A METHOD FOR DETERM NI NG THE BALLI STI C TRAJECTORY OF A PRQIECTI LE, Aﬁm&Is
AS DEVI CES FOR CARRYI NG QUT THE METHOD 5 The invention concerns '
i nprovenents in or relating to determng the ballistic trajectory of a

projectile, as well as a device for carrying out the nethod. It is known to .
provi de @ﬂs for the end-phase steering of 10 artillery projectiles (see
the artinckle by Peter J. Geogre in "WEHRTECHNI K* 3/79, pages 19, 22,

24-27) which are fired in a casel ess manner and w t hout sel f-propul sion so
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Appl i cation No. 2134632A vxhiEd)Rctmxkxom ouTeHROMEMAODt he target hom ng of
a projectile such as an artillery projectile which is self-controlling in
its flight end 20 phase along a flat flight path, such as a range .endi ng
glide pat®® at a Fhelihventidre concérns impnavements dmashrelating 4o getesaiiog and
target hom nghd Seafifsefd epna;&é\%rr?cro?r 'asef)q'ojébt“@t 8! L1 dgk et @i fohe
target object that is to be inon initially the flat flight path is
still maint a?%fé“ef‘"%é’?‘br'éleuﬁ'&ﬁm‘?urt her distance shortening with 25 regard
to the target object a pitch-angle control for transition fromthe flat
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end phase an'dvmhum}mﬁ("emspaﬁgew i9) mtugﬂb vﬂeﬁhcare?%réa?qbaﬁ"ea%lé/yst h
regul ati ng and cont snE,,and with control surf aces
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bal | i sti &5f i‘P%IH‘glfff ey#kioBath and- for the transition, ensuing therefrom
into the flat flight path, the

This Application is divided from our Application No. 2134632A
which discloses a method for the target homing of a projectile such as

an artillery projectile which is self-controlling in its flight end
20 phase along a flat flight path, such as a range extending glide path
at a small angle of inclination, from which a target search and target
homing is effected, characterised in that after detection of the
target object that is to be homed in on initially the flat flight path
is still maintained, before upon further distance shortening with (,;;’\
25 regard to the target object a pitch~angle control for transition from
the flat flight path into a steeper target approach path is effected;
and further discloses a device for steering a projectile, such as an
artillery projectile, which self-controls in a programme-controlled
manner its flight end phase and which is equipped with a target search
30 mechanism,' with regulating and control mechanisms and with control
surfaces for the transition from a ballistic firing flight path into a
flat range extending flight path and then for steering into a target
approach path, for example for carrying out said method; characterised
in that a navigation computer is connected subsequent to a store for
35 characteristic data of the ballistic firing flight path and for the
transition, ensuing therefrom, into the flat flight path, the



.2 navi‘gation conputer having a flight-path extrapolation conputing
mechani smto which also the target search nmechanismis connected and which
deternmines a pitch-angle change point in tine for a pitch angle . change
for steering of the projectile control surfaces to give a 5 ste tag get
approach path, the pitch-angle change p0|n? in time being del ay S«
conpared with a target acquisition point in tine and delivered into a*
flight-cycle tinme control circuit so that the flat flight path is

mai ntai ned until the pitch angle change -point in tinme is reached. 10 It is
~known to in-puravigaiian| ycomputpe pevingct#| dlighdtpdath t extl:repdliartiam (pompurtihg
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- determ ni ng charmaohleldstlc data of a ballistic firing flight path of a
~projectile,ipsuch as an artillery projectile which self-controls its flight
end phase, characterised in that on board the projectile, during and after
‘the_firing thereof Itf Animewhedgointptr apuahy enzthe nr@hmmg/ thatl ishdo be

'tinmespan bet wempeti Wgﬂ‘jo?o ed 1ﬁmtﬂﬁﬁsm@réﬁf t HioPr @leeClvbbSord! Barrel)
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for the 35 I nput of aracteristic val ueso I Ping flight
into the storethGPr%ttlﬁ&]w Bath ofndoRpiRter oNOWEYP® a”‘ﬂlsoﬂéctqq“@lmte epd,

particularly under combat conditions, is extremely fraught with error.

Therefore there arises a problem of ascertaining on board the

20 missile, without the need for a manual data input regarding the firing

factors, the ballistic trajectory or the actual initial flight path of
the fired projectile.

( In order to solve this problem, there is provided in accordance
25 with the invention, a metl_lod of determining characteristic data of a

ballistic firing flight path of a projectile, such as an artillery

. projectile which self-controls its flight end phase, characterised in
that on board the projectile, during and after the firing thereof from

L a weapon barrel, the muzzle velocity and the timespan between firing
' 30 and apogee passage of the projectile are measured, which, in relation
to preset ballistic characteristic values of the projectile, represent

a measure of the firing propellant-charge number and the firing
elevation angle, and thus a determination the ballistic firing flight
path of the projectile. There is further provided a device for the

35 input of the characteristic values of a ballistic firing flight into

the store of a navigation computer on board a projectile which is



3-self-steering along a flat end-phase flight path, such as for carrying
out the nethod of the invention, characterised in that provided on board
the projectile is a tine nmeasuring circuit for neasuring the tinespan

whi ch pses between the exit of two gensors, offset 5 relative to one
anot he a specific distance along the projectile, fromthe nuzzle of a
firing weapon barrel, and which circuit al so neasures the tinmespan to
apogee, to provide information dependent upon these tinmespans, which
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i nformati on"can be e aval pfojectile, Wi T hout i
to in-put mmeasynes thef Ymesparbio AROERS: &0 RYOVHIE graﬁ?rmz@mmd@ﬂ;@&nwnof t he
i nvention |$h€|§§0&i|ﬁ1é¥i>anby whyerof iffeaiat Bon VWhidviaed eresICal9sdibe firing

acconpanyi n lifie i c_drawi.ngs, wherein:- FIGJRE 1 shows the
entire fli g?f{" bagtpﬁr‘cﬁ“%vﬁ Noj eg(rgm%b eo¥feFet he 25 path covered above ground:

