8 JUN 2005 -1 Method and device for correcting shooting errors The
invention relates to a nethod according to the preanble of daiml and to a
device according to the preanble of daim9. The firing of shots +4RrJONJB05

| and- based guns produces high recoil forces which anong others cause the

| ower gun carriage of the gun to nove relative to its base area. Prior to
firing a shot, the barrel of the weaponiis ained at a target or adopts a
nom nal directional position respectively. The novenent the shot causes the
| ower carriage to describe entails that the barrel of the weapon is noved
away fromits nomnal directional position. This is one reason for shooting
errors to occur. The novenent the | ower carriage describes nmay either be a
di spl acenent on the base area and/or a local sinking into the floor and, as
a result thereof, across the base area. For the present, only the novenent
of the lower carriage on its base area will be considered. A displacenent on
t he base area occurs whenever the recoil forces exerted on the | ower
carriage are greater than the maxinmumfrictional forces that can be
generated and that are opposing such a displacenent. The frictional forces
in turn depend on the weight of the gun and on the coefficient of friction
bet ween the area supporting the gun and the base area. Cbviously, the risk
of such novenents and, as a result thereof, the risk of shooting errors as 2
-BJUN2005 well is greater with relatively |ight-weighted guns, relatively
heavy projectiles, relatively high nuzzle velocities and small coefficients
of friction between the |ower carriage and the base area. GCenerally, the
base area is not a geonetrically accurate plane, neither is it necessarily
an essentially horizontal area, it rather is in nobst cases an uneven ground
as of neadows, woods or rocks. As a result, the coefficient of friction

bet ween base area and floor space of the gun or of the |ower carriage
respectively varies according to the location and furthernore depends on

t he respective nature of the base area. As a result thereof, the |ower
carriage not only noves backward in linear direction under the action of

the recoil forces, or is ]
Methed and device for correcting shooting errors

The invention relates to a method according to the preamble of Claim 1 and to a device

according to the preamble of Claim 9.

The firing of shots through land-based guns produces high recoil forces which among others
cause the lower gun carriage of the gun to move relative to its base area. Prior to firing a
shot, the barrel of the weapon is aimed at a target or adopts a nominal directional position
respectively. The movement the shot causes the lower carriage to describe entails that the
barrel of the weapon is moved away from its nominal directional position. This is one reason

for shooting errors to occur.

The movement the lower carriage describes may either be a displacement on the base area
and/or a local sinking into the floor and, as a result thereof, across the base area. For the

present, only the movement of the lower carriage on its base area will be considered.

A displacement on the base area occurs whenever the recoil forces exerted on the lower
carriage are greater than the maximum frictional forces that can be generated and that are
opposing such a displacement. The frictional forces in turn depend on the weight of the gun
and on the coefficient of friction between the area supporting the gun and the base area.

Obviously, the risk of such movements and, as a result thereof, the risk of shooting errors as



respectively displaced in the opposite direction fromthe projection of the
barrel of the weapon on the base area, it also rotates on the base_ rRR 2005
about the vertical axis. This novemen2-accounts for the fact that tRe
barrel of the weapon is turned off its nom nal directional p03|t|on by an
error angle. Even if said error angile is small, the shooting error
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measuring signals obtained fromthe nmeasurenent
In artillery, when bombarding static or almost static surface targets, observers are
customarily called in to observe the targets and to locate and estimate shooting errors. In
virtue of the instructions of the observer, the gunners then make corrections by aiming the
barrel of the weapon anew. This procedure of correction is time-consuming and hazardous
for the observer and is unsuitable in such cases in which fast moving surface or air targets

are to be fought against.

Accordingly, it is an object of the present invention
- to suggest a method of the type mentioned herein above that may also be
successfully carried out in fighting fast moving surface and air targets, and
- to devise a field suitable device for carrying said method into effect in particularly
such a manner that it operates irrespective of external influences and does not

necessitate any substantial adjusting or calibrating procedure.

According to the invention, the solution to this object is characterized
- for the method mentioned by the features of the characterizing part of claim 1 and

- for the device mentioned by the features of the characterizing part of claim 9.



process are utilized to control the servo drive device, or the servo drive
unit respectively, which is provided for to aimthe barrel of the M@@gﬁgm5
that is, to adjust the azinmuth. The novel nethod may be carried out rapidly,
is also suited for firing at fast noving surface targets as well as at air
targets _and is largely independent of external influences thanks to a
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measuring facility generates measuring signals that are fed through a line system of a control
unit, the output of which is connected to the servo drive device or to the servo drive units

respectively.

