JP 329 WO I E/ ak 5Safety device for a fuze of a projectile The
invention relates to a safety device for a fuze of a projectile,
which has a firing device for firing the fuze, conprising a safety
uni t havi ngPa32® ¥¢@ss neans 10f or naki ng firing process of the .
firing devi afe. A safety device for a fuze is used to prevent

i nadvertent activation of a main charge of a projectile, although it
is intended to be possible to activate the main charge after arm ng.
For this purpose, the safety device is a conmponent of a 15 fuze for
firing the main charge, which fuze can be provided with a firing
chain conprising two or nore firing neans. The first firing neans is
activated first of all in order to fire the main charge, for exanple
a piercing-sensitive mnidetonator which is pierced by a piercing
needl e. Expl osion energy of the first firing nmeans is transmtted

t hrough an appropriate arrangenent of the first 20 two firing neans
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or main charge. Previous fuzes, in particular for sinple projectiles
such as nortar shells, have a 25 safety-brake plug as the first
safety rreag,[srvand an apparatus which detects the |aunch shock as the
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obj ect of the present invention is to specify a safety device for a
fuze of a prej Il E; ~Whd . i a .
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an en®bl e &7 AT fiehthenmaint enarags MAHchs fugeccar begpistides with @hBiring chain
process negomprising two or more firing means. The first firing means is activated first of
all in order to fire the main charge, for example a piercing-sensitive
minidetonator which is pierced by a piercing needle. Explosion energy of the

first firing means is transmitted through an appropriate arrangement of the first

20 two firing means to the second firing means, which may be in the form of a
firing booster. This can transmit its explosion energy to an initial charge or main
charge.

Previous fuzes, in particular for simple projectiles such as mortar shells, have a
25 safety-brake plug as the first safety means and an apparatus which detects the
launch shock as the second safety means. The disadvantage of these safety
means is that the safety-brake plug must be manually removed before loading
the mortar shell. Relatively frequently, withdrawal of the safety-brake plug is
forgotten, and the mortar shell becomes a misfire.
30
One object of the present invention is to specify a safety device for a fuze of a
projectile which unlocks the safety means by using a physical arming parameter
which is independent of a firing parameter, without having to withdraw a safety-
brake plug.



5 being designed to output a control signal, in order to armthe
. safety unit, as a function of the presence of the enable signal. The
object is also and in particular achieved by a safety device for a
fuze of a projectile which has a firing chain for firing the fuze and
an interruption nmeans for interruption o the firing chain, with the
safety device conprising a sensor unit which is designed 10 to out put
an enable signal in the event of an acceleration state in the fuze
which is below the earth's acceleration due to gravity by at |east a
defined accgl.ergtign value, and a process neans which is designed to.
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caused by drag in the air — is in a weightless state.

35 The firing device may contain a firing charge, and in particular it may be part of



20conprises an interruption nmeans for interruption of the firing

. chain. This allows a firing process to be nade safe nechanically in a
sinpl e manner. The acceleration state may be the instantaneous

accel eration of the sensor unit and/or of the fuze. The defined

accel eration state is, in particular, an325 accel eration state in the
fuze. It is belowthe earth's acceleration due to gravity by at |east
a defined acceleration value, that is to say it is belowa limt
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may be started by one or nore signals which are output when the

accel erati qp one advantageous embodiment of the invention, the firing device comprises
a firing chain with a firing charge for firing the fuze, and the safety unit

20 comprises an interruption means for interruption of the firing chain. This allows

a firing process to be made safe mechanically in a simple manner.

The acceleration state may be the instantaneous acceleration of the sensor unit
and/or of the fuze. The defined acceleration state is, in particular, an
25 acceleration state in the fuze. It is below the earth’s acceleration due to gravity
by at least a defined acceleration value, that is to say it is below a limit value
which is below the acceleration due to gravity, and may be any value below the
acceleration due to gravity or the earth’s acceleration due to gravity, which is
approximately 9.81 m/s®. An acceleration range below the earth’s acceleration
30 due to gravity is also possible, for example between 0 m/s* and 5 m/s2. The
defined acceleration state in the longitudinal direction or direction of flight of the
projectile is advantageously below 5 m/s?, and expediently it is below this value
in alf three spatial directions, in particular with the total acceleration being below
this value. The defined acceleration state, limit value or acceleration value can
35 be stored by an appropriate setting in the safety device, for example the sensor



15 falls belowthe limt value. The enable process |eads to the

- enabl e signal, but possibly only when further conditions have been
satisfied, for exanple the acceleration state is belowthe limt
value for a predetermned tine period or it is termnated, for
exanpl e when the acceleration state rise$ too quickly above the limt
val ue again. 20 The process neans is designed to check for the
presence of the enable signal and to output the control signal for
arm ng as aurfitacd/optheopracess pieeaRNoein Susthepudiesi gn can be
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which is transmitted via a data line to the process means.