FI GURE 2 1_§Jnows in a detail representation enlarged as conpared with FI GQURE
L. the T1ight engyBhasa pROl Noiditk Webdin ORRE! e dif1drAT Uikt SBAL CBuRNgSS: 5

Fl GURE 3 shows emat1 ¢ di agram o essenti al functional

el enent s foPab‘éﬁ‘tIPoTraé?CW or ittt P%thdu?ﬁnnﬁel determined giot %‘h‘&%ﬁ&g'@
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15 the muzzle velocity and apogee instant, in other words from actual
flight derived data. This flight derived data can be ascertained on
board the projectile itself, from which data therefore the sought
flight-path information can be made available on board the brojectile,
without having to in-put manually_' information specific to the gun.
20 .

An embodiment of the invention is described, by way of example,
with reference to the accompanying simplified diagrammatic drawings,
wherein:~

'FIGURE 1 shows the entire flight path of a projectile over the

25 path covered above ground; _

FIGURE 2 shows, in a detail representation enlarged as compared
with FIGURE 1, the .fli.ght end phase beginning with onset of the target
search bhase;

FIGURE 3 shows a block schematic diagram of essential functional

30 elements for control of the projéctile during in the flight end phase
~ represented with FIGURE 2; and

FIGURE 4 shows a block schematlc diagram of a device of the
invention for an on-board ascertainment of the ballistic firing flight
path of the projectile for obtaining information for control of the

35 end-phase represented in with FIGURE 2. '



pat h of t he projectile for obtaining information for control of the 35

- end- phase represented in with FI GURE 2. 4 The projectile 21 sketched in
FIGURE 1 represents a caseless artillery shell which is equipped
control circuits and control neans for' an end-phase steering and —a

built-in target search echanismfor. increaging the accuracy of fire. 5.The
projectile 21 is fired froma weapon barrel 22. A purely ballistic firing
flight path 23 and therewith the orientation of the projectile 21 relative
to the horizontal results fromthe el evation w of the weapon barrel 22 at

the firing point z takin J.ntg,accqu PEURES 15 ef[,gg/g
geonetry of the pr'&&%cﬂ"?]& %eagh %‘?}q {51 ntroI F;I ns t%e:!‘(égrésas\%ﬂtrtlg AUt oess
shown, i mmedi adrelilleay t shelf hwhidhr iingequippedf with qomdrel rqipgniss ﬁ‘i&z‘l"é‘trm

velocity vl of gg!;s Q-J &ht bhé- &f?se Iheediad t 81a | RithUBN bh A to8f QEB%éleCEeB)‘cﬁ he

‘hunber [erfl ™ |n ot er wor uantlt of %h e firing propellant
char ges whi cf ?@‘Wﬁﬁnﬁﬁ‘dln‘&'ﬁésﬁ tﬁ“brﬁcﬂé eyr 8F &R% initial acceleration
of the projgctile 21, behind the projectile in the weapon barrel 22. For

~a purely ballistic,fli th re h k I 1igt i nt
of inmpact. z3. To y&?\l&?’é ggg?e ef &t r%’ ?'gn%ewg?‘ﬁmabrgg "Z‘ ?91 e /Sld‘ﬁ'ew
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_path 25. For ﬁ@]éctlﬂtﬂr rpl i g tbhflpé'glhriﬂaﬁté‘pQG%tQGf&fm ftlli'@ d1evg@iibn w1
above the locatiron z2, flight. stabilisation and ont sures .are

a
initiated in a®prgr &’ﬁﬁﬂQ’éo‘?ﬁrFS? | %% et e rTIBYEPQMRY 51 (1R l%rff'm? acs?ﬁr Phces
"24, and lifig V\far@ga-szguehss@ the QB 2¢omerryr of) that pojeptidy €21) an@ 3heFeantirohe

st d advance,dat or the a | tr.ol _al t I f . p
557550 “he 11 iPRoBaln wedRgaPh.an Spply iRy SRek Mo MLl Dihd
advanced poi nt fsfm j theacfiring of mm?@lq)rtﬁleextm d1io9f the e’éﬂlﬁsgﬁsnmnm §h
further renotejdipsded 499@ 1s3(aetermme-ﬁhﬁrpﬂ€§ afiimde® ;‘P Sine@tﬁdr Oluirdsf thée

bal l'istic flight pat ? otg?t the in at,i on V\/25 %J th
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the hor i zontsal ignikedmfor the 1n1t1a1 acceleration of the projectile 21, behind the
projectile in the weapon barrel 22. For a purely ballistic flight
path 23 there would thus emerge a ballistic pomt of impact- 23.

To achieve a greater combat range, ihe projectile 21 is steered

20 into a non-ballistic range extending linearly-flat flight path 25.

