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- 1 - DESCRIPTION Apparatus and method for measurement of the
muzzle velocity of a projectile or the like 5 DE 697 09 291 T2 (EP 0 840
087 BlI) discloses means for controlling the initial velocity of a projectile. A
sensor means is therefore provided which can measure a parameter
related to the muzzle velocity. This is done 10 with the aid of the sensors
which are fitted at least in or to tRES(EAJOH 53¥rel and can record a higher
pressure in the weapon barrel which occurs as a result of the heating of

. pﬂ&gﬁ?'&ﬁ qeseér?od@%ﬁ%% thep 8@ Lpﬁgﬁaétrﬁ}lr%lﬁ 9PHECRELZ] e

proposed as sensors, 1 d are a suc ey make contact
with the weapo%edaﬁFélt W tls &, %&%élheorptrhet\ﬁ@apdr{‘ﬁarrel is
measured. The movement and therefore the velocity of the projectile are

dﬂﬁfwf@i e (g 6"@‘&69@@? B¢ W&%El&%ée%'éﬂ%o” of the
ual sensors. DE 10 2005 024 179

p ectll 20p y th f,-two |n ivi i
Qgs 5?9 ittY RS ML irBRRa ?th@‘current muzzle
v@l@ﬂ&gr mﬁamwfmezzr@wémuwh@bec@mnmeaw information 25€ a

reharamEdPetaisaNic REE SrRIZHBhL efdhig Praips il gthat is to say itis  one

calctw ed b%ckffrt%m thls ThIS rrent mu Ie ve{ch is then used to
WI |el rs W iIch are. st
correctt e preset |n|t|a on Ime for the |n|t |on Imeé-of the projectile, with

th8 il dPaldRNA8AP30 rharat fadcRANaRecPid iguBkNEE the current
fuzeesetitedrinte Neaisopisaed! ansictiteccorsieralalyés the GHz range, isit

“%?%8 “@gﬁ tEﬁ i dfe%%igh gg?e%) %ﬂg@% @.[HJI transmits the currenf

fuze settin exXample re control, to the 35
mWﬁWo%ﬁrp‘f' Je%@f%n gsuges are proposed as sensor S,
and are adapted such that they make contact with th e
weapon barrel. In this case, the strain on the weap on
barrel is measured. The movement and therefore the
velocity of the projectile are determined from the time
difference between the registration of the projecti le

passage by the two individual sensors.

DE 10 2005 024 179 A1 dispenses entirely with direc t
measurement of the current muzzle velocity, since t he
actual muzzle velocity is determined by information
relating to the current speed of flight of the

projectile, that is to say it is calculated back fr om
this. This current muzzle velocity is then used to

correct the preset initiation time for the initiati on
time of the projectile, with the aid of a standard

muzzle velocity, and this is used as the current fu ze
setting time. A microwave transmitter, preferably i n
the GHz range, is used to transmit this information to
the projectile, and transmits the current fuze sett ing,
which is defined for example by a fire control, to the

munition or a projectile.
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A further method is to operate the barrel as a round waveguide and to
measure the Doppler velocity of the projectile in the barrel, as disclosed in
EP 0 023 365 A2. In this case, the frequency of the 5 signal is higher than
the cut-off frequency for the relevant.waveguide mode. The

electromagnetic wave which builds up in this case propagates in the barrel
ard idrtbgedieefityite peojerarateuhndpaicee aRisiré8UNs in a Doppler
frogueneidhiinyhishrisedependeat oopigelOirgtadansioys velocity. DE - e

iérgrogF%ﬁ%Al dﬁ\.'scrib[feﬂcé an %%qulr,]ce f L me #ng&&t of I\Helocities. in the

using electromagnetic waves, wherein the waveguide wavelength of
tHefbArRd31868 dxed lBs Hifesdafe dhthepaveRntEhdie of a projectile
insigeddarselhiiyiemshatiethndcatretfeifreqgueatmctéoratddor this purpose

