- 1 - DESCRI PTION Met hod for measurenent of the nuzzle velocity of a
projectile or the |ike 5 Known neasurenent devices and nmethods use at
| east one coil pair, which is generally fitted after a nuzzl e brake
of a weapon. The coils are in this case positioned at a defined

di stance from one another, with 10 the velocity Vo being determ ned
by the neasured tine which the projectille +equires in order to travel
over the distance defined by the coils. One such device is known from
CH 691 143 A5. In order 15 to nmeasusgsdiepPicil ectile velocity, two
sensors are arranged on a nounting tube at a dlstance from one

anot her adj acent to the nuzzle of a weapon barrel of a high

firing-rate gunMeHIRSE feNseaSureheslt HESPBRAINtLzEe CHEDEELtY &F a
magnetic flux, are connected to evalu tion %ﬁﬁ % troni cs and have a
coil pair conprising two c0|I?rgﬁﬁc51 Po§&d %ﬁ?c circuit. The
nmeasured projectile velocity, or the fuze actuatlon time updated in

this way, hen eneraII assed.to the. pro as _information
bof or e 11 enddUE0 (HOR CHENGR 780 b e, 58 FECEES 0B=802TI%EER 6o
087 Bl) discloses peams fwiricfontsoldémeralily i fiitted wfiteoity ofuzzle
projectile. Ifhls gase, awé&ﬁéﬁe m?ﬁes bﬁlﬁéovb%d 'CI?;h‘E.%O Jase

nmeasure a pararret er related tot nmuzzl| ocit IS IS
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barrel, which oc urs, as resul i t he propell é:gases bei ng heat ed
which the progectl e requlres in order to travel over

the distance defined by the coils.

One such device 1s known from CH 691 143 A5. In order
15 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
20 electronics and have a coll 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.
25
DE 697 08 281 T2 (EP 0 840 087 Bl) discloses means for
controlling the initial wvelocity of a projectile. 1In
this case, a sensor means is provided which can measure
a parameter related to the muzzle velocity. This is
30 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
35 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



adj acent to the weapon barrel. Strain gauges are 35 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 neasured.
The novenent - 2 - and thus the velocity of the projectile are
determned fromthe tinme difference between registration of the
projectile passage through the two indigidual sensors. 5 DE 103 52
047 Al proposes that at |least two sensors, which are at a distance
from one anotamer ,tHes itHegvaledtadj@€ethet projedtibet byei dethemimagon
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supplied, if necessary after anplification, to downstream signal
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firm contact such that they cannot slide with respect
to the weapon barrel. Mechanical locads on the weapon
barrel therefore have no effects on the measurement
result of the indirect pressure measurement,
25 Furthermore, the sensors are not directly subjected to
the gas pressure and are installed in a fixed
structure, in addition to the existing housing.

In contrast, DE 10 2005 024 179 Al dispenses entirely
30 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 1is to say it is
calculated back from this. The firing time £for the
35 projectile is then corrected with the aid of a standard
muzzle velocity preset firing time, on the basis of
this instantanecus muzzle velocity, and is used as the
current fuze actuation time. A microwave transmitter,



A further nethod is to operate the barrel as a round wavegui de and to
nmeasure the Doppler velocity of the
projectileinthebarrel, asdi scl osedin 10 EP 0 023 365 A2. In this case,
the frequency of the signal is above the cut-off frequency for the
rel evant wavegui de node. The el ectromagneti c wave which builds up in
this case propagates in the barrel, and i3 +efl ected by the
projectile. Furthernore, this results 15 in a Doppler frequency shift
whi ch is deperekaferablheinnshantigedanoeel ocd tysedhke Kaanshet this

di sadvant age t{ipfodiip SENSOES Nugd bgrboeatedeat andef il dislanqg e
fromone another. This 20 design | engthens the neasurenent device

adj acent to thHeThAIANGIUS hEuiRaSBRTARAY e12S THEECERINERadoro example
instability ofpy he efitdd ec¥REPOD, cBhpABArfaAUSE PRODIGME tWaaN 4iSi B8 a
sub-cal i bre amuni ti.on. The di scardi ng sabot which is rel eased on
emer gi ng f PomRHe! SE€apdir barrel 25 can danmge the neasurenent devi ce.
Furthernore, the sensors nust be nounted directly in the weapon