For this, after flying through the apogee 26 of the height h2 above

the location z2, flight | stabilisation and control measures are

) initiated in a programme-controlled manner by means of the control
N surfaces 24, and lift wings 27 (see FIGURE 2) are run out (deployed).
25 From the stored advance data for the automatic control along the flat

flight path 25 and the firing derived ballistic flight data there

would result an advanced point of impact zll of the projectile 21 in a

correspondingly further remote target zone.

30 The. projectile is steered out of the ballistic flight path 23 so
that the inclination w25 (FIGURE 2) of the approximately linear flight

_ path 25 amounts typically to 20° relative to the horizontal. From
this, in the advanced target point of impact z11 an impact path angle

- wll of the order of magnitude of also 20° would result, which would
35 however represent an unfavourable attack effective angle with respect
to the combat charge in the projectile 21. Therefore there is



this, in the advanced target point of inpact zil an inpact path angle w |

of the order of magnitude of also 200 would result, which would 35 however
represent’-an unfavourabl e attack effective angle with respect to the

combat rge in the projectile 21. °'sTherefore there is 5 effected
an appr h the target object 28 to be conbatted in the actual target point
z8 with a target approach -path 29, nade steeper relative to the flat flight
_path 25, at an actual target path angle W8 which is at least twice as large

th | h t f flat  f]ight
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tracking fecaaei ofn B uninfilpencade flantfdighte pptioj25¢t ande pré feradbly eincase
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mechani sm 3GIEFidrRRess) ofs the; cembat o‘ﬂ’argBe&‘%tu?ée cB‘F%PFU&?l ShaFP‘?'ba@@ns
restrict theasgefl ebjectp28 ¢b Beelattdackedt o the flight angle of the projectile.
21, and because of the, somewhat steeper, inclination of the flat flight
path 25 downwards, there results a target-acquisition l[imting angle w6
of, 20 f8r exar%!eeso‘%“@ril fiiglt 2nd-phasecheginswiithf tiven flablingdodlowonf &f t he

search star tpré%%rgbé)rﬂmédr ekt sBhpd@ neRiRChS, 4RiQARs PreBEOh I £boYMde | i -
beyond t he ne target_ objects beyondu

re UISItIO nt z6. Pbtenti al
t he advanced ‘?he g‘?‘% Elg“%ftaf'%%t fragking ; mgghagism 3?5“&‘%%?8!’3% a
rule be att antcedth‘er q:rbidfntil,e [2ic ande in hthe vmsédofequmlinmeﬂ&—wlaedermﬂr of

il 4 s RS 38Erd meBALA AN 50 WheOholeht [d rihedibll MIIMT Woder UF ©0

woul d as e | npernj ssi ecause acce erat ive
forces tbStﬁé BY tp £00 M’eWWW!SomedtWécqeaﬁ'ﬁe mﬂ@narﬁrmép @tlﬁHRE. Yyisof the
proj ectil e 2witdnédt ba. "EBEAAI s TcohB R il €deddORsCirBstrict the angle of

pitch relative to the flight angle of the projectile 21, and because
of the, somewhat steeper, inclination of the flat flight path 25
downwards, there results a target-acquisition limiting angle w6 of, '
20 for example, 35° (FIGURE 2); which is why from the position of the
- search start location z4 only target objects 28 can be acquired which
lie beyond the nearest acquisition point z6. Potential target objects
beyo_nd the advanced point of impact zll of the flat flight path 25
cannot as a rule be attacked from this, because that would require a
25 reversal of direction (decrease in inclination) of the flight path
angle w25, which would as a rule be impermissible because it would
apply high accelerative forces to the projectile which could affect
the mechanical stability of the projectile 21 and the mechanisms
incorporated therein. '
30
If the intended target object 28 were to be attacked directly,
upon being acquired by the target search mechanism 30, by target
tracking homing of the projectile, a target tracking path 31 would
occur which would indeed deviate downwards from the flat flight path
35 25, but would still yield a too small and therefore unfavourable
impact path angle w3l for effective attack.



30,1f ‘the intended target object 28 were to be attacked directly, upon
being acquired by the target search nechani sm 30, by target tracki om ng
of the projectile, a target tracking path 31 woul d occur which wou ndeed
~devi at.e downwards fromthe flat flight path 35 25, but would still yield a
too small and therefore unfavourable inpadt path angle w3l.for effectife

at t ack. 6 In the present enbodi ment, provision is nmade to control the
projectile 21, even after acquisition of the intended target object 28, in

- such a way that, whilst its yaw direction is inmredi ately changed at the
target acquisitionppohet pesdmtvainboditfientli rppevisionots Smadé hto t@ngesdl othieect .
28, the projectile contjnues to follow the.actual .fl| | gh h 25 S0
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- 0bj ect 28, a&a‘%hﬁggf%t% z]atggount -t he trs]eéret %ét}gll end fal i%Ft ti NE} .as f:i:] as
p d

the |ineably thevinraat obient If. i sadwrolectily qoptinyes; te foiow Htie, agku

