A METHOD FOR TME TARGET HOM NG OF A PRQJECTI LE AND DEVI CES FOR CARRYI NG '
QUT THE METHOD The invention concerns inprovenents in or ﬁE{@gﬁngﬂg;Eh§2~
target 5 homing of a projectile and devices for carrying dut the nethod. It
i's known {0 provide neans for the end-phase steering of artillery :
projectil (see the article by Peter J. ogre in "WEHRTECHNI K" 3/ 79,
pages 19, ,- 24-27) which are fired in a caseless 10 manner and w thout
self-propulsion so that projectiles initially describe a purely
ballistic trajector ilch is afforded by the propellant-charge nunber
(e.g. the IaunchingﬁsﬁﬁgﬁﬁyhﬁﬂgLﬁéﬂdgﬁgdéThH@* NGeOEvAt PRQJECEILE  The

real i sation underlyi ng AN DEWIDES ORI 6ARRYING "GUPORENiE9figh €nd- phase
steering and target approach path resulting Troma range extending |ipgearly
controlled flight path (which latter follows on the ballistic apogee Rtor

i ncreasing the r3hgdnuéntibe gorsjerosi improvemdats dnabrarglaing tb"PRE ta®Bet he
target obj ey ' i : | 2 { to the effect of the
entr ai ned mrowé:c%ﬁbit&g %\F/tgg a#Jr?egﬁg%%ﬁi ?lf)%gggltnﬁeg'éhlz‘& B'regf’%’he

probl em underlying the invention is to ensure a nore favourabl e angl e of

i mpact on the targefs oWt tANYrdBEET nfdlank "Rk " PEO! e RG-SR e" asg%%rin of
ovi ded a mﬂﬁhod of -

( 25 1In accorc{a?ge w th the rese{n i nvention there I's

homi ng-in orffa 't &gkt pSPlﬁcbﬁ(ﬁsec eee, the cigrticlan by t Petexr y Jpr djengrnee, in
which is sel ™WEHRTECHNIK" 8/79, spdgesght, @3¢ 4423k wHiegnre ffifdd fthi §"dasaiédl

such as ailp t [ L fe 9 a.smal |l apgl.e of 30 jnclipnatjon,
from whi ch gﬂgg}&gt Ergtgarq‘grt]gé‘?\g g?‘;g{gé,%lﬁ,‘?{b 59 eﬁ%&ct%‘iﬂleEHAFﬁct’é\q@éW in
‘that, after GR8GTIRY t AoPuUSLlY hballistiot trajjectoryhathich tis beffooded iby Othe C
initially thopkffant ldMizePalihvks &d.jgl! i ' fane, upgn further & -
short eni ng q{a Hie gi sta,.ncg of the t?éargjge%ﬁ%b{&gg%ﬁﬂ% p%tggﬁ-)a%%#leag%nﬁwnf or
transition fPP5hTt §aeYakigRt path into a 35 'steeper target ‘approach is
effected, for which transition a :

15 - The realisation underlying the invention is that the conventional
end-phase steering and targei apprdach path resulting from a range
extending linearly controlled fligt_lt path (which latter follows on the
ballistic apogee for increasing the range of the projectile) leads to
an angle of impact on the target object which is unfavourable with

20 respect to the effect of the entrained war or combat charge.

In recogniti_oﬁ of these factors, the problem underlying the
invention is to ensure a more favourable angle of impact on the target
% without any material impairment of the range. : (
25 "
In accordance with the present invention there is provided a
method of homing-in on a target of a projectile, such as an artiilery
projectie, which is self-steering in its flight end phase along a flat
flight path, such as a range extending glide. path at a small angle of
30inclination, from which a target search and target homing is 'effected,
characterised in that, after acquisition of the target object that is
to be homed in on, initially the flat flight path is still maintained,
before, upon further shortening of the distance of the target object,
a pitch-angle control for transition from the flight path into a
35



d“eterm' nation i s made on board the projectile of the point in time of
reachl ng the theoretical. point of inpact by the projectile, and from whi ch
d;eterm nation upon target acquisition there is cal cul at on 5 board the
projectile, the delay ti nmespan for transient mai ntenanc@)r the flat. .
flight path, up.to the tine instant of. t he2| eavi ng the flat flight pai*h by
pi tch-angl e change-over into the the target approach path, for the nore

ef fective steeper target approach to the target object. 10 The present

i nvention al so provides a device, for causing a direction-change of a

.proj ectile whistéheperf -tangeato| eppreadh i gt effecpedsefom ahich transition a

progr amre: conigeb bithdensls ARGe Wi %B gﬁ%@sgﬁ%y gha aﬁgﬁ{on” rﬁ?@ of

mechani sy, wi th regul.atrng and cont ol ns an
sur f aces“'f or Zepelingr dhge r@l‘ltﬂaﬂlgp‘ﬂ"ﬁgﬁf imnast b theepreisctilee andkedirpmg

the projecti| @nigh Odat&insiaeion afpmt tapgutoeeaumtfbn qhe&acasreaaedldtt@dt At
0O a store,

In the devic ation- gonp IS connecte subsequent

for storing gﬁ?‘i‘fﬁi&}fﬁg J\?ﬁtdﬂe'l gh‘? A5dey ﬁr‘ﬁ“ﬁ?p”f‘b PR TEB cE‘FrHHF“BPc? Her .

flat. flight pahé, fidte flight gpﬁumnupomauher titke hlmtm off tmgheapaig; the flat -
extrapol at i on c S| C ar | sm

. is connected o enaﬁ ;@ g’?{:uglrrpgh r ct?'(%}q’gét(;e}'re% rigtoa th QE%GF {ng ap% tch

angl € change Pattarforr éhat moeeteff&ctianeg@temn}u|tsrgetorappneac5tnttp whe| sarget

-~ mai ntaining.tBgjddtat flight path, and which provides inputs to a

_fllght cycle tlne control circuit for 25 thereafter controlling the
projectile 1%t eeri ng surfaces for pitch angle change into the target

appr oach path. Thl:m,e IprelsanﬂOEnvemwh aa By ptb@iﬂe%ccwléé\hbéﬂ ﬂfrtéﬁxsﬁﬁggﬁt
obj.ect to-be é tted t hat tE I near Iﬁ/lecont.r ol |

fl
super ceded 308Y f%ﬂ THENEP 1Ok AgPFIieGhTie X Ch 3] bﬁel tﬁ%’l' 8ﬁ§1tﬁr‘3n {lﬁgr% 8Pt he
target hom ngph&sejehayem-dgarammeﬁcmtrroﬂlmi Imampar &nd gitichaishequippeddeith ahen

to Qver- cont " phegchbgafial bicliln 1RSS5 112 et Ang A 981 0 bchln e o0

thus to attac onsi der tee
ef f ecti vel yl 5th control surfaces for a flat range extending fhght path and then

for the steermg the projectile into a steeper target approach path,
characterised in that in the device a navigation computer is connected
subsequent . to a store, for 'storing information which is input '_ prior to
the commencement of the flat flight path the 'nav1ga'tlon computer
20 having a fhght-path extrapolatlon computer mechanism, into which also
~a target ‘search mechanism is connected to enable said compt_Jter to
ctetermine a time delay of the pitch angle change instant _relative to a
'target acqizisition instant, whilst maintaining the flat flight path,
.' \J o and which provides mputs to a flight-cycle time control circuit for
_25 thereafter controllmg the - pro;ectlle steermg surfaces for pitch
angle change into the target approach path.

