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Description
TECHNICAL FIELD

The present invention relates to a position-distur-
bance sensor for sensing any position-disturbance or
"upset" of the sensor from a predetermined rest position,
including a housing and an easily movable contact
means therein capable of moving randomly within the
housing, even as a result of the slightest upset of the
sensor housing from its rest position, to simultaneous
contact with two electrical contact points of a plurality of
electrical contact points beingfixedly placed in the hous-
ing, and thereby, like a switch, close an electric contact
between the two contact points, said contact closure be-
ing an indication of said position-disturbance or "upset”
of the sensor.

The sensor may for instance be placed on an object
where one wishes to obtain an indication of any unau-
thorized displacement from a predetermined storage.
Alternatively, the sensor may be placed on an explosive
mine being buried in the ground, where any indication
of an upset of the mine is arranged to initiate the deto-
nation of the explosive charge of the mine.

BACKGROUND PRIOR ART

Sensors of the aforementioned kind are known in
the market as so called tilt sensors. The known sensors
are, however, not designed to distinguish between dif-
ferent types of upsets of the actual object, but they will
indicate an upset of a buried object also at the slightest
natural change of the inclination of the object, such that
they for instance respond to natural ground sinks due to
depressions in the land surface.

DE-B1-2.709.397 discloses, according to the pre-
amble of independent claim 1, a sensor capable of dis-
tinguishing between different types of upsets. However,
this known sensor is not designed to avoid any indica-
tion of such upsets of the actual object that are caused
by very rapid contact changes of the movable contact
means, for instance if the upsets originate from an ex-
plosion at the vicinity of the object.

DISCLOSURE OF THE INVENTION

The object of the present invention is, therefore, to
provide an upset sensor of the kind mentioned by way
of introduction, which gives indication of upset only upon
sensing of a plurality of contact closures, such that nat-
ural tilts, for instance caused by ground sinks, will not
give any upset indication.

Another object of the invention is to provide an up-
set sensor of the kind mentioned by way of introduction,
which is able to distinguish between contact changes of
different rapidities, and which prevents indication of up-
set, if the upset originates from rapid contact changes
caused by an explosion at the vicinity of the sensor.
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These two objects are achieved by a sensor accord-
ing to the invention having the characterizing features
set forth in Claim 1. Further developments of the inven-
tion are set forth in the depending Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail by ref-
erence to the accompanying drawings which illustrate a
preferred embodiment of the invention.

Fig. 1 is a schematical top view of a sensor head of
an upset sensor according to the invention.

Fig. 2 is an electric circuit diagram of an electronic
circuit incorporated in the upset sensor of the invention.

PREFERRED EMBODIMENT

Fig. 1 shows an upset sensor 1 for sensing any up-
set of a buried, explosive land mine (not shown). The
sensor 1 consists of a cylindrical housing (or cup) 2 hav-
ing an easily movable contact means in the form of a
metallic ball 3. The ball 3 rests on a surface 4 in the
housing 2, and is surrounded by a ring of equally
spaced, fixed contact points in the form of contact pins
(twelve pins in the embodiment shown) denoted |
(threes pins), |1 (six pins) and lII (three pins), respective-
ly, every pin being insulated from the surface 4 in the
housing 2.

The ball 3 can move very rapidly along the surface
3, if the mine (and thus the housing 2) is subjected to a
push or an upset. The ball 3 may alternatively consist of
a drop of mercury.

The twelve contact pins |-Ill are, according to a pre-
determined pattern, connected to a respective one of
contact terminals a, b and ¢, respectively. Contact ter-
minal &, to which the pins Il are connected, serves as
an input terminal of an electronic circuit 5 of the sensor
2, shown in Fig. 2. Contact terminal b, to which the pins
| are connected, is connected to a supply voltage +U1
volts. Contact pin ¢, to which the pins Il are connected,
is connected to ground, but may, alternatively, have an-
other voltage.