30 In a further advantageous embodiment of the invention, the sensor unit is
designed to measure three directional accelerations in three mutually
orthogonal spatial directions. This makes it possible to calculate a total
acceleration or an acceleration state in the fuze in a simple manner from the
three directional accelerations.

35



25 defined accel eration value, and the process neans is designed to
- monitor the acceleration value in the direction of flight and to
identify an absolute minimumin the profile of the acceleration

val ue. The absolute mninmumindicates the |least drag fromthe air
during flight, and al so indicates that the apex point of the flight
path of the projectile has been reached. If the presence of this
absolute 30 mninmnumis used as an armng criterion, which nust be
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possible t feast drag from the air during flight, and also indicates that the apex point of the
flight path of the projectile has been reached. If the presence of this absolute
30 minimum is used as an arming criterion, which must be present in order to
output the control signal, in particular at the same time as the presence of the
enable signal, the control signal is produced only once the projectile path has
passed through the apex point. This ensures a high degree of short-range
safety. Correspondingly, the process means checks for the presence of the

35 minimum before it outputs the control signal.



35di stingui sh between a "flight" state and a "ground” state, in order
< to produce the 7 control signal as an armng criterion, in
particular as a further armng criterion followng a first armng
criterion. Generally, projectiles rotate about their |ongitudinal
axis, during flight, even 5 when they ar® fired without spin. A
normal roll rate is up to 2 revolutions per second, wth nodern
muni ti ons being caused to rotate at up to 20 revolutions per second
during flight for flight stabilization by neans of a fin structure.
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control sidHeva.or arnming as a function of the presence of the roll
signal. 30 RoI ling of the projectile can be distinguished from

spi nni ng ng ectiles. Wiile spinning nornally takes place at nore
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potential evaluator in the RC element. The time interval is expediently greater

25 than one second, in order that a free fall must last for more than 5 m in order to
allow the enable signal to be used to produce the control signal. If the time

interval is greater than 2 seconds, an arming drop must be more than around
19.62 m.

30 A further advantageous embodiment of the invention is based on the following
considerations. When using a three-axis acceleration sensor, a low-force state
of the fuze can be identified during the flight of the projectite. The low-force
state may be characterized by an acceleration state in which the total
acceleration of the fuze is below the limit value. This makes it possible to

35 distinguish between a “flight” state and a “ground” state, in order to produce the



8 also outputs the roll signal when the projectile is not spinning.

+If rolling of the projectile, that is to say a rolling novenent of

the projectile in the air, is identified which satisfies a

predeterm ned characteristic, then this ¢an be 5 used to

unambi guously identify the "flight" state. The predeterm ned

characteri stic is expediently chosen such that it characterizes the
"flight" state with predeterm ned adequate safety. The roll signal
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advant ageous rocess neans to be 10 designed to check both
the enable signal and the roll signal for thelr presence, and to
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reliability of the output of a control signal for arming.

If the sensor unit has a roll sensor which is designed to identify rolling of the
25 projectile and to output a roll signal when a rolling movement of the projectile is
present, then the rolling can be identified and can be processed as additional
information, for example by the process means, in order to output the control
signal for arming. The process means is expediently designed to output the
control signal for arming as a function of the presence of the roll signal.
30
Rolling of the projectile can be distinguished from spinning of projectiles. While
spinning normally takes place at more than 100 Hz, rolling takes place at below
100 Hz. In the following text, rotation between 1 Hz and 50 Hz, in particular
between 2 Hz and 25 Hz is defined as rolling, while spinning is defined as being
35 above 50 Hz. The roll sensor identifies rolling of the projectile without spin, and



9 rotation of the earth's magnetic field to identify rolling, and

- therefore the "flight" state. A gyroscope or a revolution counter is
| i kewi se advantageous. In order to inprove the safety of
identification of the "flight" state, it is 5 advantageous for the
process means to be designed to use sign@ls, in particular to use
signals fromthe sensor unit, to distinguish between free-flight
rolling of the projectile and rolling of the projectile on a base. A
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signal stage. The ground rolling sensor nmay be a part of the sensor
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projectile,
process means is expediently designed to check, when the roll signal is

25 present, whether the acceleration of the projectile in the axial direction is below
a predetermined value, and to output the control signal for arming only when
the value has been undershot.

