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the distance defined by the coils.

One such device is known from CH 691 143 AS5. In order
to measure the projectile wvelocity, two sensors are
arranged on a mounting tube at a distance from one
another adjacent to the muzzle of a weapon barrel of a
high firing-rate gun. These sensors, which respond to a
change in a magnetic flux, are connected to evaluation
electronics and have a coil pair comprising two coils
and a closed magnetic circuit. The measured projectile
velocity, or the fuze actuation time updated in this
way, 1s then generally passed to the projectile as

information before it emerges from the muzzle area.

DE 697 09 291 T2 (EpP 0 840 087 Bl) discloses means for
controlling the initial velocity of a projectile. 1In
this case, a sensor means is provided which can measure
a parameter related to the muzzle velocity. This is
done with the aid of the sensors which are fitted at
least in or adjacent to the weapon barrel and can
record a higher pressure in the weapon barrel, which
occurs as a result of the propellant gases being heated
adjacent to the weapon barrel. Strain gauges are
proposed as sensors, and are adapted such that they
make contact with the weapon barrel. In this case, the

strain on the weapon barrel is measured. The movement
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sensors in the form of longitudinal measurement dowels
are preferably used as sensors, and are fitted either
in a mounting ring adjacent to or around the weapon
barrel, or directly in the weapon barrel. The quartz
sensors have the major advantage that they can convert
even very small pressure changes into signals, are
themselves physically highly robust and <can be
integrated with an accurate fit, that is to say with a
firm contact such that they cannot slide with respect
to the weapon barrel. Mechanical loads on the weapon
barrel therefore have no effects on the measurement
result of the indirect pressure measurement.
Furthermore, the sensors are not directly subjected to
the gas pressure and are 1installed in a fixed

structure, in addition to the existing housing.

In contrast, DE 10 2005 024 179 Al dispenses entirely
with direct measurement of the instantaneous muzzle
velocity, since the actual muzzle velocity is
determined by information relating to the instantaneous
airspeed of the projectile, that is to say it is
calculated back from this. The firing time for the
projectile is then corrected with the aid of a standard
muzzle velocity preset firing time, on the basis of
this instantaneous muzzle velocity, and is used as the

current fuze actuation time. A microwave transmitter,
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in thlS case propagates in the barrel, and is
reflected by the projectile. Furthermore, this results
in a Doppler frequency shift which is dependent on the
instantaneous velocity.

This has the disadvantage that two sensors must be
located at a defined distance from one another. This
design lengthens the measurement device adjacent to the
muzzle of the weapon Dbarrel. This can 1lead to
instability of the entire weapon, or can cause problems
when using sub-calibre ammunition. The discarding sabot
which is released on emerging from the weapon barrel
can damage the measurement device. Furthermore, the
sensors must be mounted directly in the weapon barrel,
or on it. In many cases, the weapon barrel supplier and
the muzzle velocity measurement device supplier are not
the same. This means that the sensors can be fitted
adjacent to or in the barrel only subject to relatively
difficult conditions, 1if at all. A muzzle velocity
measurement device should operate independently of the
weapon barrel that is used, without any intervention in
the weapon barrel itself. A further disadvantage 1is
that the measurements of the airspeed and the
programming of the firing time outside the weapon
barrel by means of a microwave transmitter requires a

certain amount of interference immunity for the

nly



difficult conditions, if at all. A nuzzle velocity neasurenent device
shoul d operate i ndependently of the weapon barrel that is used, w thout any
intervention in the weapon barrel itself. A further disadvantage is 35 that
t he measurements of the airspeed and the programming of the firing tine
out side the weapon barrel by neans of -adm-crowave transmtter requires a
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of measuring the nuzzle vel oci which |ikew se does not involve any
contact, but WEGHBnhgEY SHEEt-he urthermore, the measurement of the

Doppler frequency shift is subject to specific
15 requirements for the oscillator stability. Vibration
resulting from the firing of a shot can change the
instantaneous transmitter frequency, and increase the
complexity for accurate measurement of the frequency
shift. Furthermore, the weapon barrel acts as an open
20 round waveguide, and can act as an antenna. This means
that an external monitoring device can detect the

emissions, and can determine the location of the gun.

The invention is based on the object of specifying a
25 means of measuring the muzzle velocity, which likewise
does not involve any contact, but no longer has the

last-mentioned defects.