AHABPSH 3R SHAE MSHNCEHEBRFRAG it g @56 the projectilgich
is,used as a reilector for the electromaqaet C W%Xesrﬁ: 20 rotationally
S)Hlelﬁétrli'tpalr\'/é ohPoFai8RAERAIRR NS AR RPIE R Warrel muzzle. A

mieftedtedrizngled oblifpetile inFthidhsisjerdle hirecdsd and appropriately  Its
deflectsopgiaraveguenpinsHrervieH ¢s@aapgalidieraremitter into the  the
barr?l. he Wave\%tllide wavelength of 25 the barrel is defined such that, in

instantatiequs Velocity. . : . )
a speua??rla(ﬂ, a Mirror Yor the electromagnetic waves is shifted slowly in a

defined manner in the barrel, instead of the projectile, thus recording the

dis@rEce be BUeeATVde 5tikien aby appHanceTient n#hbitén331 670 Al ent
disploavernafsthad 4 a G%PP&P faéiﬂgteré‘%'&??@d{ﬁrgﬁ%ﬂcba"'s“c .
characteristic variables in tube weapons, wherein arn electromagnetic

W‘H@é’%in%%@'@ié@v%%@%%ﬁuW@N&Lﬁ%ﬁEh% B8R at 35 the side €
orsthesedapen bameaandeis autfhe agavesitentetibatige onftha projectile

INJRGMARAGHREHEhHIUA HiavdReeioaiigaltapepsurements even with gng

live round. This is based on the fundamentﬂ/ 3 - idea of emitting at least

h&FGARL eEHSrg bf YA ePéH?Bﬁ‘?agWéﬂE% & omeof?ﬁ‘@ﬁuzzle of the
weigtancealiem itiecharetlinjacting assen e greietbn of the projectile. Inile
ojgeidedrisd igeayetiirserienRD ARl Rt argweipplied to the weapgna
basielahahlPaskieppints,ubish aie sqbaratedffam one another, on theg
waveguide function, as a result of which the wave components which
pfBisthate ithhe PRelioMBIAR pfdjdRiNEhrdSadtiEANaed compensate for

thebliqurelwinichd Pojepdgatisititire appaptealrection. tely
deflects the waves coming from the rectangular horn

emitter into the barrel. The waveguide wavelength o f
the barrel is defined such that, in a special trial , a
mirror for the electromagnetic waves is shifted slo wly
in a defined manner in the barrel, instead of the

projectile, thus recording the distance between two

maxima, by measurement.

EP 0331670 A1l discloses a method and a device for

determining internal ballistic characteristic varia bles
in tube weapons, wherein an electromagnetic wave is

injected via a waveguide junction which is provided at
the side on the weapon barrel, and is output again

after reflection on the projectile in the weapon

barrel, thus allowing significant measurements even

with a live round. This is based on the fundamental
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ThesubsequentlypublishedDE 10 2006 058 375.2 proposes that the
weapon barrel or the launch barrel and/or parts of the muzzle brake be

used as a waveguide 15 (a waveguide is a tube with a characteristic
cross-sectional shape which has a verghighly electrically conductive wall.

In particular, rectangular and round waveguides are technically in
wideapréagnisenowaicleamwalérofs hee eletePwihfe cut-off frequency
okelaetPShialpyett wanegu6let ropdRe Tﬂnazzﬂﬁaamﬁ@ew%m tf(lje | on
tr itti - iMing coupleris inthis case fixed. Following
th%%@r!ﬁeﬂ%é%%%?o@ggg o tryéqlg?l\%rﬁ%nqls?‘%@[@l'specify a further of
mb&streiseHEnlBiREde IRiIENHORS iBvRBzEIESRI0city of a projectile or2T®
theplikana zealsteyphiee doettee hegdlycandaaceluabtly. The object is east

ageVEGiME INGHRM USRS Lehalait & latm30de AhRRRIgEPUS n
embodiments are specified in the de e?)g]ent .C|ﬁlms. The invention is

o S B AR 9 £ St G DS i le velocty itself, Ve
prsfarabhesshatbieor piagriprafectie, idivgeiidncage heombination

consjdefifbliraaaasasdhe G&ﬁp@@a@ﬂwﬁmaﬁﬁ@%measurement ich
befr%re thaetgsr%eﬁj[liéeo cocr)lgli{jeer tle%rj[li isnthen given to the fact that the nose -
4P'OPAR projectile inHOeRCeS the e?e(itromagnetic field as it passes

through the waveguide. This influence is compensated for by the fact that
tieh@unitisniypquemntigeneimliched, as DRICIZTOBHSB 883 which 5
defipgdbeinlectifoaifunsth whicd kel Rashlie bagampensate for
the influence of the nose on the measurement. In the case of