It is advisable to make use of a measuring facility with a gyroscopic measuring element; a
correction device is thus obtained which operates irrespective of external influences and

does not require any substantial regulating operations.

The measuring facility of preference for the device according to the invention, which is very
suited to said device, contains a gyroscopic measuring element designed as a fiber optical
gyro, the design and way of operation of which will be described herein after. Fiber optical
gyros are characterized by their robustness, they are almost maintenance-free as they do not
soil; as contrasted with mechanical gyroscopes, they hardly wear as they have no moving

component parts and, unlike laser gyros, they are relatively inexpensive.

Generally, fiber optical gyros have a certain gyro drift; this means that the angle they show
also changes when the angle that is to be measured, termed error angle in our case, is zero.

Therefore, the measurement process does not start with the measurement of the error angle



obt ai ned nmeasuring results. In a first variant of the nmeasurenment process of
the nmethod according to the invention, a first gyroscopic angle is qgg@wm@g
directly before shooting and a second-dyroscopic angle, directly aft
shot has been fired. The difference between the first and the second

roscopi.c . s the drift |l e extra Iatedfro rjft
anual s e @il previih oy dairERNe e aRB Eh bt hage et BLenarip sbety

rel ati ver th@ﬂbérsopblaélegy% @ﬂhz'eﬂ TRO @§ﬁﬂ&tﬁﬂx§&n@isu¢’e5 smrralamis atm@rmeaﬁmrm@g
signal corres his error anﬂle is utilized to carrect

di r ect | o TiIRe tB%rdrf@tl V%Pc'kyh@n%'éﬁp&ﬁ' OGS BT R GHRIeh oM the éh%fs%nd
vari antomémé@me@g@ﬁg,@gmg process of the nmethod according to the invention,
the gyroscopic angle is nmeasured continuously while firing the shot. The
gyroscopic angle mnus the drift angle yields the error angle by which the

| ower CRry ir80faraABoMAE heHsaRIAGR Grodess 6Ft'h¥$nétﬁod béco%ﬁgt@fr@ﬂn@e%t@n regut t of
conti nuous shooting. The neasurin corresponding to this error angle

is util9Y¥esropls aosle detmeararen diee yohefgfe sheotinar ped 2ofeedns awapeapic pagle,
conti ”U&fé%ﬂ? hat it shol Hﬁﬁ HelRR i%gf ?Qﬂ’fe‘?eﬁ&aggﬁ%teﬁtﬁ@dﬁrw aRl tRé rk%%%ﬁ&e

drift velocity does not change su angl e needs not
per rrane@m%poa@t angi¢.naihusi the| grifisangle oaxéapola‘@d diearerthe rgyro drifit ewﬂlﬁrﬂ\}ealegor of

time, @“%.dhﬂ trg(? l!\mé'rr cah‘la@ﬁeﬁ o betehedgglla)fe&%ra‘ﬁ%'tgnﬁs wh| f:‘e{]e‘i"’n have

been tho e by neans ooting errors are avoi ded which occur
as a resamsequsinceleéaffiggt shdlomheimeasaringsignal carresragdingrioithis elyasenglaisediliagbut

the verbicptboat Siredlo8 vRIaM B V@SN AR RipAprpnst [ tute a share of

t he otin ccur on accoun ange of position of
the | ower carriage which is occasioned by the recoil forces. In addition to

Its r Otlﬂtd ?@co%g%tnaﬁpgf thé rnRé cf%lrebrﬁéﬂtsp{r%éegs Jf qp{‘?%&tﬁogcf 5&:%9(%5 %g Haehﬁlgerl;t%%at c

about t ransverse axis an ongi axli s erein " above
descri hiad gyocbsabprorar@mohtméh@ra@nbmmbuaxlvﬁulevﬂnmg hhecshotes‘f;blergisosamp& argfeat i on
relative. to causes no

excl usi VA ¢ RE Héﬁ 2DBIRLIOT e IR B&H’vgﬁh tﬂeé%‘%ﬂtcatrﬁaeget ghEcel S%"L%x?ds

whi ch crteratlesptonds ba}seaanmjchsng nesui e tcontraussie sshatiog e Takl meabumngwcsugnal
necessar | |

oo S ThinekpSATNR Yl oo abiR S TRY O fortet B ERuon Bt ik kel e wklSan.s

bot h t her earitinubins stuabting.he el evation to change.

