 
though such device may ?nd various practical applica 
tions in other ?elds. The present invention, as such, will 
be herein described, by way of example, as being ap 
plied to actuating means for the motor vehicle safety 
devices which per se are well known in the art. 
Various types of motor vehicle safety devices have 

thus far been proposed for the purpose of providing as 
surance of safety of the occupants of the motor vehicles 
in the event of collisions encountered, typical of such 
safety devices using in?atable protector bags or 
stretchable protector nettings. The protector bag or 
netting is usually stowed in a folded or collapsed condi 
tion when it is held inoperative. The protector bag or 
netting is connected to suitable actuating means by 
which the bag or netting is actuated into a protective 
position immediately when the collision is encountered 
by the motor vehicle. The protector bag or netting in 
this protective position intervenes between the vehicle 
occupant and relatively hard structural parts of the ve 
hicle cabin such as a wind-shield, an instrument panel, 
a steering wheel or column, a seat back and so forth. 
The vehicle occupant violently ?ung or bounced 
around by a force of inertia resulting from the collision 
condition is considerably softly received by the ex 
panded protector bag or the netting which is stretched. 
The protector bag or netting thus serves as a restraint 
for the vehicle occupant so as to absorb or dampen out 
at least a portion of the momentum developed in the 
occupant as a result of the impact imparted to him. For 
the purpose of providing full assurance of protection of 
the vehicle occupant from incurring a serious injury 
during the collision condition, it is of critical impor 
tance that the protector bag or netting be actuated to 
the protective position as rapidly and reliably as possi 
ble and maintained inoperative unless a condition 
which is likely to lead to a serious danger of the vehicle 
occupant is brought about. The actuating means for the _ 
protector bag or netting is thus required to be respon 
sive to the collision conditionnot only instantaneously 
but with utmost certainty and is, therefore, usually con 
nected to switch means which is adapted to detect the 
collision of the motor vehicle upon sensing of either the 
rate of deceleration of the motor vehicle or the me 
chanical pressure resulting from the compression, de 
formation or unusual movement of any of the parts and 
structures of the motor vehicle as caused by the colli 
sion. . ‘ 

The switch means of the type responsive to the rate 
of deceleration (or acceleration) generally use a mag 
net and a ball or weight of a'ferromagnetic material 
serving as an inertial mass and features rapid response 
to the collision condition. The switch means of this 
character, however, tends to respond to shocks or im 
pacts of the degrees which are unlikely to invite a seri 
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2 
ous injury of the vehicle occupant and is, therefore, lia 
ble to cause the protector bag or netting to be objec 
tionably actuated when, for instance, the door of the 
motor vehicle is violently shut or the motor vehicle en 
counters a hole or depression in the road surface. 
The switch means of the mechanical pressure respon 

sive character, on the other hand, respond to an actual 
collision condition through detection of forceful 
contact between a part of the vehicle body and an ob 
struction but are not fully acceptable because of the ap 
preciable delay in actuating the protector bag or net 
ting. 

It is, therefore, an object of the present invention to 
provide a mechanical pressure responsive switch means 
which is capable of rapidly and reliably detecting the 
collision condition so as to enable the motor vehicle 
safety device to be actuated to the protective position 
at a proper timing and only during a condition in which 
an impact likely to lead to a serious injury of the vehicle 
occupant is imparted to the switch means. 
The pressure responsive switch device to which the 

present invention is directed uses a contractable bum 
per support which is adapted to absorb a force of im 
pact on the bumper by cushioned contraction of a hy 
drostatic piston cylinder. In accordance with the pres 
ent invention, the collision of the motor vehicle is de 
tected through use of the forced contraction of the pis 
ton cylinder to a predetermined critical extent. 
The switch device according to the present invention 

thus generally comprises a cylinder having a closed end 
wall, a piston which is axially slidable in the cylinder 
and which de?nes at least one chamber in the cylinder 
between the piston and the closed end wall of the cylin 
der, a plunger extending axially from the piston in a di 
rection opposite to the closed end wall of the cylinder 
and projecting outwardly from the cylinder, pressure 
absorptive means which is accommodated in the cylin 
der and usually holding the piston and plunger in rest 
positions, the pressure absorptive means being opera 
ble to allow restricted axial movement of the plunger 
in unison with the piston toward the closed end wall of 
the cylinder when a mechanical pressure is exerted axi 
ally on the plunger, and switch means which is actuated 
in response to the movement of the plunger and piston 
through a predetermined distance. Where the cylinder 
has only one chamber which is de?ned between the pis 
ton and the closed end wall of the cylinder, the pressure 
absorptive means may comprise a compressible ?uid or 
an elastic or resilient material occupying that chamber. 
The compressible ?uid may be either a gas under pres 
sure or a substantially compressible liquid such as sili~ 
con oil while the elastic or resilient material may be 
rubber, ductile plastics or the like. Where, on the other 
hand, the cylinder has two chambers which are formed 
on both sides of the piston, the pressure absorptive 
means may include compressible or incompressible liq 
uid occupying these two chambers and ori?ce means 
providing restricted liquid communication between 
these chambers. When, thus, the plunger is forced in 
‘unison with the piston toward the closed end wall of the 
cylinder, the liquid in one of the chambers in the cylin 
der is passed to the other chamber so as to allow the 
piston and plunger to move accordingly. If, in this con 
dition, the piston and plunger are moved through the 
predetermined distance, then the switch means is actu 
ated to produce a signal representative of the collision 
condition. The pressure absorptive means of the above 
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described nature may further include a movable parti 
tion member which is axially movable in the chamber 
de?ned between the piston and the closed end wall of 
the cylinder for dividing the chamber into two separate 
compartments. One compartment which is de?ned be 
tween the movable partition member and the closed 
end wall of the cylinder is ?lled with a gas under pres 
sure and the other compartment is ?lled with the afore 
said liquid and communicates with the opposite cham 
ber in the cylinder through the ori?ce means. The gas 
under pressure will add to the cushioning effect for the 
axial movement of the piston and plunger, absorbing 
mechanical pressures of a certain magnitude which 
may be determined by the limit of compression of the 
gas used. ' 