A YRE SHEITBYFER MERKEREYTRERSPWAYE DS the base is us&ifie
asaa vesutigofidenich thetnbeasutementmnadepesidenro$d-0 the shape of

the-RRSRAT YMaPECIRHE: RISISCIRey thfgRRPCIBEHRAGPS the

electromagnetic field. The measurement method after the projectile has Y
SRS PRl PRI LSRR ST ofHojecrles have flat "
cyladegdidssseseTiasraediptive vridagerrats urahcwbipy a receiving
oy aNiisserpiedieIan Bralation fevidency of the
relevant waveguide mode. The distance between the
transmitting coupler and receiving coupler is in th is
case fixed.
Following the same idea, the object of the inventio nis
to specify a further measurement method, which allo ws
the muzzle velocity of a projectile or the like to be
determined excellently and accurately.
The object is achieved by the features of Patent Cl aim

1. Advantageous embodiments are specified in the
dependent claims.

The invention is based on the idea of measuring or
determining the muzzle velocity itself, preferably

before or after the projectile, in which case a

combination considerably increases the measurement
accuracy. For measurement before the projectile,
consideration is then given to the fact that the no se
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A smooth barrel of any desired cross section is preferably used as a
waveguide, in contrast to the 20 situation in the subsequently published
application (see above), in which a profiled waveguide is used as the
waveguide. Furthermore, the electromagnetic field is detected without the
presence of the projectile with the aid of at least one transmitting coupler
afdl it PRiecdrdniteentes the rlestsapanrsdcitie projectile passes eld
thaeughptisseavrailide. te lasiequne Taisemhetaieecach projectile s

th%eéfﬁgetﬂé%&ﬁ‘ fie etﬂéof%ﬂ'tiﬁ%e I dhe GRS - The calibration

re covers all temperature-dependen s, and other 30

influ SR alvkeARe Brojécti @HBSQ&SWHF%@gY@HI‘%SréIV@@PChange of the
el@etmnﬂwpholéeidbsadetasm:d whitls makealizeakesing the calibration. ble

be merlerelRciteis hersifsdnsasyietidipaadgntiyf temperature
chan es or other influences. 35 Th Fj&%‘% L[g;jreneratoegtr(?rex mple
oSPRRTHIFFIBRCAR 2 BEn A 8lc MBI Ta b AURE, Which is
opeoiretieectbe tinoliest shapt beduernmser hels 5 - waveguide. As a ed,
ressilh aeatosomet ansl thedeieieonthe m@éa@ﬁaeatcoupler (coil, of

dpale fiesh APl Wareolde mades (Jrnapnere m =0, 1,2 .. o,
are excl €°sig hal generator5 produces elthera

ciberhashe HHBRRRS- \ﬂ%ﬁ/e ﬂ%@(@%ﬂﬁﬁ@eﬁ%ﬂa mhB8ulated signal.
Theedistpacrhetweshdtraifemiting cprgjettivhipadtselasseelives the
si 0 egely variable, and
cgr? gle?ggelg%ﬂ; qdfgégj ?%% enﬁ%ﬁ @Egg‘%ﬁ)ﬁ*%@{f F;':tlon of the .es
waRG iak, %PEJ g8p @ﬁ'&@ﬁt J%Eﬁé‘%%ﬂﬁﬁvﬂqéhﬁ{&ﬁal size of the IS
wdetmnietk bynal thedraquecmyp e, Tdaralinvengpied|itbe explained in morean
detall it Fefrrapse to one exemplary embodiment and the drawing, in
which: Figure 1 showsameasurementarrangementfor 20measurement of
the muzzle velocity of a projectile before the projectile,

A smooth barrel of any desired cross section is

preferably used as a waveguide, in contrast to the
situation in the subsequently published application

(see above), in which a profiled waveguide is used as
the waveguide. Furthermore, the electromagnetic fie Id
is detected without the presence of the projectile with

the aid of at least one transmitting coupler and on e
receiver coupler, that is to say before the project ile

passes through the waveguide. The last sample value S
before each projectile passes through are used to

calibrate the measurement. The calibration therefor e
covers all temperature-dependent influences, and ot her

influences. When the projectile passes through, the

rate of change of the electromagnetic field is

detected, and is normalized using the calibration. The
muzzle velocity is therefore measured independently of
temperature changes or other influences.