Since the drift angle changes steadily or since the drift velocity does not change suddenly,
the drift angle needs not be permanently determined, it is sufficient to determine it at intervals

of time, e.g., once in an hour.

Hitherto, the only corrections considered have been those by means of which such shooting
errors are avoided which occur as a result of the rotation of the lower carriage on its base
area about the vertical axis. These shooting errors however only constitute a share of all the
shooting errors that occur on account of the change of position of the lower carriage which is
occasioned by the recoil forces. In addition to its rotation about the vertical axis, the lower
carriage can also rotate about the transverse axis and about the longitudinal axis. The herein
above described rotation about the vertical axis, which corresponds to a rotation relative to
the base area, causes above all — but not necessarily exclusively —the azimuth to change.
Rotation about the transverse axis, which corresponds to a nodding movement, causes
above all — but not necessarily exclusively — the elevation to change. Rotation about the
longitudinal axis, which corresponds to a lateral tilting motion, causes both the azimuth and

the elevation to change.



5 - 8 JUN 2005 1In the sinplest enbodi nent of the invention there is
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The invention will become apparent from the following detailed description of exemplary

embodiments with reference to the drawing.

Fig. 1 shows a gun with a gyro measuring element in a graphical
representation;
Fig. 2 shows a gyro measuring element designed as a fiber optical

gyro in schematic representation;

Fig. 3 shows a diagram intended to explain the interrelationship
between drift angle, gyroscopic angle and error angle in

function of the time; and

Fig.4A and Fig. 4B show two flow charts intended to explain the data flow in the

method according to the invention.

Fig. 1 shows a gun 10 that essentially consists of a weapon with a barrel of a weapon 12, a
cradle 14, an upper carriage 16 and a lower carriage 18; cradle 14, upper carriage 16 and
lower carriage 18 together form a weapon mounting. The lower carriage 18 is stationary or is

considered to be stationary; deviations of the lower carriage from its nominal position in



| ower carriage 18 together forma weapon nounting. The |ower carriage 18 is
stationary or is considered to be stationary; deviations of the | owgrjN 2005
carriage fromits nom nal position in -6 -0JUN2005 consequence of shots are
taken into account by the novel nethod. To adjust the azimuth a, the upper
carriage 16 can be pivoted about the vertjcal | ative to the | ower

i s
carri ageenseguenrs o gnaisiare ke IBPAGCERNAY ﬁé’o(\faam?t@mh ¢ RAAT BR F2HRY M apon

is f ast@@&fbpeaaarhgg@w%ﬂd)e @b&e@ abb@t ﬁwé&x@ﬁb&@féﬁs ZXeftiVe te ki lower taribbe
upper carriage 16. i tudi nal axis is oriented nornal tothe(glane

YZ defi ﬁ%dTooéthPﬁéh?/éiet"?E%ﬂ aRf Srapiefd in wEi CWE‘?IW@P% ISigsengd Cap\pePiYGie

fully sywaiRithé Gahs@ise akiRey pbriie X tlﬁ@fubﬁé’rdcé}ﬁaéé‘lQGthbl l6Aditudiia$ akisaXds t he
I ongi tudinal axis X only coincides with the |ongitudinal center plane or

wi t h t heigitecheorgpal t@;}'ﬁ?r@i%“? Y defieedylin oo VRIER Pt Zoaitd e BrnRea@dhdn 12

adopt s E{éh GERL Al RAThétHes gﬁFQﬁé%lQrﬁb t>0 Ebﬂaedlbyﬁhaﬂﬁe?hﬁdlr&é@ bn@hof a
non illustrated neasuring facil ébl ncl udi ng a gyro neasuri nt% el enment in

t he forlﬁn@iudzmaﬁ ispsisr Xoply @amc@yﬁo@ e losgituctnrhnsatar edlans of dthctbgt plane gbr t i on
18.1 nﬁrﬂ@t& (r?])wgh% f?%l;r h §96helSthe T RS EEES el REafOrEMBNhddpts Y8 SESHIRH Ip%@iﬁon

acconmodat ed 1 manner that It detects angle changes or error angles
Ai ; respreordinglofFigetording to the rotation of the |ower carriage 18
relative to the base area 1. In addition to the gyro neasuring el enent 20
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measuring elements of another design which are also intended to determine the error angle
AC. The additional measuring elements can be utilized to obtain a safe value for the error

angle A by defining the mean, or they can be used as redundant gyro measuring elements.