Thus, 1t is not 1mmed1ately upon acqulsltlon of the target obJect
to be combatted that the lmearly controlled flight path is superceded
_'30 by a target tracking fhght path but the point in time of the target
o _hommg is delayed to maintain the linear flight path, in order then to o
over-control. into a fhght phase having an enlarged angle of p1tch and
thus to attack the target obJect cons1derably more steeply and thus
' "more effectively. '
35



3 Since the linear flight path is guaranteed by a pre-progranred autonmat.ic
. control on board the projectile and the target approach path is guaranteed .
by a target search nechani smon board.the projectile the delay tinmespan’
bet ween acquisition. of the target objedt and' change 5 of the angle.of
pitch h to be ascertained from the actual flight dynam cs of the

proj ect , namely it has to be extrapolated wth respect to t he ' :
theoretical end point of the linearly descending flight path, and to do so

it is also necsasféar Yhé Oihéke NNt PaERUIE dudeantidd By b%ﬂé-@&bgﬁr&mwt
path, afforq y h \g‘o ent.r Llnt:-m#) the |ipearl ontrol |l ed
flight pat¥ %“%&&Pa“?‘hg &b’}'%(r:tt 'Fepmlffxnl % 3}\ ° B TER PRPTORRURRIY on
- the proj edsi geatdmteedsby o arget eskairphi mechaniisnt roodbcard)rthehpfcﬂei:tmqp t he
weapon: bargt el t I ng, t [ I LV
propel | anttilgh%erﬁga{lﬁ’%%gg A Sbelt%f Xﬁ é{%ﬁl ﬁg@,ﬁ gocft qﬁ'éé) ﬂgkec(? fﬁ"?’gﬁ e from
t hese pdr alfettbf!s apgle tafe Pch?prh!@ettOI bﬁea$¢%l‘1ainﬂd fﬂrpghtthpaauuaﬂ ofkight _
theoreticglyn Riibs €oE G '"Bro;b@i’ﬁ‘é‘ermaméf}’ Sit has § ”’Be' ER{rR ?olﬁ@é with

“parti cul arI under conbat- conditiaons, 1's.extrenely fraug error.’
Therefore retsﬁé?'e to thesdheorstical, end Poisyt ofiithe hasam Ideégewngngéﬁléhdent |y
of, the prpaloh,erand:om:&ldnm itheisaragé@ l@éce'ﬁsh&ﬁktd)ntdkbe ih6s Ofdcounnother

probl em of 1,09 ga. boar thout it he .need. for. manual
dat a i nput'™ g qh“t‘% et B q ac'% 8e‘tH hgy AFinee: PEIQE 0. 8PHR ”(3€ t he
‘act ual Jionltheallirfdarghtcmblmﬂ tfﬂazgml, path,pron doard ethe priojectiter tld #s/0i d
“this furtRgeLwh eb! C h %

pref erabl 3‘%. rvlvgll Sge lelit gﬁ?n nllwq}dhg]r‘gc f;é;?gﬁig ﬁﬂ%t 1&?&6“% ﬁr}%gt(lbc Pri ng .
flight patte émtnoduchion shereaf 1!390 fgsHWerpeN dwreeky gheractpriftie tvalees dur i r‘rg’
and after pepgrding NHet BerRAf efléomloa 3Ad Wmmha-cchei-ge triifnbE4 2be el ocity

and t he tinespan, bet firi and ass of the Projectil.e; and
t he devi cé’“é’r'}o"t P?é"?ﬁt\\agna? eFﬁ{ﬂ"@ IfE é’af'ﬁ’f'e??dlgj é e
- measur eserp&-esev\hlmbarlly-mltatﬂmtt pafr,eget thal Itmecbranedrlarpacm eémcstpajnval ues

O oo BT USRLIE ERR CI8" oBnBTANYEE Ohnb]® skl dllaPly PG cERe"

nunber
conditions, 1s extremely fraught w1th error.

Th_erel't"o-r'e_:. there_"_aris:es_ in. connection with, as well as
20 ind_ependently of, the problem concerning the angle of _attaek on the
target, another 'p_rdblem of asce-rtaini'ng'on_'_board the missile, w'ithou_t o
the need for a manual' data input regarding the' firing factors,. the
" ballistie trajectory or the actual 1n1t1al fllght path of the fu-ed
'prOJeeule.
25"

(O

In order to. a'void'-this further 'problem, the m_éthpd‘in_ accordance
- with the invention preferably includes determining characteristic data
‘of a ballistic firing fl:ght path of the pro,]ectlle,_by measuring on _
board the prOJectlle, durmg and after the flrmg thereof from a |
30 ‘weapon barrel, the muzzle: veloclty and the tlmespan between flrlng and '
apogee passage of the prOJectxle, and the device of the mventmn
preferably includes. means for makmg such measurements, which in
" relation to preset ballistic characterlstlc values of the prOJectlle.
represent a measure of the flrmg propellant-charge number and the
T 35 f:_ring.elevanon ang_le,__and thus a determma_tmn the baxllstxc‘ firing
flight path of the pr&jeetile. ‘Such means may comprise a de_'_'iee for"



35 firing elevation angle, and thus a determnation the ballistic firing
fiight path of the projectile. Such means may conprise a de-ice for -4
the input of’ the characteristic values of a ballistic firi flight into
the store of a navi gatlon conput er on board a proj ectlle@ch S _
‘self-steering along a' flat end-phase flidght path, such as~for carryihg out

- the method as nentioned hereinbefore, characterised in that 5 provided on .
board the projectile is a tine nmeasuring circuit for measuring the tinespan
whi ch el apses between the exit of two sensors, offset.relative to one

anot her by a ﬂneqnbuc of stmnceharhotyristive valogecof &, baltiztid heirtng zfleglof a

firing VEapony g ﬁestg%gd%f:"”%&?ﬁﬂo%oc%hﬁfbaz%ﬁ%ard Lo%x%gémﬁe wtpﬁh is

det erm |on etlrre apogee det
items of T nf aretﬁtst@nrma @ﬂuoegea dé#endént)h&ﬁ@oﬁhghegmtht |Wbpﬁ§1§°r epraying

transnitted &% e m néldd Sdd Cmehifondd Gleretpietors] amaa%bt@aséaz nt Bat

store. Reference Is to our. co- pendin Ap | cation NQ

6149
(A2177213) SuRronided Goni beard rtm (Broipridend apr“E,eat WS%s“’iBgTﬁ?rscuébl fa% on
to. the furthgéashirily eRe Sﬁlﬁn@%pairﬁ WHitheelapabs Hatwoen tthat eitibeof pwoedensors,

_balllstlctra ctory or.fli at h determ e o t he -
firing barrel f&?‘éba%?’&%’%ﬁnd r8 | ap] %rhgﬁée nﬁﬁ%‘é lsmﬁ%(’)mw '{éd the
specific to tﬂm;gumeblﬂromamheil muzzbe dét&rfmmgdwé@ors;bacréll.cmd yohnegtade
nuzzl e vel oci e . @s

derived dat a. {Jﬁlﬁé ?ip&gﬁ ngﬁlggxggt gg?eaﬂ%gﬁr%gw ogsgtee{ ng%&é %Jgﬁ%dxghg an
proj ecti | ela iavogee, deftlecmr.m dhat dtams ofcindoonat ipnawhichgtie fiepwema%wn

i nformation {é‘ Bigce @ﬁgablae,é)n tti‘&@{s%ltt%dpr@d eqhisl epaMii kBt fhﬁixﬂg"lg
t o\LN- put manua |nformat|on 25 ecific to_th The%dnventlon
f‘é"«?ﬁﬁcﬁg

i ncl udes a baﬂ‘”!alrgﬂed“%?i&r F‘Fh’gsah@t%ft &r StRsgecke i3 pade |to; OPT; Gt
path for targrindsrgr Applesiieat Noe 8604991 LA2Q7TEIaNSwHichdid edvided dsaer tha n
measurenents of the ve Ock'é%‘f'()f the 30 projectile at the m)ment of

di-scharge. of R"ﬁéem gPect® rom a vveapon

This solutlon to- the further problem stems from the reahsatlon'

' that the. purely ballistic traJectory or flight path can be determined

not solely from the f1r1ng barrel elevatlon and propellant-charge

"number, i,e. from data speclflc to the gun, but can also be determined

20' speclflcally from the muzzle . velocuty and apogee mstant in other’

| words from actual fhght derived data. - This flight derived data can

be ascertained .on board the projectile itself, f_rom- which data

_therefore' the sought flight-path information can'be made available on - -

L board the pro;ectlle, w1thout having to m—put manually mformatlon

25 SpEleIC‘ to the gun.

The inventiqn includes a ballistic starting and after apogee

'steerihg in a flat flighi path for target search projectile comprising
means to detect or ascertain measurements of the velocity of the

30 projectiie at the moment of discharge of the projectile from a weapo_n-
barrel and the moment at whlch the mlssﬂe reaches apogee, means to
store  information relating to the ballistic or aerodynamlc'

