
-1- 5 Safety and arming unit for the fuze of a projectile 10 The invention
relates to a safety and arming unit according to the  precharacterizing
clause of the main claim. A safety and arming unit such as this is known
from DE 31 26 289 C for a  projectile in order to ensure its second safety
criterion, the safe separation  15 distance following the launch-dependent
first safety criterion. There, ram-air pressure channels, into which an
unlocking element which is deformed as a  function of temperature projects,
run approximately parallel to the axis through the  fuze between inlet
openings in the end surface and outlet openings in the  truncated-conical
coating surface of the fuze. Once this unlocking element has 20 been heated
sufficiently intensively by the ram-air flow resulting from sufficiently
long free flight, it changes its geometric shape and in consequence unlocks
the  second arming element, which is spring-loaded, in order to enable the
projectile  fuze, which will respond later, for example on striking a
target. 25 Mechanical unlocking such as this is, however, functionally
critical and generally  susceptible to defects, particularly after long
depot storage times. Furthermore,  the compressed incident flow emerging
from the fuze casing surfaces adversely  affects the ballistic behaviour of
the projectile. Sufficiently rapid, strong ram-air  pressure heating in flow
channels such as this does not occur at all, where 30 possible, in a
relatively slow projectile such as a guided missile. When a projectile  such
as this is operated at low altitude and in particular in a sandy, dusty
environment or one in which cold moisture results in a risk of icing, there
is even a  risk of the flow channels becoming blocked and therefore in
failure of the second  arming criterion, as a result of which the projectile
becomes a misfire. 35 Against this background, the invention is based on the
technical problem of  designing a safety and arming unit of this generic
type for reliable operation  particularly and additionally in the case of
relatively slow projectiles and in critical  environmental conditions, and
also of providing the capability to intervene in the -2- 



second arming criterion, in this context. According to the invention, this
object is achieved by the significant features  specified in the main claim.
According to these features, a temperature change  5 that is dependent on
the flight time is once again detected and evaluated; however, heating that
is dependent on the incident flow is now no longer  processed, but rather
cooling, as a function of the incident flow, of electrical  heating. 10 This
opens up a wide range of operation-dependent preset options for the arming
response, since, for example, the time of onset and the gradient with
respect to  time of the heating of a resistance heating element can be
electrically controlled  as a function of the first, launch-dependent arming
criterion. The occurrence of the  second arming criterion is evaluated in an
electronic system which is not activated 15 until its operating power supply
is switched on, thus resulting in a further  improvement in reliability.
There is no longer any need for any moving physical  parts to enable the
fuze function once the safe separation distance has been  reached, and in
particular an electrical in-line fuze circuit with an EFI detonator  can be
directly armed, electrically, from the evaluation circuit for the
temperature- 20 dependent heating current flow. The heating element which is
used as a sensor for the safe separation distance  may be applied, for
example adhesively bonded, as a flat structure, for example  having a
meandering profile, of resistance wire without any mechanical 25
intervention in the fuze, to its essentially conical outer casing surface.
The laminar  f flow along this surface and therefore also the aerodynamic
behaviour of the  projectile are in consequence virtually not adversely
affected at all; furthermore,  the interior of the fuze remains hermetically
sealed from environmental influences. 30 Modification and developments of
the solution according to the invention are  specified in the further claims
and, with regard to their advantages as well, will  become evident from the
following description of preferred embodiment examples  which are sketched
in a simplified form, and not to scale, restricted to what is  essential, in
the drawing. The single figure of the drawing shows implementation 35
options for the temperature-dependent second arming criterion according to
the  