The roll sensor is expediently an acceleration sensor which, in particular, is not
30 arranged on the geometric longitudinal axis of the projectile. If this experiences a
permanent acceleration, that is to say for more than a predetermined time period,
above the earth’s acceleration due to gravity or, more generally: above a
predetermined value, then this is an indication of the presence of the “flight” state.
The roll signal can be output to the process means. Alternatively, a magnetic fieid
35 sensor can be used which senses the earth’s magnetic field and uses the relative



S firing chain for firing the fuze and an interruption neans for
~interruption of the firing chain. According to the invention, a

sensor unit is used to detect an acceleration state in the fuze after
whi ch the accel eration state has fallen below the earth's

accel eration due to gravity by at |east @ defined accel eration val ue,
an enable signal is output, and the interruption neans is arned as a
function of 10the presence of the enable signal. Further advantages
will beconnommdemftthéreurtrt’@mégﬂdnovmem t@rdwnngrcqmg: rdriet trféaefoff@ﬁne “flight”
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15 part of the sensor unit.

When ground rolling occurs, the output of a control signal for arming the
interruption means should expediently be prevented. For this purpose, it is
advantageous for the sensor unit to have a ground rolling sensor, which is

20 designed to identify ground rofiing of the projectile on a base, and to output a
ground rolling signal in the event of ground rolling. Ground rolling may be a
rolling movement with a lateral acceleration of the projectile, which is related in
a predetermined manner to the rolling movement. The process means is
expediently designed to suppress the output of the control signal for arming of

25 the interruption means when the ground rolling signal is present. Suppression
also means that the control signal is not output irrespective of whether it has
already been produced in an upstream signal stage. The ground rolling sensor
may be a part of the sensor unit, or may be formed separately.

30 The invention also relates to a fuze of a projectile which has a safety device as
described above.

In addition, the invention relates to a method for arming a fuze of a projectile,
which has a firing device for firing the fuze and a safety device with a safety unit
35 which contains a process means for making a firing process of the firing device



11 enable, or an electrical signal. The action of the AND |l ogic 12

- is passed to a further AND logic 14, on which a third safety nmeans 16
al so acts, for exanple a further timng elenent. The AND | ogic 14
acts on a neans 18 for armng the fuze 4, for exanple such that a
force elenent is armed. The fuze 4 is fil@ed 24 5 by a fire signal 20
whi ch nust coincide with an arnmed state of the fuze 4 by the nmeans 18
- corresponding to the further AND |l ogic 22. The safety device 2 from
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does Hbt spbeipresenaeyofdbe @niable sippalnat ure of the safety neans 6, 8,
16, of the firing of the fuze and of making the firing process safe,

the invention is, however, not restricted to this specific neans. In
fact, it idWHeaadyaptagespvitl begomneevidgnkliomy therfollewingrdrawing:deseription.

ot her saf etfher@rving ifusteated sRempiary dribddithdrits ioPIh& *ﬂ%\iéﬁg.@ﬁdme drawing
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process ar . SS nmeans is connected to a
sensor uni ﬁ@%%ﬁﬂ#%grg@@g@;@@g eration sensor unit. This is in

the formof a |owg sensor unit, which identifies an accel eration
state in W e fih@rodRgni tude of the total acceleration, for exanple
in the fuze 4, 1S belowthe earth's acceleration due to gravity, that
is to say below the g-value of around 9.81 ms2. This is therefore

expedient | Figureaccel ehawstih 6RAGIRI MDsPAdIESCA Safedy Betigbal
accel eration whose nmagnitude is 35below the earth's accel eration due

to gravity by a defined value. The sensor 12 wunit 38 conprises a

sensor 40 Wigurettr ee showvsut sirctt illdgtratith, ofenshfefpaévide forfa fuzel add.
three conparators 50, 52, 54, a timng elenment 56 with a non-reactive
resistor 58 and a capacitor 60 as well as a conparator 62. An out put
stage 64, W@WR day BBOWara aifcuithidugtratiors of reaalieBtive ssafetyi dedidetfor a
out pyts an enabl e fuze.

Figure 1 shows an overview of a safety device 2 for a fuze 4 (Figure 2)of a
projectile. Launching of the projectile is identified by a first safety means 8, for
example a double-bolt system. Its arming sets in train a further safety means 8,
30 in this exemplary embodiment of a timing element, which ensures a safe
separation distance. A third safety means 10, which may be a sensor unit for
measurement of an acceleration state, identifies a low-acceleration flight state
and outputs an appropriate signal. This is passed together with an effect of the
timing element to an AND logic 12, which may be in mechanical or electronic
35 form. The action may be mechanical, for example by means of a mechanical



