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Description

[0001] The present invention relates to safety and
arming systems for ammunition fuzes.

[0002] For reasons of safety, rounds of ammunition
which have an explosive payload require systems which
render them safe from inadvertent or accidental detona-
tion on the ground during handling or in the launcher,
and which arm them only on or after launch and prior to
reaching their target.

[0003] For the purposes of this patent specification,
ammunition is taken to include but is not limited to artil-
lery shells and charges, mortar rounds, rockets and mis-
siles.

[0004] Mechanical safety means capable of enabling
afiring circuit of a detonator, for detonating the explosive
charge within the ammunition, are known. These safety
means may be adapted to respond when ammunition
reaches a predetermined position, time or proximity to
a target for example. Mechanical safety and arming de-
vices, for spun rounds that are fired from rifled guns or
unspun rounds fired from smooth bore guns, generally
comprise an inertia device such as a safety pin or detent
which operates only under the high forces generated by
firing or launch to arm the fuze by physically moving from
a position which prevents detonation of the charge to
one which permits this. Spun rounds fired from rifled
bores, such as artillery shells for example, may have
known mechanical safety and arming devices operated
by the effects of centrifugal force, for example on a
spring and mass system. As unspun rounds do not ex-
perience any significant centrifugal force, this type of
ammunition may have mechanical safety and arming
devices actuated by air pressure. As an example, US
Patent US4526104 proposes to utilise air pressure ef-
fects by means of elevating a pitot tube into the sur-
rounding airflow after launch and during flight of the
round.

[0005] Although mechanical safety and arming
means are widely used and are reasonably reliable, it is
not advantageous to have a bulky mechanical arming
and safety device adding weight and requiring space in
the fuze. Furthermore, although the size and weight of
mechanical safety and arming devices have reduced
significantly in recent years, the size and weight of some
ammunition have also reduced. Additionally, an increas-
ing improvement in performance of ammunition is con-
tinuously being sought. The time needed to manufac-
ture and the cost of manufacturing mechanical safety
and arming devices increases significantly as these de-
vices become smaller and require their mechanisms to
be precision engineered.

[0006] Electronically operated safety and arming sys-
tems are not widely used in fuzes, but electronic devices
capable of sensing accelerations, known as accelerom-
eters, have been used in the vehicle industry for crash
sensing. Known accelerometers are generally regarded
as being unsuitable for use in the safety and arming sys-
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tems of fuzes as they are separate from the fuzing sys-
tem, only measuring acceleration and needing to com-
municate this information to the safety and arming sys-
tem, and further requiring complex processing of their
output signals before the separate safety and arming
system can respond. Both DE 3,543,938 and US
5,251,548 teach the use of accelerometers in fuzes. DE
3,543,938 discloses a safety and arming unit having an
accelerometer in the form of a piezocrystal, the voltage
across the piezocrystal being dependent upon the ac-
celeration experienced by the ammunition. The voltage
generated across the piezocrystal undergoes amplifica-
tion and integration to provide a voltage proportional to
the actual velocity of the ammunition. Complex circuitry
is used to process the voltage constantly to ascertain
whether or not the ammunition is close to a theoretical
trajectory. If the actual trajectory is close enough to the
theoretical one, the safety and arming unit is instructed
to arm the fuze.

[0007] US 5,251,548 discloses a safety and arming
device which utilises an accelerometer for generating a
digitised profile of the acceleration of the ammunition.
The actual acceleration profile is then compared with a
theoretical acceleration profile which is pre-set in the
safety and arming system. Highly complex electronics
are required to achieve this system. However, for safety
and arming systems it is undesirable to use an acceler-
ometer because of the need to integrate this complex
system successfully with the safety and arming system
in order to enable the fuze to operate with the required
high level of reliability. Indeed itis usually a primary safe-
ty requirement that the safety and arming system is one
integral system which can be readily integrated into an
electronic fuze.