barr el , of On A tsul EnlBNNeERRAS 1 of NG, vERRARDALER! RURRLY & ¢ a0d d i

e
muzzl e vel ocity neasurenment device Suppfler are no aime. Thi's
means that the'asgmuide candbdof ingasnry) bapadepprles orelocitie bEr rtdle

only subject tn-dpliatinely ghffiedbt condiddions, 4d at gakkiobefuzzlig
velocity 1o Ep 0 023 365 A2. Tn this case, the frequency of the
signal is above the cut-off frequency for the relevant

waveguide mode. The electromagnetic wave which builds

up in this case propagates in the barrel, and is

reflected by the projectile. Furthermore, this results

15 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
20 design lengthens the measurement device adjacent to the
muzzle o©of the weapon barrel. This can lead 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
25 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
30 adjacent to or in the barrel only subject to relatively
difficult conditions, if 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 is
35 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 I1mmunity for the



measur enent devi ce shoul d operate i ndependently of the weapon barrel
that is used, wthout any intervention in the weapon barrel itself. A
further disadvantage is 35 that the neasurenents of the airspeed and
the progranm ng of the firing tine outside the weapon barrel by neans
of a mcrowave transmtter requires a certain anount of interference
immunity for the - 4 - information tranénission between the
transmtter and the ErOjeCtl|e Natural interference, as well as
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parts of instantaneous transmitter frequency, and increase the
complexity Zfor accurate measurement o©f 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 invelve any contact, but no longer has the

last-mentioned defects,

The object is 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 brake as a waveguide (a waveguide 1is
achieved with a barrel having characteristic cross-
sectional shape which has a very highly electrically
conductive wall). Rectangular and round waveguides, in



35 the nmuzzl e brake as a wavegui de (a waveguide is achieved with a
barrel having characteristic cross- sectional shape which has a very
hi ghly electrically conductive wall). Rectangular and round

wavegui des, in - 5 - particular, are in w despread use, but are
operated bel ow the cut-off frequency ef 5t he rel evant wavegui de node.
(For the principles relating to this, see
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Il lustrates how a rib structure in the nuzzle brake ensures nod
sel ection. VWBBhRSaPEipg @hesolution of the Maxwell equations, rather

than being based on resistive attenuation.

15 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

20 profile can also be incorporated in the wall of the
waveguide in order to achieve the desired transverse
electromagnetic field distribution. This 1is shown in
Figure 3, which illustrates how a rib structure in the
muzzle brake ensures mode selection. When all of the

25 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 Dbetween the
transmission coupler (3.1} and the reception coupler

30 (3.2) can be used for better mode selections, if
necessary. However, in general Zg 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

35 comprising a transmission coupler (3.1) and a reception
coupler (3.2). However, it 1is 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



25 constraints are satisfied, this results in a signal strength at
the location z = 0 (when ZK= 0) which is now governed by the position
zzp of the projectile in the wavegui de. The of fset ZK between the
transm ssion coupler (3.1) and the reception coupler 30 (3.2) can be
used for better node selections, if necesgary. However, in general ZK
shoul d be equal to O, and this applies only to that reception coupler

Wﬂ Cht i St Cljoseﬁt& ko cbﬁ%abﬁam%jrpntwuﬂiﬁ?cg%ﬁ) of ThBeSiHa4dHd10mend,
illustrated in Figure 3 shows an_arrangenen conpri si ng .
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of the tranksniassbbhinpupher disajvantaar def ta ileodeamvzehe velocity
measur ement  acgll A¢Yem daizzle brake is in this case not
artificially l'engthened, thus 5 avoiding the disadvantage of a | ong

nmuzzl e vel ocity nmeasurenent device. The neasurenent apparatus is
formed by the @ hagkfkement apparatus is formed by the gun barrel

or by some other firing apparatus in the form of a
10 Dbarrel, the projectile, the muzzle area of the barrel,

for example a muzzle Dbrake, and at least one

oscillator, a transmission coupler and, as a minimum, a

reception coupler or a plurality of reception couplers,

with the number being dependent on the desired
15 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 is
20 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
25 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 is used need not be highly
freguency-stable, as in the case of the known Doppler
30 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 is also a result of the fact that the
envelope 1is detected, rather than the frequency. The
35 measurement apparatus can be operated in the single

mode.