The object 1s achieved by the feature of Patent
30 Claim 1. Advantageous embodiments are specified in the
dependent claims.

The invention is based on the idea of likewise using
the weapon barrel or the firing barrel, and/or parts of
35 the muzzle Dbrake as a waveguide (a waveguide is
achieved with a barrel having characteristic cross-
sectional shape which has a very highly electrically

conductive wall). Rectangular and round waveguides, in
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In this case, the electromagnetic field must satisfy
the constraint for a round waveguide, and the
constraint for the projectile. In this case, it should
be noted that the round waveguide need not necessarily
have an exactly circular cross section. In fact, a
profile can also be incorporated in the wall of the
waveguide in order to achieve the desired transverse
electromagnetic field distribution. This is shown in
Figure 3, which illustrates how a rib structure in the
muzzle brake ensures mode selection. When all of the
constraints are satisfied, this results in a signal

strength at the location z = 0 (when Zx = 0) which is

now governed by the position z = zp of the projectile

in the waveguide. The offset Zx ~ between the
transmission coupler (3.1) and the reception coupler
(3.2) can be wused for better mode selections, if
necessary. However, in general Zx should be equal to 0,
and this applies only to that reception coupler which
is <closest to the transmission coupler (3.1). The
situation illustrated in Figure 3 shows an arrangement
comprising a transmission coupler (3.1) and a reception
coupler (3.2). However, it is also possible to fit a
plurality of reception couplers (4.2) in series, as

shown in Figure 4, very close to one another and thus
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with the number being dependent on the desired

measurement accuracy of the measurement apparatus.

This simple measurement apparatus has the advantage
that the muzzle area and the muzzle brake need not be
artificially lengthened. The measurement apparatus 1is
integrated directly in the muzzle brake. Furthermore,
it can be used independently of the type of ammunition
(full-calibre or sub-calibre). The measurement
apparatus is compact, since the barrel and the muzzle
area, in particular the muzzle brake which is generally
used adjacent to the gun barrel, are part of the
measurement equipment. The accuracy of the measurement
itself is independent of the oscillator frequency, so
that the oscillator that 1is used need not be highly
frequency-stable, as in the case of the known Doppler
frequency measurements. All that is necessary is that a
lower frequency and an upper frequency should,
respectively, not be undershot or overshot. The simple
measurement 1is also a result of the fact that the
envelope 1is detected, rather than the frequency. The
measurement apparatus can be operated in the single

mode.

The invention will be explained in more detail using

The neasurenent apparatus is forned by the gun barrel

artificially | engthened. The



(full-calibre or sub-calibre). The measurenent apparatus is conpact, since
the barrel and the nuzzle area, in particular the nmuzzle brake which is
generally 25 used adjacent to the gun barrel, are part of the neasurenent
equi pment. The accuracy of the nmeasureneny _itself is independent of the
oscillator frequency, so that the oscillator that is used need not be

hi ghly frequency- st abl as int e t he, kno 30 fr ency
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Figure 1 shows the princ a measur enent appar at us nmeasur enent
of the muzzle velocityvetogifyopdck Ip&ojRiqfurlee2 shows a schematic
illustration of the Ilimted, round wavegui de as shown in 10 Figure 1,
Figure 3 shows an illustration of the neasurenent section, integrated in

the nuzzl e briakeurend eharvgpedaw t$chenrabict ructingtfatiande of5 sehection;
and Figure 4 shows an ihk§§%%egionrghggyF!g%§%_ iddth a pldgakity pof
e basic de

couplers. 20 Figures 1 an show th ign of a nmeasurenent
apparatu$0100 for the nBaguremdnt nethod. The neasurenent apparatus 100

conprises a gun barrel 1, in

Figure 3 shows an 1illustration of the measurement
section, integrated in the muzzle brake, and
equipped with a «rib structure for mode

15 selection; and

Figure 4 shows an illustration from Figure 3, with a

plurality of couplers.

20 Figures 1 and 2 show the basic design of a measurement
apparatus 100 for the measurement method. The
measurement apparatus 100 comprises a gun barrel 1, in
this case with a muzzle brake 3, and an oscillator 4
which is electrically connected wvia a signal supply 5

25 to a transmission coupler 6, in order to excite it. A
reception coupler 7 is used for signal reception and is
connected via a cable 8 for the received signal to a
receiving unit 9, comprising a detector 9.1 and signal
processing 9.2. The two couplers 6, 7 are integrated in

30 the muzzle brake 3, and form a coupler pair.