The gyro measuring element 20 and possibly the additional measuring elements may be
fastened at arbitrary locations on the lower carriage 18. It should be seen to it though that the
measuring elements be accommodated in such a way that they are protected against

damages.

The gyro measuring element 20 is provided with a fiber optical gyroscope 21 which is shown
in schematic form in Fig. 2. The fiber optical gyroscope 21 essentially consists of a light
source in the form of a laser 22, of a beam splitter 24, a fiber coil 26 and a detector 28. At the
beam splitter 24, a beam S1 emitted by the laser 22 is divided into two partial beams S2, S3
which subsequently traverse the fiber coil 26 in opposite direction. By rotating the fiber
optical gyroscope 21 about an axis Z oriented normal to the plane of the fiber coil 26, the
Sagnac effect comes into effect, that is, the partial beam S2 running in direction R1 of the
rotation of the fiber coil 26 needs more time to traverse the fiber coil 26 than the partial
beam 83 revolving in the opposite direction. Once they have traversed the fiber coil 26, the

partial beams S2, S3 interfere, the interference pattern generated depending on the rotating
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angle @(t2) at the end of the shot, the increase of the gyroscopic angle A = ¢(t2) - ¢(t1)

being determined therefrom. The increase of the drift angle during the shot is determined
therefrom; as a matter of fact, it amounts to Ae = g(t2) - ¢(t1). The error angle AZ, which is
also termed slip angle, equals the increase of the gyroscopic angle A¢ minus the increase of
the drift angle Ag, i.e., A= Ap - Ate. Some single steps that have just been described to

determine the error or slip angle may be interchanged.

In order to obtain the correct value for the error angle AZ, the gyroscopic angle is possibly to
be equalized with the coder angle of the gun 10 as an additional step prior to carrying out the

measuring process.

Fig. 4A and Fig. 4B show simplified schemata 100 and 200 to explain the data flow when
carrying out the method according to the invention, wherein the direction of the nominal data
is indicated by the arrow A1 in Fig. 4A and the direction of the actual data by the arrow A2 in
Fig. 4B. The tilting angle is indicated at 101, the gyroscopic angle at 102, the data of the fire

control for the azimuth at aGH and for the elevation at )\GH, the transformation into the deck



therefrom as a matter of fact, it amounts to AE = E(t2) - E(tl). The error
angle Ai;, which is also terned slip angle, equals the increase of -tShﬁJN 2005
gyroscopic angle Acp nminus the increas&-of the drift angle AE, i.e., A-=
Acp - AE. Sone single steps that have just been described to determ ne the
error or slip angle may be interchanged. In order to obtain the correct

val ue f systarh&GH ab203iriye eoréctiontdh¢heyguros papinetarn gt @04 sng diss Hatayofttiee séymo
equalized with the coderG%ngI e of the ?un 1OGI§S an additional step prior to
car ryi ngnisder the@zimeh el ping?st iscbeLlevelign aWn’and Fig. 4B show sinplified
schemata 100 and 200 to explain the data fl ow when carrying out the nethod
according to the invention, wherein the direction of the nomnal data 1is

i ndi cat A8 asgadh@entionsd. A thersimplgst erpbedimentf tae device grcordingre thg inyartiatat a by
the arr oW trbPrachitydis dﬁ&ridé@@/itﬁ ihut bAE cBMEdI finity! MEaLbeHNRA O brintie a is
gyroscopi c angle at 102, the data of the fire “control for the azinuth at
aGH andcdrgactechdn liepwcken ifdhe Acp|staride onramistinegdtansm itiip taleratasl hatiegrror

‘SJUNzoeﬁheﬁ)é%%ﬁﬂé%t@érrg&é;d. the correction of the gun's paraneters at 204

and the data o e servo units for the azinuth at a@ and for the el evation
at AGD. As already nentioned, in the sinplest enbodi nent of the device

accordi he 1 nyent | t fagidi i OV A 1R one
cont ol PrE" B e ket elon. I EoRRY dedlce B e byl B A Sfuiral el T2,
i f the gnihbsi@adsobwmhian thenelevatied iptarested.t is tolerated that the error of
the elevation is not corrected. In order to inprove correction, the control
device can be provided with an additional control unit by neans of which
t he el eV camtral $adility isqobeded Witk acammbpuddr Wiaich kithey dossipison iadmroh atinbguter aronput er
whi ch e] grher gopsi stst in a gun conputer or in a fire control conputer.
Hi t hert 3, e ronccf'ﬁﬂ%u Correction of the direction of the barrel of the
weapon, which is nmade to conpensate the rotation of the | ower carriage