[0008] The present invention seeks to provide an in-
tegral safety and arming unit for ammunition which op-
erates by sensing and responding to acceleration. It fur-
ther seeks to provide a safety and arming unit which is
small, light and reliable. The predominantly electronic
safety and arming unit reduces moving parts and does
not require extensive precision engineering. Less com-
plex electronic safety and arming systems are quicker
and cheaper to manufacture than known safety and
arming systems having mechanical acceleration re-
sponsive devices.

[0009] According tothe presentinvention there is pro-
vided a safety and arming unit for a round of ammuni-
tion, comprising one or more acceleration sensors for
detecting when the acceleration of the ammunition
reaches at least two different predetermined linear ac-
celeration values; timer means for measuring the time
interval between the detection of two of the predeter-
mined linear acceleration values, means for electroni-
cally comparing the said measured time interval with a
range of predetermined and pre-set time intervals rep-
resenting satisfactory firing for the round of ammunition,
and means for producing an electronic signal when the
said measured time interval falls within the range of pre-
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determined and pre-set time intervals, which signal op-
erates to arm the ammunition ready for detonation.
[0010] The safety and arming unit may comprise at
least one acceleration sensor capable of detecting at
least two predetermined linear acceleration values. Al-
ternatively the unit may comprise at least two accelera-
tion sensors, each being capable of detecting one pre-
determined linear acceleration value.

[0011] Preferably at least one sensor detects a
threshold lower acceleration value and at least one fur-
ther sensor detects a threshold upper acceleration val-
ue. Advantageously several sensors may be provided
to detect the same threshold acceleration value.
[0012] One suitable type of sensor comprises a spring
mass system having a first electrical contact on the
mass and a second electrical contact initially not in con-
tact with the mass. A predetermined force correspond-
ing to a linear acceleration value is capable, in this sen-
sor, of causing the mass to compress a spring and touch
the second electrical contact. In this manner, the spring
mass system acts as a switch being open initially and
closing at a threshold acceleration value to complete an
electrical circuit.

[0013] Another suitable type of sensor is in the form
of a cantilever threshold switch, where the sensor com-
prises a cantilever fixed at one end and having an elec-
trical contact and mass at the other, free end, which free
end is close to a second electrical contact such that on
launch of the ammunition the cantilever moves due to
the launch acceleration to make contact with the second
electrical contact and complete a circuit.

[0014] A further suitable type of sensor is in the form
of a cantilever comprising piezoresistive material such
as piezocrystal. The cantilever in this sensor is connect-
ed to an electrical circuit such that current may flow
through the length of the cantilever containing the pie-
zoresistive material. The piezoresistive material under-
goes strain and therefore a change in its resistivity on
launch of the ammunition, such that the current flowing
through it is changed and this change may be detected.
[0015] The sensor may alternatively comprise an op-
tical spring mass acceleration system which acts on
launch of the ammunition in the same way as the spring
mass system described above, but instead of utilising
electrical contacts, the sensor instead comprises a light
beam generator and a receiver, such that as the mass
moves it may interrupt a light beam and this interruption
may be detected.

[0016] The acceleration sensor or sensors used in the
safety and arming unit preferably form an integral part
of the safety and arming system of a fuze.

[0017] In order that the present invention may be
more fully understood, examples will now be described
by way of illustration only with reference to the accom-
panying drawings of which:

Figure 1a shows a typical acceleration versus time
graph for a particular artillery shell in the period from

10

15

20

25

30

35

40

45

50

55

being fired up to exit from the muzzle for a success-
ful firing.

Figure 1b shows an acceleration versus time graph
for the same artillery shell as in Figure 1A when it
is misfired.

Figure 2 shows a schematic diagram of sequential
operations of a safety and arming unit capable of
sensing and responding to a predetermined accel-
eration in accordance with the present invention.
Figure 3a shows a spring mass acceleration sensor
for use in a safety and arming unit according to the
present invention, when it has not yet detected a
predetermined acceleration value.

Figure 3b shows the sensor of Figure 3a when it
has detected a predetermined acceleration value.
Figure 4a shows a three dimensional view of canti-
lever acceleration sensors for use in a safety and
arming unit according to the present invention.
Figure 4b shows a plan view of a pair of cantilever
acceleration sensors similar to those shown in Fig-
ure 4a.