' ehai‘actefistics of the projectile; means to detect a target. means*

. fo derive from said measurements and information a time_ period to
35 .Itheo’retica'l termination of the flat range extending flat flight or
glide path at a given angle to the horizontal, and a time delay period



barrel and the nonment at which the mssile reaches apogee; neans to store-.
information relating' to the ballistic or aerodynam c characteristics |,
of the projectile; neans to detect a target; neans.to derive fromsaid
measurenents and information a tine perigd to. 35 theoretical ternination

of the f ‘range extending flat flight or glide path at ‘a given angle to
the hori tal, and a tinme delay period 5 fromthe tinme. point of
detection of the target; and nmeans to . utilise said del ay period to maintain
the projectile upon  said flat, f.light or I|de path unti.l said- del ay

period el afRam ther dime Roinkiafgdptertderiol theo %‘Seh | 8By m‘f‘?f'sat?a'r’b‘é’cse

appr oach paé&id @l by g5k rébd augr.mmﬁuartgbepi-@,eblnﬁehamﬂQmial £12% ﬂﬂght ar |
enbodi nent ‘the i vent l?n i bed, rence

to the acc gﬁyl?fb‘ si W |f|sé“ddd|(§3|a¥m%etn%‘¥dm§v\?segss é‘f’el e stg
shows t he eprojeetiliei ot pmt hildéd a tpr ¢ eleirget epproache padh pdnélivederadd aabove_

ground; FI %&ﬁegﬁfﬁgm MK ﬂg%%ht lepresent ation enl arged- as conpared -

with FI GUR end ase egl nning with onset of the target
search pha®e; FIGURE 3 shows a bl.ock.schenatic .di agram of -essenti al

functional 15el afeRhboliPhe SO the GhveRtioAr 1 a@tsemedumw@ayrbﬁ legafnpi gt
end phase re rese ted V\Aé‘ﬂ &FGURE 2: and Fl GQU chenmatic

di agram of Witk %"f'lﬁe aﬁﬁﬁpga"%fé’geﬂ'ﬁ?‘ﬁ%ﬁt Q&grgﬁngxatb%lqraggpgs,
firing fl |ghér¢mh of the projectile for obtal ni ng i nformation for

control of the gadnppage SHWEERS AL AL efighl paﬁ ﬁnr,wg,nle%%ﬁ% de 2l
sketched in Fl rep FESENtS a case es ery s I'ch N
equi pped Y@pathc onversd ebwmuar@uaﬁd control 25 30 .
.FIGURE 2 shows, in a detail represen'tation enlarged as compared ! \J
with FIGURE 1, the flight end phase beginning with onset of the target
search phase, _ _ S
FIGURE 3 shows a block schematlc diagram of essentlal funcuonal
15elements for control of the projectile during in the flight end phase
represented with FIGURE 2; and
FlGURE 4 shows a block schemauc dlagram of a device for an on-
board ascer‘lamment of the ballistic flrmg flight path of the
pro;ecllle for obtammg mformatxon for ‘control of the end-phase

- 20represented in-with FIGURE 2.

_ The - projectile. 21 sketched in .FIG_URE 1 represents a caseless
. artillery shell which is_e_quipped with control cireuits and con;ro-l \..J

25
- 30
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35 nmeans for 'an end-phase steering and with a built-in target search
~‘mechani sm for increasing the accuracy of fire. The projectile 21 is fired
from.a weapon barrel 22. A purely 5 ballistic firing flig ath 23 and
‘therewith the orientation of the projecti k@ 21 relative to @horigontal
results fromthe elevation W of the weapon barrel 22 at the Tiring:point

z1, taking into account factors such as the flow geonetry of the projectile -

21 and the cont rol fins_being swng out, as shown, i nmedi at el y after the
firing; and #héans rfam hheeﬂd-'rphage OdteRufdg candehach ty Wilerik heargeo| eedrche -

21. © The -l at ned by the [err] -~ (in other
wor ds t he qua&géht n?s‘a lfro |r| r?ﬁ &Foﬁ%‘f‘%‘ﬁ ghgg%és whi ch are arranged
and i gn¥ted, for the ini t [ aI accel eration of the projectile 21, behind the -

proj ecte in thefrﬁ@?ﬁ{@ DA reIZIZg%aﬁfgr f@mplg QJEX%,%),?MQE-%{ Gt i h ‘Jeﬁ'?'eve

path 23 there wou ener
a greater conballishigfiring fﬂgﬂ}fed’PF‘P e2323;‘ﬂ$l sﬂmfeﬁ-ﬂ'é'd thmqrianm#oaavﬂ ithei c

range ext endi Bﬁbjehf'fﬁﬂ.r |2Y lfélﬁﬁiw)cel tﬂ%ep@oﬂzgétal':%sélbk Sfrof! (i efdvatfsh w1 -
through the a above 20. the_ location z2, flight

ogee 2
stabi I sat i onof afie "EGPR“r &F"‘r?eégul‘ﬁsthearfér*’?ﬁ PPLPeFlp ntaking 1nto account

progr amre- contsdolrs dsudh N&ee th&YE1GW geomet ryt b€ uﬁniafdJecswef a::efimZéhe @bt doit f t
W ngs 27 (see g RE _2) are run out (ld onﬁgd& . oréd advanc :
data for:the AtR%nEtre TOREr 8PCai¥ng PR Fhle ttip} &t h §"8he 1 i ng
derived balQ i §tamc thei gHrimgator tmaezke Xelowinyl drlr eSulthe aprajdettice 21poi 1Mheof
I-mpact z11 of 3jhe,pugl 86dd 18 gécéﬂihﬁe Oyl e:% P:ILE&}' W lt&h“ﬁinéﬁ%%% Lagget.

zone. The proj ectlle I S. st eer out o the stic fli ath so t'hat

the i ncl i nat'i S¥eTkALY) mEGske £irise Pﬁ@eééfﬁ‘bxqm%q W‘IiF‘hea?e fﬂngP&edBO andath.
25Tamount s typgmbhy flo@ &Ha[ Qﬁ{c]iami&twﬁc&entdfecmrpu tdle 21, FeBAhd khe, in .

e e e R R R R M LTRSS el e R
represent n pafta2duhelvé evonld ahks afufergd lav ®a Hhigh £c \pioll fr roes:pfpmtttzx.t he corrbat- N
charge |nthe projectile 21. Therefore there is _

To achieve a.greater combat range, the projectile: 21 is steered .

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

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

- 20.- the location 22, flight: stabilisation and 'c._ontrol ‘measures are
initiated in a program'me-cont_rollled -manner by means ) of the control

surfaces 24, and 1ift wings 27 (see FIGURE 2) are run out (deployed).

From the stored advance dat'a for the automatic control along the flat

flight path 25 and the firing derived ballistic flight data there_

\__/ . -25 'would result an advanced point of 1mpact zll of the project:lle 21 'in a

'correspond:lngly further remote target zone.

.The projectile is steered out of the ballistic flight path 23 so '
N - that the :lnclination w25 (FIGURE 2) of the approximately 1inear flight
: '-30-.path 25 amounts typically to 20° relative to the horizontal. From
" this, ‘in the advanced target point of :l.mpact zll an impact. path angle
'wll of the order of magnitude of ‘also 20° ‘would" result, which would
however represent an unfavourable attack effective angle with respect
. to the -comhat 'charge in the .projectile 21. merefore there is
'35 effected an approach the _target object 28 to be combatted in the
actual target point z8 with a target approach path 29, made steeper



35 effected an approach 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 pat h angIe w8
~which is | east twice as |arge as the7rrpact -path angle wll in the case
of "the un | uenced ‘flat flight path 25, and preferably lies the -order

. of magni-tude of 45[err], whereby to greatly inprove the 5

effectiveness of the combat charge in the projectile 21 upon the target
. obj ect 28 tvelsgiue ttackhel f1Fhefldght paithd254 aghan agtiuphasesdtegatis anglé wehe

falling bel gichl 18 B CredkOUEAREEHs t B gt aa%rechmmtg?tcﬂﬂamgw'm ig dHeeSet
in accordance 10 _ with the target_search and tar racki ng nechani sm 30

i ncor por at etP§NtoS the YHafbianced Blat,flight path agf preferpblyedies y
radar targe¢héearddr NMBEhangaitudd tolze lfﬂé’l,gmhelrsbfortoexg’ﬁﬁﬁt OfimpFereOr r of

cui 1 Ched SorSt B iTSHEA Ghndt P ST Ea TPRREOAR. FREL PPEISS i %’Jr oy 4

pi tch rel at tanget Oob jeetf 28 gbtbearagtsclefd, the projectile 21, and because of
the, . sonewhat. steeper, ~ inclination of the flat flight path 25