5signal. Furthernore, the safety device 2 conprises a self-test unit
. 66 with a controller 68. The figure does not show a further safety
device in the formof a double-bolt system which is initiated in
response to launching of the projectile and enables 10 the
interruption means 30 shortly after lauddh. In this case, the
interruption nmeans 30 is still blocked by the nechanism 32, as a
result of which the firing chain is still interrupted. During
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t he appropriate spati al ree srgnal's are output at
the three outputs 42, 44, 46, with the sensor 40 being nounted in the
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48 remains at an electrical potential below the conparison signal vli,

then Zghe owifpisughi tﬁ@aiiluéth'ﬂgﬁ té’i@n‘?pﬂg&géﬁ{b‘&'ﬁlrﬁgnﬂ aoeg Hot %F‘)@Enﬁbgliy @%Sé‘rlbe
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the conpar <?\Ré’énsS(in fgct flt% eeqxua possa%lé) % usa'evéa g(r)éater %r erss\é? num er and/or
other safety means and to dispense with the firing chain and in particular with
25 the interruption means, and to use a different fuze and, in particular,
interruption. In particular, electronically controlled firing and/or purely electronic

interruption of a firing process arefis feasible.

The process means 34 is connected to a sensor unit 38 which is an
30 acceleration sensor unit. This is in the form of a low-g sensor unit, which
identifies an acceleration state in which the magnitude of the total acceleration,
for example in the fuze 4, is below the earth’s acceleration due to gravity, that is
to say below the g-value of around 9.81 m/s This is therefore expediently an
acceleration sensor which reacts to a total acceleration whose magnitude is
35 below the earth’s acceleration due to gravity by a defined value. The sensor



The signals fromthe outputs 42, 44, 46 correspond to the respective
. acceleration of the sensor 40 in a spatial direction, with the sensor
40 10 outputting the signals in inverted form The higher the
acceleration is in one direction, the lower is the signal at the
correspondi ng output 42, 44, 46. The corf@arison signal v1, v2, v3
therefore formlimt values or threshold values, with the respective
out put signal fromthe conparators 50, 52, 54 changing, for exanple,
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froma negatlve to a positive potential and in this way produces an

enabl e si gt}% o the
e three signals are each filtered by one of the filters 48, which is a low-pass

filter. This filter 48 filters the high-frequency component aut of the signal above,
30 for example 100 Hz. This at least largely eliminates the noise and the
disturbance caused by vibration of the projectile on the acceleration signal. The
filtered signals are passed to the three comparators 50, 52, 54. The respective
corresponding signal and a respective comparison signal vy, v, v3 are therefore
applied to their inputs, with the comparators 50, 52, 54 respectively comparing
35 the signals. In this case, the comparison signals v4, va, v3 form threshold values.



15 out put stage 64, which passes on the enable signal in the sane

- formor a different formto the process neans 34, to be precise in
two outputs, on the one hand as a positive signal and additionally,
for safety, as a negative signal. Wen the enable signal is present,

t he process neans 34 produces the contrdB 20 signal for operating the
mechani sm 32 and for enabling the interruption neans 30 and the
firing chain. Alternatively, it is possible for the enable signal to
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appropriate signal to the sensor 40, on the basis of whi ch the
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acceleration when the enable signal is present is < 0.2 m/s?,
30
An AND circuit is formed by connecting the comparators 50, 52, 54 and the
voltage source 72 in parallel. If only one of the comparators 50, 52, 54 has a
positive output signal, that is to say only one acceleration value is below the
limit value, then the signal on the output line 70 is negative, since it is kept
35 negative by the two other comparators 50, 52, 54. If the outputs of two



25stage 64. Figure 3 shows a further exenplary enbodi nent, in which

- the sensor unit 38 illustrated in Figure 2 has a roll sensor 78 and a
ground rolling sensor 80 added to it. For the sake of clarity, the
self-test unit 66 and the controller 68 for the 30 sensor unit 38
have not been illustrated, although botH4units may, of course, be
present. Al the illustrated conponents are part of the fuze 4, which
Is also indicated in Figure 3. 16 respect to features and functions
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the ground rolling sensor 80 and 25 are shown as part of the ground
rolling se t he however, just as well be parts of the

roll sensor ggn%ﬁ B?ér 89%?“3 REeseMHe thsr Bjasess keais 34 produdesAbesontrol
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that is tOS'f)agn& rfhe %#l%%dchoam rﬁ\fernatlvé)ly ? is possnble for the enable signal to be

passed on directly to the mechanism 32 and the interruption means 30, in order

to enable the firing chain. Alternatively, it is possible for the output stage 64

itself to output the control signal, without any need for the process means 34 for

25 this purpose. In this case, the output stage 64 may itself be understood as
being the process means.