- the target apmonghighdt patR9251sbi e {1@r indlindtaa dist heintaipetitile 21 as a
délay or residual flight tinespan t5 to t7. At the point in time t7 then
15 initially the target tracking and the regulation far the previous

frai nt enance of t heApdejayedipainpairh time| thafenre whenge oft engle «ft pifch for

knt e”uptd'a”\fﬂtﬁ@ Wl"iGQﬂ'iBﬁO:cﬂrSH CiARNOAat O rRighlt €%k 89! 8s Ohsadritathed in

undert aken; ereupon the flight attjtude regulation Is agalin,put into
“operation % #CEBFIRNTCe AR h“’t%i@“ﬁﬂ?’éysl"éem% faree t°1b‘§f’ﬁ %é@{mgomto
angl e w8, in crepurct tlee whédrdticgleterd aflighy, timd t shefamnasmgéher, limeanbans
of the target seancl SRk A9 of REECHL AlknPBAGCSs a0k tarEdCURE
2 as hei ght/paat Vaﬁ%%%&%ﬁﬁ%ffoﬁa%acki%g t%e target object 28 at an Sé;ti mum
target-path 25ppréaghapathadfl strimen fenyodebbard Hemmroientijer 8} st o deley 9% 4
~time control Gldsgad1 3f¥ig(h|%| %—R.Esp%}n tb! o FERURER: 3t}?é"'cbcﬁn{| fitstime® tdefdred
by the reference characters accorded. to the pECIfIY I.nf or, rrat{on referred
to 15 initially the target tracking and the Tregulation for the previous
' ' maintenance of the projectile path inclination w25 are transiently
interruptd and a non-controlled change to a steeper angle of pitch
undertaken; whereupon the flight attitude regulation is_again put
into operation in accordance with this more steeply preset path impact
20 angle w8, in conjunction with target tracking, switched on again, by

means of the target search mechanism 30.

For these flight phases, shown in FIGURE 2 as height/path

N\ diagrams, for attacking the target object 28 at an optimum target-path
25 impact angle w8, provided on board the projectile 21 is a time control
circuit 32 (FIGURE 3). [In FIGURES 3 and 4 lines are denoted by the
reference characters accorded to the specific information referred to
hereinafter, for the sake of brevity.] The circuit 32 determines the
function of the time t and thus, from the known data of the ballistic

30 and the flat flight paths 23 to 25, the point in time t4, so that, as
the limiting height h4 for the commencement of the target search is
fallen 'below, the target search mechanism 30 is thus put into
operatibn. Upon target acquisition at the point in time t5, the
target search mechanism 30 provides follow-up control information

35 regarding the horizontal target displacement 33 and the vertical
target displacement 34, in each case related to the instantaneous



herei nafter, for the sake of brevity.] The circuit 32 determ nes the
function of the tinme t and thus, fromthe known data of the ballistic 30
and the flat flight paths 23 to 25, the point intime t4, so that, as the
limti hei ght h4 for the commencenent’ of the target search is fallen

bel ow, e target search nechanism 30 is thus put into operation. Upon
target acquisition at the point in time?5, the target search nechanism 30
provi des follow up control information 35 regarding the horizontal

target displacenent 33 and the vertical target displacenent 34, in each
case related to the instantaneous - 7 spatial orientation of the

proj ectil e spatipl jqrjentatien jofn the| nrojeetile Lhein fikmtsithdiight rektive 25.
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adj usting nenpers . for % e controg?surfaces 24 fromthe yaw target fo | ow up

regul ator 35" RFFAHRR piQ cFEPEQYUITRE | BtFhecRAMTOh BVStem, doj sbef fitigldyan
end- phase sirgerirugtedn far dhedanomeninto tthe strepesr mgéﬂaqipr@@dhh padth w9, to

i npact ais t gt %&‘E’eext ﬂéﬂkﬂgdzgchlgsement d1°h LOB1ENAT AR Shhed, € VRlUeRe OF the

actual data regardi
reg a_tlon echamsm 37 into operation agam, but now taking into

account the new path-direction desired value w8 and the follow-up
control by the target search mechanism 30 which is likewise
interrupted or switched off and on a,gagi.n. By appropriate control of

20 the adjusting members for the control surfaces 24 from the yaw target
follow-up regulator 35 and the pitch regulation mechanism 37 there is
effected an end-phase steering in accordance with the target approach
path 29 up to impact at the target point z8. |

25 For the characteristic values of the actual data regarding the
initially ballistic flight path 23 and the following flat flight path
25, for determining the point in time t7 of the pitch angle change, as
well as for the determining,'derived from the path data, of the point
in time t4 for the beginning of the flight end~phase target search, a
30 store 38 is provided. Into th1s there are ln—put prior to the firing
point in time t1 (FIGURE 1) - or 1mmed1ately afterwards and at any
rate prior to the transition _1nto the flat flight path 25 after
reaching of_ the apogee point in fime t2 ~ the firing data which
determine the ballistic flight path 23 of the projectile 21 and which
35 correspond to the elevation angle wl and the muzzle velocity vl of the

projectile 21. Together with projectile~typical characteristic values



initidally ballistic flight path 23 and the following flat flight path 25,
for deternmining the point intime t7 of the pitch angle change, as well as
for the determ ning, derived fromthe path data, of the point intine t4
for the beginning of the flight end-phase target search, a 30 re 38 is
provided. . Into this there are in-put :prigr to the firing poi n ti'me tl
‘(FIGURE 1) - or imediately afterwards. and at any rate prior to the
~transition into the flat flight path 25 after reaching of the apogee point
intime t2 - the firing data which-determne the ballistic flight path 23

of the proj eqideet 2h and %r@h3§5th‘é%r@a'ip‘iﬂgs t& fdeeeﬁl.ﬁ,\éat bm AR t¥n and
the nuzzle velocity vl of the projectile 21. Together wt

proj ecti| e-t yiAMPRLER (P4 the BF}%’M "d"\?aﬂlggt Pa”brpégté’trel (pst F%SB?‘QW dn3BIGURE o
can thus be detspaniFieurRby?2 a(tmuggﬁitbome&ﬁmpmm tﬁﬂetaﬂmhmagbb/t iowrf tHght

~path plctui,e_d_x;ga o] i.n_Fl 1.and to ac ount the
ti me coordinat egtltogogg ) 55%155?1 %‘;’scmg? ersewﬁl ch hgo'gté? RI5EE gﬁeasf ch

. and controP procketréiggeredahy Bhet timggeortroiycirheitt B control circuit 32.