' downvvar'ds there results a target- acqursrtlon limting angle w6 of, for
exanpl e, 35[err]rh€Fq°G(—‘JﬂF_1€@) flighti end-iphaggbepivgnwlpl '}Sk?sfﬂlei-l@sobeltol'reoééarch

start |ocat padlprdgsingd t erget atarrestﬁei%&qm Rft18€ Ol pessethitthactrabace

beyond -t he nearest acqui sition point-z6.: R‘gntlal tar et. obj ects: beyond
t he advaicetifoithe bPraefpsesrch f“ﬂ)f“t’ﬁétft‘éﬁc Pg gPe Bat M ineprperaked,
rul-e be att pgdoccther @rofjédtdleberansd imatherassd ofqai melHimeeyerask Vidar

direction (Qﬁfgg% S:Iarch”m&&cédinatécg%e in%thlte 1f! #@J‘fggiﬁ%ﬂ %@ghhe Wade r Y4F Ch

would as a r erm ssi ecause
accel er at i vé54 @reesmoomt hepeuroncthd saygetciseareh @ediarré@e I%éFﬁ%‘éWaﬁ) ol |

stability gfidcHea BROI e@tédu%e%omuth@omch@as&ms fe@eprdctor:%edr%f@rad n.
If the intended target object 28 were o be attacked directly, upon . -

bei ng acqui PHFpyet vt’af“@letth"' §é§$¥haﬁ§%a9ﬂ Ehe sprodesyile; Xdet 204 DeRPYRS
honming of téf PH&) esdnekkat asteRpge) - tﬁcﬂﬁ.haﬂ:gatpaﬁﬂ‘l thle Vfraled faagha wh:hchzsrvoul d
| ndeed devi gtv?n d%"”""‘% %%ef ;gsnallrthe ng‘E'geftl Ia quisqgig'n limiting angle w6 of,
for example, 35° .(FIG,URE- 2); which is why from the position of the
search start location z4 only tai'get objects 28 can be acquired which
20 lie beyond the nearest ac:iuis_itio_n point 26.' Potential target objects
| beyond the advanced point- of'impact. zll of the flat_ flight path 25 .
~ cannot as a rule be attacked from thia, because that would rc‘quire_a
_'re\'r_'ersal of direction (decrease in irtclinatio‘n) of the. flight path
angle w25, wh.ich would as a rule be impermissible because it would y,
25 appiy hig}t acccler.ative forces to the ptojectilé which could affect -
the mechanical stability of the projectile 21 and the mechanisms a

: incorporated therein. N

_ If the intended target object 28 wera to be attacked dire‘ctly,
30 upon being acquired by the ,target search mechanism 30, by tatget '

_ tr.ackiﬁg homing of the Ipr'oj'ectile, a target tracking path 31 would

occur wh:[ch would indéed deviate downwards from the flat- fli'ght path
25,_ but would still yield a too small and therefore unfavourable-
impact path angle w3l for effective attack. |

35

In the present embodiment, protri'sion is made to’ control the |



#25, but would still yield a too snmall and therefore unfavourable i npact

pat h- angl e V\Bl for effective attack. 35 - o Int resent
enbodi nent ;  provision is made to control gt he proj ecti 1, even after
Ltacqui S|t|on of the intended target object'28, in such a way that, Whl | st -

its yaw direction is i mediately changed at the target ach|S|t|on poi-nt z5
towards the direction of the target object 28, the projectile continues to -

followthe actual 5 flat flight path 25 so that its inclination is-
mai nt ai-ned. Ar@dechide pbi rvepnattere acquisiion; of sheclnsendadytarent (sbiest for
the derivatizsy o asgcht Be wapl ahat f [dtghbe ped hyavﬁ&irle&tioas%r HahéBdtel

accordance w th th imity to th et Obj t Ki lnto 1
accountssthe tﬁal" a@a%‘énﬁf%? f {%ﬁg g %Y?rdf H g?ﬁ%%'frif’? of
advanceW/poi rﬁheoi:arg‘epaobje'ctl 28§ ﬂhEpfl'bj?éctﬂ.le ghintpﬁieb 26 foldowhehd aicgeil :
approach p t r a pr as,a delay or .
r esi dual h:nl?g ﬁtl ?t{’g&t 899‘539 {'%tg' e"'(—%“‘EI)O Trﬂmg'z‘friain?di then initially

t he target trackl ng and the regulation for the preV| ous 15 nmi ntenance of.

the projectile pag fmago %&wmmmr@; RS QRbhe ggrtgiupw piénasor |

non-controlled chan a steeper angli € of pitch un wher eupon

the flight atthet lﬂ?é' Yadaradrem Fre adlath Hiiighknrethpedat ienapsertaieadiaine.
Wi th this norcsidsieywithethe PAAntePAd thegksrae, obfectOByNEaking Whid

target tragkin Wi f.che ajn y means of the targ search
nechani s ago cgg\;n e © q’ﬁ al ﬁ£8 ségg‘ktho e th §€"° :
hei ght/ path chdagnadspofntrofatitnam ngl tdfetheafat fd.hgla:ctpaﬁs 25t amin tbe)ttiarrgen o
target - pathl e v d_an ard. t rejechil g 21,4 ime -
cqntr ol CUI T %h &?%5&@%3 lfg?’[ IO% E%%Ré\g g& &Qﬁfﬁ ??‘leags ér%é%gﬁ% ed
by™T he refereﬁ?ééd‘@ﬁarféé& r Flaeerdnddd 8 the specFpe cpalnt ofmekimen tietlen ed -

~to hereinaftamgefnyt kReS %elgf t@ﬁﬁé’i‘n"gy al!d Iﬁ@ £d u?b'tfofn?’%ﬁgegﬁél rbié'?io‘;;led
known, data o I stic an

Fhct] on 35, iintgned o e pvoeasdle ! heen T 1istudn s (apar *rastag i

imiti ng het ghtemptmraﬁme; QNG HE € 6 E1Rd Qﬁangehe:ot ar geéepetanfglld Sof pitch .
undertaken, . whereupon the flight attitude regulation is again put
_into operation in accordance with this more steeply preset path impact
angle' _w8', in c_onjunction_ with target tracking-, switched on again, by

20 means of the target search mechanism 30.

For these fli_;ght phases, shown _.in FIGURE. 2 as height/path
-diagrams, for attacking the target object 28 at an.opt.imu'm target-path’
_ impact angle w8, provided on board the projectile 21 is a time control
L 25 eircuit 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
and the flat flight paths 23 to 25, the point in time t4, so that, as
30 the 1imiting height h4 for the commencement of. the target . search is
f_allen below, the target search mechanism -30 is thus put iato
operation. = Upon target acquigition at the point “in time t5, the
' target search mecha.nism' 30 provides follow-up control . information
- regarding the horizontal target displacement 33 and the vertical
'35 target displacement 34, in each case related to the instantaneous '
| spatial orientation of the projectile 21 in its sitnation relative to -



fallen below, the target search nechanism 30 is thus put into
operation. - Upon target acquisition-at the point intim t5 the *.
target search nmechanism 30 provides followup control information -,
regardi g8\ tthe horizontal target displaceefnt~33_and the wvertical 35
-target g Splacenent 34, in each case related to the instantaneous spati al
ori entatton of the projectile-21_in its situation relative to the flat
~flight path 25. “The hori zont al target displacenment information 33

serves i medi gfel 3f1£"§| Sﬂﬁl{t()' Pédhf OBt i-Ofnd Ohops Hbal artgg%etf Olaf $p¥atdnent

~regul ator 35. A Si ath extrapol.ation cal cul mechani sm 36,
det er mi nes t hinfogmation, 33 ﬁEr‘feF fiB‘Pe‘F’H’éey ?%l"cqnﬁﬁ”onﬂg\"rﬁfé%l foh a yaw

msl{leogvgI etfrgmztghet ff?ﬁlow{-lﬁp gbég‘mi&t 285, vvmc&miswh e sligherpath Iﬁﬂfapewe,qnl s

i ntended to be or e tran n 0.t ste r,.t et p '
path 29. Aftefal i%'e‘r“ﬁt msehaniisn . 5380 ﬁf“?’ﬂ‘ 3?‘%%‘}‘??1 ”a ﬁe 10
mechani sm 36, iafrdat iore of Other plitchi maveduvd® fsngpptheeilatlpﬂdgm:(mth e'&ieevtdicht he