The ball 3 of Fig. 1 can, as a response to any upset
of the sensor housing 2, randomly move along the sur-
face 4 in the housing 2 into simultaneous contact with
two of the contact pins, i.e. with a pin | and a pin Il, or
alternatively with a pin Il and a pin lll. The contact pins
are so arranged that the ball 3 cannot contact a pin 1
and a pin Il simultaneously, since this would otherwise
have resulted in a short-circuit via ground of the supply
voltage.

Therefore, the ball 3 will obtain the same function
as a switch, and is, therefore, shown as a switch contact
3'in Fig. 2. Contact 3' can have anyone of two different
positions, i.e. a position where it contacts terminal b, i.
e. where it connects the supply voltage U1 to input ter-
minal a of circuit 5, and another position, where it con-
tacts terminal ¢, i.e. where it connects input terminal a
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of the circuit to ground. These two positions correspond
to the cases where the ball 3 contacts pin | and Il, or pin
Il'and Ill, respectively.

Electronic circuit 5 contains, between terminals a
and ¢, a series arrangement of a capacitor C1, a diode
D1 which is coupled in its reverse direction (in relation
to supply voltage U1) and a resistor R1, the electronic
circuit also containing a parallel arrangement of a ca-
pacitor C2 and a resistor R2. These two arrangements
are separated from each other by a diode D2 which is
coupledin its conducting direction (in relation to the sup-
ply voltage).

The voltage Ud across resistor R2, i.e. at terminal
din Fig. 2, is fed to a comparator 6, where the voltage
Ud is compared with a preselected reference voltage
Uref. If the voltage Ud is greater than or equal to the
voltage Uref, an output signal will appear at output ter-
minal e of the comparator, indicating an upset of the
mine.

The function of electronic circuit 5 will now be de-
scribed more detail. In order to better understand the
function of the circuit, the following exemplifying values
are assumed: U1 =10 volts, C1 =10 nF, C2 =90 nF and
R2 =1 Mohm.

If C1 is initially discharged, a voltage peak appears
at point C1/D1/D2 when contact 3'is closed to U1. Since
the capacitance of C1 is 9 times greater than the capac-
itance of C2, U1 will be distributed by 9.0 volts across
C1 and 1.0 volt across C2, provided that the voltage
drop across diode 2 can be neglected. In order to again
produce a charging current through C1 upon repeated
closure to U1, it is required that C1 must be discharged,
which is done by closure to ground, i.e. via terminal ¢.
If such discharge of C1 has been effected, while C2 has
substantially maintained its charge due to its high time
constant R2C2, a subsequent closure to U1 will distrib-
ute a voltage of 9.0 volts between C1 and C2, meaning
that the voltage across C2 will rise from 1.0 to 1.9 volis.
A further discharge of C1 followed by a closure to U1,
will give a further charge amount to C2 of 0.81 volts, and
soon. The voltage Ud across C2 will thus increase grad-
ually to a level which equals or is greater than reference
voltage Uref, such that comparator 6 emits the above-
mentioned output signal at terminal e.

If C1 is not completely discharged, the voltage peak
at point C1/D1/D2 will be low. The discharge velocity of
C1 upon closure of contact 3' to ground depends on the
resistance of resistor R1.

When rapid contact changes of the ball 3 occur (e.
g. thrusts originating from an explosion at the vicinity of
the mine), the amplitude of the voltage peak will be low
and the charge addition in C2 will be low. When slow
contact changes (tilting and removal of the mine), the
voltage peak will go high, and the charge addition to C2
will be greater.

It will be apparent that the time constant R2C2 must
be so great that the discharge that occurs between the
voltage peaks, is not greater than the respective charge
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addition.

By suitable dimensioning of the various circuit com-
ponents the sensitivity of the sensor may be varied as
desired.