The switch means which is operable in the switch de 
vice thus arranged may be constructed in various man 
ners in accordance with the present invention. For in 
stance, the switch means may comprise a pair of elec 
tric contacts which are spaced apart from each other 
when the plunger and piston are held in the reset posi 
tions. These electric contacts are responsive directly or 
indirectly to the axial movement of the piston in unison 
with the plunger, thus being brought into contact with 
each other when the movement of the piston reaches 
the predetermined distance. In a preferred form of the 
switch means thus arranged, one of the spaced electric 
contacts is held stationary relative to the cylinder and 
the other contact is mounted on the plunger or piston 
so as to be movable therewith relative to the stationary 
contact. In this instance, the stationary contact may be 
positioned at an end of the cylinder opposite to the 
closed end wall thereof while the movable contact may 
be mounted on an outer peripheral wall of the plunger 
at a spacing from and substantially in alignment with 
the stationary contact so that the two contacts are con 
nected together by the axial movement of the piston 
and plunger. Alternatively, the stationary contact may 
be mounted on a contact support member which is held 
stationary relative to the cylinder and which extends 
into the plunger through the piston, in which instance 
the plunger has an axial bore formed therein and re 
ceives in the bore the movable contact which is posi 
tioned substantially in axial alignment with the station 
ary contact. In another preferred form of the switch 
means using the spaced electric contacts, the contacts 
are supported within an electrically non-conductive re 
ceptacle which is mounted on an outer peripheral wall 
of the plunger at a spacing from the end of the plunger 
opposite to the closed end wall thereof. The electric 
contacts are mounted within this receptacle and are 
spaced apart from each other in an axial direction of 
the plunger so that they are connected to each other 
when the plunger is axially moved relative to the cylin 
der and the receptacle is forced against the end of the 
cylinder opposite to the closed end wall thereof. As an 
alternative to the switch means which is thus responsive 
directly to the axial movement of the plunger and pis 
ton relative to the cylinder, the switch means may be 
arranged so that it is responsive to a rise in the pressure 
in the liquid or gas contained in the cylinder. The 
switch means of this nature may comprise a receptacle 
having a cavity formed therein and a portion constitut 
ing the stationary contact, a plug member which is slid 
able in the cavity in the receptacle and which has a por 
tion constituting the movable contact, and biasing 
means such as a coil spring urging the plug member 
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4 
outwardly in the receptacle against the pressure of the 
liquid or gas exerted on the outer face of the plug mem 
ber so that the stationary and movable contacts are 
kept spaced apart from each other when the piston and 
plunger are held in the rest positions in the absence of 
a pressure on the plunger. When, thus, a mechanical 
pressure greater than a predetermined magnitude is ax 
ially applied to the plunger and consequently the ?uid 
pressure on the plug member increases to a predeter 
mined level, the plug member is caused to slide against 
the opposing force of the biasing means so that the 
movable contact integral with the plug member abuts 
against the stationary contact, thereby producing an 
electric signal representative of the collision condition 
detected by the switch device. The switch means thus 
far described all use two electric contacts which are 
mechanically connected to response to the movement 
of the piston and plunger or to the rise in pressure of 
the liquid or gas in the cylinder. If desired, however, the 
switch means may be constructed in a manner to pro 
duce an electric signal through utilization of an electro 
motive force induced in a solenoid coil by relative 
movement of the coil and suitable magnet means. In 
the switch means of this character, either of the sole 
noid coil and magnet means is held stationary relative 
to the cylinder and the other of them is supported on 
the plunger or piston. The solenoid coil and magnet 
means are spaced apart from each other when the pis 
ton and plunger are held in the rest positions so that no 
electromotive force is induced in the solenoid coil. 
When the piston and plunger are moved together 
through the predetermined distance in response to an 
impact on the plunger, the solenoid coil and magnet 
means are aligned with each other so that the solenoid 
coil cuts at an increasing rate across the magnetic ?eld 
established by the magnet means. The magnet means 
may be made up of a pair of permanent magnets which 
are spaced apart from each other so as to admit there 
between the solenoid coil when the magnets and sole 
noid coil are aligned together. Alternatively, the mag 
net means may comprise a permanent magnet of a ring 
form having a central aperture of a diameter'adapted 
to admit therein the solenoid coil when the coil and 
magnet are aligned together. In this instance, the sole 
noid coil is wound on the plunger and the magnet is 
supported within the cylinder in a manner to surround 
the plunger. The plunger and cylinder are formed of a 
ferromagnetic material and are connected to each 
other through a ferromagnetic member so as to consti 
tute a magnetic circuit between the magnet and 
plunger. It is apparent that the permanent magnet or 
magnets can be substituted by an electromagnet, if de 
sired. 
The switch means thus far described are all adapted ‘ 

to be closed so as to produce an “ON” signal in re 
sponse to a collision condition thereby detected. If pre 
ferred, however, the switch means may be arranged in 
a manner to open in response to an impact thereon so 
as to produce an “OFF” signal during a collision condi~ 
tion. For this purpose, the switch means may comprise 
a rupturable, electrically conductive element which is 
constantly energized from a source of electric power 
and which is ruptured and consequently made non 
conductive in response to an impact which is applied 
thereto. The conductive element of this nature may be 
a rod or tube of glass which is coated or plated with 
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conductive metal or containing therein a thin wire of 
conductor. 
Where the mechanical responsive switch device is to 

be used as the collision detecting element of the motor 
vehicle safety device as previously mentioned; the 
switch device should be connected at one end to a re 
verse side Of the bumper and at the other to any of the 
structural members of the vehicle body, thus extending 
in its entirety in a fore-and-aft direction of the motor 
vehicle so as to be responsive to a frontal or rear-end 
collision of the vehicle. 
More detailed constructions and operations of the 

mechanical pressure responsive switch device accord 
ing to the present invention will become apparent from 
the following description taken in conjunction with the 
accompanying drawings, wherein corresponding parts 
and materials are denoted by like reference numerals 
throughout the ?gures and in which: 
FIG. 1 is a longitudinal sectional view of a preferred ' 

embodiment of the switch device according to the pres 
ent invention; 
FIG. 2 is a side end view showing, partly in section, 

another preferred embodiment of the switch device; 
FIG. 3 is a fragmentary side end view of still another 

preferred embodiment of the switch device; 
FIG. 4 is a sectional view showing, on an enlarged 

scale, the switch means forming part of the device illus 
trated in FIG. 3; 
FIG. 5 is also a fragmentary side end view of still an 

other preferred embodiment of the switch device ac 
cording to the present invention; 
FIG. 6 is a sectional view showing, on an enlarged 

scale, the switch means forming part of the device illus 
trated in FIG. 5; 
FIG. 7 is longitudinal sectional view of still another 

preferred embodiment of the switch device according 
to the present invention; 
FIG. 8 is a sectional view showing, on an enlarged 

scale, the switch means forming part of the device illus 
trated in FIG. 7; 
FIG. 9 is also a longitudinal sectional view showing 

still another preferred embodiment of the switch device 
according to the present invention; 
FIGS. 9A and 9B are cross sectional views taken on 

line IX—IX of FIG. 9, thus showing different magnet 
arrangements of the switch device illustrated in FIG. 9; 
FIG. 10 is a longitudinal sectional view showing a 

modi?cation of the embodiment illustrated in FIG. 9; 
and . 