~ point in tine t7, pigch, ti t

o "cause | natoegute,'asCpbtiiedy L FRERAY 30 B, Hed | 6F the | HlaipliopC

t he change |nint0t bhe steegar targe§eprnopeiopebh fi¥h 29, and, after renewed

achi evenent of a stable flight state, to put the 15 regul ation mechani sm

37 into operation again, but nowtaking.into a count t he pew di rection
desired val ue w8 AfkeR nEeqedp oﬂuﬁ%orﬂ@&?'“ﬁﬁ“’t hd! ‘F&Pbg’t“ F the

mechani _sm1o30mea¢ah1;£h 365 thel ko &enﬂmeéfmﬁiEGZOEuﬁpMEChe;don)fofccaﬂtinw of

again. By appropri,a co ol _.,of the a | C r I |
surfaces 24 f %é’g Vv F%"Fgett-”zb" ?oﬁ % ‘f)ﬁ?éﬁnﬁl At “l:é' and i’Pénl t(:%ch
regul ation neti:ﬁa:rrmatrlo&? tdierguses thd eotmlt aqomdlpmgeemst teribeg 11141:1811? &/
accordance W i li.d-iGpded! 951 HAPERAGA AL RE bibdplr| IREL Hproddi® phé OB,

'p0| nt z8. For Paracteristic val ues of the actual "dat.a regarding the 25 |
initially bal #ndst |8@t¢t i xemeverhtachteveamgst ¢ o & Gitrble g ishtatstrreghio put Hhes

for determsi P&Jlb@idﬂ)'m%haﬁlshl " tibeof obél&tﬂbﬁ chgatig| duehaRgaakafg With as
o R Sl U T B o B B
control by ' the target search mechanism 30 which 1is 1likewise

interrupted or switched off and on again. By appropr_iate control _ofu

-the adjusting members for the control surfaces 24 from the yaw target

20 _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.

For the characteristic values of- the actual - data regarding the
25 '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
store 38 is provided. _ " Into this there are in-put prior to the firing_ : |
‘30 point in time tl (FIGURE. 1) - or immediately aftervards and at any
rate prior.to the transition" into 'the flat flight path 25 after
~ reaching of the apogee point in time' t2 - the firing data which
determine the ballistic flight path 23 of ‘the projectile 21 and which
correspond to the elevation angle_ wl.and the muazle v_elocity vl of the’
- 35 projectile '21. Together with projectile-tjpical characteris'tic values
. preset in the store 38 there can thus be detemined by a navigation



s‘tore 38 is provided.' Into this there are in-put prior to the firing '30.
point in time tl (FIGURE. 1) - or imediately afterwards and at any rate
prior to the transition |nto the flat fljght path 25 after reachisggnof the
apogee point intine t2 - ‘the firing da(&whlch det ermi ne t he bladt kst

. flight path 23 of the projectile 21 = and which correspond to the el evatlon ;
angle' w and the nuzzle velocity vl of the' 35 projectile 21. Toget her
-With projectile-typical characteristic values preset in the store 38 there,

can thus be RPEPEETEN e Belehbitine Shisht pattp pietiursa(asdshehaymt A1 | REGURE
flight path pi et:ur TIEH® i2S (shem@ uatflaQéBEncl t&tedtﬂeqéBEr&:ﬁfcé#'@gm)th&

account the t oor I na over cation z), after—which the .
descri befl se °(‘:’ﬁt Zont "(ﬁr fﬁ‘h‘ﬁ’edﬂ?eg‘*ﬁﬁb‘b‘b s@r’Fﬂbe"r"éch?ﬁWePF?‘Wé“res
control Crrcuian 82.trigddredaby (the einevasitedl attcuel B0Lty data w, vl, or the
range z1 tg z11 cal cul able therefrom are set customarlly by’ rreans of

ext ernal | y accessi bl e adjusting el enments on the projectile 21, that is to
be fired, prior tThe egtiglg elovatdor and oveloeityeaiava Why ral, 22 tie 10

accor dance Wi ddhgb hg eBCkinabianaphe thetspéomangré rteecgtg;:@a@ﬁﬁgmt Nodel}§ ot

propellant ‘charg that are

however , ver%ﬁteﬁ?‘ﬂr’r@ Q%eﬁﬁwlﬁeﬁbﬁﬁé%leéem?fﬁlssen thet praigstily ZiInFFt!PBS is

parti cul ar| y tender fapedatpriaft €5 Sloadbng theredf irkBi Bhe BRAGEH MBIYrel 22 in
provi-si on s.initial_ data, decisive for the

Pl Toht palfs 2s5oFsrse’ oente ot batlnn ' 1) Faefid 80e R Bhecrdams drich the

i nt ervent i onpropelianhe chargescotitatolarei rtoui be 32uppliiedout THis rhmﬂling es

manual sett] e Of et t|Ie oh
board the pr (%Q’g'ctlﬁ gr(ge%&' h’gl)#eo?{&z Eory}@ %An‘{g‘fc?ﬁle 1ra;(gl r?tgégt Ford '3%5’ In |
t he proj ecti IP8rhigulpnly sndex eopbat da¢torsensors 41, 42 which respond to the

| eavi ng of the weapon barr el 22 through the nmuzzle thereof 'to ascertain
"the rruzzle he sensors 41, 25 42 are offset nutually

exit veI OCI t%’t"
by a spec ?I c extBht thE ﬁe‘“‘?ﬂtr’ecﬂmﬁi’ts’cﬂ“ e vdecitey deermdningnthia hus
in the | oruynnuthlnahta dﬂééﬁﬁiwerforothetﬂlﬁght paths 23 to 25, and thus for the

time .course of the control interventions from- the time control circuit

32, without the need for a manual setting, immediately after the
_ firing of the projectile 21, on board the projectile 21 and for
20 feeding the data into the store 38. ' '

In the'pfojectile wailing 40 are two exit sensors 41, 42 which

respond to the leaving of the weapon barrel 22 through the muzzle

_ - thereof, to ascertain the muzzle or exit velocity vl. The sensors 41,
\_ 25 42 are offset mutually by a specific extent 39 in the diteetion 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 thee

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

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

-barrel muzzle.

-~ 'Upon pr'in_eonsequence of .firing of the projectile 21 in the
" weapon barrel 22, .a power source 44 is activated, for exampie-'by
35 control from an acceleration sensor 45. The power source 44 can, for

.example, be an activatable battery,-the eiectrochemical components of



projectile 21. The sensors 41, 42 may be Opt o-el ectroni c pick-ups which,
respond to the junp in the anbient brightness upon exit fromthe weapon
barrel 22, or. preferably sinply coil -arﬁangemants whi ch supply 30 . exit -

ssignals LAdint42 as a result of the fielld change at' the weapon barrel
nmuzzl e. @ or in consequence of firing of the projectile-21- in the
weapon b el 22, -a power source 44 is activated, for exanple by 35
‘control from an accel eration . ensgr 45, source _44 can,

exanpl e; be"HfNactTs alfgbl ETBME e {74 h%c%’l°é'ct$’&£‘ﬁe?ﬁeca?n%’(9ﬁﬁ0né’ﬁt sI’%f a
which are thextioebscmurdéndl arntpdzoeal@tctotnalvmgeherame wiafvbt, hdy , reaspn b tha

ther moel et ¢ | gale DleeDluf ARLERLS BALRIYIA 8 CEcoll! 68 cnlY L300 Al bE e

tenperature rence ont: of the rearwar
projectil e ppdjecbile r dtpet i resppet ivedy | Hiet i dpitigdcaceelenagiont ﬁé#é@ﬁfj{ 5

suppl i es sel ggiitea! e10Q4Qkal i EBGer t pdroSi G2l s{HrAt e $¥bEEssing Cliibculti N(in
accordance with FI GURE 3 and

| h |
‘upon exit fReFATOARCESIPRFIGYREP and F#G%V%Veln?h%lr lrig:a‘g?‘clli%et& éEFr#aé‘%I a

power is avetidtahipent expeefronhehacecspon thateelTEZSS Ui AYy C eventi tald8adyl the
exanpl e a cQ nt| n ircuit for | stant u 10,. ses)
- in-order to® ??qafnp%"ﬁe t‘f’né‘é’%%“& “Fgé I;:ﬁgl %%dst he #ir?g aq‘gfaa'tl %‘ﬁ .