The invention will be explained in more detail using



or by sone other firing apparatus in the formof a 10 barrel, the
projectile, the nuzzle area of the barrel, for exanple a muzzle
brake, and at |east one oscillator, a transm ssion coupler and, as a
m nimum a reception coupler or a plurality of reception couplers,
wi th the nunber being dependent on the desired 15 nmeasurenent
accuracy of the nmeasurenent apparatus. This sinple nmeasurenent

apparatus has {he adyanhags thabod 27iry aLRRnaNde FOB UL 2| & brgle
need not be arfP?i%?§%?§%%§ng?ﬂ%%egﬁe#%e neasurenenteapﬁ%ratus s 20
integrated di r&AYYPIm ¥h&Hheksl e brake. Furthermore, it can be used
i ndependently of the type of ammunition (full-calibre O

sub-calibre). The measurenent apparatus.is.conpact, since_the barre
and the nuzzl Jjagr‘gae %1 n Sg’ac’r“ﬁ CUEEF th@r?‘rﬁiﬂjgebr acf<f7‘e Wil chTegsurement
general ly 85 used adj acepparatiise dior banesdyrementparaf of thhe muzzle
measur enent equi pnent . ragy .o urenent itself is

i ndependent of the osci}Fgfggﬁﬁrggugn%§?ﬁggg?%§f the oscillator that
is used need not be highly frequency-stable, as in the case of the

known Doppl er @BQflLquengy ieasyr eniienatAld thalub8rALLE8SAIYF | Sthe
that a | ower fréquency and an upper frequency shoul d, respectively,

not be undershot or over<ffidtedThe EPHPHe nEALERSY t i%° al $SOK Y estrPt
of the fagp that the enwdlgope s detected, rather than the frequency.
The 35 measurenment apparatus can be operated in the single node. - 7
- one exenplary enbodi ment and with reference to the drawing, in

whi ch: Fi gur e Figshmws3 t shopisi nainpl € 1dfus& rassasnr emént theppaeasusehent
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10Fi gure 1; Figure 3 shémsizped | wdthat j%on B¥P t hetHeglkiuFemefipr 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 1is electrically connected wvia a signal supply 5

25 to a transmission coupler 6, in oxder 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) wvia the transmission c¢oupler 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')



section, integrated in the nuzzle brake, and equi pped
with arib structure for node 15sel ection; and Figure 4 shows an
illustration fromFigure 3, with a plurality of couplers. 20 Figures
1 and 2 show t he basi e design of a neasurenent apparatus 100 for the
measur enent net hod. The neasurenent appargatuus 100 conprises a gun
barrel 1, in this case with a nuzzle brake 3, and an oscillator 4
which is el ectahgathy pga@e@tfpbviaa(mghgeai eypph&ef) 25)t @edults 1n

transm ssi on ¢ | er, rder,.t o_exc receptio .
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6. In this exempi@ry, enbodi nent, a frequency is chosen which is 35
bel ow the cut-off frequency of the rel evant wavegui de node. The

desi red wavegui de node is excited by nmechani cal and electronagnetic
node sel ecti orAs Th@repsyenstcargt,i sthy tieadareneintl @fpgnatu? 100 is

wavegui de 1') the, prg | RLOYr l.i nder
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coupler 7, in 1hh5.£asgr ayB&faite sms_aa,lé &ﬁﬁ@wg@eahm %hgnﬁilwzzle
which is passed to the rece|V|ngeun|t . As already stated

neasurenent;ﬂﬁﬁﬂ%ﬁusNQEOOFéY t fundamental mode, but aiso hlgher
waveguide modes are possible. A distinction is drawn

between transverse electrical (TE) and transverse
15 magnetic (TM) modes. Both modes can alsc be used in

this case.

The fundamental principle of the measurement method
will be analysed in scmewhat 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 is below the cut-off frequency for the



operated in a sel ected wavegui de node bel ow the cut-off 10 frequency
of this wavegui de node in the waveguide or in a piece of wavegui de
which is integrated in the nuzzle brake. Not only the fundanental
node, but al so hi gher wavegui de nodes are possible. A distinction is
drawn between transverse electrical (Tillg .and transverse 15 magnetic
(TM nodes. Both nodes can also be used in this case. The fundanent al
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Vit (zero), at%gé t%{éa?nt tz%no?%%ipcgg!r)rgong%]t @?ét h%ﬁrégi?]a{e?i ?jiér% uct ir'[‘(”g-lrcle
adj acent to tpeBopagiticss ¢& the= R cgepenenthi seadtse at the

achi eved by thedirpductd on of i §h &l dsEPERGRAN LR chNg sOdePedlent
el ectromagnetic f?éfﬁg whi ch sat%s %%s onfy ?ﬁg cons%FainFs S%iacgﬁt
to the walls, 9hdth® REEEtiE6Ralcf the cylinder base at the location

10 Z = Zp.

If the time profile of the signal strength at the
location z = 0 is now analysed, ‘then it is possible to
deduce the muzzle velocity V.