invention in the form of a partial axial longitudinal section through the
fuze ogive of  a projectile. A projectile 11 is fitted with a screwed-in
fuze 12 in the nose. When the projectile -3- 11 is fired, a first or
handling safety device 13 responds, whose arming criterion is,  for example,
the acceleration or the propellant-charge gas pressure in the launch  tube
of a launch device, or the turning of a lanyard (not shown in the drawing).
However, it must not be possible for the warhead in the projectile 11 to be
fired 5 until the safe separation distance is additionally reached, as a
result of the  projectile having travelled over a safe separation distance
away from its launching  device. The electrical safe separation distance
device 14 designed according to  the invention ensures that this is the
case. 10 The operation of the safe separation distance device 14 is based on
the effect of  an (at least one) electrically fed resistance heating element
15 being cooled down  by the incident flow 15, with this element 16 being
subject to the free-flight incident  flow 15, for example, in the central
curvature area on the spherical/truncated- conical outer or casing surface
17 of the fuze 12. 15 A heating circuit 18 is closed by means of a switch 19
as a function of the  response of the handling safety device 13 which has
been mentioned, but  preferably delayed as a function of time, with the
heating element 16 thus being  heated from a heating voltage source 20 to a
temperature considerably above the 20 environmental temperature. A current
flow would therefore occur per se which,  apart from the heating voltage, is
governed by the resultant resistance of the  heating element 16 which,
itself, increases as the temperature rises. In fact,  however, an electronic
current measurement apparatus 21 located in the heating  circuit 18 will
measure a current flow greater than that to be expected when 25 stationary,
because the heating element 16 is cooled down by the incident flow  15. As
the cooling-down process, resulting from the incident flow 15 continues (for
which purpose its temperature constancy can be assumed, but is not
significant),  the resistance of the heating element 16 falls, that is to
say the current through the  measurement appliance 21 increases. This is
detected in an evaluation circuit 22 



30 downstream from the measurement appliance 21. The evaluation circuit 22
is  expediently started up only with a time delay after the heating element
16 is  switched on, once approximately steady-state electrical conditions
have become  established in the heating circuit 18. The second arming
criterion is then satisfied  when the current flow through the measurement
appliance 21 has risen further, up 35 to a predetermined value. The
evaluation circuit 22 now arms the electrical firing  circuit for the
warhead in the projectile 11 (not shown in the drawing). An unambiguous
arming response is required when the cooling down of the  heating element
16, caused by the incident flow and detected by the current -4- measurement
means, is as independent as possible of the temperature in the  area
surrounding that in which the heating element 16 is fitted, that is to say
it is  as independent as possible of the incident-flow temperature and the
appliance  temperature. This is achieved by means of compensation
information 23, which is 5 proportional to the environmental temperature,
for the evaluation circuit 22. An  electronic temperature sensor can
additionally be used at the point where the  heating element 16 is fitted,
in order to obtain the compensation information 23.  From the evaluation
point of view, it is less complex to use an additional  comparison heating
element 16', which acts as a temperature sensor, is the same, 10 and is
operated and evaluated in the same way, but which in contrast is installed
around the first-mentioned heating element 16 such that, as far as possible,
it is  not subject to any cooling from the incident flow 15. For this
purpose, it can be  arranged, for example, in a thermally insulated form
directly under the first- mentioned heating element 16, where the metal body
of the fuze 12 is at an 15 instantaneous temperature governed by the
superimposed environmental  influences and which, in particular, is not only
also dependent on the launch but  also on the incident flow. Because of the
good thermal conductivity of the metallic  fuze housing, this comparison
heating element 16' may, however, also be  arranged within the outer casing
surface 17 of the fuze 12, preferably once again 20 sealed from the heating
element 16; however, this is shown symbolically in the  drawing remotely
from the heating element 16. An installation in the interior of the  casing
surface 17 such as this assists the mounting of the sensor heating element  



16, which it is desirable to fit only in a flat form, externally on the
casing surface  17. 25 As can also be seen from the drawing, it may be
expedient to arrange two heating  elements 16-16", fed in the same way, at a
distance from one another and one  behind the other in the incident flow
direction 15. This also assists the arming  response, which is dependent on
the temperature threshold as a function of the 30 incident flow, of the
evaluation circuit 22. This is because that heating element 16  which is
located at the front with respect to the incident flow 15 in the direction
of  flight is cooled down, as described, by the incident flow 15 while
mini-vortices 24,  which occur at a distance from the heating element 16"
located behind this,  transfer a portion of the thermal energy dissipated
from the front heating element 35 16 to the heating element 16" located
behind this, in the flow shadow. This  impedes the heating of the first
heating element 16 while, at the same time, it  assists the heating of the
second heating element located behind it. Despite the  two heating circuits
18, 18" being fed in the same way, this leads to considerably  different
heating currents being detected by the current measurement appliances -5-
21, 21", that is to say it leads to difference processing in the evaluation
circuit 22,  with a correspondingly desirably more significant arming
response for the firing  circuit. 5 This response is improved even further
in the case of indirect heating of the  heating elements 16-16" which are
located one behind the other in the incident  flow direction 15. For this
purpose, they are not arranged directly on the fuze  casing surface 17 but
on a type of heating mat 25 which is itself mounted on the  casing surface
17 and for which a dedicated heating circuit 26, without heating 10 current
detection, is provided. The heating produced by the heating mat 25 is
transferred uniformly to both heating elements 16-16". Their heating
circuits 18,  18" therefore carry the same currents, when there is virtually
no temperature  influence owing to the lack of any significant incident flow
15. The effect described  above, of the heating of the front heating element
16 being impeded while in 15 contrast that of the rear heating element 16"
is assisted, in contrast occurs again  