~di stance 39cits:uipr didifor onempleta v-ehytingnct)tMF for- ¢quidisgaphuer regplar -
- sufficige, t_;l_il{iq{g ﬁgmaéﬁe%% o %"fscLPe % Ewsmsé@w b 3 émm sfide

ti mespan t4 I’OVI e, Instead of. a conputer,_ a table- or.

reference cthe él“&?#b‘ﬁté?“ ddebtmary 39t Iy praset 1@“3%&?]&} iptbgECtrdsy
this there goukdohs aft aEP AFriei@ntt,r afes ahieOMsdBitd Dhme S oby:ﬁeamsm@f

whi ch the vel gci t for mat i woul r ssed At chardé’
number velocity, °Eu§l'l“tﬁ‘rff3§‘ SPaP tgé E%s'ég&o %‘ér?’ﬁv i%ﬁﬁ 1%e®
‘nuneri cal vebmtéﬁgai dl:iilglet-he:r‘f i teifagencel airrgiatioof othdeqmrdcljngcstd»e 4. 20 A

G e el o B2 RREE AT b 7 e RHL N1 O BBk 8 ¢ acbhb iy path

can elnecessary. kno oclt
toget her V\nmtlinovﬁ&:dg!e ptangeof | rwhﬁg:ﬁ eltbeatvﬁéwi\m infegmation W°“1f1 be

_expressed as prqpellant-charge number # ', as 1s more customary, in_
the case of artillery, than the _numer_ical__value regarding the firing'
velocity vl of the projectile 21. '
20 | o | |
| A_time-dependeut o'r_l path-;dependent'detemination of the ballistic
flight path 23, can be ‘made from the necessary knowledge of the muzzle
velocity vl tbgether_'_w:lth knowledge of the firing elevation wl; and
_the latter would i-ndeed be determinable by'measuring techniques from
25 .the actual factors pertaining upon the firing of the gun, . but this v
: 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 .
for a delayed_ and thereby steeper target a_pproach path 29. It is |
30. ' proposed herein to make a determ:lnation of the pur'ely ballistic' flight
path 23 from the muzzle veloc:l.t)" 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
projectile 21. The apogee detector may comprise a pressure s.ensor,SO '
35 which supplies a e:lgnal,.rega'rd:lln'g the derivétiv._e trend in ptessure
with respeet to time during the first time pet_'iod derived - from the



the latter would i ndeed be determ nabl e by neasuring techniques from 25
the actual.factors pertaining upon the fi ri ng of the gun, but this
information is needed on board the flred rQjectile 21 in order, .
described in connection with FIGURE 3, ermine the 'end poin
to derive-therefromthe point in tine for the ‘control procedures e
“del ayed and thereby steeper target approach path 29. It is 30 proposed'
herein to make a determnation of the purely ballistic flight path 23
from the ‘mi}ish¢ Raghodiefght \h; et/andheof pgroj ecxteilbpatidh seRs@ONPI Naiichn
with the p0| Bhppliek| Mad 2 o@f putt h@imsaggi{.g&rleof l;hrig_)g,gh otfhe ggeg%ggt%ﬁ by .
means of an ?Efgﬂﬁ et ector 49 ovi ded on board the pr oj ectif

apogee d tec ‘g‘rees%et‘}Pédséﬁ%?ﬂraEO dsgivagipphofuphe i beight

'signal r egar doungset he tnier baaauw& e eght |pat}przgssw<ﬁm@¢ttéa EEFRFEEnt Qol h{gge
during the f [ d ed fromthe ath heig ;
or/ and 01?5 a!r’ié‘z%%t& g&at ?%Jr’]&)gelng%ra‘ g’fa%‘u iCh §?ﬁ?plif'gi5°%t°5s§2 Ugfﬁhts“l’%]rﬁﬁal
directly ana signal dft2) ateetlks atimen meaburingt icdncult @f Sehei hthe IR ONEE ic
t enporal - de | fyat g e Pfenkh L b et dG ol sl

FLIGH | BRuiPf3! REIAIAEON] UL CRlnkNEo Bal! b8 1dGohld St Ogegfggé

Connect ed subsequent to these 5 sensors 5
i ndi cat or. 52THTUR %"[fﬁpﬁl%ﬁ'&* & gﬁaTeSG’FQ')i‘{eé)’tmrt thee pmalasturl ng circuit 43
when the ballistic flight path 23 (FI GURE 1) passes in the apogee 26

through its heig mum over the tine or respectively over the path z.
Hhe ti n&é?)ahi(“ﬁs"?? eElpeE’E"“ls\?éﬁliWY h W&t f Pefifdetentc ageuraeyt 4floprt 42)

| to t2 thus rtalm)esentz thus semsdnmcteesseyomaxeaeésalrySiha(.‘ra\teéﬂ%ti@rvalue

det f th Y, bal | t i
ouet hor w19 deRERLIGLLE AneC M Bl MBuR SV i Bty G #%erg%ﬁd. hg
t he actual pP%elzﬂantTth'e withbthe ﬂiteadx rassebtainey delocdfy ainfbumdtiien
reference tﬂb'c%rréypoﬂ@ﬁ%dl 34 a@@fxﬁl >i>r§§eﬂ'& Poéi{aQ-BL %mBLQJ‘gCt édﬁ‘ 21b3% Ee :

associ at ed va‘% ue rin evation can ascertaln

matrix. i fput®s n? o?%ﬁ hegn r@éﬂ‘%e Fabiet €8 depeedingy mAbFin K it hboard the
det er m nati oproj@frile 21 THeesdbirted of1uenber vrd Ifqeiné \elevdtZon &MU be

gg;g??g?ﬂg E)fscteE?aﬂ'l%(dl Sdrvghgr}naalt%ﬁ %.rnlptsng Iicnfg%aatiogl can ﬁe ev)aluated girectly -

for the path determination.

20 : These items of information (vl, t2) (which correspond to the
decisive characteristic data (wl, # ) for the describing of ‘the .
ballistic flight path 23) are, as explained in connect ion 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

' _ lend point zll. ~ From this impact instant tll, occurring only upon
absence of the target acquisition, then by means of the calculating
‘mechanisn 36, on board the pro;ectile 21, as explained in. connection
with FIGURE 2 and FIGURE 3 it is extrapolated what delay timespan t5

_30 to t7 after target acquisition (t5 over z5) 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



ballistic flight path 23) are, as explained in connection with FI GURE 3,
stored immediately in the store 38, in order to determ ne therefron( by’ may,
-of a- naV|gat|on conputer 54, the theoretical inpact 25 point-in-time or s
‘instant t f-the projectile 21 in thej&vanced path end point zl1.  From
this inpa nstant t11, occurring only upon absence of the target .
acqui sition, then by neans of the cal cul ati ng nechani sm 36, on board the = .
projectile 21, as explalned in connection with FIGURE 2 and.FIGURE 3, it is °
extrapol at ed yhat rglg, ﬁx &eﬁmﬁaé 50:130boatr@ tHe a{:{ﬂecéﬁr&% asgu'aal lapOgee {5 -

a an

over z5) up to
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or in any eveAncifiepee gealative y'l°b§ih‘a Mrligm“@andm#efﬁ% Fb%p%?@&ef)r’é’gé%“t or

known) 1 j@htsangleesfeantdtebls Hideftlrabh ¥ t¥e tpliejmrnzcmtﬁﬁ .spadd1Ragisy €,
t he apogee instant 10 t2, the instantaneous or|

%t r‘é heiropro¥ t| | e
21 in space cafcepbedcasf dprigontal, re et RosiRiU 8T ph § (§UBFE YOGy Of hERe o
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by a pi tcth%g{eé@qmagﬁs@n% cawamm& taeaom&szymboIh@amdzmmegsassara ng
control, cruci he accuracy of f|re al qng t he fl?ﬁgﬁth 25 i's, thus

effected in amitsheoesitigny sferece iy ttﬁécé@Se

control, crucial for the ‘accuracy of fire, along the flat path 25 is

a,se steering

thus effected in an exceedingly precisé 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.