The actual elevation and velocity data W, vl, or the range z1 to zll|

Cal cul abl e therefrom alﬁﬁ set custonmari | g é means_ of externally accessible
adj usting el ement Aty pleyption; prd yelogitgidate v, KL o8 the gangs2lole t o
-:l oadi ng theredl egicoldhle tapbdromanrel sét? cdustemarilyl byc eedns hoft kternally

~cinclination v, &F&‘i%ﬁ@f éﬂ%tin’% gﬁ;eﬂ%‘é‘cgn""'uﬁé‘ mé%ge%%)eﬂa%at Par&esbe that

are tob supp ver
~non-r epr oddcifdred. aprierseta i pding |thpmqf pbtlotlthﬂ aWIeprmdbaN@dnb'@t in

fagtors. 15 lfcblishc8 PR BRNtin&findigni WY ARlireHs aaaow ab&drdaficdBean f e

determ nin thIS i al data, .decisive for the fli ths. 23.to 25, and
t hus for tﬂequ R IC?BEJ é‘hafﬁest hg“"g %ol 19 nP%r FRRRIE ‘?r f&ﬁ?ﬁ‘tﬁ%"‘ilﬂﬂ% &t r ol

‘circuit 32, awewetr, t heryngednéotto anomfreprodetiblegfalzd setmngsater yinputsy the
firing of th}aggmuq&tl Ig,? ﬁ&ﬂbﬂoﬂ& E_Pe projectile 21 and for feeding the
e

.data into tore 3 prOJectl e walling 40 are two exit sensors
41, 42 whiteh respond to the | eaving of the weapon barrel 22 through the

.muzzl e In this embodiment of the invention, provision is made for
determining this initial data, decisive for the flight paths 23 to 25,
. and thus for the time course of the control interventions from the
time control ecircuit 32, without the need for a manual setting,
20 immediately after the firing of the projectile 21, on board the
: project_ile 21 and for feeding the data into the store 38.

In the projectile walling 40 are two exit sensors 41, 42 which

Y respond to the leaving of the weapon barrel 22 through the muzzle
25 thereof, to ascertain the muzzle or exit velocity vi. The sensors 41,

42 are offset mutually by a specific extent 39 in the direction of the

velocity vector and thus in the longitudinal direction of the

projectile 21. The sensors 41, 42 may be opto-electronic pick-ups

which respond to the jump in the ambient brightness upon exit from the

30 weapon barrel 22, or preferably simply coil arrangements which supply

exit signals t41, t42 as a result of the field change at the weapon

barrel muzzle.

Upon or in consequence of firing of the projectile 21 in the
35 weapon barrel 22, a power source 44 is activated, for example by
- ‘control from an acceleration sensor 45. The power source 44 can, for



25 thereof, to ascertain the nuzzle or exit velocity vl. The sensors 41;
42 are offset mutually by a specific extent 39 in the direction of the
~velocity vector and thus in the longitudinal direction of the projectile
21. The sors 41, 42 may be opto-el e®’ronic pick-ups which respond to
the junp t he anbi ent brightness upon exit. fromthe 30 weapon barrel 22,
or preferably sinply coil arrangenents which supply exit signals t41, t42
as a result of the field change at the weapon barrel nuzzle. Upon or in
consequence eshmpler,i bey anf actiyapatdp coatiteey,2 the releptroghemigsd peompvends o2, a
pover Sourcw%élh' 2réC oAt gn@r lﬁwml:aow ARt r&ie T RAKER, agFehgr af i on

sensor 45. The power source can, anpl e, be an activatable
battery, thdhermeglestrical on Pé%ﬂ?dﬁﬁ%‘ﬁf”él (ﬁenﬁ/ﬁ?'&ﬁ' whieh, HSV\FeaﬁPBuﬁﬁtthq nt o
action w th tefperatideodit€érerie behind bherimoeteit 6f Ak fdarPa?oedRiof |
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front of th@rPé ward ‘end respe
initial accebpplies oﬁle@‘th‘é@éofpo"smpp ﬂt@s teccsignelhl pperassingt einchét slignal
processi Ng @eésrdahecé | WitAC CIGURE CE vt RIGUERAED, 3 whad &l GhidEat)is tHedktadts
crucial is the fact that on exit fromthe pon barrel 22 in any _event
al ready the thal RONC S JFRM (tRe JWaeRal, R TTY feedl t HY (FYERE %1”??&% the
- measuring lelectrdedlt péBerf ds mmﬂle docoweet i the cneaxds ta ftimeeeadusirgnt or
~regul ar g§ o t
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matrix 48 by means of which the velocity information would be

‘D

expressed as propellant-charge number# » 4s is more customary, in
the case of artillery, than the numerical value regarding the firing
20 velocity vl of the projectile 21.