FIG. 11 is a schematic side elevational view of a 
motor vehicle which is equipped with the mechanical 
pressure responsive switch device of any of the con 
structions shown in the preceding ?gures. 
Reference isv now made to FIG. 1 illustrating a ?rst 

preferred embodiment of the switch device according 
to the present invention. As illustrated, the switch de 
vice has a cylinder 20 having a closed end wall 20a and 
an axial bore formed therein. A piston 22 is axially slid 
ably received within this cylinder 20, dividing the cylin 
der bore into two chambers 24 and '26. Communication 
is provided between the chambers 24 and 26 through 
an ori?ce 22a which is formed in the piston 22. A 
plunger 28 having an axial bore 28a extends axially 
from the piston 22 and throughout the chamber 24 pro 
jecting outwardly of the cylinder 20 through an annular 
end plug 30. This end plug 30 closes an end of the bore 
in the cylinder 20 opposite to the end wall 20a, thus 
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6 
hermetically sealing off the chamber 24. The chambers 
24 and 26 are filled with liquid 32 which is passable 
from one of the chambers to the other through the ori 
?ce 22a in the piston 22. A contact support member 34 
extends axially inwardly from the end wall 20a of the 
cylinder 28 and projects into the bore 28a in the 
plunger 28 through the chamber 26, terminating 
halfway in the bore 28a as illustrated. The end of the 
plunger 28 facing the end wall 200 of the cylinder 20 
is closed by an annular sealing member 6 by which the 
chamber 26 ?lled with the liquid 32 is hermetically iso 
lated from the bore 28a in the plunger 28. The contact 
support member 34 carries on its portion extending in 
the bore 28a a stationary electric contact 38 through an 
insulating element 40, the contact 38 thus being held 
stationary relative to the cylinder 20. The plunger 28, 
nn the othe hand, carries on its inner peripheral wall an 
electric contact 42 through an insulating element 44, 
the contact 42 thus being movable with the plunger 28 
relative to the cylinder 20. The stationary and movable 
contacts 38 and 42, respectively, are located substan 
tially in axial alignment with each other within the bore 
28a and, when the plunger 28 is maintained in a rest 
position as illustrated, the contacts are spaced apart 
from each other a suitable predetermined distance 
which is herein indicated by L. The contacts 38 and 42 
and the associated insulating members 40 and 44 are 
herein shown as having annular con?gurations by way 
of example but, where desired, they may be modi?ed 
to have other suitable con?gurations. The contacts 38 
and 42 are connected to leads 46 and 46' of an electric 
circuit intervening between a source of electric power 
and actuating means (not shown) of, for instance, a 
motor vehicle safety device. This actuating means may 
be a solenoid valve which is usually employed to open 
a source of a gas under pressure for expanding an in 
?atable protector bag during a collision condition. 
Thus, the switch device as a whole is connected at one 
end to a front or rear bumper and at the other to a 
structural member of a vehicle body in a suitable man 
ner. In the arrangement shown in FIG. 1, the plunger 
28 is connected at its leading end to the bumper 48 
through suitable fastening means 50 and the cyliner 20 
is connected at its end wall 20a to a bracket 52 which 
is bolted or welded to any structural member (now 
shown) of the vehicle body. It is, however, apparent 
that the directional position of the switch device with 
respect to the vehicle body can be inverted, if desired, 
in which instance the plunger 28 is connected to the 
structural member of the vehicle body and the cylinder 
20 is connected to the bumper, though not shown in the 
drawing. ‘ 

When, in operation, the motor vehicle having the 
switch device of the above-described construction en 
counters a frontal or rear-end collision, then the bum 
per 50 is forced in the direction of an arrow A so that 
the plunger 28 and accordingly the piston 22 are urged 
toward the end wall 20a of the cylinder. This causes the 
liquid 32 in the chamber 26 to be passed to the other 
chamber 24 at a restricted rate through the ori?ce 22a 
in the piston, thereby allowing the plunger 28 to axially 
move toward the closed end wall 20a of the cylinder. 
If, thus, the plunger 28 is moved the distance L, then 
the contact 42 abuts to the stationary contact 38 srthat 
the leads 46 and 46' are connected together, complet 
ing a closed circuit between the source of power and 
the actuating means of the safety device. The safety de 
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vice such as the inflatable protector bag is thereby ac 
tuated to the protective position receiving the vehicle 
occupant who is ?ung thereto in response to an impact 
resulting from the collision. 
The contacts 38 and 42 and/or the associated insulat 

in g elements 40 and 44 might objectionably act as stops 
for the axial movement of the plunger 28 if they are rig 
idly connected to the support member 34 and plunger 
28, respectively. To enable the plunger 28 to entirely 
retract into the cylinder 20 and accordingly absorb the 
energy of impact in an adequate proportion during the 
collision condition, it is preferable to use an adhesive 
for securing the contacts 38 and 42 to the insulating 
members 40 and 44 and for securing the insulating ele 
ments 40 and 44 to the support member 34 and plunger 
28, respectively, whereby the contacts and/or the insu 
lating elements are permitted to be disconnected from 
the support member and plunger by the movement of 
the plunger. In this instance, the electric circuit for en 
ergizing the actuating means of the safety device should 
be constructed in such a manner that the actuating 
means remain energized once the leads 46 and 46' are 
connected together through the abutment of the elec 
tric contacts 38 and 42 to each other. By the use of 
such circuit arrangement, the actuating means of the 
safety device is capable of operating in a proper condi 
tion even though the contacts 38 and 42 happen to be 
disconnected from each other after they have once 
contacted together. Here, it is to be noted that, since 
the switch device according to the present invention is 
specifically adapted to respond to a collision with a rel 
atively large magnitude, the contacts 38 and 42 need 
not be restored to the initial position once the switch 
device has been actuated. 
The liquid 32 usable in the switch device shown in 

FIG. I maybe a usual hydraulic ?uid which is usually 
incompressible but, where desired, the liquid may be a 
substantially compressible liquid such as for example 
silicon oil. Alternatively, a suitable elastic or resilient 
material such as rubber or ductile plastics may ebe ac 
commodated in the chamber 26 de?ned between the 
piston 22 and the closed end wall 20a of the cylinder 
20, though not shown. In this instance, the switch de 
vice need not use sealing elements such as the end plug 
30 and sealing member 36 while the piston 22 need not 
be formed with the ori?ce 22a. 
The spacing L between the electric contacts 38 and 