| .axis Z order t

consi dePdet BBy EReSediead o Tong! lietacel BhrEhRenoub L BRof e
weapon démpersiteothkrotatien bbthetibwer edrdae st Wes vértiedl axisl B, haslhdenadesoriiete
oL L0 BB L0R ol BB i i i R SPuESERR I MR
for detweapon mp, hdteordy tiy raatpneaduP thdrivetical axis Z but also the rotation about the
transverse axis Y or the nodding motion respectively, the measuring device must be
provided with an additional measuring element for determining the error angle Ay which
corresponds to the rotation about the Y-axis. This measuring element too is preferably
devised as a gyro measuring element, more particularly as a fiber optical gyroscope, and the
determination of Ay is conducted in the same way as the determination of Al. Several
measuring elements may also be provided for to determine the error angle AZ. Hereby, the
control facility always includes a control element for correcting the azimuth and a control

element for correcting the elevation.

In order finally to take into consideration, for the correction of the direction of the barrel of the
weapon 12, not only the rotation about the vertical axis Z and the rotation about the
transverse axis Y but also the rotation about the longitudinal axis X or the tilting motion
respectively, the measuring device must be provided with an additional measuring element
for determining the error angle A which corresponds to the rotation about the longitudinal
axis. This measuring element too is preferably devised as a gyro measuring element, more
particularly as a fiber optical gyroscope, and the determination of A is conducted in the
same way as the determination of Al and Ay. Here as well, several measuring elements

may be provided for to determine the error angle Af. Again, the control facility always



corresponds to the rotation about the Y-axis. This nmeasuring elenent too is
preferably devised as a gyro neasuring elenent, nore particularly a%\mNZUS
fiber optical gyroscope, and the deter9d nation of Aye is conducted i°n thg
same way as the determ nation of Ai;. Several nmeasuring elenents nmay al so
be provided for to determ ne the error angle A~. Hereby, the control

faci | i t PcHif@aysontiel qlerasntdocenitacing tecrrdntthfasd Q:@Prﬁ@é??émf“ﬁ e creinthand a
control gehipent for correcting the elevation. In order finally to take into
consideration, for the correction of the direction of the barrel of the
weapon 12, not only the rotation about the vertical axis Z and the rotation
about the transverse axis Y but also the rotation about the | ongitudinal
axis X or the tilting notion respectively, the nmeasuring device nust be
provided with an additional neasuring elenent for determning the error
angl e A~ which corresponds to the rotation about the |ongitudinal axis.
This neasuring elenment too is preferably devised as a gyro neasuring

el enent, nore particularly as a fiber optical gyroscope, and the

determ nation of A~ is conducted in the sane way as the determ nation of

Ai; and Aye. Here as well, several neasuring elenents may be provided for
to determne the error angle A ;. Again, the control facility always g _ - O
JUN 2005 includes a control elenent for correcting the azimuth and a
control elenment for correcting the elevation. _ 10 _ - 6 JUN 2005 d ains

1. Method of correcting shooting errors that are occasioned by a novenent of
a barrel (12) of a gun (10) leaving its nom nal position in consequence of

a novenent of a lower carriage (18) on firing a shot, wherein - with the
hel p of an angle nmeter elenment, an error angle (a() is determ ned al ong
which the | ower carriage rotates about the vertical axis (Z), - an error

signal is obtained fromthe error angle and - the error signal is utilized
to change the azinuth (a) of the barrel (12) in order to conpensate an
error of the azinmuth (a) and of the elevation (A) occasioned by a



rotation of the |ower carriage (18) about the vertical axis (Z). 2. Method
according to claiml1l, wherein - with the help of an additional angl p@i 5
el enent, an error angle (Aye) is detefOined al ong which the | ower g@
(18) rotates about the vertical axis (Y), - an additional error signal IS
obtained fromthe error angle and - the additional error signal is utilized
to change the azinmuth (a) and the elevation (A) of the barrel of the weapon
(12) in order to conpensate the errer pimtdre azinuth and of the el evation
occasioned by the rotation of the |ower carriage (18) about the transverse
axis (Y). 3. Method according to one of the clainms 1 through 2, wherein -
with the help of an additional angle neter elenent, an error angle (Ac) is
determ ned al ong which the | ower carriage(18) rotates about the verti cal
axis (X), 1.-Mathodddicorrentirly sheating ergrssthgharie dosagibied he@ mevrmentieof a barrel