The signal generator (for example oscillator) produ ces
a signal with a constant mid-frequency, which is
operated below the lowest cut-off frequency of the
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Figure 2 showsameasurementarrangementfor measurement of
the muzzle velocity of the 25projectile after the projectile. 1 denotes a
smooth waveguide (barrel) in which (at least) one transmitting coupler 2
and (at least) one receiving coupler 3 &e included. An oscillator 4 is 30
connected to the transmitting coupler 2, and an evaluation device 5 is
cormeaeifie; he Rderitigdotieseomeé mangdhelpaity of a projectile 6 re
caf hﬁeﬂetmﬁnﬂﬂingincduh@l@bowneruipal@d elemends. 7 denotes the
AShIBURENparrel 1. 35 Th?vﬂé?é“ﬂﬁm f excges a

vegu{ge mode Via the transm ttln coupler 7' (transversal électrical

iR B T akd %rar)s@é?sﬁ% - GQACTthe desired - 6 - tor
wpxmgwdenmtumsea(mmdlbymdlh@nmimmmgnetlc mode de

¢ @W‘?r'fbhle‘)rao?rétnﬁEﬁRxIHigoejﬁﬁﬁé’lmagne“C field is measured without a
projectile 6. The "barrel" system™1 (waveguide 1) results in a 5 signal
strength which the receiving coupler 3, for example a pick-up sensor,

retedvedjsiadaphibietiseersed tsansritangatiooumérs. Mhécheasurement

isn@xan @éé@%@lm@fg@nﬁlg Rrelpctibd5an®a) and/or after the d
ecrtélge(ls lé(r)%zerl%T%%a ﬁtancr(ladbgtw en gé‘? transmitting coupler % d
theé Teceiving b pler 3is varlab{f‘e ana tan be Selected individually

d@H@MEﬁHQ'Un @@@ﬂ'@d&s&@cﬂbﬁ W@Né@&ml@@ 19fhib®s dependent on
theasalguridhe but is dependent on the calibre, the

internal size of the waveguide, and the frequency.

The invention will be explained in more detail with
reference to one exemplary embodiment and the drawi ng,
in which:

Figure 1 shows a measurement arrangement  for
measurement of the muzzle velocity of a
projectile before the projectile,

Figure 2 shows a measurement arrangement  for
measurement of the muzzle velocity of the
projectile after the projectile.

1 denotes a smooth waveguide (barrel) in which (at

least) one transmitting coupler 2 and (at least) on

receiving coupler 3 are included. An oscillator 4 i S
connected to the transmitting coupler 2, and an

evaluation device 5 is connected to the receiving

coupler 3. The muzzle velocity of a projectile 6 ca n be
determined using the abovementioned elements. 7 den otes
the muzzle of the weapon or launch barrel 1.

The oscillator 4 excites a waveguide mode via the
transmitting coupler 2 (transversal electrical mode
= TE and transversal magnetic mode = TM. The desire d
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15 internal size of the waveguide 1, and the frequency. When waveguide
modes are excited by the transmitting coupler 2, then the received signal
(for example induced voltage) at the receiving coupler 3 may have 20 the

following form: Pn U1 DEAnN Ede -DZicenMa where a is the internal

radius of the waveguide 1 and 25 A, as well as p, are dependent on n. In
tHsRsRliga <prrpde . sk ieKsBREhodBh sudieahaniealrec&Ned signal

iselepnioaiadnéicenaraplesalabtiby. jhintermise bisole 30 mode

he

ORSIBHERN-HI AHEANE oL BPRABLR BeEpig e terms for n =2y,

are mucn sma ant erm n=

IS is important, in

p&rtidiI8r HRAEBEe PR EImiwiiNaregude. dhsifes rlliable velocity

megaatesteengihthevpichedtie aetqgieissescbuplerh. 3| Tdre term e---fk is

PRl depsraan B asdhigkeives, and which is pa
to the evaluation unit 5. The measurement is then
carried out before the projectile 6 (Figure 1) and/
after the projectile 6 (Figure 2).