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 used 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



conponent, which has the sane transverse distribution 35 as the
original field and therefore also satisfies the constraints adjacent
to the walls. The original field conponent is excited at the | ocation
z = 0. The frequency is below the cut-off frequency for the - 9 -

sel ect ed wavegui de node. In order to sgthfy the constraints adjacent
to the cylinder base z = zp a second fie conponent i s generated,

w th cancell at} j (positi f fgﬁgﬂgi QU0

the 5 electri cgﬁgjf%)éel?%ﬁs)ﬁieér%t héfangﬂ%%e r&l%?sn% corrpoflaeen‘ft‘\lq{og]cJ {iﬁfel:;pdged
magnetic i nduck®®®: of the original field. The superinposition of the
two conponents results at the location z = 0 in a signal strength

whi ch i s dependent an the Siti of the cylinder_base at, the .
location 105 = zp. 14 REUPIRES plGFANETSPSTNE SOYRAPES: AT SO THRR
|l ocation z5% 0 is nouglatg)sedan hba iposstipmesd blveryo déduee tdie one
nmuzzl e velocity Vo._1 C b e fr Fi he_desgir
wavegui de node can %%Osterﬁéts:rlte db§a§eg§lgﬁi ca %lgglé F\gﬁ%&asgpegiei gtg'}zhzllse
case by way of exanptakey(d riThets uict ire reidcentlengtthen ideguizisle
wal | . Furthernore, ¢he modexgaliaollan 20 dig assighgd Py dhe MRS Ofhe
excitation by the transm ssion coupler 10.1. Figudre 3 shows the
wavegui de as part ofn3tiellakAdre thealarrede aff $8is4igepagshbife
transm ssii@n coupler 10.1 and the reception coupler 10.2 can be used
for better node selection, if 25 necessary. However, in .general ZK
shoul d be equal to D JRCSTRE THRE ST S ohi PP E9 4] debgtiomuizzle
coupler which is clmsegss {(Diduxe tF)armamiiys sitem cdouptamdtD . He tggmted
shows how t he neasur.e curacy, Ls.L{pr d ralLl of,
reception couplersqflﬁggglﬁ&% 6%1db%%r%gFe %%héﬁg% en%g%g%tﬁékEXe 8
coupl er 11.2 whi ch tefefqrtesindappndandmatheizarragtrednd drgd dthatefore

same di stgrce fromjihe, har rgle ¢1d.2s tslih%ptlriﬁﬁ}s.m ssion coupler 11.1.
2

This means that no reception couplers 1 can be positioned 35 after
t he transm ssion coupler 11.1.

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

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

stability requirements, since there is no need to
measure a Doppler frequency.



- 10 - characteristics of the measurenent device proposed here: the
couplers (transm ssion couplers and reception 5 couplers) can be
positioned very close to one another and can thus be integrated in
the nuzzle brake (3). There is no need to | engthen the nmuzzl e brake.
Furthernore, the couplers can also belinstalled in the barrel, if
this is possible. 10 The neasurenent device is integrated in the
nmuzzl e brake (Figure 3) only when it cannot be integrated in the
weapon barrel.“%: S fiulski&nent device is therefore independent of the
barrel, and therefore 15also of the barrel supplier. The neasurenent
takes place within the nuzzle brake or barrel, thus achieving better
resi stance to Int erk metheddor degermitieg g e velecifysofoympigeteld abegovbarisk

cut-off fr, , t de al so mnimzes the
external‘%ﬁgﬁgﬁ%ﬁ%bgggi%EgzggggﬁgﬁggPmpgdﬁgﬁsgﬁhgect to any stringent
stability requpeasiggti® baskehaenidzbiteakeusnovavegddd a anfleagpecy (AatDopgdwe
frequency. -11- Wiat is @jaineﬁfjs: 1. A ng%ﬂod for, .