Figure 5 shows a plan view of another spring mass
acceleration sensor having an optical switch for use
in a safety and arming unit according to the present
invention.

Figure 6 shows a three dimensional view of another
cantilever acceleration sensor having piezoresis-
tive characteristics for use in a safety and arming
unit according to the present invention.

Figure 7 shows a fuze for ammunition incorporating
a safety and arming unit according to the present
invention.

[0018] Referring now to the drawings and where the
same features are denoted by common reference nu-
merals.

[0019] Figure 1a shows a graph of acceleration
against time for an artillery shell undergoing a success-
ful firing, from initiation up to the moment where it leaves
the muzzle of the howitzer barrel 5. It can be seen that
the shell accelerates rapidly at the initiation of firing and
then the acceleration gradually decreases until the shell
leaves the muzzle at a near constant velocity.

[0020] Figure 1b shows a graph of acceleration
against time for a similar artillery shell under a condition
producing high acceleration forces, for example if the
shell is misfired. The profile of the curve is very different
and even if an event produces a similar maximum ac-
celeration value to the successful firing event it happens
in a much shorter time scale. It is therefore beneficial to
have a safety and arming system in a fuze which can
not only recognise and respond to a change in the ac-
celeration of a shell or missile but which can further rec-
ognise whether the acceleration change is due to a suc-
cessful firing or other circumstances, for example, by
considering time corresponding to the change in accel-
eration. For ammunition, acceleration versus time
graphs can easily be produced through calculation and
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test data for successful firing of each type of ammunition
with a particular charge. Acceleration sensors can be
produced for detecting the acceleration values particu-
lar to a specific type of ammunition and charge in ac-
cordance with the acceleration characteristics shown in
the graphs.

[0021] For the particular shell whose acceleration
characteristics are shown in Figure 1a, point 1A repre-
sents a threshold value of acceleration due to firing at
which a first acceleration sensor is designed to respond
by producing an electrical signal. From Figure 1a it can
be seen that this occurs at a time 3A. As the shell ac-
celerates in the barrel of the launcher it will reach, at a
time 4A, a second threshold value of acceleration 2A at
which a second acceleration sensor is designed to re-
spond by producing another electrical signal. The time
differential At should be the same between points 3A
and 4A for all shells fired of that type with the same
charge assuming that the shells conform precisely to
their design characteristics. However, due to slight var-
iations in performance of the ammunition, successfully
firing many shells of the type shown in Figure 1a will
naturally lead to a distribution &t around each of the
points 3A and 4A but this value will be much less than
At. If the shell experiences the acceleration shown in
Figure 1b, the first and second acceleration sensors will
respond at times 3B and 4B corresponding to the accel-
erations 1B and 2B respectively, but it will be seen that
the time differential At is substantially different to that of
Figure 1a, and so the acceleration sensor will not re-
spond in accordance with the description of Figure 2 be-
low. In these circumstances the safety and arming sys-
tem will not therefore arm the round of ammunition,
which will continue to its target but will not detonate or
explode.

[0022] As shown schematically in Figure 2, as a first
acceleration sensor detects the threshold acceleration
1A of Figure 1a and responds under the force generated
by the acceleration, a timer receives a signal from this
sensor and begins to count. When the second acceler-
ation sensor detects its threshold acceleration 2A and
responds in a manner similar to the first sensor, the timer
receives a second signal from the second sensor caus-
ing it to stop counting. The timer records a differential
time Atin this manner and this At value is then compared
by a comparator with the allowable range of At values
held in the comparator which represent a successful fir-
ing of the ammunition in accordance with the accelera-
tion versus time graph for that ammunition and charge.
If the timer records a differential time At within the ac-
ceptable range for that ammunition, the comparator
causes an electrical signal to be sentimmediately to the
firing circuit and the detonator to cause the fuze to be-
come armed. The ammunition would then be detonated
by separate position, time, proximity or other detonation
means.