e o0 T TR i S Ry

(a) and the arre

conpensat e theeecaroage{18) be fidag mshbt,and of the el evati on occasi oned by the
rotation of %g |r?V\BI‘ carriage (18) about the |longitudinal axis (X). 4.
Met hod according to one of the clains 1 through 3, wherein 11 _ - 8 JUN
2005 a gyro- theri@lpebfeareamglemajen élement, B0 etdmrengier(é(l lseieeerrmmecmigm@ (4,

, 40Q 5. Met hod %fl%ga?w c?na 8{%9%3[30%%36{’3?‘,%' %‘)I(]gt(%yro nmeasuring el enment

used is a fiber"d ry of a drift angle
(e) of the fibean emtrlsmlal lgpbtwmmgeommajmmade prior to firing the shot.
6. Met hod accorﬁl n‘{

the e or S|gnal Is utilized to change the azimuth (a) of the barrel (12) in order to
compensate an error of the azimuth (a) and of the elevation (A) occasioned by a

rotation of the lower carriage (18) about the vertical axis (Z).

2. Method according to claim 1,
wherein
with the help of an additional angle meter element, an error angle (Ay) is
determined along which the lower carriage (18) rotates about the vertical axis (Y),
an additional error signal is obtained from the error angle and
the additional error signal is utilized to change the azimuth (a) and the elevation
(A) of the barrel of the weapon (12) in order to compensate the error of the
azimuth and of the elevation occasioned by the rotation of the lower carriage (18)

about the transverse axis (Y).

3. Method according to one of the claims 1 through 2,
wherein

with the help of an additional angle meter element, an error angle (Ag) is
determined along which the lower carriage(18) rotates about the vertical axis (X),
an additional measuring signal is obtained from the measurement, and

the measuring signal is utilized to change the azimuth (a) and the elevation (A) of
the barrel of the weapon (12) in order to compensate the error of the azimuth and
of the elevation occasioned by the rotation of the lower carriage (18) about the

longitudinal axis (X).

4. Method according to one of the claims 1 through 3,

wherein



wherein - a first gyroscopic angle (cp(tl)) of the fiber optical gyroscope
is determned at the start of the shot, - a second gyroscopi c angl €8 JUN 2005
((p(t2)) is determned at the end of the-shot, - a difference of the
gyroscopi c angles (e3.) between the first gyroscopic angle ((p(tl)) and the
second gyroscopic angle ((p(t2)) is determned, a difference of the drift
angl es ( 4( D) 2 @hio reeasvsing [éimeny isyeiliaed 1o desermine tetesiarieAet, (ACANGAD)- t he error
angle (Ac, 44i, A is determned by subtracting the difference of the drift
angles (Ac) fromthe difference of the gyroscopic angles (4(p), and - the
error si grhal Me#ogdragesrding taidaé® 4 rom the error angle (Ac, 44i, A) and which
is used to ghangs the azimuth (a) and possibly the elevation (A) is
utilized for the subsequent shot. 7. Method according to claimb5, wherein
- the time histtoe gyrormeasarigg etesend Heedis @ five( ppticabgyropeore ansk opt i cal
gyroscope is e } i Ll b ar i g Ayi ,
A s dor er i nalk Bt IEEALEL i BAGIE DR B8 Fber pobclf oitdsbeditlibieline

angl e ((p), andriortdigingrth®shati gnal which is obtained fromthe error angle
(4c, ALP, A) is utilized to change the azimuth (a) and possibly the

el evation (A) while firing the shot. 8 Method according to one of the
clains 1 tethr Metflod/gccondmerteiagimd,i or to determining the error angle (Ac, Ayy,
A Q the measgri ng device is equalized wth coder angles of the gun (10).
-12- - 8 JUNY2BHE™ 9. Device for correcting shooting errors that are

occasi oned by a filet gyosapicardge (@lt1){ d2hedbernoptioal (ropcdpmaigideterniireednatthenal
position in consi%gurﬁtﬁce Otf a notion of a lower carriage (18) when firing a
shot, wherein t 81 e(’%) is provided with a drive having

a second gyroscopic angle (¢(t2)) is determined at the end of the shot,

a difference of the gyroscopic angles (e3) between the first gyroscopic angle
(p(t1)) and the second gyroscopic angle (¢(t2)) is determined,

a difference of the drift angles (A®) while the shot is being fired is determined,
and

the error angle (AZ, Ay, Ag) is determined by subtracting the difference of the drift
angles (Ag) from the difference of the gyroscopic angles (Ag), and

the error signal which is obtained from the error angle (AC, Ay, AE) and which is
used to change the azimuth (o) and possibly the elevation (A) is utilized for the

subsequent shot.