40 in the initial positions should be selected in consid' 
eration of the magnitude of the impact at which the 
safety device shoud be actuated responsive to a colli 
sion condition. 
FIG. 2 illustrates a modi?cation of the switch device 

of FIG. 1. This modi?ed switch device is characterized 
in that the stationary and movable contacts, which are 
now designated by reference numerals 54 and 56 re 
spectively, are mounted on the outer peripheral wall of 
the plunger 28 through insulating elements 58 and 60, 
respectively. The stationary contact 54 is in close 
contact with the leading end of the cylinder 20 receiv 
ing the plunger while the movable contact 56 is posi 
tioned on plunger 28 at a spacing L from the stationary 
contact 54 as seen in the drawing. The stationary and 
movable contacts 54 and 56 are connected to leads 46 
and 46', respectively, of the electric circuit for the ac 
tuating means of the safety device. The internal con 
struction of the cylinder 20 may be similar to that of the 
cylinder of the switch device shown in FIG. 1, except 
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8 
for the fact that the contact support member 34 of the 
cylinder shown in FIG. I is removed from the cylinder 
of the device of FIG. 2. It is, however, apparent that the 
cylinder 20 of the device shown in FIG. 2 may use an 
elastic or resilient material or a compressible liquid as 
the pressure absorptive means, as previously men 
tioned. The plunger 28, on the other hand, may be 
formed as solid or, if desired, formed with an axial bore 
communicating with the chamber between the piston 
and the closed end wall of the cylinder and ?lled with 
the liquid or the elastic material. 
When, in operation, the plunger 28 of the switch de 

vice shown in FIG. 2 is forced toward the bracket 52 
in response to an impact resulting from a collision at 
the bumper 48, then the liquid in the cylinder bore is 
caused to pass from one of the chambers to the other 
or the elastic or resilient material is compressed so that 
the plunger 28 is axially moved in the direction of 
arrow A. If, thus,‘ the plunger 28 is moved through the 
distance L which is predetermined, the movable 
contact 56 is brought into contact with the stationary 
contact 54 which is, in this condition, disconnected 
from the plunger 28 and forced against the leading end 
of the cylinder 20. The leads 46 and 46’ are in this man 
ner connected to each other, thereby completing the 
electric circuit for the actuating means of the safety de 
vice. The electric contacts 54 and 56 and/or the insu~ 
lating elements 58 and 60 should be releasably 
mounted on the outer peripheral wall of the plunger 28 
by use of an adhesive, for the reason previously ex 
plained in connection with the switch device shown in 
FIG. 1. Thus, the electric arrangement for the actuating 
means for the safety device may be preferably provided 
with self-holding characteristics though use of a relay 
or a ?ip-?op, whereby the actuating means is energized 
reliably even in the event that the contacts 54 and 56 
or the leads 46 and 46‘ happen to be disconnected from 
each other once they have been connected together. 
The contacts 54 and 56 are shown as generally annu 

lar in FIG. 2 but such is by way of example only. If de 
sired, therefore, the contacts 54 and 56 may be formed 
and located in various other manners. 
FIG. 3 illustrates a further modi?cation of the switch 

device shown in FIG. 2, wherein the spaced electric 
contacts are integrated into a single unit. The single 
switch unit, designated by reference numeral 62, is at 
tached to the outer peripheral wall of the plunger 28 
and spaced apart from the leading end of the cylinder 
20. The detailed internal construction of the cylinder 
20 is substantially similar to any of the constructions 
previously discussed and, as such, no description 
thereof will be herein incorporated. An example of the 
construction of the switch unit 62 is illustrated in FIG. 
4. As seen in FIG. 4, the switch unit comprises a gener 
ally annular receptacle 64 of an insulating material hav 
ing formed therein an annular cavity (not numbered). 
A pair of electric contacts 66 and 66' are received 
within this cavity in the receptacle 64 in a manner to 
surround the outer peripheral wall of the plunger 28. 
These contacts 66 and 66' are spaced apart from each 
other in a direction parallel to the axis of the plunger 
28. If desired, annular lands (not numbered) may be 
formed radially on the inner and outer walls of the re 
ceptacle so as to have the contacts 66 and 66' securely 
separated from each other when the switch unit 62 is 
maintained inoperative as illustrated. The‘ spacing 
betwen the contacts 66 and 66’ and/or the spacing be 
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tween the switch unit 62 and the leading end of the cyl 
inder 20 should be selected so that the switch device 
will be capable of responding to an impact of a prede 
termined magnitude. The contacts 66 and 66’ are con 
nected to leads 46 and 46’ of the electric circuit for the 
actuating means of the safety device, as previously 
mentioned. During the operation of the switch device 
in which the bumper 48 is subjected to a collision, the 
plunger 28 is moved in the direction of arrow A and ac 
cordingly the switch unit 62 strikes forcefully against 
the leading end of the cylinder 20. The receptacle 64 
is consequently ruptured or contracted in the axial di 
rection of the plunger 28 with the result that the 
contacts 66 and 66' are forced against each other. The 
leads 46 and 46’ are thus connected together and as a 
consequence the safety device is actuated to the pro 
tective position by the aid of the actuating means. The 
annular con?guration of the switch unit 62 as shown in 
FIG. 3 is by way of example and may be modi?ed in any 
desired manner insofar as such unit is adapted to en 
able the spaced contacts to bear against each other 
when it strikes against the cylinder. 
FIGS. 5 and 6 illustrate other modi?cations of the 