Furthermore, the process means 34 is connected directly to the output 42 of the
sensor 40 and in this way monitors the acceleration value of the sensor 40 in

30 the direction of flight. The monitoring is directed at an absolute minimum in the
profile of this acceleration value, expediently with only that frequency part, for
example of a Fourier spectrum of the signal on the output 42, at a frequency in
the region greater than one second being used for evaluation of the absolute
minimum, for example.

35



30 fuze 4 about the roll axis or longitudinal axis of the fuze 4 or
. projectile. The signal increases as the roll rate rises. The signal
I's conpared by the conparator 88 with a conparison signal v5. If the
signal increases above the conparison signal v5, then the conparator
88 outputs a positive signal, or the sidg®l fromthe conparator 88
changes from a negative or |ow value to a 35positive or higher val ue.
In this case, the conparison signal v5 is chosen such 17 that the
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Figure 3 shows a further exemplary embodiment, in which the sensor unit 38
illustrated in Figure 2 has a roll sensor 78 and a ground roiling sensor 80 added
to it. For the sake of clarity, the self-test unit 66 and the controller 88 for the

30 sensor unit 38 have not been illustrated, although both units may, of course, be
present. All the illustrated components are part of the fuze 4, which is also
indicated in Figure 3.

The following description is restricted essentially to the differences from the
35 exemplary embodiment illustrated in Figure 2, to which reference is made with



18 If the projectile is rolling on the ground, then both of these

- sensors of the sensor unit 40 which neasure the | ateral accel erations
output an .alternating signal, since they nmeasure the earth's

accel eration due to gravity downwards. 5 Since the sensor unit 40, at

| east its two sensors which neasure the1Bateral acceleration, is
arranged on the geonetric axis of the projectile, the roll rate has
virtually no effect on the anplitude of the alternating signal, since
the sensor respectd fadwresaindrhastions adith rémail tHeosame. Pagts which remain
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90 and the comparator 92 are also used by the ground rolling sensor 80 and
25 are shown as part of the ground rolling sensor 80, they may, however, just as
well be parts of the roll sensor 78.

During rolling of the projectile or of the fuze 4, the sensor 84 produces a signal
which corresponds to the roll rate, that is to say the speed of revolution of the
30 fuze 4 about the roli axis or longitudinal axis of the fuze 4 or projectile. The
signal increases as the roll rate rises. The signal is compared by the
comparator 88 with a comparison signal vs. If the signal increases above the
comparison signal vs, then the comparator 88 outputs a positive signal, or the
signal from the comparator 88 changes from a negative or low value to a
35 positive or higher value. In this case, the comparison signal vs is chosen such



S positive signal, is output that the |ongitudinal acceleration of

- the fuze 4 is not belowthe limt value, then this is an indication
that the projectile is not in free flight. Correspondingly, the
signal fromthe conparator 50 is zero or_negative and overrides the
positive roll signal, such that this cafdfot initiate the contro
signal for arming of the interruption neans. 10 The combi nation of
the roll sensor 78 and ground rolling sensor 80 may al so be subjected

to a self-tthat theamlldg'gnali Hmalcbm@sd bosmf/t@rcﬁm@t EaOdé‘_fg%‘di_fl?ll(ljrateé:,QE)r gt&%ﬁ]pti?] of
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20Fi re si gridffined projectite manufacturing tolerances.

The timing element 90 checks whether the roll signal is present without
intetruption for more than a defined time period which, for example, may be in

10 the range from 1 to 5 seconds. Only if this is the case is the roll signal passed
to the comparator 82, is enabled there — analogously to the comparator 62, and
is passed to the output stage 64.

The low-g signal from the low-g sensor 82 and the roil signal from the roll

15 sensor 78 are treated equivalently in the output stage 64. If one of the two
signals is present, then the output stage 64 and the process means 34, reacts
as described with reference to Figure 2, and the control signal is output in order
to arm the interruption means 30. Therefore, the low-g signal and the roll signal
are linked to one another in an OR logic operation such that the presence of

20 one of the two signals is checked. The contro! signal can therefore also be
initiated when both signals are present at the same time, as is normally the
case, that is say when there is little unbalance in the projectile.