[0023] Figure 3a shows a sensor comprising a spring
mass system 6 for detecting linear acceleration. The
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system comprises a mass 16, capable of linear move-
ment when a linear acceleration is applied and having
electrically conductive properties. The mass 16 has a
head portion 80 and a body portion 82. A non-conduct-
ing helical spring 8 is located around the body portion
82 with one end 84 of the spring 8 abutting the inner
annular face 86 of the head portion 80. The other end
88 of the helical spring 8 is attached to a base plate 18.
Electrical contacts 14 and 10 are connected to the con-
ductive mass 16 and to the base plate 18 respectively
as shown. The end 20 of the mass 16 is not in contact
with the contact 10 and so the circuit 12 is open. Figure
3b shows the system 6 at a pre-determined acceleration
value when the force due to acceleration acting on the
mass 16 has caused the spring 8 to compress such that
the end 20 of the mass 16 has touched and made elec-
trical contact with the contact 10, thus closing the switch
and completing the circuit 12. In this embodiment of the
invention two such sensors are used, each arranged
such that a different pre-determined acceleration is nec-
essary to close the contacts. The first switch has a lower
threshold acceleration value and the second has a high-
erone, controlled by the stiffness of the spring. Referring
back to Figure 2, as the first spring mass system re-
sponds under its threshold acceleration and completes
the circuit 12, a signal is sent to the timer. Similarly, as
the second spring mass system responds to its higher
threshold acceleration and closes the circuit 12, a sec-
ond signal is sent to the timer. The timer records the time
differential At between the two signals and passes this
to the comparator for comparison with the stored values
of time differential At as described earlier.

[0024] Figure 4a shows a sensor comprising cantilev-
ers 24,26. Each cantilever 24,26 has one end 92, 98
fixed to a support 90 and another end 94, 100 which is
free and is situated close to a base plate 96. The base
plate 96 has electrical contacts 102, 104. Each cantilev-
er 24, 26 has a mass 28, 106 incorporated in its free end
94, 100 and an electrical contact 30, 108 is located at
the free end 94, 100 adjacent the mass 28, 106. Contact
30 is capable of forming an electrical circuit via the wire
42, the circuit including the electrical contact 102 on the
base plate 96 and the timer (not shown). Similarly, con-
tact 108 is capable of forming a separate electrical cir-
cuit via the wire 40, the circuit including the electrical
contact 104 on the base plate 96 and the timer (not
shown). The cantilevers 24, 26 are fixed to the support
90 so that their non fixed ends 94, 100 and the electrical
contacts 30, 108 thereon are situated close to but not
touching the electrical contacts 102, 104 of the base
plate 96. When subjected to an acceleration in the di-
rection indicated by the arrow A, the cantilevers 24, 26
deflect until at a pre-determined threshold acceleration
value which is different for each cantilever, the contacts
30, 108 on the cantilevers 24, 26 make contact with the
contacts 102, 104 on the base plate 96. As a cantilever
switch closes, an electrical circuit is made and an elec-
trical signal is sent to the timer. In this embodiment, the



7 EP 1108 195 B1 8

cantilevers 24, 26 are designed to switch at different
threshold accelerations, by having a different mass 28,
106. When the first cantilever switch closes, an electrical
signal is sent to the timer, causing it to start to count.
When the second cantilever switch closes, another elec-
trical signal is sent to the timer, causing it to stop count-
ing.

[0025] Figure 4b shows two sensors 22, 34 compris-
ing of cantilevers 21, 23, 31, 33 similar to those canti-
levers 24, 26 shown in Figure 4a. In this embodiment,
the cantilevers 21 and 23 are designed to switch at the
same pre-determined acceleration value and cantilev-
ers 31 and 33 are designed to switch at the same thresh-
old acceleration, which is higher than that acceleration
required by the cantilevers 21, 23. Each cantilever is not
part of the same circuit as any other cantilever, but each
circuit sends a separate electrical signal to the timer.
When both cantilevers in set 22 have closed their cir-
cuits, thereby sending electrical signals to the timer, the
timer starts to count. Only when both cantilevers in set
34 have closed their circuits, thereby sending electrical
signals to the timer, will the timer stop counting. This
double switch system acts as a further safety measure
to ensure that if one of the sensors is faulty it will not
cause the ammunition to be inadvertently armed.
[0026] Figure 5 shows a photoelectric optical spring
mass acceleration threshold switch 40 suitable for use
as the acceleration sensor of Figure 2. The switch com-
prises a mass 16 slotted as shown into a spring 8 which
is attached to a base 18. A light beam 46 is directed
between the base 18 and the end 20 of the mass 16
from a light source 42. Under an acceleration in the di-
rection shown the resulting force acting on the mass 16
causes the spring 8 to compress until, at a predeter-
mined position representing the threshold acceleration
value, the end 20 of the mass 16 interrupts the light
beam 46 and stops it from reaching a receiver 44. When
the receiver 44 detects this difference in light levels it
sends an electrical signal to the timer. The predeter-
mined position can be fixed by the location of the light
beam, the resilience of the spring or the mass of the
mass 16.