switch device of FIG. 2. Different‘from the embodi 
ments thus far described wherein the output lead from 
the switch device is energized only when the collision 
condition is responded to, the switch device shown in 
FIG. 5 is so constructed as to be brought into an open 
position when an impact resulting from the collision is 
applied to the switch device. Thus, the switch device of 
this nature comprises a rupturable, electrically conduc 
tive means 68 which is positioned on the outer periph 
eral wall of the plunger 28 and in contact with the lead 
ing end of the cylinder 20 and a ?ange or presser mem 
ber 70 which is secured on the outer peripheral wall of 
the plunger 28 and positioned at a spacing from the 
rupturable conductive means 68. A preferred example 
of this rupturable conductive means 68 is illustrated in 
cross section in FIG. 5. The rupturable conductive 
means 68 as shown-includes a receptacle 68a of a resil 
ient insulating material such as rubber or ductile plas 
tics and a rupturable or frangible conductor element 
68b which is embedded in the receptacle 68a. The re 
ceptacle 68a and accordingly the conductor element 
68b are herein shown as being generally annular, sur 
rounding the outer peripheral wall of the plunger 28. 
The conductor element 68b may be a thin wire or strip 
of conductor which is adapted to be broken when sub 
jected to a mechanical pressure greater than a prede 
termined magnitude or as shown in FIg. 6 a rod or tube 
of glass which is coated or plated with an electrically 
conductive metal ?lm. The conductor element 68b in 
any form is connected at spaced points thereof to the 
above-mentioned input and output leads 46 and 46' of 
the electric circuit for the actuating means of the safety 
device. During a collision condition which is encoun 
tered at the bumper 48 of the motor vehicle, the, 
plunger 28 is moved in the .direcdtion of arrow A in the 
same manner as described previously and, as a conse 
quence, the ?ange or presser member 70 is forced 
against the rupturable conductive means 68. The re 
ceptacle 68a of the means 68 is accordingly deformed 
or torn apart so that the conductor element 68b 
contained therein is cut off or ruptured into fragments, 
thereby causing the input and output leads 46 and 46’ 
of the electric circuit to be disconnected from each 
other. It is apparent that'the circuit for the actuating 
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10 
means of the safety device to which the switch device 
herein shown is applicable should be so arranged as to 
actuate the safety device when an operating signal pro 
duced by interruption of the electric connection be 
tween the input and output leads of the switch device 
is supplied to the actuating means. By preference, the 
switch devices shown in FIGS. 5 and 6 may be modi?ed 
in such a manner that the rupturable conductive means 
68 is initially spaced apart from the cylinderwhen the 
plunger 28 is in the rest position so as to be pressed 
upon by the leading end of the cylinder 20 when the 
plunger 28 is caused to retract into the cylinder 20. In 
the construction of this particular nature, the cylinder 
per se serves as the presser member and, thus, the 
flange 70 on the plunger 28 may be dispensed with. It 
is, in this instance, important that the receptacle of the 
rupturable conductive means be secured to the plunger 
with suf?cient rigidity. 
The embodiments thus far described with reference 

to FIGS. 2 to 6 feature simplicity of construction and 
ease of production for the simpli?ed constructions and 
arrangements of the switch means. The construction of 
the switch unit 62 or the rupturable conductive means 
68, moreover, are apparently applicable to the switch 
device shown in FIG. 1 or 2 through suitable modi?ca 
tion incorporated thereinto, where the rupturable con 
ductive means 68 is to be utilized as the switch means 
of the device according to the present invention, the 
electric circuit for the actuating means for the safety 
device need not be provided with self-holding charac 
teristics because the output lead from the switch device 
remains de-energized 
FIG. 7 illustrates another embodiment of the switch 

device according to the present invention which is now 
constructed as a hydro-pneumatic spring unit using not 
only the liquid but also a gas under pressure as the pres 
sure absorptive means. Parts and means corresponding 
to those of the embodiments previously described are 
designated by like reference numerals. The chamber 26 
which is thus de?ned between the piston 22 and the 
closed end wall 20a of the cylinder 20 is now divided 
into two compartments 26a and 26b by means of a 
movable partition member 72 serving as a floating pis 
ton. The partition member 72 is axially slidable in the 
chamber 26 through a sealing member 74 closely re 
ceived between the peripheral edge of the partition 
member 72 and the inner peripheral wall of the cylin 
der for hermetically sealing off the compartments 26a 
and 26b. The compartment 26a de?ned between the 
piston 22 and the partition member 72 is ?lled with liq 
uid 32 and communicates with the chamber 24 through 
the ori?ce 22a in the piston 22. The other compart 
ment 2612 which is de?ned between the partition mem 
ber 72 and the closed end wall 20a of the cylinder 20 
is occupied with a gas 76 under pressure. When, thus, 
the plunger 28 and piston 22 are held in the rest posi 
tions in the absence of an impact on the bumper 48, the 
movable partition member 72 is maintained in a bal 
anced position in which equalized liquid and gas pres 
sures are exerted on both sides thereof. The switch 
means which is applicable to the switch device thus 
constructed may be of a construction which is similar 
to any of the constructions of the switch means previ 
ously described wherein the switch means is actuated 
in direct response to the axial movement of the plunger 
relative to the cylinder during the collision condition. 
If preferred, however, the switch means may be ar 
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ranged in a manner to be responsive to a rise in the 
pressure in either the liquid 32 in the compartment 26a 
or the gas 76 in the compartment 26b of the cylinder 
20, an example of the switch means thus constructed 
being illustrated in Flg. 8. Referring to FIG. 8, the 
switch means designated by reference numeral 78 in~ 
cludes a receptacle 80 of a substantially rigid, electri 
cally conductive material having a cavity 82 formed 
therein. This receptacle 80 is opened at one end and 
closed at the other by an end wall 80a. A projection 84 
is formed on the end wall 80a, extending through the 
cavity 82 toward the open end of the receptacle 80, as 
shown. This projection 84, formed of the electrically 
conductive material, serves as a stationary contact. A 
plug member 86 is slidably received in the cavity 82 in 
the receptacle through a sealing member 88 interposed 
between the'plug member 86 and the inner peripheral 
wall of the receptacle 80. The plug member 86 has 
formed on its inner peripheral face a land or projection 
90 which is in line with the projection 84 from the end 
wall 80a of the receptacle. The plug member 86 and 
the land 90 forming part thereof are formed of a sub 
stantially rigid, electrically conductive material so that 
the land 90 serves as a movable contact which is en 
gageable with the stationary contact constituted by the 
projection from the end wall 800 of the receptacle 80. 
A preload or compression spring 92 is mounted within 
the cavity 82 in the receptacle 80 in a manner to sur 
round the projection 84 of the end wall 80a and the 
land 90 of the plug member 86. This compression 
spring 92 is seated at one end on the inner face of the 
end wall 800 through a spring seat 94 and an insulating 
element 96 and at the other on the inner face of the 
plug member 86 through a spring seat 98 and an insu 
lating element 100. The compression spring 92 biases 
the plug member 86 outwardly, viz., away from the end 
wall 80a of the receptacle 80, thereby keeping the land 
or movable contact 90 on the plug member 86 spaced 
apart from the projection or stationary contact 84. The 
receptacle 80 and plug member 86 are electrically iso 
lated from each other by means of an insulating ele 
ment 102 which is attached to the inner peripheral wall 
of the receptacle. The receptacle 80 and plug member 
86 are respectively connected to leads 46 and 46' of 
the electric circuit for the actuating means of the safety 
device. The projection 84 and land 90 serving as the 
stationary and movable contacts, respectively, in the 
shown construction are formed integrally with the re 
ceptacle 80 and plug member 86, respectively. Where, 
however, it is desired that the receptacle 80 and plug 
member 86 be formed with an insulating material of 
materials, the stationary and movable contacts may be 
constituted by electrically conductive members which 
are connected to the end wall 80a of the receptacle 80 
and the plug member 86 and which are con?gured gen 
erally in correspondence with the projection 84 and 
land 90. In this instance, the conductive members cor 
responding to the projection 84 and lead 90 should be 
directly connected to the leads 46 and 46' of the elec 
tric circuit for the safety device actuating means while 
the insulating elements 96, 100 and 102 need not be 
used. 
The switch means 78 having the above described 