A time-dependent or path-dependent determination of the ballistic
flight path 23, can be made from the necessary knowledge of the muzzle
velocity vl together with knowledge of the firing elevation wl; and

25 the latter would indeed be determinable by measuring techniques from u
the actual factors pertaining upon the firing of the gun, but this
information is needed on board the fired projectile 21 in order, as
described in connection with FIGURE 3, to determine the end point 11
and to derive therefrom the point in time for the control procedures

30 for a delayed and thereby steeper target approach path 29. It is
proposed herein to make a determination of the purely ballistic flight
path 23 from ihe muzzle velocity vl of the projectile 21 in
combination with the point in time t2 of the passage thereof through
the apogee 26, by means of an apogee detector 49 provided on board the

35 projectile 21. The apogee detector may comprise a pressure sensor 50
which supplies a signal regarding the derivative trend in pressure

with respect to time during the first time period derived from the



flight ‘path 23, can be nmade fromthe necessary knowl edge of the nuzzle
vel ocity vl together with know edge of the firing elevation w; and 25 the
| atter woul d i ndeed be deterninable by measuring techni ques fromthe actual
factors pertaining upon the firing of the gun, but this information igs

needed on board the fired projectile 21 imerder, as described j LA
connection with FIGURE 3, to deternine: the.end point 11 and to ve
therefromthe point in tinme for the control. procedures 30 for a del ayed
and thereby steeper target approach path 29. It is proposed herein to nake

a determi nati dilight tgaehpwesglyt big) | 6bhe bFi ght aRBélerdBich! WENELE BUZghEen
velocity vl ofsth?.groj ectile 2]t in, conbination with the point in tine t2
‘of the passage Fheteyr £Ar oUiPY hes’eﬁiﬁ'gee echly n@hndted 2f HAseglaration
detector 49 pripforieation boaedse hthe3Segond etemperal 1 deFhvat Rpogde tlet aeighit nay
conpri se a-Rl &IWEE FERSPN I Hls | 83,2 &) rdi ng, t.he
derivati ve&f}gend in pr essgﬁgesmwghﬁ?%%%ggéﬂ ?(35 t io?r’%’?gg?ﬁd;mggﬁeé"??% P m‘?ﬁf
period derivedeRPRRT (Neor/andoSt isghk 1pedthonei gire fndispiema2 ofhigh supplies
a%:cel er ?t i otn,_ Sxel’ﬁgif‘na-ﬁj(twi @ m'éprthﬁnef rr?ea§uﬁhkglé:ireiii9n@? 1 vdiﬁér_{ e&{e! &bailﬂfstitcﬁm
of accel erati qn. r o € SEco enpor erivation_ of e
hei ght cour seqlt?)]féhtqhgaggltzlf’i &@Rﬁ ?gmﬂsi}%ﬁ Ano%e @Egﬁ%dtmgqh@nf‘e%%‘t
t hese '5 sensoreaxipupr pvenl the fimeat dreasspeetivelpraverntiepath z52 whi ch
-supplies a signal (t2) to the tinme nmeasuring circuit 43 when the ballistic
flight path 23 (FI.GURE 1) passes in the_apogee 26 through its height
maxi mum ovet®t he tTfe HmEEPabsHedrpsRactitalyr withe pifficignt 1gccuracyrhtdl or
tingspan tl g tégpaot t¥ elnpswirépresehts ahenegmmefsé &raé-‘faéé’érigﬁct aalfuﬁus
represents t e yacharacteristic v e Tor determning. the
‘theor eti cal cga?sg%?‘ﬁﬁg&;arﬁél §/h‘%%FFl|-°3 ic(’:ou'frls’legﬂ{31 %'gt Ruzpdy b"?&’@éf?\&?‘%&ﬂtt h
the al ready a®etht¥.nedogether wyth rtherslready ascectained paideity infermatioal
propel | ant - Chanog rdERSIAihg thk: adtilp pRépdfhin dLenBlednbbER ¥ T ChRILHrGiaad! ©
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or decodi ng maf;rix 53,.0n boe%rd t he pr% ectile 21 e asso f
the firing ¥ &lafi SHEeT SieipEenrec 4APlS 13y desoding Matnix x53 npfut beardorthat i on
can be eval uapedjeditilect2ly tiorassbeiaped fwadeé esfrithat firing elevation wl can be

- ascertained, or the matrix input information can be evaluated directly

for the path determination.

20 These items of information (vl, t2) (which correspond to the
decisive characteristic data (wl, 7 ) for the describing of the
ballistic flight path 23) are, as explained in connection with FIGURE
3, stored immediately in the store 38, in order to. determine

/ therefrom, by way of a navigation computer 54, the theoretical impact

25 point-in-time or instant tll of the projectile 21 in the advanced path
end point zll. From this impact instant tli, occurring only upon
absence of the target acquisition, then by means of the calculating
mechanism 36, on board the projectile 21, as explained in connection
with FIGURE 2 and FIGURE 3, it is extrapolated what delay timespan t5

i30 to t7 after target acquisition (t5 over 2z5) up to the delayed pitch
angle change is to be preset in order then to initiate the target
- approach path 29 (which provides the considerably improved steeper
impact path angle w8) from the control circuit 32.