7. Method according to claim 5,
wherein

the time history of the gyroscopic angle (¢) of the fiber optical gyroscope is
determined while firing the shot,
the error angle (AZ, Ay, A%) is determined by subtracting the drift angle (€) from
the gyroscopic angle (¢), and
the error signal which is obtained from the error angle (A, Ay, Ag) is utilized to
change the azimuth (a) and possibly the elevation (A) while firing the shot.

8. Method according to one of the claims 1 through 7,
wherein,
prior to determining the error angle (AZ, Ay, At), the measuring device is equalized

with coder angles of the gun (10).



a drive unit for adjusting the azinuth (a) and a drive unit for adjusting
the elevation (A) of the barrel of the weapon, wherein - a neasuring
facility (20) is fastened on the | ower12arriage (18), said neasuri ng 8 JUN 2005
facility being provided with a neasuring el enent designed to det erm ne an
error angle (Ac) by which the |ower carriage (18) rotates about th

vertical aki Deyiy fongesiecting shrptingererohat areawcaﬂ@rmﬁ by a fﬂ%@”rﬁié’st&ﬁrf%@z

faci lity is epangagt o) oadfy it8 RidmiRdi p%s%ﬁtuﬁ %ngéaieln'c&yof é"‘ﬁ‘n&»@n'o? éiwegned

to determneacorrectlonfor the azimuth (a) fromthe error angle (ac),
and - an out paniage iﬂie’vhﬁmnﬁfmla shei Whergini tse goRr L ie prevddachwitlyyaj diwe naving

provided for gefll, Q&Jforta'aﬁjesﬁﬁée {dbirhgth (?P?ﬁ?f ?%F% %gﬁbfg@ﬁﬁﬁﬁfw%@e\%ﬂ%% of

the azimuth (a vatl on e weapon (12)
occasi oned byfthh@aﬂ‘awfdhemeapm | oner carriage. 10. Device according to
claim?9, H;I the control facility is devised to determne a
correction for e elevation (A) from the error angle (ac), and - an

addi ti onal out pumeabutingefacibt fZ@I) isf mldnieﬁymi thecowaecargidge d18)headrinegswingt

provided or tocilndaRLBLEYA: [kl hPLURE SoGaMmPRRALE e iange of

the el evation ( barre Si oned he 1ot i on
of the | ower caang'lagﬂ bﬂWhncDelhedewarccarndgm@&)oroﬁd’u% a@bautntheOvextichl EQis (@er ei n
- the neasuri nqN% cfi [ ttﬁ STS‘ provi ded with an additional neasuring el enent
which is fastehed SHStHe %Wer carriage and is designed to determ ne the
error angle (&W4n obtpunbi the mlaESdrm‘ige‘EICI&tarls Ioagleec(técB)o IantlapletSofaé)@UntrthHeullty

measur Eng.f acl 1415 1% SETAREE o BCBETIR 1 RRTECISR BhirsATEd (Pakei 5 SR ch
i's designed to algjiee(AT),mdda correction for the azinuth (a) and the el evation
an output of the control facility is connected to the drive unit provided for setting
the azimuth (a) in order to compensate the change of the azimuth (a) and of the
elevation (A) of the barrel of the weapon (12) occasioned by the motion of the

lower carriage.

10. Device according to claim 9,
wherein
the control facility is devised to determine a correction for the elevation (A) from
the error angle (AZ), and
an additional output of the control facility is connected to the drive unit provided
for to set the elevation (A) in order to compensate the change of the elevation (A)

of the barrel of the weapon (12) occasioned by the motion of the lower carriage.

11. Device according to the claims 9 and 10,
wherein
the measuring facility is provided with an additional measuring element which is
fastened on the lower carriage and is designed to determine the error angle (Ay)
by which the lower carriage (18) rotates about the transverse axis (Y) when the
shot is being fired,
an output of the measuring facility is connected to an input of the control facility
which is designed to determine a correction for the azimuth (o) and the elevation

(A) from the error angle (Aw).