det ermi ni ng a nuzzI8TEWEBLNE GUIGH feapengy shipterizips sienal Rropagstion i the

| auncher tube or atyRefHaZ g Qi Beqleisy MRIcBO: £LRERIhSY Blow QREIhAt | Ng
the barrel or muzzle brake as a waveguide at a frequency that is

bel ow a cor r espondiwRyet#re eftenuated geiberdharcimapageted thirppglyths iwgmeguide; and
propagation i . i . g i.ndi i a

P equency bel oy f2HLERs £08 P L bR e iR, 000

t hr ough t he waveguiettetromaghetie signali gehargtet rerepponzd @ thebpaation offthd he
projectile from neasurenents of an el ectromagnetic signal generated
in response to the "6&UtTon of the wavegui de. . 2. The nethod
according to claim1, wherein an instantaneous projectile velocity is

continuously determ ned and stored. _ i o
2. The method according to claim 1, wherein an instantaneous projectile

velocity is continuously determined and stored.

3. The method according to claim 1, wherein changes in the projectile

velocity in the waveguide are determined over time.

4. The method according to claim 1, wherein determining the muzzle
velocity of the projectile comprises predicting the velocity while the projectile moves

through the waveguide and before the projectile exits the waveguide.

5. The method according to claim 1, wherein a point in time of the
determination is chosen as that point in time when the projectile is located at the location
of a receive coupler, wherein the signal to be measured becomes zero or has another

characteristic behavior providing a boundary condition for determining the velocity.

6. A determining device for carrying out the method according to one of
claims 1 through 5, the determining device comprising:
a gun barrel or launcher tube;

a muzzle brake;



3. The method according to claim 1, wherein changes in the projectile
velocity in the wavegui de are determ ned over tine. 4. The

nmet hod according to claim1l, wherein determ ning the nmuzzle velocity
of the projectile conprises predicting the velocity while the
projectile nmoves through the wavegui dé2and before the projectile
exits the wavegui de. 5. The nmethod according to claim1,
wherein a point in_tine of&%gg,deternipation i S, chosen, as .t hat point

in time when thdgh SFRsERPL is plecitieallveonpeted though paigasl line fuatdpast

coupl er, wherein thgeghe08k cdupldFoBRRNE Ut ARHAABorA/HRh bR End
anot her characteristic behavior providing a boundary condition for
det er mi ni ng t reregayoling fpr conducting the miagegdesigriats aigt estionerdeeive caunlsti ng
out the nethod aCCQ&gLQ%ﬂ%;gﬁﬂF of clainms 1 through 5, the

I'ng:

determ ni ng device conprising: a gun barrel or |auncher tube; a
nmuzzl e brake; - 12 - a signal generator, which is electrically
connected thraqugh signal . line to at | east one transm.t coupler for
exciting the g7uun baeaRiegping wsrweqa%e,g TR ieERTy Eheysigal gagfrator

conduct i ngntihfs ARASHF %véﬁzﬂﬂ? ScobtaflafRsde MAAFhEGRYVE coupler to an
anal ysis unit. 7. The determ ning device according to claim®6,

wherein the signal generator generates a carrier wave having a

constant anpl i%t ude %@%ﬁ%ﬁﬁ%ﬁnﬁice accordiflg o c-sll_gi(fa‘h %%h%{éﬂl g{;,egg%lgfe%fjngﬁtor

according to claim erel e signal~generat’or gen

nodul at edzeaegteah modulated stgnallhe det er mi ni ng devi ce according to claim
6, wherein the signal generator is an oscillator. 10. A nuzzle
vel ocity measurenment apparatus, conprising: at |east one transmt

coupl er confi gur ed The defhinthgHeVRY QelbrdiBe & cl@inb, W@iardif BRYRINGYgendlator
| east one receive coupler configured to receive el ectromagnetic

si gnal s geaepssilaipri n response to the excitation of the wavegui de;

10. A muzzle velocity measurement apparatus, comprising:

at least one transmit coupler configured to excite a waveguide at a given
frequency;

at least one receive coupler configured to receive electromagnetic signals
generated in response to the excitation of the waveguide;

a measurement unit configured to determine a velocity of a projectile launched
through the waveguide based on the electromagnetic signals received by
receive coupler; and

a signal generator configured to provide an electromagnetic signal for exciting the
waveguide to the transmit coupler at a frequency below a cutoff frequency
corresponding to the waveguide, the cutoff frequency indicating a
frequency below which waves are attenuated rather than propagated

through the waveguide.