construction is mounted on the cylinder 20 of the 
switch device in a manner to have its plug member 86 
kept in contact with either the liquid 32 in the compart 
ment 26a or the pressurized gas 76 inthecompartment 
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26b, as seen in FIG. 7. Thus, the plug member 86 is usu 
ally held in a balanced position through equilibrium be 
tween the biasing force of the compression spring 92 
and the opposing liquid or gas pressure exerted on the 
outer face of the plug member 86. In the absence of an 
increased pressure in the liquid 32 or the gas 76 with 
the plunger 28 and accordingly the piston 22 held in 
the rest positions, the land or movable contact 90 is 
kept disconnected from the projection or stationary 
contact 84 so that the safety device actuating means is 
held inoperative. 
When, now, the bumper 48 is forced toward the cyl 

inder 20 as a result of a collision, the plunger 28 and 
piston 22 are urged toward the end wall 200 of the cyl 
inder in the direction of arrow A with the result that the 
liquid 32 in the compartment 26a is subjected to a pres 
sure} This pressure on the liquid 32 is dampened par 
tially by passage of the liquid to the chamber 24 
through the ori?ce 22a in the piston and partially by 
compression of the pressurized gas 76 in the compart 
ment 26b. If, in this condition, the pressure transferred 
to the plug member 86 either from the liquid 32 in the 
compartment 26a or by the pressurized gas 76 in the 
compartment 26b reaches a level overcoming the bias 
ing force. of the compression spring, then the plug 
member 86 is moved toward the end wall 80a of the re— 
ceptacle 80 until the land or movable contact 90 abuts 
against the projection or stationary contact 84. The 
leads connected to the receptacle 80 and plug member 
86 (or directly to the stationary and movable contacts 
mounted in the receptacle and plug member when 
formed of the insulating material) are interconnected 
so that the electric circuit for the actuating means of 
the safety device is energized and accordingly the 
safety device is actuated to the protective position. 
FIG. 9 illustrates still another embodiment of the 

switch device in accordance with the present invention, 
wherein the electric signal indicative of the collision 
condition of the motor vehicle is produced by means of 
an electromotive force which is induced as a result of 
the movement of the plunger relative to the cylinder. 
The cylinder and piston arrangements of the switch de 
vice shown in FIG. 9 are exempli?ed as being essen 
tially similar to those of the device illustrated in FIG. 
7 and, therefore, corresponding parts and elements are 
designated by like reference numerals. It is, however, 
apparent that the cylinder and piston arrangements of 
the device herein shown can be of a nature substan 
tially corresponding to any of the cylinder and piston 
arrangements shown in FIGS. 1 and 2 or the modi?ca 
tions thereof. The switch device shown in FIG. 9 now 
includes a solenoid coil 104 which is wound on the 
outer peripheral wall of the leading end portion of the 
plunger 28 and which is suitably spaced apart from the 
leading end of the cylinder 20. This solenoid coil 104 
is connected at its ends to the leads 46 and 46' of the 
electric circuit for the safety device actuating means. A 
pair of permanent magnets 106 and 106’are attached 
to the leading end wall of the cylinder 20 and substan 
tially diametrically opposed to each other across the 
plunger 28 extending therebetween, as better seen in 
FIG. 9A. These permanent magnets 106 and 106’ are 
supported within a sleeve 108 which is fast on the outer 
peripheral wall of the cylinder 20. Thus, the magnets 
106 and 106' are secured in position between the 
spaced end walls of the cylinder 20 and sleeve 108 and 
are axially spaced apart from the solenoid coil 104 
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when the plunger 28 is held in the rest position illus 
trated in FIG. 9. If desired, a tubular or otherwise 
shaped guide member 110 may be axially slidably re 
ceived on the outer peripheral wall of the sleeve 108. 
This guide member 110 is usually connected at its end 
opposite to the cylinder 20 to a bracket 112 through 
which the plunger 28 is rigidly connected to the bum 
per or a structural member (not shown) of the vehicle 
body. 
The permanent magnets 106 and 106' establish a 

magnetic ?eld across the plunger 28. When, thus, the 
plunger 28 is moved in unison with the guide member 
110 toward the closed end wall 20a of the cylinder 20 
by a force of impact applied to the bracket 112 through 
the bumper, the solenoid coil 104 and permanent mag 
nets 106 and 106' approach each other. When the 
plunger 28 is completely retracted into the sleeve 108, 
then the solenoid coil 104 is brought into alignment 
with the magnets 106 and 106' and thus cuts acrossthe 
magnetic flux at an increasing rate. An electromotive 
force is consequently induced in the solenoid coil 104 
and the leads connected to the electric circuit for the 
safety device actuating means are energized. 

In order to provide for ease of assembly of the switch 
device of the nature above described, a single perma 
nent magnet 114 of a ring form may be substituted for 
the co-operating magnets 106 and 106', as seen in FIG. 
9B. In this instance, the sleeve 108, guide member 110, 
bracket 112 and plunger 28 should be made of a ferro 
magnetic material or materials so that the sleeve 108 
and plunger 28 serve as pole pieces having opposite po 
larities. Thus, an annular air gap is formed between the 
plunger 28 and the permanent magnet l 14, establishing 
a magnetic ?eld therein. The operation of the switch 
device above described is entirely the same as that of 
the device having the construction shown in FIG. 9A. 
A modi?ed embodiment of the switch device shown 