[0027] Figure 6 shows a cantilever piezoresistive ac-
celeration sensor 48 suitable for use as the acceleration
sensor of Figure 2. A cantilever 50 having piezoresistive
qualities, whereby its electrical resistivity varies with me-
chanical strain, has a mass 52 attached. The cantilever
50 forms part of an electrical circuit comprising electrical
contacts 54, 60, wires 56, the piezoresistive cantilever
50 and a current detector (not shown) for sending an
electrical signal to the timer (not shown) when a thresh-
old current value is reached. Under an acceleration
force, the cantilever 50 deflects and this mechanical
strain causes its resistive properties to change, influenc-
ing the current in the circuit. Upon the detection of a
threshold current value in the circuit, corresponding to
the mechanical strain on the cantilever 50 due to the
predetermined acceleration force, the timer is caused to
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start counting. One such sensor 48 may advantageous-
ly be used both to start the timer and to stop the timer,
if a further signal is sent to the timer when a second
threshold current value is reached. This has the advan-
tage of needing only one sensor to start and stop the
timer, and also has no moving parts which could break.
[0028] Figure 7 shows a schematic fuze 64 at the for-
ward part of an artillery shell 62, the fuze having a safety
and arming unit 76 according to the present invention.
The fuze 64 has a safety and arming unit 76 comprising
an acceleration sensor 70, an integrated electronics
pack 68 which includes an electronic timer 72, a com-
parator 110 and a electronically-triggered detonator 74,
and a power pack 66 which supplies power to the elec-
tronics pack 68.

[0029] The safety and arming unit can be adapted for
use with different natures of ammunition of the same cal-
ibre and, for artillery, can be adapted to different charg-
es. The unit can be adapted to permit external program-
ming of the unit with different ranges of values of prede-
termined or preset time intervals representing satisfac-
tory firing conditions for different natures of ammunition
and artillery charges.

[0030] It will be understood that the invention offers
high levels of safety for the soldier and anyone else han-
dling the ammunition. In addition a round of ammunition,
once fired, may fail to be armed for a number of reasons
which do not affect safety of the soldier, such as ring
burning or irregular burning of the propellant producing
a deficient acceleration profile in the barrel and causing
range to be affected. The invention may therefore be
adapted to avoid collateral damage by a shell falling
short of or overflying the target.

Claims

1. A safety and arming unit (76) for a round of ammu-
nition (62) characterised in that the safety and
arming unit comprises one or more acceleration
sensors (70) for detecting when the acceleration of
the ammunition reaches at least two different pre-
determined linear acceleration values; timer means
(72) for measuring the time interval between the de-
tection of two of the predetermined linear accelera-
tion values, means (110) for electronically compar-
ing the said measured time interval with a range of
predetermined and pre-set time intervals represent-
ing satisfactory firing for the round of ammunition,
and means (110) for producing an electronic signal
when the said measured time interval falls within the
range of predetermined and pre-set time intervals,
which signal operates to arm the ammunition ready
for detonation.

2. A safety and arming unit (76) according to claim 1
having at least one acceleration sensor (70) capa-
ble of detecting at least two predetermined linear



10.

9 EP 1108 195 B1 10

acceleration values.

A safety and arming unit (76) according to claim 1
having at least two acceleration sensors (24,26),
each being capable of detecting one pre-deter-
mined linear acceleration value.