'I’ne invention generally provides methods and means to produce a
more favourably effect ive target approach path 29 and for removing the
'25 need for error-prone firing-date inputs into the driveless projectile |
21 that is to be fired from & weapon barrel 22 and vhich changes in a
sel_f-co_n_trolled manner from a ball_istic _firing flight path w_ith
linking flat flight path 25 into an end-phase flight path from which a
located target object 28 is'hoihed in on. - For this, a change point in
-30 time t7 for a pitch angle change out of the flat end-phase flight path o
25 1is delayed relative to the target acquisition point in time 65, -
whilst the projectile 21 is _stil_l 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 ".p@int 1n time t7 in relation" to -
the approach to the located _target 'obje"ct 28, a_'theo're'tical impact

e change is to be rese in order then '



‘namely imrediately prior to leaving the ballistic firing path 23, the 20

pi tch reference value, crucial for the path angl e w25/11, has been obtai ned
fromthe actual fli ght factors of the projectile 21 itself. The.invention’
‘generally provi des nethods and means to produce a nore favour@ affective
target ~approach path 29 and for renoving The 25 need for error=prene .~
firing-date inputs into the driveless projectile 21 that is to be fired -
froma weapon barrel 22 and which changes in a self-controlled manner from-
a dbalh | i st :c Point r:'hngzméf |d1ghbf paieh fla}mi tfhighit npathg 26 alekind ghto picburRb theto.an -
end- phase 1,0 a ] S in on.
For this, Ib%%ﬁ%b%aggfw %V&g% Pﬂ f?r’e 2997 $sg(rj°°a ?éhSQnE%rdZth 8;'15”;%‘?1]1'|e the
flat end"ph&ée flifgrt paish 2bej sa@tﬂadyewlﬂmta@l éring tﬁegltﬁar geth a@duilsi ti on

poi nt i Tt gRcSRaNbl Iﬁsmtt}?enmxa rig! ?412%' mstfdxl tﬂpvwg moaﬁgowaﬂce
with the preset flat pat , SO that oni//.uon Pomt in

time is tRe b?o?'éﬁ?ﬂ’éet rfé'ﬁ“‘t 6“"1 ITeeanopebarred P éR‘FeﬂT&f“néh‘E atr1 t thepr oach
path 35 29. tallapdes afinect? b paBbags sﬁﬁlowézamﬁe geb 26 whii & aré mélagxfﬂeatl on
to the appr oacg‘ito t?‘g Ioca;:? tar g& he]g %}' a the.ore |cal nRaGhe
‘point in ti Q8 P34rbithenRrole g‘g paereLly, aWﬁﬁuT’Hgo &5’85? the®

bal listic fboi¥gupl iofhta mid‘ltﬂﬁ‘:,all s-eﬁeranmed'ocrn thearpd th heoptm;leasl mad2l;,
for ‘this _kegsmqgt ual ballistic firing. flight path 23 is ascertained
fromthe tinmespans t41l to t42, for the exit vel ocity vl of 5.the projectile
21 from #8e weapon barrel 22, and fromthe time tl O t41 up to time t2 of
passage through the apogee 26 whi ch are ‘neasured on board the projectile.

Additionally, by neasuring the apogee, the build-up of .a positional
reference for the path control is nmade possible. - 10 15 20 25 30 35
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CLAIM5S 1. A nethod of homing-in on a target of a projectile; such as an
cartillery projectile, which is self-steering inits fTTUIHRLp.hMH
.along a flat flight path, such as a range extending gljde path at a sma
~angle of intiination, fromwhich a target search and tﬁimr

effected Taracteri sed in that, -after achi%ltmn of ﬂ"’”ﬂmﬁm
that is N bé honed in on, |n|t|aIIy the flat flight path s stilt =
mai'nt ai ned, before, upon further shortening of the 10 di stance of .the
target object, a pitch-angle control .for transition fromthe flight path
into a steeperClidMfet approach path is effected, for which transition a
determ nation is made on board the projectile of the point in time of
reachi:ng the theoretical dL)Ol nt of inpact by the projectile, and from whlch
det er m nat i on lyporAt BEHhQ aqubPWt‘EDW P9 Bhisrgets of ap RAoieetdlon Syehr &
projectile, thaifiebsy ﬁx‘oﬁ@éﬁ@é\ f@hchr aasserft-sf%ﬁhgnﬂncasf @i Tgjlhlﬂee,.falslabmase

flight th, to th t fth I th b
pitoh- angl o SiARe-suiet | fieh{ etBa, Sisn Hpeodenee sxianaiy el e et 8
ef fective steanmill tmg;et ofppincknit iom, t feohawhéth obj taiget 28edrch ahdmihh@et as
- clainmed-in d ?18;;91;%{1?%%!3@(:%& S%a!rgctte%‘ée?tﬂ) q}i’xtaghnaﬂ@“ hé 1%1%?3: Eté . the

i nformati on ter i nat racteris

*launchi ng vel derget ahjechethaturishitagbel bomedonnt on, tindtiadly i thej é'lﬂ'ifg}liﬁht

“path of the p@ﬁcw Enli‘f %a@lﬁfaﬁﬁahneﬂeﬂﬁ'e25®6ﬁr ctumee:prai&%hiﬁgdwl

and after | aufching of tepmc:‘)‘lectl A et hod ascalrredlnCIalmZ

¢har act eri st@ qlﬁtaﬂﬁ’&t of hEhe | Eeﬁsf’giﬁ"tof ay RitehsaRgle (gondrple for tpansition

projectile isfeaswiedlight gelielintoes stespePaarget tdpprogunipach iflscef feeted,. U
at

provide b2l Ikl eovde el 4 TEILSRABLEN S5 mhdy T BBRN P Srhieles
obt-ai n bal | i swkifc the i pFint pin htimef Mnaed@nngothﬂodé;eorehmprmlettﬂ gmpgoty by
af ter l-aunchi pg.tBereafna m!eh' Mhil AACThIhalibANPGARYPESD adquisition
- 15 there is cal¢u1ated on board the projectile, the delay time__spén_ f_or
| transient maintenancé for the flat flight path, up to the time instant
‘of the leavmg the flat fllght ‘path by pltch-angle change-over into
~ the - target approach - path, ~ for the more effective steeper target
approach . to the target ob]ect. -
20 | | o | o
2. A method as claimed in Claim 1, characterised in that, to obtain
ballistiec path information for said determinatio'n,-. ‘values,
characteristic of the launching velocity and the launching elevation
. fbr .the ba'llistic flight path of the projectile, are determined_-on'_ \/
25 board the pt-djéctile during and after launching of the projectile.

‘3. A method as claimed in Claim 2, characterised in that the time

instant of the 'apc_c'geé ‘passage of the projectile is measured or

~determined 'o.n_ board the pf_ojectile to provide ballistie path
30 infbrmation previous to transition to the flat path.

4. A method as claimed m Claim 2 or 3, characterised in that to
obtam ballistic flight path mformatlon, on board the pro;ectlle upon
~ or after launchmg thereof an eva]uatlon of accelerauon measurmg
35 | |



‘16’ signals is undertaken. 5. A method as clainmed in any one of Clains 2
to 4, characterised in that to provide ballistic path' information, the
.l‘aunching velocity of 5 the projectile is determ ned by nmeasuring a

i nespan between the instants at which &0 points, at a specif di st ance
from one anot her along the projectile, errerge\fm‘tm—ref@a\ weapon”
as the projectile leaves the barrel. 10 6. | n any one
of Clains 2 to 5, characterised in 'that to mi!m'! ﬂ@fpath

