-1- 5 Safety and armng unit for the fuze of a projectile 10 The invention
relates to a safety and arm ng unit according to the precharacterizing
¢lause of the main claim A safety and arming unit such as this is known
fromDE 31 26 289 C for a projectile inlorder to ensure its second safety
criterion, the safe separation 15 distance follow ng the | aunch-dependent
first safety criterion. There, ramair pressure channels, into which an

unl ocki ng el ement which is deformed as a function of tenperature 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 el ement has 20 been heat ed
sufficiengly intensively by the ramair flowresulting fromsufficiently
long free flight, it changes its geonetric shape and in consequence unl ocks
the second armng elenent, which is spring-loaded, in order to enable the
projectile fuze, which will respond |ater, for exanple on striking a

target. 25 Mechanical uglogking such as S, kS ver . functionally
critical and generally g%%@c%'b‘??ﬂ?'@"t‘ﬂ"ﬁ*@?é’i? tqszo;}?a[\’frgfﬁc 'ﬁ y after long
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channel s suchprasharagterizingelanga ofdle mainglaigl. | , where 30 possible, in a

relatively slow projectile such as a guided mssile. Wen a projectile such
as this is operated at low altitude and in particular in a sand
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ailure t Seco armng criterion S.a re t_.of. the pr.ojectile
becones 35 <Trpace Jalouid 187 Finch ereRiprdundt SR ionfhal! gheres BEERE on t he
t echni cal pr ofressurefchadess,gimta @vhichs af ainjocking alement wihitht isofefoimesd gereri c
type for reli (0] I rticul i L |y ) e of
o at vel y- sl Diefrcf Bl BRIGAS el bodto RO B RNt RS 01
al so of provifueedpetwesrc dpetbopénings in ithe eandesefdce amd 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



second armng 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 tenperature change 5 that is dependent on
the flight time is once again detected afAd eval uated; however, heating that
I s dependent on r}‘@e i.ncident flowis now no | onger processed, but rather
cooling, as SCFORMERIYAI GHtepion 7 g CR¥EXt | ow, of el ectrical heating. 10 This
opens up a wi de range of operation-dependent preset options for the arm ng
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directly armed, electrically, fromthe evaluation circuit for the
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options for the tenperatureé-'dependent second armng criterion according to
t he 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

( 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



invention in the formof a partial axial |ongitudinal section through the
fuze ogive of a projectile. Aprojectile 11 is fitted with a screwed-in
fuze 12 in the nose. Wien the projectile -3- 11 is fired, a first or

handl i ng saf ety device 13 responds, whos8 -ar ni ng criterionis, for exanple,
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curvature ared°8N® W%‘%’%Hé‘?s WSS NELPEY- conical outer or casing surface
17 of the fuze 12. 15 A heating circuit 18 is closed by neans of a switch 19
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itsel f, increamsl astet brcabPgREFfatd i Bofthe@fze 120 fact, however, an el ectronic
current g%asurerrent apparatus 21 located in the heat| ng ci rcuit 18 will

measur e current flow greater than that to be expected when 25 stationary,
because the hkdidatioy eirenens ii&ld&dclm,olnmindm yittiel i asiaﬂ&m:tl(ﬁd @Wthel5. As
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detected i n an eval uation c
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



30 downstream fromthe neasurenent appliance 21. The evaluation circuit 22
is ‘expediently started up only with a time delay after the heating el ement
16 is switched on, once approximately steady state electrical conditions
have becone establ | shed in the heating” #rrcuit 18. The second arni ng
criterion is then satisfied
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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



16, which it is desirable to fit only in a flat form externally on the
casing surface 17. 25 As can also be seen fromthe drawing, it nay be
expedient to arrange two heating el emenés 16-16", fed in the same way, at a
di stance from one another and one behind the other in the incident flow
direction 15.,,Thi.s i l.ch. i s.depgpdent on
the tenperat qu1€9# HE}athop is'é'%g?%ﬂ’ '?%ﬁnw%gproﬁ %f]ﬁr&? eﬂﬁgﬁno%vr?&g? 51t he

eval uation ciwithud icoresponiinglyi dedirabliumeret significand ermipgeieepanse fo6thewfiingh i s
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of flight is cooled down, as described, by the incident flow 15 while

m ni-vortices 24, which occur at a distance fromthe heating el ement 16"
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is assisted, in contrast occurs _agal n, )
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

o

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.



only in the free-flight phase of the projectile 11, as a consequence of

which the wevaluation circuit 22 detects different currents via the

imeasur ement appliances 21, 21" in order_to armthe firing circuit. 20 A
reliable safe separation distance is thefefore ensured, even in the case of
sl ow proj eCthLF%réﬂeréwg #*Q&gt any adverse effect on their aerodynam c