A safety and arming unit (76) according to claim 3
wherein at least one sensor (24) detects a threshold
lower acceleration value and at least one further
sensor (26) detects a threshold upper acceleration
value.

A safety and arming unit (76) according to claim 4
wherein several sensors (21,23) are provided to de-
tect the same threshold acceleration value.

A safety and arming unit (76) according to any one
of claims 3-5 wherein the sensors are spring mass
systems (6) which act as switches being open ini-
tially and closing at a threshold acceleration value
to complete an electrical circuit (12).

A safety and arming unit (76) according to any one
of claims 3-5 wherein the sensors are in the form of
cantilever threshold switches (24,26).

A safety and arming unit (76) according to any one
of claims 3-5 wherein the sensors are optical spring
mass acceleration threshold switches (40) whereby
a spring and mass system interrupts a light beam
(46).

A safety and arming unit (76) according to any one
of claims 1-5 wherein at least one acceleration sen-
sor utilises piezoresistive material.

A safety and arming unit (76) according to any one
preceding claim wherein said at least one acceler-
ation sensor forms an integral part of the safety and
arming system of a fuze.

Patentanspriiche

1.

Einheit (76) zum Sichern und zum Scharfmachen
eines Munitionsgeschosses (62),

dadurch gekennzeichnet, daB die Einheit zum Si-
chem und zum Scharfmachen die folgenden Merk-
male aufweist: eine oder mehrere Beschleuni-
gungssensoren (70) zur Feststellung, wann die Be-
schleunigung der Munition wenigstens zwei unter-
schiedliche vorbestimmte lineare Beschleuni-
gungswerte erreicht hat; Zeitgebermittel (72) zur
Messung des Zeitintervalls zwischen der Feststel-
lung der beiden vorbestimmten linearen Beschleu-
nigungswerte; Mittel (110) zum elektronischen Ver-
gleich des gemessenen Zeitintervalls mit einem Be-
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reich vorbestimmter und voreingestellter Zeitinter-
valle, die zufriedenstellende Zindungen fir das
MunitionsgeschoR reprasentieren; und Mittel (110)
zur Erzeugung eines elektronischen Signals, wenn
das gemessene Zeitintervall in den Bereich vorbe-
stimmter und vorgegebener Zeitintervalle fallt, wo-
bei dieses Signal die Munition, bereit zur Detonati-
on, scharfmacht.

Einheit (76) zum Sichern und zum Scharfmachen
nach Anspruch 1, welche wenigstens einen Be-
schleunigungssensor (70) aufweist, der in der Lage
ist, wenigstens zwei vorbestimmte lineare Be-
schleunigungswerte zu erfassen.

Einheit (76) zum Sichern und zum Scharfmachen
nach Anspruch 1, welche wenigstens zwei Be-
schleunigungssensoren (24, 26) aufweist, die je-
weils in der Lage sind, einen vorbestimmten linea-
ren Beschleunigungswert zu erfassen.

Einheit (76) zum Sichern und zum Scharfmachen
nach Anspruch 3, bei welcher wenigstens ein Sen-
sor (24) einen niedrigeren Beschleunigungs-
schwellwert erfat und wenigstens ein weiterer
Sensor (26) einen oberen Beschleunigungs-
schwellwert erfaf3t.

Einheit (76) zum Sichern und zum Scharfmachen
nach Anspruch 4, bei welcher mehrere Sensoren
(21, 23) vorgesehen sind, um den gleichen Be-
schleunigungsschwellwert zu erfassen.

Einheit (76) zum Sichern und zum Scharfmachen
nach einem der Anspriiche 3 bis 5, bei welcher die
Sensoren Federmassensysteme (6) sind, die als
Schalter wirken, die urspriinglich offen sind und ge-
schlossen werden, sobald ein Beschleunigungs-
schwellwert erreicht ist, um dann den elektrischen
Stromkreis (12) zu schlieRen.

Einheit (76) zum Sichern und zum Scharfmachen
nach einem der Anspriiche 3 bis 5, bei welcher die
Sensoren in Form von Ausleger-Schwellwertschal-
tern (24, 26) ausgebildet sind.