only in the free-flight phase of the projectile 11, as a consequence of
which the  evaluation circuit 22 detects different currents via the
measurement appliances  21, 21" in order to arm the firing circuit. 20 A
reliable safe separation distance is therefore ensured, even in the case of
slow  projectiles 11 and without any adverse effect on their aerodynamic
behaviour, as  well as independently of the environmental atmosphere, if,
according to the  invention, a safety and arming unit with a safety device
14 which acts as a  function of the incident flow and temperature, for a
projectile fuze 12 which is 25 hermetically sealed from environmental
influences, has, as the measurement  t device for the
incident-flow-dependent cooling of a conductor, through which  current
passes, in the heating circuit 18 of a resistance heating element 16, which
is applied only in a flat form to the fuze casing surface 17, an electronic
current  measurement appliance 21 connected upstream of the evaluation
circuit 22, for 30 arming of the firing circuit; in this case, two heating
elements 16, 16" which are fed  in the same way are preferably provided one
behind the other in the incident flow  direction 15 and, possibly, also as
an environmental temperature sensor, for  supplying compensation information
23 to the evaluation circuit 22, a comparison  heating element 16' which is
not influenced by the incident flow 15. -6  List of reference symbols 11
Projectile 12 Fuze (in front of 11) 5 13 Handling safety device 14 Safe
separation distance device  15 Incident flow (against 12) 16 Heating element
(on 17, in 16)  17 Casing surface (of 12) 10 18 Heating circuit (above 16)
19 Switch (in 18) 20 Heating voltage source (in 18) { 21 Current measurement
appliance (in 18) 22 Evaluation circuit (connected downstream from 21, 21")



15 23 Compensation information (from 16' to 22) 24 Mini-vortex (from 15
between 16-16")  25 Heating mat (under 16-16") 26 Heating circuit (for 25)
-7- Patent Claims 1. Safety and arming unit with a safe separation distance
device (14), which  acts as a function of the incident flow and the
temperature, for the fuze  5 (12) of a projectile (11), characterized  in
that the safety device (14) has a measurement device for the cooling, as  a
function of the incident flow, of a conductor through which current  passes.
10 2. Safety and arming unit according to the preceding claim,
characterized in that the conductor is located in a heating circuit (18)
which can be  operated as a function of the response of a handling safety
device (13). 15 3. Safety and arming unit according to one of the preceding
claims,  characterized in that the conductor has a heating element (16)
which is placed on the  fuze casing surface (17) of the free-flight incident
flow (15). 20 4. Safety and arming unit according to the preceding claim,
characterized in that at least two heating elements (16-16") are provided,
located one  behind the other in the incident flow direction (15) and having
heating  25 circuits (18, 18") fed in the same way. 5. Safety and arming
unit according to the preceding claim,  characterized in that the heating
elements (16-16") are themselves arranged on an  



30 electrical heating mat (25) with its own heating circuit (26). 6. Safety
and arming unit according to one of the preceding claims,  characterized in
that the measurement device has a current measurement appliance (21  35 or
21", respectively) which is located in the heating circuit (18 or 18",
respectively) and is connected to an evaluation circuit (22) in order to
allow  a firing circuit to be armed. 7. Safety and arming unit according to
the preceding claim, 8  characterized in that compensation information (23)
from a temperature sensor which is  not subject to the incident flow (15) is
passed to the evaluation circuit (22).  5 8. Safety and arming unit
according to the preceding claim, characterized  in that a comparison
heating element (16') is additionally provided as a  temperature sensor in a
dedicated heating circuit (18) that is used for  measurement purposes. 10 9.
Safety and arming unit according to the preceding claim,  characterized in
that the comparison heating element (16') is arranged under a heating
element (16 or 16") that is subject to the incident flow (15). 15 10. Safety
and arming unit according to the preceding claim,  characterized in that the
comparison heating element (16') is arranged within the fuze  casing surface
(17). 20 