35 - 'These point-in~time ascertainments and flight path transitions
are ensurable, with comparatively slight cost, in an exceedingly exact



20 " These itens of information (vl1l, t2) (which correspond to the

deci sive characteristic data (W, [err] ) for the describing of the
ballistic flight path 23) are, as explained in connection with FI GURE 3,
stored inmmediately in the store 38, in order to determ ne therefrom by way
of an ation conputer 54, the theoregjcal inpact 25 point-in-tinme or

I nst ant | of the projectile 21 in the advanced path end point zll. From
this inpact instant ti1l, occurring only upon absence of the target

acqui sition, then by neans of the cal cul ati ng nmechani sm 36, on board the

proj ectile gl AseuabAsCHlahfiel OBNoGl-An ! BrSdUiE 31004k FCldBEgde 11 IS

extrapol ate étlmes an t5 30 to t7 after target acquisition (t5
over z5) updeteatpe 4l c‘l‘F BrRjFeRt cARRperisthe Pﬁél‘iﬁté]seeg L tprotR®r t hen
to ini t:jat tec&ﬁtﬂnét@brg%f ﬁRaOth Rahs ﬂﬂfaba\/m&h Pisvigiescal mmsagdgéabl y

i nproved s per i.np at e ro roI ci.rcuit 32 Ry
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or in amzloet/za,nttheilmetzgannewﬂ prigntat iin ghttheapepjeatilai 21 I’1§S§R§G§ frebet | or
known) f1i 9Pt 2084e50fs HOQ%QQICEi'erfgi'é’ﬁdev%ogﬁl&li'ef&orthéomﬁétloﬂ_ hsy eher e,

t he apogee 1 nstant 10 t e | nstant aneous orientation, of the I‘Oj ectil e
21 in spacePiigh Iﬁéuhﬁd%twh&gl%i" 9y (g eantred oy é‘h"cé’rﬁé%‘?tﬂf feng Phe
function of pifies pizbChan@g @9} i ForneekdnpEan By (fesecdngr obr Ofzerbing a
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‘thus effected in an exceedmgly precise manner, because previously,
namely immediately prior to leaving the ballistic firing path 23, the
20 pitch reference value, crucial for the path angle w25/11, has been

obtained from the actual flight factors of the projectile 21 itself.

The invention generally provides methods and means to produce a
more favourably effective target approach path 29 and for removing the o/
25 need for error-prone firing-date inputs into the driveless projectile
21 that is to be fired from a weapon barrel 22 and which changes in a
self-controlled manner from a ballistic firing flight path with
linking flat flight path 25 into an end~phase flight path from which a
Iocatgd target object 28 is homed in on. For this, a change point in
30 time t7 for a pitch angle change out of the flat end-phase fliglit path
25 is delayed relative to the target acquisition point in time 65,
whilst the projectile 21 is still moving in accordance with the preset
flat flight path 25, so that only upon the change point in time is the
projectile turned to the more steeply extending target approach path
35 29. To detemine the optimised change point in time t7 in relation to
the approaéh to the located target object 28, a theoretical impact



thus effected in an exceedingly preci se manner, because previously, nanely
i mredi ately prior to leaving the ballistic firing path 23, the 20 pitch

ref erence ‘'val ue, crucial for the path angle w25/ 11, has been obtained from
‘the actual flight factors of the projectile 21 itself. The iny ion.,
general |y provi des nethods and neans™to pi®duce a nore favouréﬁgg effigctive
target approach path 29 and for renoving the 25 need for error-prone
firing-date inputs into the driveless projectile 21 that is to be fired
froma weapon barrel 22 and which changes in a self-controlled nmanner from
a ballistic fpginR0id [tigbt zRablh Wid 140 Thighd pat 28] itakingP #htd 22cdbilito tRE -
end- phase flight path fromwhich a |ocated target object 28 is honed in on.
For this, a cﬁ%lﬂb%“boflﬁlng nflaght; ipath (281 6% omMAUted ohgreardn g ePraiectfiet ne
flat end-phase1lflighér panhis 2%hes detwgledbairistic veitingt hfliglar gpdthacedii st i on

point in-tyne RS r Qi I I SoStd | Vi i rdange
wWth the pﬁ'é%?‘%ﬁta A ?E%'Jpe%gt %&LQ@% ttg#i'ét’&ghﬁf"ﬁpg% e e’%é‘?]%é?p‘& 8F°
time is thé pthg eprajeetiler ddd fromt the nwieapen ebprnel eX2epaidndremr ghe 4ppe oach
o the. appr oach 10 L he ForoPainees, BADUENROaPaRaldY 26 i are mefaligaton n
: ., 00 € ) I
poi nt in timeboar Jhe; pEoqetiler) | AHIdiEiaraTEs 6 LRPRRETAE . 18 CBRRRSEr hibe
“ball'istic firbugdfhp gbf papbsi2Bondls refepericed for thar gatine comtojodclis | madd ;
for this the  agtdal ballistic firing flight path 23 is ascertained
“fromthe tinmeSpans t41...t42, fromthe exit velocity vl of 5 the projectile
21 fron1thHJweapon barrel 22 and fromthe tine tl/t41...t/2 up to passage
through the apogee 26 which are measured on board the projectile.
Additional ly, by nmeasuring the apogee, the build-up of a positional
~reference for the path control is nade possible. 10 15 20 25 30
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35 13 CLAIMS 1. A nethod of determning characteristic data of a
ballistic firing flight path of a projectile, such as of an artillery
projectile- Ach 5 self-controls its flight end phase, characterised in that
on board e projectile during and afte£ the firing thereof froma weapon
barrel t nmuzzl e velocity and the tine %an between firing and apogee.
passage of the projectile are nmeasured, which, in relation to preset
ballistic characteristic values of the prOJectlle represent a neasure of
the 10 firing propellant-charge nunmber and the firing el evation angle, and
thus a det er@iAEMS on of the ballistic firing flight path of the projectile.
2. Anmethod as clainmed in Caim1l characterised in that to determne 15