- behavi our, ently of the environnental atnosphere, if,

according to the invention, a safety and arming unit with a safety device

14 which actsjqas grofbppetion of the incident flow and tenperature, for a

projectile fuze 12 V\:hl ch is 25 hernetically sealed from environnent al

i nfluences, hes, ddzenefigphfuklénent t device for the
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behi nd the otfer |Gasmwesurfnceétér1t2)flow direction 15 and, possibly, also as

an envirepne |t for supplying conpensation information

23 to thgaeva Bﬁatllgéngaﬁ reiét{{lte(aﬁg\{és?)conparl son heating elenent 16" which is

not influence® by YWikhiiici®ient flow 15. -6 List of reference synbols 11

Projectile 122d:uzq-|e(dt.ﬁ bietfe Srckl(in fg 13 Handling safety device 14 Safe

separation di stan(_j:e ice 15 Inci Cﬁ[ i%/ (agai nst 12) 16 Heating el enent
jn

( ”"n 17, in 18 RO AipasyPMeREaRRyAN 18 Heating circuit (above 16)

Swi tch (1 e2l8) RRiddeeh blﬁgut\(eéﬁr&g&dmunetrea(m frofB31,£2191 Current measurenent
appl i anc§5(i r’b318) 802mpEé/nasa{Joant i orrlmg{l rotm {ézg %ct ed downstream from 21, 21")
24 Mini-vortex (from 15 between 16-16")
25 Heating mat (under 16-16") |

26 Heating circuit (for 25)



15 23 Conmpensation information (from16' to 22) 24 Mni-vortex (from 15

bet ween 16-16") 25 Heating mat (under 16-16") 26 Heating circuit (for 25)
27- Patent Clainms 1. Safety and arming unit with a safe separation di stance
device (14), which acts as a function of “the incident flow and the
tenperature, for the fuze 5 (12) ofggﬂﬂr Lectile (11), characterized in
that the safety device (14) has a mf etBlt® devi ce for the cool i ng, as a
function of the incident flow, of a conductor through which current passes.

10 2. Safety @nd ﬁ}d@t? nHrHr%ir@CGrﬁ’tr\ﬂiiHWQ s%fé é{bgaﬁ{oﬁ%g&hﬁ& &évgéefg@ﬁé which

characterized'in that” the conductor 1s locate eatin urt (18)
whi ch can be operagtseas asfunctionneft the rineident Hlowr anth thestempreraunea frfl thaduzeaf et y

device (13). 15 3.13adfelpro@Bile @i Ng unit according to one of the preceding
clainms, characterized in that the conductor has a heating el ement (16)

which is placed orfhaf@eterized casing surface (17) of the free-flight incident
flhow (15). 23 4. $ﬁfh%it}heaém’el twam/iag(mihtasacrﬁ@elrsd{réiﬂertt@(emhefcmtﬁe:ecﬁnng,@d aijmOI
characterized in that at t ot eating, el enent 6- 16" ) .are provi ded,
ocated one. beni i niEoRdiane; hoBRd o e Sl PEER B SoPERY havi ng
heating 25 circuipgessgsl8, 18") fed in the sane way. 5. Safety and arm ng

uni t accg?di ng to the preceding claim characterized in that the heating

el enents (16-16") are thensel ves arranged on an
2. Safety and arming unit according to the preceding claim,

characterized
Q 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.

(/-" Ay

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,



30 electrical heating mat (25) with its own heating circuit (26). 6. Safety
and arm ng unit according to one of the preceding clainms, characterized in
that the nmeasurenent device has a current nmeasurenent appliance (21 35 or
21", respectivel y) which is located in tBe heati ng circuit (18 or 18",
respectl vely) and cqnnec ed to an evaluation circuit (22) in order to
allow a firing C|°|h@ e arned. 7. Safety and armng unit according to
t he precedi ng cl aiimtha conipensaatbernhfneniatlon (28jpfrora enfeaTpeedturensenabowiiel ison  (23)
froma tenperatur t t w (15) is
passed to the evaleﬁo‘?? rbﬁ%‘é?’#”@ﬁﬁ%‘*’%ﬂé‘?w “@Liglpg%efd t?tﬁeh d;é?ilr)ngg%u't (b?)
according to the preceding claim characterized in that a conparison

heati ng elkemgt (Jéiafgty|a§d%qqin%ldﬁﬂ%kg&dmbqyé.@e&eggd, @y clhigperature sensor in a
dedi cated heating circuit Is Use measur enent purposes. 10 9.
Safety and arm ng charqct aea# ding to the preceding claim characterized in

that the conpari sqn th&tad Icagmpah@"mnéatmé@lémem ﬁer)a@@adltlum rpr@wb@cﬁfabrhg
el enent (16 or 16" thaﬁ'}ﬂl S su ect e(ieo tl}& b ajl dent 8& IE.‘}) #0 Saf ety
and arming unit adtBPE@ t%’”ﬁ eMf AedifriRy eating, c'rct‘ﬁa( 5 'ie“lfef’ %t hat the
conpari son heat i ngnedsenemént(plifidoses.s arranged within the fuze casing surface
(17). 204,
9. Safety and arming unit according to the preceding claim,

characterized

in that the comparison heating element (16") is arranged under a heating

N

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
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