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ELECTRICAL SWITCH ACTING WITH THE
FORCE OF INERTIA

This invention refers to aswitch for the closing of an
electric circuit. Said switch is provided with an inertia
mass acting as one switch contact and contained in a
switch housing acting as the other switch contact.
Further, said switch is held by a coil spring in an electri-
cally insulated rest position from which it may be disen-
gaged in response to a disturbance.

Such switches placed in the heads of explosive pro-
jectiles must have a varying degree of sensitivity to con-
tact, due to the varying angles with which the projectile
is aimed at the intended target, so that, for example, the
electric ignition circuit can be closed even when the
projectile hits the target only at a very small angle, such
as 15°, in relation to the trajectory of the projectile. In
this case the switch has to function properly, even with
only a relatively small transverse acceleration.

In German Patent—schrift No. 1,176,029, a switch
of the above-mentioned type is shown wherein the iner-
tia mass is a ball which is held in a ring or groove
shaped support by means of a helical spring gripping its
circumference. The contact sensitivity of the switch in
axial direction is determined by the tension of the heli-
cal spring, and the contact sensitivity perpendicular
thereto in radial direction partially by the tip momen-
tum of the ball, that is, by the ratio of the diameter of
the ball to the inner diameter of the support and par-
tially by the spring tension.

In order to keep the ball stable in rest position on the
support so that it does not, for example, tip with respect
to the support during transportation of the projectile or
through possible oscillation of the helical spring, the
inner diameter of the support may not be made too
small; the above-mentioned ratio of the ball diameter
to the inner diameter of the support for this reason can-
not be made variable within the limits desired in actual
use.

In case the projectile hits the target in such an angle
that the force of inertia acts on the ball within an angu-
lar zone determined by the cone of tangents of the cir-
cle of contact with the support, the ball will not be
tipped about any point along this circle of contact, not
even when the lateral momentum for the radial contact
sensitivity would be sufficient, but instead will be lifted
from the support in the direction of the force of inertia.
Because the above-mentioned cone may have an open
angle of 90° or more, the contact sensitivity, in this
angle zone is not determined by the tip momentum, but
only by the tension of the helical spring, so that even
with an angular trajectory of the projectile hitting the
target, the entire spring tension must be overcome by
the force of inertia. In unfavorable cases, therefore, it
could happen that the ignition circuit will not be closed
despite a lateral acceleration which would actually be
sufficient to activate the switch.

Besides these deficiencies, it is not advantageous for
the helical spring to grip the ball at its circumference,
that is, very far from the center of gravity. Small devia-
tions of the helical spring from its axial installation
position, which can occur during the installation of the
switch if same is not provided with a stop, or which can
occur due to vibrations during transport or even
through a mask hit, may cause a radial force com-
ponent on the helical spring, acting on a relatively long
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leverage arm and additional to the axial force com-
ponent, which can considerably change the contact
sensitivity of the switch, particularly the radial contact
sensitivity.

The objective of this invention, therefore, is to avoid:
the above-mentioned disadvantages of the known
switch, and to create a space saving switch of the above
type, which guarantees an exact and variable adjust-
ment of contact sensitivity, particularly of the radial’
contact sensitivity.

According to the invention, this objective is achieved
by giving the inertia mass the shape of a cup within.
which is placed the helical spring, and the support has a
conical indentation with a flat support surface, the
diameter of which at that point is.equal to that of the in-
ertia mass.

As can easily be seen, a switch constructed according
to the invention offers more exact possibilities of vary-
ing the contact sensitivity by adjusting the spring ten-
sion and the shape of the inertia mass. While the axial
contact sensitivity is determined simply by the weight
of the inertia mass and the tension of the helical spring,
the radial contact sensitivity is determined, in addition
to the diameter of the support surface and a portion of
the spring tension, primarily by the mass distribution of
the inertia mass in the axial direction. The cup shape of
the inertia mass offers for this purpose, many possibili-
ties to adjust the radial contact sensitivity and to
balance it with the axial contact sensitivity in such a
way that all the demands of the contact sensitivity of
the switch which arise out of practical use can be
completely fulfilled.

In one embodiment of the switch according to the in-
vention, besides the centering effect due to the conical
indentation of the support, an exactly centered and
perfect fit of the inertia mass in the support is assured
and it is impossible for same to be disturbed even by
vibrations or frequencies of the helical spring which is
attached either at or very near to the center of gravity
of the inertia mass. The contact sensitivity, therefore,
remains unaffected by the above-mentioned variables
even when the inertia mass is improperly installed.

The centering effect of the conical indentation of the
support has the additional advantage that an angular hit
of a target by a projectile containing this switch will
cause the inertia mass to tip exactly about the edge
which is the limitation of the support, particularly when
the open angle of the conical indentation is made very
small, that is, only big enough that in the event of a
tipping motion of the inertia mass, the sides of the in- -
dentation are touched as well as the switch casing.
Thus, the angular area in which the inertia mass can
move from its point of support after the projectile hits
the target can be kept narrow.

When handling a projectile which is equipped with
such a switch within its ignition circuit, for safety
reasons it is desirable to have the switch in locked posi-
tion, that is, at least until the firing of the projectile. In
order to avoid a closing of the switch, for example, due
to shock effect, while handling the projectile and to
prevent ignition of the explosive chamber, the inertia
mass is held motionless with the aid of a lock
mechanism up to the time of fire preparation. For this
purpose, according to a preferred embodiment of the
invention, the wall opposite to the support has an open-
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ing in which a spring held slug is arranged so that it can
be moved and put in a lock position. Means providing a
small indentation are so arranged that the slug can grip
into it while in the locked position.