The oscillator 4 in this case excites a waveguide mode
(TE; TM) via the transmission coupler 6. In this
exemplary embodiment, a frequency is chosen which is
35 Dbelow the cut-off frequency of the relevant waveguide
mode. The desired waveguide mode 1is excited by
mechanical and electromagnetic mode selection. The

system comprising the barrel 1 (Figure 2 waveguide 1')



this case with a nuzzle brake 3, and an oscillator 4 which is electrically
connected via a signal supply 5 25 to a transm ssion coupler 6, in order to
excite it. A reception coupler 7 is used for signal reception and is
connected via a cable 8 for the received gignal to a receiving unit 9,
conprising a detector 9.1 and signal processing 9.2. The two couplers 6, 7

are integratednjntnd0 J e dBzzie Prake gdreand Jﬂrm&eﬁoyp era1ts The
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projectile 2. umf'ﬁegreceptlon coupler 7, in this case a pick-up sensor, 5
receives this signal, which is passed to the receiving unit 9. As already
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1' is boundedwbyegulde modes are possible. A distinction is drawn
between transverse electrical (TE) and transverse
15 magnetic (TM) modes. Both modes can also be used in

this case.

The fundamental principle of the measurement method
will be analysed in somewhat more detail with reference
20 to Figure 2. If the round waveguide 1' is bounded by
the cylindrical pin 2', then the electromagnetic field
must on the one hand satisfy the constraints adjacent
to the waveguide walls, and on the other hand must
satisfy the constraints adjacent to the cylinder base.
25 Ideally, the walls and the cylinder base should be
conductive. This means that the tangential component of
the electrical field strength adjacent to these
surfaces is "E = 0 V/m" (zero), and that the normal
component of the magnetic induction adjacent to these
30 surfaces is "B = OT" (zero). This can be achieved by
the introduction of two field components: the original
electromagnetic field, which satisfies only the
constraints adjacent to the walls, and an additional
component, which has the same transverse distribution
35 as the original field and therefore also satisfies the
constraints adjacent to the walls. The original field
component 1is excited at the location =z = 0. The

frequency 1s below the cut-off frequency for the



the cylindrical pin 2', then the electromagnetic field nust on the one hand
satisfy the constraints adjacent to the waveguide walls, and on the other
hand must satisfy the constraints adjacent to the cylinder base. 25

I deally, the walls and the cylinder base ghould be conductive. This means
that the tangential conponent of the electrical field strength adj acent to
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results at the location z = in a signal strength which i ependent on

t he posi #Pon »f=t%e cylinder base at the location 10 Z = zp. If the tine
profile of the signal strength at the location z = 0 is now analysed, 'then
it is possible to deduce the nmuzzle velocity Vo. 15 As can be seen from
Figure 3, thelflediheed tidhegpredile of the "signal strength at the

location z = 0 is now analysed, then it is possible to
deduce the muzzle velocity Vy.

15
As can be seen from Figure 3, the desired waveguide
mode can be excited by mechanical design measures, in
this case by way of example by a rib structure adjacent
to the waveguide wall. Furthermore, the mode selection

20 1is assisted by the type of excitation by the
transmission coupler 10.1. Figure 3 shows the waveguide
as part of the muzzle brake.'The offset Zx between the
transmission coupler 10.1 and the reception coupler
10.2 can be wused for better mode selection, if

25 necessary. However, in general ZK should be equal to
zero, and this applies only to the reception coupler

which is closest to the transmission coupler 10.1.

Figure 4 shows how the measurement accuracy is improved
30 by a plurality of reception couplers 11.2. It should be
noted that the reception coupler 11.2 which is furthest
away from the barrel end is at the same distance from
the barrel end as the transmission coupler 11.1. This
means that no reception couplers 11.2 can be positioned

35 after the transmission coupler 11.1.

The defects of the methods mentioned above according to

the prior art are overcome by the following
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nmeasurenment device 1s therefore | ndependent of e barre and t here
brake (Figure 3) only when it cannot be integrated

in the weapon barrel. The measurement device 1is
therefore independent of the barrel, and therefore
15 also of the barrel supplier.

. The measurement takes place within the muzzle
brake or barrel, thus achieving better resistance
to interference.