Einheit (76) zum Sichern und zum Scharfmachen
nach einem der Anspriiche 3 bis 5, bei welcher die
Sensoren optische Federmassen-Beschleuni-
gungsschwellwert-Schalter (40) sind, wobei ein Fe-
dermassensystem einen Lichtstrahl (46) unter-
bricht.

Einheit (76) zum Sichern und zum Scharfmachen
nach einem der Anspriiche 1 bis 5, bei welcher we-
nigstens ein Beschleunigungssensor piezosensi-
bles Material benutzt.
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10. Einheit (76) zum Sichern und zum Scharfmachen

nach einem der vorhergehenden Anspriche, bei
welcher der wenigstens eine Beschleunigungssen-
sor einen integralen Teil eines Systems zum Si-
chern und zum Scharfmachen eines Ziinders bildet.

Revendications

Une unité de sécurité et d'armement (76) pour une
cartouche de munitions (62) caractérisée en ce
que l'unité de sécurité et d'armement comprend un
ou plusieurs capteurs d'accélération (70) pour dé-
tecter lorsque l'accélération de la munition atteint
au moins deux valeurs d'accélération linéaire pré-
déterminées différentes ; un moyen chronométreur
(72) pour mesurer l'intervalle de temps entre la dé-
tection de deux des valeurs d'accélération linéaire
prédéterminées, un moyen (110) pour comparer
électroniquement ledit intervalle de temps mesuré
avec une gamme d'intervalles de temps prédéter-
minés et préréglés représentant une mise a feu sa-
tisfaisante pour la cartouche de munitions, et un
moyen (110) pour produire un signal électronique
lorsque ledit intervalle de temps mesuré tombe
dans la gamme d'intervalles de temps prédétermi-
nes et préréglés, lequel signal fonctionne pour ar-
mer la munition afin qu'elle soit préte pour la déto-
nation.

Une unité de sécurité et d'armement (76) selon la
revendication 1 ayant au moins un capteur d'accé-
lération (70) a méme de détecter au moins deux va-
leurs d'accélération linéaire prédéterminées.

Une unité de sécurité et d'armement (76) selon la
revendication 1 ayant au moins deux capteurs d'ac-
célération (24, 26), chacun étant a méme de détec-
ter une valeur d'accélération linéaire prédétermi-
née.

Une unité de sécurité et d'armement (76) selon la
revendication 3 dans laquelle au moins un capteur
(24) détecte un seuil de valeur d'accélération infé-
rieure et au moins un capteur supplémentaire (26)
détecte un seuil de valeur d'accélération supérieu-
re.

Une unité de sécurité et d'armement (76) selon la
revendication 4 dans laquelle plusieurs capteurs
(21, 23) sont prévus pour détecter le méme seuil de
valeur d'accélération.

Une unité de sécurité et d'armement (76) selon une
quelconque des revendications 3 a 5 dans laquelle
les capteurs sont des systéemes masse-ressort (6),
lesquels servent de commutateurs qui sont tout
d'abord ouverts et se ferment a un seuil de valeur
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10.

d'accélération pour fermer un circuit électrique (12).

Une unité de sécurité et d'armement (76) selon
n'importe laquelle des revendications 3 a 5 dans la-
quelle les capteurs sont en forme de commutateurs
de seuil cantilever (24, 26).

Une unité de sécurité et d'armement (76) selon
n'importe laquelle des revendications 3 a 5 dans la-
quelle les capteurs sont des commutateurs de seuil
d'accélération masse-ressort optiques (40) par les-
quels un systéme masse-ressort interrompt un fais-
ceau lumineux (46).

Une unité de sécurité et d'armement (76) selon
n'importe laquelle des revendications 1 a 5 dans la-
quelle au moins un capteur d'accélération est com-
posé de matériau piézorésisitif.

Une unité de sécurité et d'armement (76) selon
n'importe quelle revendication précédente dans la-
quelle cedit capteur d'accélération au moins forme
une partie intégrante du systéme de sécurité etd'ar-
mement d'une fusée.
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