Claims

1. A position-disturbance sensor for sensing any po-
sition-disturbance or "upset" of the sensor from a
predetermined rest position, including a housing (2)
and an easily movable metallic contact means (3)
therein capable of moving randomly within the
housing, even as a result of the slightest upset of
the sensor housing from its rest position, to simul-
taneous contact with two electrical contact points of
a plurality of electrical contact points (I-111) being fix-
edly placed in the housing, and thereby, like a
switch (3'), close an electric contact between the
two contact points, said contact closure being an
indication of said position-disturbance or upset of
the sensor, characterized in that, in order to pro-
vide the upset indication only as a result of a plural-
ity of such contact closures, the contact points (I-l11)
are so connected to an electronic circuit (b) of the
sensor that each one of said contact closures ran-
domly either connects a supply voltage (U1) to the
circuit or disconnects the supply voltage from the
circuit, the circuit including a capacitor (C2) being
dimensioned to, at each said connection of the sup-
ply voltage, receive a charge addition, but at each
said disconnection of the supply voltage substan-
tially not be discharged, such that the voltage (Ud)
across the capacitor (C2) upon a certain number of
connections of the supply voltage, has gradually
reached a predetermined level (Uref) correspond-
ing to said plurality of contact closures, the capaci-
tor (C2) being connected in series with a second
capacitor (C1) which is incorporated in a RC-circuit
(R1, C1) which is so dimensioned that the second
capacitor (C1) will not be substantially discharged
during such rapid contact closures of the movable
means that occur upon an upset of the sensor as a
result of an explosion at the vicinity of the sensor,
which non-appearing discharge of the second ca-
pacitor (C1) causes that a subsequent connection
of the supply voltage (U1) across the circuit pre-
vents any charging current from flowing in any ap-
preciable degree through the two capacitors, and
thus substantially prevents any charge addition to
the first capacitor (C2).

2. A sensor according to Claim 1, characterized in
that the sensor housing (2) is rigidly connected to
an explosive mine being buried in the ground.

3. A sensor according to any preceding Claim, char-
acterized by a voltage comparator (6) for detecting
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the voltage (Ud) across the first capacitor (C1) and
comparing it with a reference voltage (Uref) corre-
sponding to said predetermined level.

Patentanspriiche

1.

Positionsstérungssensor zum Erfassen einer Posi-
tionsstérung oder eine Auslenkung des Sensors
von einer vorgegebenen Ruheposition, mit einem
Gehause (2) und einem leicht beweglichen metalli-
schen Kontaktelement (3) darin, das sich in dem
Gehause zufalligbewegen kann, auch aufgrund der
geringsten Auslenkung des Sensorgehduses aus
seiner Ruheposition, um gleichzeitig mit zwei elek-
trischen Kontakipunkien einer Mehrzahl von elek-
trischen Kontaktpunkten (I-111) in Kontakt zu kom-
men, die in dem Geh&use ortsfest angeordnet sind,
und dadurch wie ein Schalter (3') einen elektrischen
Kontakt zwischen den beiden Kontaktpunkten zu
schlieBen, wobeidas SchlieBen des Kontaktes eine
Anzeige der Positionsstérung oder der Auslenkung
des Sensors darstellt, dadurch gekennzeichnet,
daB, um die Auslenkungsanzeige nur als Resultat
einer Mehrzahl derartiger KontaktschlieBungen zu
erzeugen, die Kontaktpunkte (I-lIlI) derart mit einer
elektronischen Schaltung (b) des Sensors verbun-
den sind, daB jede der KontakischlieBungen zu-
fallsmaBig entweder eine Versorgungsspannung
(U1) mit der Schaltung verbindet oder die Versor-
gungsspannung von der Schaltung trennt, wobei
die Schaltung einen Kondensator (C2) aufweist, der
so dimensioniert ist, daf3 er beijeder Verbindung mit
der Versorgungsspannung eine Ladungserhdéhung
empféngt, aber bei jeder Trennung der Versor-
gungsspannung im wesentlichen nicht entladen
wird, so daB3 die Spannung (Ud) am Kondensator
(C2) nach einer bestimmten Anzahl von Verbindun-
gen mitder Versorgungsspannung allmahlich einen
vorgegebenen Pegel (Uref) erreicht hat, der der An-
zahl von KontaktschlieBungen entspricht, wobei
der Kondensator (C2) in Serie mit einem zweiten
Kondensator (C1) geschaltet ist, der in einem RC-
Glied (R1, C1) liegt, das so dimensioniert ist, dai3
der zweite Kondensator (C1) im wesentlichen nicht
entladen wird bei derart schnellen Kontaktschlie-
Bungen des beweglichen Elementes, die bei einer
Auslenkung des Sensors infolge einer in der Nahe
des Sensors stattfindenden Explosion aufireten,
wobei diese nicht-auftretende Entladung des zwei-
ten Kondensators (C1) bewirkt, daf3 ein nachfolgen-
des Anlegen der Versorgungsspannung (U1) an der
Schaltung verhindert, daf3 ein Ladestrom in nen-
nenswertem AusmafB durch die beiden Kondensa-
torenflieBt und dadurch jeden Ladungszuwachs am
ersten Kondensator (C2) im wesentlichen verhin-
dert.
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2. Sensor nach Anspruch 1, dadurch gekennzeich-