~information tsigndlauix indgrtdkewnat i on of the proj ect il exl rmned by E

nmeasuring the timespan which el apses between an instant of the propulsion”

of the projectile in the weapon barrel and the tine instant when the _
bal | i st4#T | adachiAdnathpdias gtaimedsinopny anepphj@eims & pash cchametrrjisedtin

hei ght Wéxi Myt 7to provilRY ivagistir psﬁwsmsraaabheqtueormmgg QélRity of

projectilé which se|f-controls. its ht en ase in '

pr ogr ame- CoftDE o PFRIFSHESn S é’ﬁ&em’lﬁ‘? Vs WPEH& W'(’H‘eép?’éra%‘tweseéhr@ﬁ

mechani sm vm:hkltamgwtatwmm Awcapdintpnat al sperifianidsstmnas dfneini foneoahsiter

surfaces for aghran e. extendln fllght pat h_and th n for the SICE i ng
t

the projecti [a %Jgﬁélr]et af trgﬁp Fo83ch p rﬁ'el rgct"é%pggd ®n {'fRat

i'n the devi corajemlwlega_eams tienhareel.i s connect ed subsequent to a store, for
storing i nformati-on which is-input prior to the conmencenent of the flat

25 flight path, the navigation- 'conputer, hayi ngr ._flight-path :
ext r apol atPolfs corfpiehodeasnalaimgd inpanniaae af LJaims 2 (S, s@@r"&ﬂ‘%éﬁ%ﬂﬂsm

i s connect edthgt Qaabir@vmel BaT9SMILL Gdth! Qnﬂﬁtxﬁt%metm tadRchifg! alevatidhef

pitch angle an anI ative oatar cqui sition jn
Bl st el e e e RBIE ta 5B Fimineg, bR Mensirdee dfiecHiriana0. whih Slrnes
inputs to a bbhgéﬂn cayxchnsttamreof:aher propmil s iomi bff'd*fe u:hrejemﬁteerinctim v dpiong

the proj ect | beraheghy g, S WihACTIsdsal Bhbh ik SR S5l b Qﬁgﬁﬁr‘?’ﬁ

_appr oach g evice as C ar ac
t he devic 539f|félepPWie@éﬂemmﬁﬁeSathﬂMhrré@sbﬁiB‘m marzvmm-for ‘measuring a

tinmespan _ .
- 7. A device, for c'au'sing a direction-change of a projectile which
self-controls its fhght end phase in a programme-controlled manner
and whlch is. equxpped with a target search mechanism, with regulating
.20 _and “control mechar_usms and with control surfaces" for a flat range
' extending f_iight path and then for the steering the projectile into a
steeper target approach path,' characterised in that in the device a
‘navigation éomputer is connected subsequent to a store, for storing
_ information which is input prior to the - commencement of the flat
\/ - 25 flight -p_ath, the navi'gation ‘computer - ha_vin'g a flight-path
© extrapolation comput'er méchanism,_ to which also a térg'et' 's'earch
. mechanism is connected to enable said compute'r'té determine a time
-delay of the pitch angle change in_stah_t" relative’ to a target
_acquisition instant, whilst méintaining the flat flight path, and
- 30 which- computer provides inputs to a fllght-cycle time control circuzt :
' for thereafter controlling the prOJectlle steermg surfaees for pltch_

angle change mto the target approach path. '

_ _8. A device as claimed in Cla1m 7 charactemsed in that the device
35 is provided with" a time measurmg c1rcu1t for measurmg a timespan .
~ " which elapses between the-emergence_of two sen_sor_s. mutally offset by



whi ch el apse
defined dis
| aunchi ng we

s between the emergence of two sensars, nutally offset by
tance along the projectile, from the nmuzzle of a ,

a

i ng weapon barrel, which circuit is connectﬁmll ci rcuit,
for determ ning the apogee tinespan, to pray i de i ﬂmnﬂﬂﬂudHMent upon-

t hese tine

characteri s
as clained i
recei ve -an i

s which information provi des a ballistit 5 | &unéhihg path -

c data values and is transmitted into the store. 9. A device

n"Caim8, characterised in that the device is arranged to
nput from an accel eration sensor of the 10 projectile. 10.

A

device as cl & n@efipgdCdistaeeor alpngchthercPeeiestile, n frpmt thepi muzelpowift ion
reference t rélﬂﬁﬂéﬁl‘h%" weapBhOBAFRA, Whidhh iPAt 2RO URRNRBFSR IR td ms%rﬁ)gan |

- item of hori

zont al ference jnformation into.a 15 pitch requl ating

mechani sm of eP?l"é“éle 19Fe detqr m"!&ngr the ARogee; HiispePattongrevi Gn!‘?‘iﬂrmﬁ%@em
whi ch is conglependest apoarﬂﬁawgedzmetsgaasfmrmt heformiabivh pravidRe arvedligt e

of C ains 15
~Cam?7, 8,

Baforifl bin ReBiPlaiblic bl BRGNS FIURRLER RIS IR 10

a flat flightstpeeh for target search projectile conprising neans to detect

or.- 25 ascert
_nonment of di
at which the

detect a tfé
a tinme peri
flight . or
del ay peri-ody
utilise sald
or glide pat
projectile

angle to tfg

20

ain neasurements of the velocity of the projectile at the:

schagge of the projectile froma weapon-barrel and the nonent .

9i s

ﬁe rIe ns to derive fromsaid nmeasurenments and 30 informati
1)“’[ Oretical termination of the. flat range extending fl

|devigacaesclalmpibdn Gladms 8; #haranterisad inathadnthedaviery to-
the ballisti cisoarﬁw;gedymarrrseabar a6t RIpRT iFB6m Ofin t AR eldé R 1861 | 4 &tisoFEBNStHeO

on

at

glide- path -at a given angle to the horizontal, andatlne

r O3 t 38, {6 P @) Ain el iﬂekﬁgﬂ op of éh%hL@&&EE-iseéiaQﬂ Sagthfv_

ela erlodtomanaln jecti’le u

Dlmh'Pps‘siéP@ aeﬂwnsertmssst@rapgeermﬂeﬁe whighs upgn emee
ho |

pitc] regulaatmg mechanism of the device.

11. A projectile. incorporating a control system whieh _is,constructed"

or arranged to perform the method claimed in any one of Claims 1 to 6.

12. . A pro;ectlle mcorporatmg a device as clalmed in Clalm 1, 8 9

or 10,

13. A"b_al_l_is.tic'_ 'starting and after apogee steering in a flat flight '

. path for t'arge'_t search projectile comprising means to detect. or

25

ascertain measuremente of the velde_ity of the prejeeti_le at the moment

of discharge of the projectile from a weapen barrel and the moment at

which the missile reaches apogee, means to store mformatlon re]atmg'

to the ballistic .or aerodynamlc characteristics of the pro;ecule,

30

35

means to detect a target; means to derive from said measurements. and
1nformat10n a time period to theoretxcal termination of the flat range
extending flat flight or. ghde path at a glven angle to the

horizontal, and a time delay per:od from the time point of detection _'
of the target; and means to- utlhse said delay perlod to maintain the

pro;ecnle upon saxd flat fhght or ghde path unul said delay period _

elapses before causmg the. pro;eetlle to be tilted to a target
approach path-inclined at a greater angle to the horlzontal.

ttbhﬁaférst 8n aemraehoaesﬁpﬂcbemféacenfdfb@eﬁtﬁin 3nfd gAter -

o)
< .



14. A projectile as—etained.in Caim1l3 wherein said nmeans to detect a
target is-negated ten'ﬁorarily at the end of said delay period. 15. A

projectile as clai 3 or wherein said angle thé
l”mmglﬂﬂ mlce tﬁ angl e of the range ex di ng

target approach pat
flat flight or. gllde path 16. SA projectile which is adapted to performthe

met hod of control substantially as hereinbefore described with reference to

FIGQURE 2 or 10 FIGURES 1 and -2; or whi ch incl udes conttol neans
subt anti al | y 14s- hdmpeojewdiler es ddsiméddd Glaim 18fwheareds $aidFELIRE t3 détect

FIL.GURES 3 ang 4’afgett@n@ﬁ&@@@gﬁﬂbgﬂaﬂiﬁ‘ﬂtnﬂ% ellﬁ 8P s%5d ?&LI&? period.

/\
o _ o '

15, A projectile as claimed in Claim 12, 13 or 14 wherein said angle
5 of the target .appr'oach path _is‘ at least twice the angle of the range

extending flat flight or glide path.

16. A projectile which _is' adapted to perform the _methbd of control
o substaniially as hereinbefore described with reference to FIGURE 2 or
.10 FIGURES 1 and 2; or which includes control means subtahtially as'_._
| 'herembefore described with reference to FIGURE 3 or FIGURES 3 and 4

\/ | .of the acoompanymg drawings.
‘15 ) -
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