11.  The apparatus of claim 10, wherein the waveguide is formed from at least

a portion of a gun barrel or launcher tube.



a measurenment unit configured to determne a velocity of a projectile
| aunched t hrough the wavegui de based on the el ectromagnetic signals
recei ved by receive coupler; and a signal generator configured to
provi de an el ectronagnetic signal for exciting the waveguide to the
transmit coupler at a frequency bel owld-cutoff frequency
correspondi ng to the waveguide, the cutoff frequency indicating a

frequency bel ow whi ¢ch waves are attenyated. rather .tha r qpagat ed

{hr ough ¢ he. wetequi T8 aPparatis ok ainr £ s e eV eguie 3 opmed. e et
t he wavegibdifod 8t § RusBdbLkOM at | east a portion of a gun barrel or

| auncher tube. - 13 - 12. The apparatus of claim 10, wherein

the waveguide is forned fromat |east a portion of a nuzzle brake.

13. The appar atus i erel : | he..or-oj ectile
is determ ned 3y n@%?%k@%%h%??%%@%ﬂghg?ﬁi gMSFQgﬁi%ﬂgéﬁéyﬁgﬁgggnals
recei ved degerm@redibyeneaeuirgastrenaty off thereleattanapnatipagdulaiecditel precded i | e
t hrough t he wavegui de 4. The, apparatus of claim 13, wherein
the val ocieBpISRreE HEesl R o e Pl Rah T TEHESHNS ot e ol nt s

al ong the path of the projectile. 15. The apparatus of claim
14, wherein the one or nore points along the path of the projectile

i ncl udes a poil widearparetupeiolein: 13. avhesein Ge vplocipeidhe pisctile is

16. The ap el 3t QJe&'n?t}r%aﬁlits a\ﬂéc]‘%;tﬁ% at{iggtsht%rﬁg?_iggtilépre poi nts al ong

the path o e projectile’rnclu e poi nt before where
the projectile exits the wavegui de. 17. The apparatus of

claim 10, wherein e signal nerator is an oscill ator. 8.
e Aopar at e 5t "o /ThE aPheBma pERTRRT B Ribeteu e aRE StbtriBirislons e grde
coupl er affenddfrbreiile idcAbes aphinOtherk tidd HoRcale ROt waieidideaxi s of the
wavegui de. 19. The apparatus of claim 10, wherein the receive

couplers are spaced a fixed distance apart fromeach other along a
l'ongi tudinal ggis qf, taﬁ?méﬁ@é’ @@i’éiglel'él, wherein the one or more points along the path

of the projectile includes at least one point before where the projectile exits the

waveguide.
17.  The apparatus of claim 10, wherein the signal generator is an oscillator.,

18.  The apparatus of claim 10, wherein the transmit coupler and receive

coupler are offset from each other along a longitudinal axis of the waveguide.

19.  The apparatus of claim 10, wherein the receive couplers are spaced a fixed

distance apart from each other along a longitudinal axis of the waveguide.

20. A method for measuring muzzle velocity, comprising:
exciting a waveguide at a given frequency;
receiving electromagnetic signals generated in response to the excitation of the

waveguide;



20. A nethod for measuring nuzzle velocity, conprising: exciting a
wavegui de at a given frequency; receiving el ectromagnetic signals
generated in response to the excitation of the waveguide; - 14 -
determining a velocity of a projectile |launched through the wavegui de
based on the el ectronmagnetic signals‘ﬂéceived in response to the
excitation of the wavegui de; and providing an el ectromagnetic signal

for exciting t wavegui de .at frequency bel ow utoff f uenc
cor r espondi ng FFPRLSBAVEGHRHRY RHE R Fohere Enan Y v e il T o
frequency bel ow whitabcloguasagac: addabidediad ih aspehsetdaR crEitpionat 8d
t hrough the wavegui de.
waveguide; and
providing an electromagnetic signal for exciting the waveguide at a frequency
below a cutoff frequency corresponding to the waveguide, the cutoff
frequency indicating a frequency below which waves are attenuated rather

than propagated through the waveguide.