Initiating of the control signal for arming of the interruption means 30 should
25 absolutely be prevented when the projectite is rolling on the ground and is not in
the “flight” state, that is to say it is not flying freely. However, the roll sensor 78
cannot distinguish whether the rolling movement is caused by uniform rolling on
the ground or rolling in free-flight. It therefore outputs the roll signal even when
rolling on the ground.
30
In order to prevent such undesirable arming, the sensor unit 38 is equipped with
the ground rolling sensor 80, which identifies that the projectile is rolling on the
ground. The ground rolling sensor 80 serves as an input signal from an output
of the sensor unit 20, specifically a signal at the output 44 or 46 or both outputs
35 44, 46, which reflect the lateral acceleration.
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If the projectile is rolling on the ground, then both of these sensors of the
sensor unit 40 which measure the lateral accelerations output an alternating
signal, since they measure the earth’s acceleration due to gravity downwards.
Since the sensor unit 40, at least its two sensors which measure the lateral
acceleration, is arranged on the geometric axis of the projectile, the roll rate has
virtually no effect on the ampilitude of the alternating signal, since the sensor
unit 40 does not measure centrifugal force. The alternating signal is filtered by a
filter 94, which is a high-pass filter, such that only high-frequency components
of the alternating signal above a predetermined frequency, for example 2 Hz,
pass through the filter. In this way, only ground rolling above the predetermined
frequency is identified.

A rectification smoother 95 converts the alternating signal to a simply smoocthed
DC voltage signal which is now applied to the comparator 98. Rolling of the
projectite on a base results in an alternating signal at the roll frequency and with
the amplitude which corresponds to approximately 1 g being applied to the
input of the filter 94. The rectification smoother 95 at least essentially eliminates
the frequency information, since the alternating signal is converted to a DC
voltage. During ground rolling, for example on a flat surface, the magnitude of
the DC voltage signal corresponds to the total acceleration value of
approximately 1 g, and is therefore independent of the nature of the rolling.
When not rolling on the ground, or when rolling on the ground below the
predetermined frequency, no signal is applied to the comparator 98, apart from
disturbance signals which may be caused, for example, by shaking of the
projectile. Disturbance signals which result from lateral movements of the
projectile below a predetermined acceleration, for example below 0.5 g, are
blocked by the comparator 98.

When the projectile is rolling over a base, the roll sensor 78 outputs a positive
roll signal. At the same time, the comparator 98 outputs a ground rolling signal,
which indicates ground rolling. The ground rolling signal is a negative signal
which overrides the roll signal from the roll sensor 78, such that no sufficiently
positive signal can be applied to the comparator 92. The enabling of the roll
sensor 78 is therefore blocked by the ground rolling sensor 80.
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For additional safety, the output signal from the comparator 50, which indicates
acceleration in the direction of flight, is reflected on the roll signal. This signal
also overrides the roll signal. For example, if a roll signal, that is to say a
positive signal, is output that the longitudinal acceleration of the fuze 4 is not
below the limit value, then this is an indication that the projectile is not in free
flight. Correspondingly, the signal from the comparator 50 is zero or negative
and overrides the positive roll signal, such that this cannot initiate the control
signal for arming of the interruption means.

The combination of the roll sensor 78 and ground roliing sensor 80 may also be
subjected to a self-test, as described with reference to Figure 1. For this
purpose, the switch 96 is closed and the sensor 84 is operated by the process
means 34 or the controller 68 such that the roll sensor outputs the roll signal,
and the ground roliing sensor 80 outputs the ground rolling signal at the same
time and/or with a time offset.
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- snmoot her 96Swi tch 98Conparator 22 Patent Clains 1. A safety device
(2) for a fuze (4) of a projectile, which has a firing device for
firing the fuze (4), conprising a safeté unit having a process neans
5(34) for making a firing process of thé0firing device safe,
characterized in that the safety device contains a sensor unit (38)
whi ch is designed to output an enable signal when an accel eration
state is fdiistiofReférencelBymbyoldie earth's accel eration due to
gravity, with the process neans 10(34) being designed to output a

control signal, in order to armthe safety unit, as a function of the
presence of 2t he en&gifety<eyics .
4 Fuze
6 Safety means
8 Safety means
10 Safety means
12 AND Logic
14 AND Logic
16 Safety means
18 Means
20 Fire signal
22 AND Logic
24 Firing
26 Firing means
28 Firing means
30 Interruption means
32 Mechanism
34 Process means
36 Signal line
38 Sensor unit
40 Sensor
42 Output
44 Output
46 Output
48 Filter
50 Comparator
52 Comparator
54 Comparator
56 Timing element
58 Resistor
60 Capacitor
62 Comparator
64 Output stage