The distance between the transmitting coupler 2 and
receiving coupler 3 is variable, and can be selecte
individually depending on the mode selection of the
waveguide 1, but is dependent on the calibre, the
internal size of the waveguide 1, and the frequency

When waveguide modes are excited by the transmittin
coupler 2, then the received signal (for example
induced voltage) at the receiving coupler 3 may hav
the following form:

N Pn
Ulnd —Z'Ah @X Dk
=1

where a is the internal radius of the waveguide 1 a
A, as well as p n are dependent on n. In this case,

p1<p2<ps<...

Zy Is itself chosen such that the received signal is
dominated, for example, only by the term n=1 (singl
mode operation).

julnd:A&@&&k
a

This is possible because the terms forn = 2, 3, 4
zx are much smaller than the term n=1. This is
important, in particular because the term with n=1

ssed

or

the

nd

for
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a 5 itself is governed by the calibre. Since the frequency of the transmitted
signal is lower than the cut-off frequency, this results in the received signal
having an exponential profile. 10 If the measurement is carried out after

the projectile 6 has passed through, th& receiving coupler 3 must be

placed between the projectile base and the transmitting coupler 2. If the
mRasiiesned of @liabociuelpsily cafieadsolemeire tAk ptbRctile 6
passptisaugh, ghests aegighg coupler 3 should be located between the
projectile nose and the transmitting coupler 2. If both measurement

methods are combined, two receiving couplers 3 must be included in a
camespenging n@%ﬂﬁrk. Tike pansiiitingegeuplen? would thehictieed to be

20 positioned betveen the two receiving couplers 3. The signal

pitseds sngalenketbeycdraechbbteasSoleviheA &régjlkpown, as the projectilecy
T e o about Vo, 1
oo BRIt ofh HE ESAUEA SRRBR 0 signal 1 sampled 19
camtiexjpossniiatiprefitethe evaluation device 5, and the sample values are
stored. This is done even when no projectile 6 is present. When a

projectile 6 passes through the waveguide, 1, the evaluation unit 5 is
aﬁa%eeomt%a{e%bjrrgéne%%e'%r% g %,.vsolg 3 ﬂgfr t rléecﬂ[alorjaecf?tteristic profile of the
rézdivedraghas tesbalthes irecdramiednlebrRignUSdetermine Vo. - 8 be
- Placedhreavebration ploprtiie hises delitieraahi@adius a of the ting
Wé‘é!ﬁrﬁf&fjez.l’ ﬁe%%erﬁmté‘é%i%%é}ﬂe'affC{?%“%?g&ﬁ?‘e\)mema' radiusa i
may result in a measurement inaccuracy. In order, for example, to
cGRIpERsatE Rifers iR MAiRsileS rasersl) kR guide is measured the
betoes\@agh poojeletile asbes lithrdugh lddatedureritvesdoe theised to scale

(e eV BREBlR flesaRtA i ipeRf R salled up by the evaluatiogor,

unit for the measuremﬁnt evaluation (calE)ratg)n). -9-

measurement methods are combine two receiving

couplers 3 must be included in a corresponding mann er.
The transmitting coupler 2 would then need to be

positioned between the two receiving couplers 3.

ile

The signal processing should be carried out as foll OWS:

As is known, as the projectie 6 flies past the
receiving coupler 3, it produces a characteristic
signal. The time profile of the received signal
provides information about V 0-

In order now to obtain V o from the received signal, the

signal is sampled continuously in time in the

evaluation device 5, and the sample values are stor ed.
This is done even when no projectile 6 is present. When
a projectile 6 passes through the waveguide 1, the

evaluation unit 5 is aware of the presence on the b asis
of the characteristic profile of the received signa l.
These values are evaluated in order to determine V 0-



PATENT CLAIMS 1.Apparatus for measurement of the muzzle velocity
(VO) of a projectile (6) or the like, comprising 5- a smooth weapon or
launch barrel as a waveguide (1), a signal generator (4) which - is
electrically connected via a signal supgy to at least one
transmitting coupler (2) for 10excitation of the weapon or launch barrel (1),
arringer e o) URiofo RIS EING oI5 esctiiey HiRy e 48ured at at least onedius
L@ejviﬂﬁaomp@gd@etqameﬁvpbmtmwﬁﬂdéht\{ﬂpﬁ@g@é& the dista?cein
e ra ing c er n r er or couplers
(33# \% ﬁ%?bﬁé and&clzﬁa%] bge sﬂé@cté mﬁiv(iI ua |yq§§%%an ﬁlﬂggr{} the mode
s&@&%ﬁ@th@\mﬁ%@uid@r(ﬁ(@m'@@-tfhec%gﬁﬂﬁ‘@ol.?ﬁler (3) is placed '
bé¢thesen thiuysnogestile thaseaanpityhevitareguidieng oupteat2raden
MSRHEeraaRhis sfHedioubalistiharigrilerigkhas pagsed through,