12. Device according to one of the claims 9 through 10,



(A) fromthe error angle (Aqgi). 12. Device according to one of the clains 9
t hrough 10, -13- - B JUN 2005 wherein - the neasuring facility is proJ\ﬁiNdZﬁ[%
wi th an additional measuring el ement widch is fastened on the | ower 8
carriage and is designed to determne the error angle (AC) by which the

| ower carri aqghér%ﬁé rotates about the |ongitudinal axis (X) when the shot
is being fired,” - "an output of the neasuring facility is connected to an
}nput hOf t he -Cﬁﬂter mba%lﬁm'rk_:]ﬂfiaéilwty is\progided &witdeaf%i am%r:raomesmm éllem%?t:whiltbdsi on
or the azinut a)and the elevation (A fromithe error angle (A

Devi 6. aceor di nESIeRs BF IGHE radRendos IRy GTRSHO S o itRs H T dlen il i  ng
el ement of the BRpadibh tAE It datriagel ($8)aroBiéPalRAMY loRgitrRlirkireis. (X) hen Beyi ce
according to claim 13, wherein the gyro neasuring elenent is provided with
a fiber optical Sg8tidReiB@éredand the neasuring facility is provided with a
device for detepRioRtdlf of M hbaRiriRg $iy isPféonnb&Bd 46 bhtinfNYf end Bontk rAchgy f i ber
optical gyroscope and of the difféerence of the drift ‘angle (as) while
firing the shot Which. is desipeed tecdadermingya warrestignrferibe azjRethdpiandnibe @iayation ng
facility is prog,i)%q]%telﬁorén E@.i lity to determine - a first gyroscopic
angle (cp(tl)) at the start o he shot, - a second gyroscopic angle
((p(t2)) at the end of the shot and a difference of the gyroscopic angles

(ed4) as tth%gﬁgﬁeg@é@%\g@?%ﬁhggc}lggggqugﬁ{[gﬂslgopi c angle (cp(tl)) and the

second gyroscopi Cc an "ty to determine the error angle
(Ac, Ayi, AEWhdrginsubtracting the difference of

each measuring element of the measuring facility is a gyro measuring element.

14. Device according to claim 13,
wherein
the gyro measuring element is provided with a fiber optical gyroscope, and
the measuring facility is provided with a device for determining the time history of
the drift angle (€) of the fiber optical gyroscope and of the difference of the drift
angle (Ag) while firing the shot.

15. Device according to claim 14,
wherein
the measuring facility is provided with
- afacility to determine
a first gyroscopic angle (¢(t1)) at the start of the shot,
a second gyroscopic angle (¢(t2)) at the end of the shot and
a difference of the gyroscopic angles (#4) as the difference between the first
gyroscopic angle (¢(t1)) and the second gyroscopic angle (¢(t2)) and
a facility to determine the error angle (A, Ay, Ag) by subtracting the difference of
the drift angle (Ae) from the difference of the gyroscopic angle (Ag),
- the drive units being devised and arranged in such a manner that they are

activated at the end of the shot.

16. Device according to claim 15,
wherein
the measuring facility is provided with

a facility to determine the time history of the gyroscopic angle while firing the shot,



the drift angle (&) fromthe difference of the gyroscopic angle (a(p), the
drive units being devised and arranged in such a manner that they areg JUN 2005
activated at the end of the shot. 16.- Bevice according to claim15, wherein
the neasuring facility is provided with - a facility to determ ne the tine
hi story of the gyroscopic angle while firing the shot, 14- -8JUN2005 a
facility to -deﬁe?«laﬁhﬁe te rietemire Hpetipg historyhel de @rroaryigte (AG, Amyild Ay by
subtracting th i & 0R} le ((p), the drive
uni ts being de\%?%d‘f“a%ﬁé'?‘aﬁ’g%%&?mt@ﬁggwﬁgﬁﬂfg?hf"ﬁg@t hey are activated
while firing tHe drve unity bemg, idedsed @e dannged Bneuchf at mengerathas they Breough
16, wherein the;nRasyhidg LIty i's provided with an equalization device
in order to qugﬁli ze %"emﬁﬁgg%rgbﬁg el enents with the coder angles of the
gun prior to firing the shot.

17. Device according to one of the claims 9 through 16,
wherein
the measuring facility is provided with an equalization device in order to equalize the

measuring elements with the coder angles of the gun prior to firing the shot.