66 Self-test unit



2. The safety device (2) as clainmed in claim1, characterized 15in
- that the sensor unit (38) is designed to neasure three directional
accelerations in three nutually orthogonal spatial directions, and
the enable signal is output at a time at which each of the t hr ee
directional accelerations is belowthe &rth's acceleration due to
gravity, at |east by a respectively defined accel eration value. 20 3.
The safety device (2) as clained in claim?2, characterized in
that the de88 ned acmiteoligti on value is different in the direction of
flight of t-fsbg pr oj ?ﬁtéhfzu{wan the defined accel eration value in the
two ot her di rection The safety device (2) as clainmed in one of
the precedifd cl ai Moltageaacateeeri zed in that the defined accel eration
state is be;hpwthe 1§ th' s acceleration 30 due to gravity by at |east
one defi ne ccel er atl on val ue, and the sensor unit (38) conprises at
| east one ccﬁparat oko, 52, 54) by means of which the accel eration
val ue can bgg adj ustmm Séhso}rhe safety device (2) as clained in one of
t he precedlé}g cl ai e 3 ?racteri zed 23

rouRd fol

Ing sensor
82 Low-g sensor
84 Sensor
- 86 Filter
88 Comparator
90 Timing element
92 Comparator
94 Filter
95 Rectification smoother
96 Switch

98 Comparator
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Patent Claims

A safety device (2) for a fuze (4) of a projectile, which has a firing device
for firing the fuze (4), comprising a safety unit having a process means
(34) for making a firing process of the firing device safe,

characterized '

in that the safety device contains a sensor unit (38) which is designed to
output an enable signal when an acceleration state is found which is
below the earth’s acceleration due to gravity, with the process means
(34) being designed to output a control signal, in order to arm the safety
unit, as a function of the presence of the enable signal.

The safety device (2) as claimed in claim 1,

characterized

in that the sensor unit (38) is designed to measure three directional
accelerations in three mutually orthogonal spatial directions, and the
enable signal is output at a time at which each of the three directional
accelerations is below the earth’s acceleration due to gravity, at least by
a respectively defined acceleration value.

The safety device (2) as claimed in claim 2,

characterized

in that the defined acceleration value is different in the direction of flight
of the projectile than the defined acceleration value in the two other
directions.

The safety device (2) as claimed in one of the preceding claims,
characterized

in that the defined acceleration state is below the earth’s acceleration
due to gravity by at least one defined acceleration value, and the sensor
unit (38) comprises at least one comparator (50, 52, 54) by means of
which the acceleration value can be adjusted.

The safety device (2) as claimed in one of the preceding claims,
characterized



30 11. 35 by a timng element (56) for presetting a tine
~interval, with the process neans (34) outputting the control signal
only when the enabl e signal has been present without interruption
throughout the entire time interval. The safety device (2) as clained
in one of the preceding clains, charact&dzed in that the sensor unit
(38) has a roll sensor (78) which is designed to identify rolling of
the projectile and to output a roll signal when a rolling novenent is
present. The saflet g tieiigealefr@nt 456 cfori pregetting el e iBteroiR At B %ﬁﬁ:ess

in that the pro o ' . check both the enabl

si gnal and tE\e f@??nsifgﬂa?dt? gﬁ[ngﬁgg%%hﬁﬁgg'ﬂbgl Orﬂ}ﬂa\'ﬂe@ .Stﬂﬁ%_"? ﬁtgna?has
control signal tkeedrpicsast withewtintentuption throughast thenentivé tinkeirtevwal.
signals is present. The safety device (2) as clainmed in claim®6 or 7,
characterized in_that the process neans (34) is designed to check,
when the rdtl si giapate g?\@%&),aWatm@# In pee pht)ie pregediny claims,

accel erati on of dghaeagedregtile in the axial direction is bel ow a

det I ned d.t t he control si for armng onl
Phen the var e AadTat R ket todniad & Senor 420 whicheclenigmer o
in one of clai mgdeéntifg rellinghafrthetmojextik and thatutpitea Fell bighanepen(d Bdlling

Is an accel eratirﬂavéﬁgﬁﬁ?é'pré_?@ntsaf ety device (2) as clained in one of
t he p1r0ecedi ng clalns, characierized

7. The safety device (2) as claimed in claim 6,
characterized
in that the process means (34) is designed to check both the enable
signal and the roll signal for their presence, and to output the control

15 signal to arm the safety unit if at least one of the two signals is present.
8. The safety device (2) as claimed in claim 6 or 7,
characterized
in that the process means (34) is designed to check, when the roll signal
20 is present, whether the magnitude of the acceleration of the projectile in

the axial direction is below a predetermined value, and to output the
control signal for arming only when the value has been undershot.

9. The safety device (2) as claimed in one of claims 6 to 8,
25 characterized
in that the roll sensor (78) is an acceleration sensor.

10.  The safety device (2) as claimed in one of the preceding claims,
characterized
30 in that the process means (34) is designed to distinguish between free-
flight rolling of the projectile and rolling of the projectile on a base.