20
. The waveguide 1s operated below the cut-off
frequency, and the length of the waveguide also
minimizes the external emissions.
25 o The oscillator 1is not subject to any stringent

stability requirements, since there is no need to

measure a Doppler frequency.
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nmeasur enent of the muzzle velocity of a projectile (2) or the |like adjacent
to a weapon or 5 firing barrel (1) or adjacent to the nuzzle brake (3),
with the barrel (Mettfiod hforumehsubenkat(If e rr@umla@l aelacwaye@tﬂ' Ge,

characterized in that. the wa ui de rat ed. bel ow the cut-o

frequency of thelﬁﬁQAEﬁﬁl%%vlgg ﬁb&e %@.aéa Ceﬁb E ﬁb?ﬁ@@%&x&ﬁdlng
to daimi, charadtiarirzedbanrehat(l )t her | adfavetaneads fhiojeatile Walakd ty
V(t) can be neasurgd and, st ed continu Met hod accord

Caim1 or 2, char t@rV}Eﬁ S {RaF T ?ﬂquﬁofgitgp %%;%ybﬁ?g?ilggln t he
wavegui de is deterbémﬁ;i aged tae hi maa\(etg)ulene I\/Ehh@dc&(e&dleﬁd”lglhot(m& of
Claims 1 to 3, characteriz

n that_a ic n e vel Clt (V3)
can be made whil e T pfoy 88??5& (i)s i sOp?rB rt?eﬂﬁ) %w &él ofy efore
the projectile (2Xrdeposmesytdbe ‘a\}aeegendean%wévekjmmmﬂmnimrmmg T) one of
Cl ai s 1160 4, characterized in that the evaluation tine is

2. Method according to Claim 1, characterized in that
the instantaneous projectile velocity V(t) can be

measured and stored continuously.

15 3. Method according to Claim 1 or 2, characterized in
that the projectile velocity profile in the
waveguide is determined over the time (t).

4, Method according to one of Claims 1 to 3,

20 characterized in that a prediction of the velocity
(Vo) can be made while the projectile (2) is

moving in the waveguide and before the projectile

(2) leaves the waveguide.

25 5. Method according to one of Claims 1 to 4,
characterized in that the evaluation time is
chosen to be that time at which the projectile is
precisely at that point of the reception coupler
where the signal to be measured tends to zero or

30 has some other characteristic response, such that
the velocity (Vy) can then be measured.

6. Measurement apparatus (100) for carrying out the
method according to one of Claims 1 to 5, having
35 - a weapon or firing barrel (1),
- a muzzle brake or the like (3),

- a signal generator (4), which

is electrically connected via a signal supply



chosen to be that tine at which the projectile is precisely at that point
of the reception coupler where the signal to be neasured tends to zero or
30 has sonme other characteristic response, such that the velocity (V0) can
t hen be neasured. 6. Measurenent apparatwys (100) for carrying out the

met hod according to one of Cains 1 to 5, having 35 - a weapon or firing

barrel (1), a nmuzzle brake @b tdie ié&@t(%he ta:aﬁisﬁﬁh?ésﬂ@rﬂebéhgﬂ_eﬁr‘l) 6 which -
is electrically connecteg ia_.a sign sup to at | east one
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transni ssion coupler ( 0. t1-19 1 Fore actaltqrbng%f e WeaBsR AT
firing barrel (1), and fiaingcea¥rag | ume &%y for passing on the 5 neasured
signals at at |east one reception 0.2, 11.2) to an eval uation

coupl er
device (9) 7. Measur@neRECEpFangdt ust? oréléhg £0T0 #FFBLNI 10%8hartdtg eri zed

in that the signal genesstped(4sigaansr ataes atCaﬂ_Ee'a%It i @n@er@wpm&us wave
node (CWnode). 8. N@asui 22 ar at ccordin aim 6,

characterized in that“?He-SFgnar 3 nérat 22 )4)t0 gR e?H? Eaélﬁﬂdﬂ%ﬂ¥ﬁF
signal . 9. Measurenent9ppparatus according to one of Clains 6 to 8,
characterized in that the signal generator 20 (4) is an oscillator.

7. Measurement apparatus according to Claim 6,
10 characterized in that the signal generator (4)

generates a carrier in the continuous-wave mode

(CW mode) .
8. Measurement apparatus according to Claim 6,
15 characterized in that the signal generator (4)

generates a modulated signal.

9. Measurement apparatus according to one of Claims 6
to 8, characterized in that the signal generator
20 (4) is an oscillator.