net, daf3 das Sensorgehduse (2) starr mit einer in
der Erde vergrabenen explosiven Mine verbunden
ist.

Sensor nach einem vorangehenden Anspruch, ge-
kennzeichnet durch einen Spannungsvergleicher
(6), der die Spannung (Ud) am ersten Kondensator
(C1) detektiert und sie mit einer Bezugsspannung
(Uref), die dem vorgegebenen Spannungspegel
entspricht, vergleicht.

Revendications

Capteur de perturbation de position destiné a dé-
tecter toute perturbation de position ou tout "déca-
lage" du capteur par rapport & une position prédé-
terminée de repos, comprenant un boitier (2) et un
dispositif (3) & contact métallique facilement mobile,
placé a l'intérieur et capable de se déplacer libre-
ment au hasard dans le boftier, méme a la suite du
plus léger décalage du boitier du capteur depuis sa
position de repos, afin qu'il soit simultanément au
contact de deux points électriques de contact parmi
plusieurs points électriques de contact (I-Ill) qui
sont placés & demeure dans le boitier et, ainsi, a la
maniére d'un interrupteur (3'), ferme un contact
électrique entre les deux points de contact, la fer-
meture des contacts étant une indication de la per-
turbation de position ou du décalage du capteur, ca-
ractérisé en ce que, pour qu'une indication du dé-
calage soit donnée uniquement en fonction du ré-
sultat de plusieurs fermetures de contact, les points
de contact (I-1ll) sont connectés a un circuit électro-
nique (5) du capteur de maniére que chacune des
fermetures de contact formées au hasard soit con-
necte une alimentation (U1) au circuit, soit décon-
necte la tension d'alimentation du circuit, le circuit
comprenant un condensateur (C2) ayant des di-
mensions telles que, & chaque connexion de la ten-
sion d'alimentation, il re¢oit une addition de charge,
mais a chaque déconnexion de la tension d'alimen-
tation, il ne se décharge pratiquement pas, si bien
que la tension (Ud) aux bornes du condensateur
(C2) aprés un certain nombre de connexions de la
tension d'alimentation a atteint progressivement un
niveau prédéterminé (Uref) qui correspond a plu-
sieurs fermetures de contact, le condensateur (C2)
étant connecté en série avec un second condensa-
teur (C1) qui est incorporé a un circuit RC (R1, C1)
qui a des dimensions telles que le second conden-
sateur (C1) ne se décharge pratiquement pas pen-
dant ces fermetures rapides de contact du dispositif
mobile qui se produisent aprés un décalage du cap-
teur & la suite d'une explosion au voisinage du cap-
teur, cette décharge du second condensateur (C1)
qui n‘apparait pas provoquant un phénomeéne tel
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qu'une connexion ultérieure de la tension d'alimen-
tation (U1) aux bornes du circuit empéche la circu-
lation de tout courant de charge de maniére appré-
ciable dans les deux condensateurs et empéche
ainsi pratiquement toute addition de charge au pre- 5
mier condensateur (C2).

Capteur selon la revendication 1, caractérisé en ce
que le boitier (2) du capteur est raccordé rigidement
a une mine explosive enfouie dans le sol. 10

Capteur selon l'une quelconque des revendications
précédentes, caractérisé par un comparateur (6) de
tension destiné a détecter la tension (Ud) aux bor-

nes du premier condensateur (C1) et & la comparer 15
a une tension de référence (Uref) qui correspond

au niveau prédéterminé.
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