the receiving couplér évi located between 25the projectile nose and the

AL i L e, VL SHBIE YOF and
is stored and called up by the evaluation unit for the
measurement evaluation (calibration).
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velocity(V0)is carried out before the projectile (6) has passed through, and
in a combination of both measurement methods, 30at least two receiving
couplers( 3 )are correspondingly included, while the transmitting coupler
(2) is then placed between the two rec@ving couplers (3). 35
2.Measurement apparatus according to Claim 1, characterized in that the
signal generator (4) generates RAdaet¥ér [A-heMantinuous-wave mode
(OW mode). -10- 3.Measurement apparatus according to Claim 1,

chiaraciegizad I e SIaNALARRETIoN(A) densia'sap ppdulated

signal od for measurement of the muzzle velocity (VO0) of a
projectilé\(®) &f thBTUBCHEURY N R IR RHENT  measurement of
the electroansigoetic ieddpiriher eaopiyhvwespeinasrdavackdade! (1) without
a 10pr01ectll 6) the measurement of the electromagnetic field beforethe

Getorminat %&f%%‘%n” Aol rom
- is electrically connected via a signal supply
to at least one transmitting coupler (2) for
excitation of the weapon or launch barrel
(1), and
a receiving line for passing on the signals
measured at at least one receiving coupler (3)
to an evaluation device (5), wherein
- the distance between the transmitting coupler
(2) and the receiving coupler or couplers (3)
is variable and can be selected individually
depending on the mode selection of the
waveguide (1), and
- the receiving coupler (3) is placed between the
projectile base and the transmitting coupler
(2) when measurement is carried out after the
projectile (6) has passed through,
- the receiving coupler (3) is located between
the projectie nose and the transmitting
coupler (2) when the measurement of the
velocity (V o) Is carried out before the
projectile (6) has passed through, and
- in a combination of both measurement methods,
at least two receiving couplers (3) are
correspondingly included, while the
transmitting coupler (2) is then placed between
the two receiving couplers (3).

2. Measurement apparatus according to Claim 1,
characterized in that the signal generator (4)
generates a carrier in the continuous-wave mode
(CW mode).
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15the measured signals. 5. Method according to Claim 4, characterized in
that the signals are sampled continuously in time, and the sample values
are stored. 20 6. Method according to Claim 4 or 5, characterized in
thattemperature-dependentchangesorather influences are recorded and
considered in a calibration process, for which purpose the empty
28weaRPBHIRMENS nRRRYRIYDefGRCREAGrofecti|lE s eslthrough. 7.
Method apeesdtegize®ni otizieime4 syhachgerderitaed i) that values

which ar%%qé%e?{{gpg%ggm\éﬁgé(ggﬁﬁlgldge of the projectile (6) munition

type are n order to compensate for the influence of the nose when
measuring the electromagnetic field in front of the projectile (6).
4. Method for measurement of the muzzle velocity (V

of a projectile (6) or the like, having the

following steps:

- measurement of the electromagnetic field of the
empty weapon or launch barrel (1) without a
projectile (6),

- the measurement of the electromagnetic field
before the projectie (6) or after the
projectile (6), or in combination,

0)

- determination of the muzzle velocity (V o) from

the measured signals.

5. Method according to Claim 4, characterized in th
the signals are sampled continuously in time, and
the sample values are stored.

6. Method according to Claim 4 or 5, characterized
that temperature-dependent changes or other
influences are recorded and considered in a
calibration process, for which purpose the empty
weapon barrel (1) is measured before each
projectile passes through.

7. Method according to one of Clams 4 to 6,
characterized in that values which are determined
with knowledge of the projectile (6) munition type
are used in order to compensate for the influence
of the nose when measuring the electromagnetic
field in front of the projectile (6).

at