In addition to this mechanical safety device, accord-
ing to an additional embodiment, an electrical safety
means is provided, which shorts out the ignition circuit
by bypassing the ignition unit, until the mechanical
lock is disengaged. This is accomplished by having the
electrically conducting slug insulated from the switch
casing by means of an electrically non-conducting
covering.

All details about the invention are contained in the
following description of two working models, as illus-
trated in the accompanying drawings. These show
respectively:

FIG. 1: a cross-section of a switch built according to
the invention.

FIG. 2: the switch shown in FIG. 1 with a safety
device.

An electrically conductive cup-shaped inertia mass
1, in this case with a cylindrical exterior profile, is held
by a helical spring 3 arranged on the inside 4 of the in-
ertia mass 1 and soldered on one of its ends at 2. It is
further connected in an electrically conductive manner
to an electrically insulated support 5. A conical in-
dentation 6 is cut into the support 5, the flat surface 7
of which supports the inertia mass 1. The diameter of
the flat surface 7 which is limited by the edge 8 of the
conical indentation is equal to the diameter of the iner-
tia mass 1 at that point, so that the inertia mass 1 is held
exactly centered on the support 5. The support 5 is
screwed into an electrically conducting switch casing
11, the interior 12 of which has a cylindrical inner
opening to receive the inertia mass 1 and which will
surround the inertia mass 1 with a slight distance
therebetween.

The inertia mass 1, the helical spring 3 and the switch
casing 11 are part of an ignition circuit containing an
ignition battery B and an ignition capsule P of a projec-
tile (not illustrated) which will be closed as soon as the
inertia mass 1 is lifted from the support 5 in response to
a disturbance and touches the switch casing 11.

The contact sensitivity of the switch is adjusted by
selecting the tension of the helical spring 3 so that
under normal conditions, that is, during transportation,
during the firing and flight of the projectile, the inertia
mass does not move from the support 5, thus does not
close the ignition circuit B, P, 11, 1, 3. For fine adjust-
ment of the spring tension, the length of the helical
spring can be altered by placing a threaded pin 13 into
the support 5 to the other end of which the helical
spring is attached. After the fine adjustment of the
spring tension, the threaded pin 13 is held secure by a
nut 14 to guard against change in adjustment.

When the projectile containing the switch hits a tar-
get, during a direct frontal hit, the restraining force of
the helical spring tension which holds the inertia mass 1
on its support 5, is overcome, so that the inertia mass
flies forward and touches the switch casing 11, whereby
the ignition circuit B, P, 11, 1, 3 is closed and the igni-
tion capsule P explodes.

In any hit of a target of the projectile, other than a
direct frontal hit, the conical indentation 6 (for pur-
pose of illustration, shown somewhat larger than ac-
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tually intended) will prevent the inertia mass from lift-
ing off the support 5 in the direction of impact; it will
instead, because of the centering effect of the indenta-
tion tip about a point along the edge 8 and will thus also
touch the switch casing 11.

In order to secure the switch by electrical and
mechanical means, a movable slug 21 is placed in a
bore 20 in the wall of the switch casing 11 (see FIG. 2)
directly opposite the support 5. The electrically con-
ductive slug 21 is covered with an insulation layer 22 to
insulate it from the switch casing and carries an insu-
lated plate 23 below which is a conical spring 24 sup-
ported by the switch casing. A plate slide 25, schemati-
cally indicated in FIG. 2, presses the slug 21 into a
cylindrical indentation 26 of the inertia mass 1, by
overcoming the tension of the conical spring 24 and
holds it in position in the manner as illustrated in FIG.
2. When the plate slide 25 is moved out of the safety
position, the conical spring 24 moves the slug 21 up-
wardly through an electrically insulated cover plate 27
of the switch casing 11, so that the inertia mass 1 is now
unrestrained. While in safety position, the firing circuit
is shorted out by way of the electrically conducting
plate slide 25, the slug 21, the inertia mass 1, the helical
spring 3 and the ignition battery B. This short is over-
come as soon as the mechanical safety device is disen-
gaged.

The embodirents of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows:

1. In an acceleration sensitive device having a hollow
electrically conductive switch casing, an electrically in-
sulated support member defining a base for said switch
casing, a generally cup-shaped inertia mass arranged
coaxially in said switch casing, said mass having an
open end normally resting upon said insulated base, a
tension spring enclosed within said mass and having
one end connected to said insulated base and the other
end connected to the closed end of said mass remote
from said insulated base, the improvement comprising:

means defining an opening in the wall of said switch

casing at a location axially aligned with and remote
from said insulated base;

an electrically conductive slug slidably received in

said opening and releasably mechanically and
electrically connected to said mass to restrain said
mass;

electrical insulation means for electrically insulating

said slug from said switch casing; and

releasable holder means for releasably holding said

slug in mechanical and electrical connection with
said mass to restrain the movement of said mass, a
release of said holder means effecting a release of
said mechanical and electrical connection
between said slug and said mass to thereby free
said mass from restrainment.

2. A device according to claim 1, wherein said ten-
sion spring, said mass, said slug and said holder means
define an electrical series connection; and

including first contact means defining electrical con-

nections on said spring means and said holder
means; and

including second contact means defining an electri-

cal connection on said switch casing.
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3. A device according to claim 2 including a source
of electrical power connected between said first con-
tact means and including an ignition capsule connected
between said second contact means and said source of
electrical power whereby said series connection defines
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a short circuit across said source of electrical power to
thereby prevent an inadvertent energization of said ig-
nition capsule until the mechanical connection
between said slug and said mass is released.
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