11. The safety device (2) as claimed in one of the preceding claims,
35 characterized



in that the process neans (34) is designed to distinguish between

- free-flight rolling of the projectile and rolling of the projectile

on a base. The safety device (2) as clainmed in one of the preceding
claims, characterized 24 in that the sensor unit (38) has a ground
rolling sensor (82), which is designed ©4 identify ground rolling of
the projectile on a base, and to output a ground rolling signal in
the event of ground rolling. 512. The safety device (2) as clained in
claim 11, charadnethat ¢k isensbrunit {88p hases yroman solidd)sensod €823 eisich ds

suppress the out r ' f rmn en the groun
rol I'ing signal |%%gﬁde%$?d%%g%%ﬁasgg®b9 Oggm%cg}oé%m\ggﬁc?a ?%'d apd to
one of the precedHtpgt 2 BEauns! rodingr signalin el event ofgroune ralimsor uni t
(38) is designed to neasure three directional accelerations in three

nut ual ort.ho al spatial directiops, and the enable signal is
out puté)1/5 a ?ag?ﬂ?ﬁs@{é PYFE &2l epmedin plake 1di rectional )
accel erati ons i schaehcterizde earth' s accel eration due todgraw ty, in
each case at le defined acc ation val ue, an

additional ly ha?ﬁgh&#% %féﬁ%%sr ”‘(G?é‘?,etbaﬂlsc‘i‘meﬁ‘%”%iﬁ? griIees theyertutyof the
rol ling of the mooiretsighal Bndrmingwhenthegraind wilpaadigndlen presedit! | ng
noverment is 20present, and additionally has a ground rolling sensor
(82), which is designed to identify ground rolling of the projectile
on a Whse, TBhd tlheaipht devies Gliras ¢laimedhip engntitheduecadingrataints,
rolling, and theharagessedreans (34) is designed for the fol | ow ng
steps: 25- to Che(ﬁ!.( l%ﬁth t he ena{)lﬁ signal and the roll signal for
their presence N at the sensor unit (38

- [s designed to measure three directional accelerations in- three
mutually orthogonat spatial directions, and the enable signal is output

15 at a time at which each of the three directional accelerations is below
the earth’s acceleration due to gravity, in each case at least by a
defined acceleration value, and

- additionally has a roll sensor (78), which is designed to identify rolling
of the projectile and to output a roll signal when a rolling movement is

20 present, and

- additionally has a ground rolling sensor (82), which is designed to
identify ground rolling of the projectile on a base, and to output a
ground rolling signal during ground rolling,

and the process means (34) is designed for the following steps:

25 - to check both the enable signal and the roll signal for their presence
and, if at least one of the two signals is present, to output the control
signal for arming the safety unit but

- when the roll signal is present, to additionally check whether the
magnitude of the acceleration of the projectile in the axial direction is

30 below a predetermined value, and to output the control signal for
arming only when the value is undershot, and

- to distinguish between free-flight rolling of the projectile and ground
rolling of the projectile on a base, and to suppress the output of the

control signal for arming when the ground rolling signal is present.
35



and, if at |least one of the two signals is present, to output the
~control signal for armng the safety unit but when the roll signal
is present, to additionally check whether the
magni tude of the acceleration of the prgjpectile in the axial
direction is 30bel ow a predeterm ned vakFde, and to output the control
signal for arm ng only when the value is undershot, and to
di stingui sh between free-flight rolling of the projectile and ground
rol ling of the pihg safely device {2)amsaainaedint ones optheeprectbingaitims, of
the control sig é&éri?édﬁ ng when the ground rolling signal is
present. 25 14. e safety device (2) as clained in one of the
precedi ng cl ai nd thatdhgdiriagidavice has afiringtdhain witb # firimg ghargei foefiting tlae
firing chain W tihza f4)ridiy qRar r,}-'r' i(4)
safety. unit has .an i%ﬁ.err %i?ngﬁfeegfl_su I%Orgdlgoérmgpﬁétﬂ@rtléﬁt {noénaé?%f t(?ﬁg for
firing chain. 18MeRY P'H(S’g SHIRG FING- a fuze (4) of a projectile,
which has a firing device for firing the fuze (4) and a safety device
(2) with a.safet i i cont ai_ns rocess ans, (34) faqr. makin
a firing pr'lg‘i((?:less‘AY 8%9 H%%%I': %Fﬂ'&afb |(:4§(§eﬁ BFOJ%Wﬂg’aWﬁ@ﬁﬁfédaﬁwngmw
sensor unit (38)fonfitpgttbe duzer(dplaadsa gadttywtevica (Bpivithed safelg! @iintiich
state occurs, a i t i 1 . unit d .
Sutput as & tuney oo pRiceSt $Ene B ToR o b B ARG LSS of the firing

10 device safe,

characterized

in that a sensor unit (38) outputs an enable signal when a defined
acceleration state occurs, and a contro! signal for arming the safety unit
is output as a function of the presence of the enable signal.