t he | aunchi ng vel oci of _t rojectile a ti ne en the
instants at i cf 'Pﬁ\ﬁ'y"ﬂof’ﬁt{e% g’f‘ Sp‘étbﬁrla%erdggs %tea Pfom%ig)ﬂéﬁgﬁotﬁh al ong
t he proj ect ifléghtepetigeofl mopréjeetidas reichasst o apr ar@équYepr@J&@éﬁeW,%apon )
barrel. 2Q nﬁelf’aéo'ﬁ?gg'f%d ies f lgﬂi r@ﬁi bgag ab}';'az%c%m%ed Cﬂlaiﬁé}tt BhiREd! thd hat, F

to obtain ormati on_ regarding.t 1%j stic f 8Et I‘;())a on boabg Hh
projectile RFeeekilerduring Ak REHRF (ther Egingnt h@\?& frogh 201 eaR¥L BF B ] on
measuring sigeahzles velstaty ak@nthe2bimkspar wewees, fikting pnd\apdgee passage

charact or st e (ol Ue3eal@ 8! bshhibd YR 0 CLIARY R3!rddlh Busistie Of 2

navi gation c oard a project I's sel f-steering a ong a
flat end- phadaratieghstipavilueghaf atherprodectile t rroresert devneasurs pf oieded,

on board i@eflpfrg eﬁiobéﬁanwcharge i beFe ARy thg ﬁHﬂ"gUletlefré;trioﬂEﬂigléL Ngha
ti mespan whi ch el apses 3Q betvvee t he emer?ence .Of t ﬂ %t&al I y
z

of fset by a W6 dd%ﬁeé'f“éﬂ%‘é°ﬁl g PRe WBiYFLLg  fiZing |
" launchi ng wgapgectide.sr el , which circuit al so nmeasures the tinmespan to
apogee, to provide information dependent upon these timespans which

i nformati on provides the ballistic | aunching path characteristjc values. 35
2. A method as claimed in Claim 1 characterised in that to determine

15 the launching velocity of the projectile a timespan is measured
between the instants at which two points, at a specific distance from
one another aloﬁg the projectile, emerge from the barrel as the

projectile leaves the weapon barrel.

20 3. A method as claimed in Claim 1 or 2, characterised in that, to
obtain information regarding the ballistic flight path, on board the
projectile upon or after launching thereof an evaluation of

acceleration measuring signals is undertaken.

25 4. A device, for providing characteristic values of a ballistic
launching flight path for a store of a navigation computer on board a
projectile which is self-steering along a flat end-phase flight path, -
characterised in that the device is provided, on board the projectile,
with a time measuring circuit for measuring a timespan which elapses kY
30 between the emergence of two sensors, mutually offset by a defined
distance along the projectile, from the muzzle of a launching weapon
barrel, which circuit also measures the timespan to apogee, to provide
information dependent upon these timespans which information provides
the ballistic launching path characteristic values.
35
5. A device as claimed in Claim 4, characterised in that to the

O




5. "A+device as clainmed in Claim 4, characterised in that to the devi ce
Is arranged to receive an input froman accel eration sensor of the
projectile. 6. A device as claimed in Claim4 or 5, characterised in that
a 5 pitch-position reference transmtter -i s provided, which up apogee
passage provides an item of horizontal rd#erence information f a pitch _
regul ati ng nmechanism 7. A projectile incorporating a control system which
is constructed 10 or arranged to performthe nmethud clainmed in any one of
Claims 1 to 3. 8. A projectile incorporating a device as clained in aim
4, 5 or 6. 15dé&vice Asparpangbd|® ceogivesamdgnpetfsonoarnd @aceclerationassarsoxi af
measur enent s ﬁ{ -g)gg.echh%qity of the projectile at the nonment of discharge
of the projec 19 ¥ma weapon barrel and the tinespan fromdischarge to

" the nonent at which the projectile reaches apogee; neans to store

i nf or mat i qqﬁvei at An@elvied N RAdinied 1ie VlaiREr OUMN B ehohiatakked | fi itaat 20 of

t-he projectY¥e, gnd neans tﬁ derive fromsaid rrea‘sure(gengs and i nformation

‘a det er i nat i BiTCBTPAEOR FEHRTeSLe t HErNSPO} Ect i'f ePT AP dBIc PR GROESE or
“ a projectil e paasegpopmivides aardeiteme ofr hanizedtals wbfdrente airfprmst loer fombef or e
‘descri bed W-tgitﬁﬁfﬁg%ﬁlgﬁﬂg%géh%%} or 25 FIGURE 4, of the acconpanying
S

"drawi ngs, to certain characteristic values of a ballistic flight path of
a or the projectile fromfiring to apogee. 30 35

7. A projectile incorporating a control system which is constructed

10 or arranged to perform the methud claimed in any one of Claims 1 to 3.

8. A projectile incorporating a device as claimed in Claim 4, 5 or
6.

15 9, A projectile comprising means to detect or ascertain measurements
of the velocity of the projectile at the moment of discharge of the
projectile from a weapon barrel and the timespan from discharge to the
moment at which the projectile reaches apogee; means to store
information relating to the ballistic or aerodynamic characteristics

20 of the projectile; and means to derive from said measurements and
information a determination of the flight of the projectile to apogee.

10. A device or a projectile incorporating a device arranged,

W substantially as hereinbefore described with reference to FIGURE 1 or
25 FIGURE 4, of the accompanying drawings, to ascertain characteristic

values of a ballistic flight path of a or the projectile from firing

TS

to apogee.
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