in FIG. 9 is now illustrated in FIG. 10. The switch de 
vice herein shown uses a plunger 116 having an axial 
bore (not numbered) which is in constant communica 
tion with the axial bore in the cylinder 20 which is, 
closed at the end wall 20a. The bored plunger 116 sup 
ports an apertured piston 118 at its end facing the 
closed end wall 20a of the cylinder 20 and is axially 
slidable together with the piston 118 in the bore in the 
cylinder 22 toward the end wall 20a. The piston 118 
thus de?nes a chamber 120 between the piston and the 
closed end wall 20a of the cylinder and a chamber 122 
de?ned between the piston and an end plug 124 
mounted at the end of the plunger 116 opposite to the 
piston l 18. The piston 118 is formed with a central ap 
erture 118a of a predetermined diameter through 
which constant communication is provided between 
the chambers 120 and 122. The chamber 122 is divided 
into two compartments 122a and 122b by a movable 
partition member 126 which is axially slidable in the 
chamber 122. The chamber 120 and accordingly the 
compartment 122a de?ned between the piston 1 18 and 
partition member 126 are ?lled with liquid 128 while 
the compartment 122b de?ned between the partition 
member 126 and end plug 124 is ?lled with a gas 130 
under pressure. A liquid ?ow restricting rod 132 
projects from an inner face of the closed end wall 20a 
of the cylinder 20 and extends into the liquid compart 
ment 122a of the plunger through the central aperture 
118a in the piston l 18, thereby forming an annular ori 
?ce (not numbered) between the piston 118 and rod 
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132. This flow restricting rod 132 is usually tapered 
toward its leading end so as to provide a gradually in 
creasing restriction of the ?ow of the liquid through the 
annular ori?ce when the plunger 116 is axially moved 
relatively toward the end wall 20a of the cylinder 20. 
The rod 132 carries a solenoid coil 134 at its portion 
located within the liquid chamber 120 while the aper 
tured piston 118 has embedded therein a pair of mag 
nets 136 and 136' which are generally diametrically op 
posed to each other. Similarly to the arrangement 
shown in FIG. 9B, a single permanent magnet of a ring 
form may be used in lieu of the magnets 136 and 136' 
in the device shown in FIG. 10 though not illustrated 
in the drawing. The magnets 136 and 136’ are thus 
spaced apart from the solenoid coil 134 when the 
plunger 116 and accordingly the piston 118 are held in 
the rest positions in the absence of an impact on the 
plunger so that the solenoid coil 134 remains de 
energized so as to hold the safety device inoperative. 
The solenoid coil 134 is at both ends connected to the 
leads 46 and 46’ of the electric circuit of the safety de 
vice actuating means. When, however, an impact is ap 
plied to the plunger 116 through the end plug 124 
which is usually rigidly connected to the bumper or 
structural part of the vehicle body, then the plunger 
1 16 is axially moved toward the end wall 20a of the cyl 
inder with the gas 130 in the compartment 1221) 
compressed and with the liquid 128 in the chamber 120 
displaced into the liquid compartment 122a. This 
causes the piston 118 and accordingly the magnets 136 
and 136' to be brought into alignment with the solenoid 
coil 134 on the rod 132 with the result that an electro 
motive force is induced in the solenoid coil 134. The 
solenoid coil 134 is consequently energized so that the 
actuating means connected thereto is initiated into ac 
tion to actuate the safety device into the protective po 
sition. 
The positional relationship between the solenoid coil 

and permanent magnet or magnets as shown in FIG. 9 
or 10 may be reversed, if desired. In this instance, the 
switch device shown in FIG. 9 may be modi?ed so that 
the solenoid coil 104 is supported on the sleeve I08 
and the magnets 106 and 106' on the plunger 28 while 
the switch device shown in FIG. 10 may be modi?ed so 
that the solenoid coil 134 is mounted on the apertured 
piston 118 and the magnets 136 and 136' on the flow 
restricting rod 132. It is apparent that the particular 
construction of the switch means using the combina 
tion magnet and coil as illustrated in FIG. 9 or 10 is also 
applicable to the arrangement of the hydrostatic unit 
shown in FIG. 1 or 2 or to the arrangements using the 
elastic or resilient material as the pressure absorptive 
means provided suitable modi?cation is made in the 
prototype arrangements. The permanent magnet or 
magnets forming part of the switch device shown in 
FIG. 9 or 10 may be replaced with an electromagnet 
where desired. 
Where the switch device of any of the constructions 

thus far described is to be mounted on the motor vehi 
cle, the device may be positioned and located in any 
desired manner depending upon the operation require 
ments of the safety device. In view, however, of the fact 
that the collisions are encountered by the motor vehi 
cles usually at the front or rear bumpers with few ex 
ceptions and that the motor vehicle safety devices are 
most useful in the event of the frontal or rear-end colli 
sions, it is most preferable that the switch device ac 
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cording to the present invention be mounted in associa 
tion with the front or rear bumper of the motor vehicle 
as seen in FIG. 11. In FIG. 11, the switch device ac 
cording to the present invention as indicated by S, at 
the front or by S2 at the rear of the motor vehicle is 
shown as mounted between the front or rear bumper B1 
or B2, respectively, and the structural member (not 
numbered) of the vehicle body. 

It may be noted that, although the switch devices and 
accordingly the various component parts and elements 
of the switch devices have been described and shown 
as having generally circular cross sections, such is 
merely by way of example. Thus, the switch device of 
any construction herein disclosed and the component 
parts thereof may have any desired cross sections inso 
far as they are acceptable from the view point of pro 
duction ef?ciency and economy and the performance 
quality of the resultant switch device. 

lt will now be appreciated from the foregoing de 
scription that the mechanical pressure responsive 
switch device according to the present invention is es 
pecially useful for use with the safety devices of any 
kind of the motor vehicles because such device is capa 
ble of rapidly and reliably responding to the collision 
condition which is most likely to be encountered at the 
front or rear bumpers of the motor vehicles. If desired, 
the switch device of the nature herein disclosed may be 
used in combination with switch element or elements 
of any other character such as the known deceleration 
or acceleration responsive switch device so as to fur 
ther enhance the reliability in the detection of the colli 
sion condition of the motor vehicle. It should be, how 
ever, borne in mind that the applications of the switch 
device according to the present invention are not lim 
ited to the motor vehicle safety devices and, as such, 
the switch device will prove useful for various other 
purposes. 
What is claimed is: 
1. A switch device responsive to impact forces, com 

prising: 
a cylinder closed at one end by an end wall and hav 

ing an annular plug at the opposite end; 
a piston slidable in said cylinder to divide the cylinder 
bore into a ?rst compartment adjacent said end 
plug and a second compartment adjacent said end 
wall; . 

a plunger ?xed to said piston and extending through 
said second compartment and slidably mounted in 
said annular end plug and terminating at the exte 
rior of said cylinder; 

a liquid ?lling said ?rst and second compartments; 
ori?ce means in said piston for regulating the flow of 

liquid from said ?rst compartment to said second 
compartment to regulate the speed at which said 
plunger may be moved inwardly into the cylinder 
bore when subjected to impact forces; and 

a switch means responsive to a predetermined inward 
movement of said plunger into said cylinder by im 
pact forces thereon. 

2. A switch device as claimed in claim 1, wherein said 
switch means comprises: 
a ?rst electrical contact mounted on the exterior por 

tion of said plunger adjacent to and exteriorly of 
the end of said cylinder opposed to said end wall 
and substantially stationary with respect to said cyl 
inder; and 
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a second electrical contact attached to the exterior 
portion of said plunger and spaced axially away 
from the end of said cylinder opposed to said end 
wall and substantially in axial alignment with said 
?rst contact for contact therewith when said 
plunger is subjected to impact forces. 

3. A switch device as claimed in claim 1, wherein said 
plunger has an axial cavity closed at the end adjacent 
to said piston by an annular sealing member, said 
switch device further comprising a contact support 
member in the form of a rod extending axially from said’ 
end wall through said ?rst compartment and said annu 
lar sealing member a ?rst electrical contact attached to 
the leading end portion of said rod adjacent to said an 
nular sealing member within said cavity and a second 
electrical contact attached to the inner wall of said cav 
ity in said plunger and normally spaced axially apart 
from said ?rst contact and said annular sealing mem- ' 
her. 

4. A switch device as claimed in claim 1, wherein said 
switch means comprises an annular electrically insula 

‘ tive deformable member surrounding the outer periph 
eral wall of the exterior portion of said plunger and 
spaced apart from the end of said cylinder opposed to 
said end wall, said annular material having a cavity 
therein, two electrical contacts disposed within said 
cavity normally spaced axially apart from each other 
with respect to the axis of said plunger. 

5. A switch device as claimed in claim 1, wherein said 
switch means comprises a rupturable, electrically con 
ductive means which is rupturable when subjected to 
impact forces greater than a predetermined magnitude, 
said rupturable electrically conductive means being se- . 
curely mounted on an outwardly projecting portion of 
said plunger for being ruptured against the opposite 
end of said cylinder when said plunger is moved in 
wardly into said cylinder through a predetermined dis 
tance by impact forces. 

6. A switch device as claimed in claim 5, wherein said 
rupturable electrically conductive means includes a 
rupturable piece of glass coated with an electrically 
conductive ?lm. 

7. A switch device as claimed in claim 1, wherein said 
switch means comprises arupturable, electrically con 
ductive means‘which is rupturable when subjected to 
impact forces greater than a predetermined magnitude, 
a presser member mounted on the outer periphery of 
an outwardly projecting portion of said plunger, said 
rupturable, electrically conductive means being 
mounted at the end of said cylinder opposed to said end 
wall and normally spaced from and substantially in 
axial alignment with said presser member for being 
struck and ruptured by said presser member when said 
plunger is moved inwardly by impact forces into said 
cylinder toward the closed end wall thereof through a 
predetermined distance. 

8. A switch device as claimed in claim 1, wherein said 
switch means comprises a receptacle having a cavity 
formed therein and mounted in the wall of said first 
compartment of said cylinder, a plug member slidable 
in said cavity in the receptacle and having an outer face 
in contact with said liquid in said ?rst compartment, 
said receptacle and said plug member having electric 
contacts on their inner facing walls, and biasing means 
urging said plug member outwardly from said recepta 
cle against the pressure of said liquid acting on the 
outer face of said plug member for biasing said electric 
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contacts away from each other, said plug member 
being moved against the force of said biasing means for 
allowing said electric contacts to be forced against each 
other when said liquid is subjected to a pressure in re 
sponse to the axial movement of said plunger by impact 
forces toward said closed end wall of said cylinder 
through a predetermined distance. , 

9. A switch device as claimed in claim 8, wherein said 
receptacle and said plug member are formed of an elec 
trically conductive material and in which said electric 
contacts are formed integrally with said receptacle and 
said plug member and are aligned with each other 
within said cavity of said receptacle and further com 
prising means for electrically insulating said receptacle 
and said plug means from each other when in-the nor 
mal inoperative position. 

10. A switch device as claimed in claim 11, and fur 
ther comprising a free piston sealingly slidable within 
the ?rst compartment of said cylinder to de?ne a third 
compartment cooperating with said closed end wall; 
and a compressible gas ?lling said third compartment. 

11. A switch device as claimed in claim 10, wherein 
said switch means comprises a receptacle having a cav 
ity formed therein and mounted in the wall of said third 
compartment of said cylinder, a plug member slidable 
in said cavity in said receptacle and having an outer 
face in contact with the gas in said third compartment, 
said receptacle and said plug member having electric 
contacts on their inner facing walls, and biasing means 
urging said plug member outwardly from said recepta 
cle against the pressure of the gas acting on the outer 
face of said plug member for biasing said electric 
contacts away from each other, said plug member 
being moved against the force of said biasing means for 
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allowing said electric contacts to be forced against each 
other when said gas is subjected to a pressure in re 
sponse to the axial movement of said plunger by impact 
forces toward said closed end wall of said cylinder 
through a predetermined distance. 

12. A switch device as claimed in claim 11, wherein 
said receptacle and said plug member are formed of an 
electrically conductive material and in which said elec 
tric contacts are formed integrally with said receptacle 
and said plug member and are aligned with each other 
within said cavity of said receptacle and further com 
prising means for electrically insulating said receptacle - 
and said plug from each other when in the normal inop 
erative position. 

13. A switch device as claimed in claim 10, wherein 
said switch means comprises a magnet attached to the 
end of said cylinder opposed to said end wall to sur 
round said plunger; and a solenoid coil attached to the 
exterior of said plunger in substantial axial alignment 
with said magnet and axially spaced apart from the end 
of said cylinder. 

14. A switch device as claimed in claim 1, wherein 
said cylinder includes a tapered rod secured to the end 
wall of said cylinder and extending axially within said 
cylinder through said piston, and said switch means 
comprises a magnet mounted on said piston and a sole 
noid coil wound on said rod within said ?rst compart 
ment and normally spaced axially from said piston. 

15. A switch device as claimed in claim 14, wherein 
said ori?ce regulating means comprises an aperture in 
said piston through which said tapered rod extends in 
spaced relation, said tapered rod and said aperture 
forming the ?ow regulating ori?ce. 

* * * * * 


