1 Device for determning the nmuzzle velocity of a projectile The present
invention relates to a device for determning the nuzzle velocity of a
projectile according to Claim1. The priority of Swi ss Patent Application
2003 0961/03 of May 28, 2003 is clained. The nuzzle velocity of a
projectile is typically referred to in'gunnery as VO and also as VO
velocity. This is the velocity at which the projectile fired from a
barrel ed weapon noves on its trajectory in relation to the weapon barrel
upon exiting the weapon barrel. Z 1In the framework of the present
description, the term weapon barrel is to be understood to nmean both
cannons and rocket |aunching tubes. The term projectile is to be understood
as all mssiles which may be fired out of a weapon barrel, i.e., ballistic
projectiles and projectiles that are at |east partially self-propelled.
Ballistic projectiles are understood as typical shells which detonate upon
i npact, as well as settable and/or programrable shells which detonate in
flight, for exanple. The projectiles may be spin-stabilized and/or
fin-stabilized, they nay be inplenented, for exanple, as sabot shells, as
primary shells which guide nultiple secondary shells with them or as
practice shells having a core and mantel. Anong ot her things, the duration
of flight, the firing distance, and the point of inpact position are a
function of the VO velocity. The precise know edge of the nuzzle velocity
VO is, however, particularly inportant in connection wth progranmable
projectiles, since the point of tine of the transm ssion of a programm ng
code to a proj ectDéwicé ¢or déterminipgthechuzzibivelodity dbha prejeictital

The present invention relates to a device for determining the muzzie

velocity of a projectile according to Claim 1.

The priority of Swiss Patent Application 2003 0961/03 of May 28, 2003 is

claimed.

The muzzle velocity of a projectile is typically referred to in gunnery as VO
and also as VO velocity. This is the velocity at which the projectile fired from
a barreled weapon moves on its trajectory in relation to the weapon barrel

upon exiting the weapon barrel.



weapon effect is a function of the nuzzle velocity VO. The nuzzle velocity
VO is also a function of the weight and the tenperature of the propellant
charge. A theoretical nuzzle velocity VO (theor) may be cal cul ated using a
conputer if all data relevant in this regard which concerns the weapon
and/or the weapon barrel and the prOJectlle to be fired is known. In
reality, the nmuzzle velocity VO al nos® al ways deviates fromthe
theoretically calculated nmuzzle velocity VQ(theor), anong other things
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barrel, anactidecshelisritamimab delralaet:lenantelsonevwmt | arger than the caliber of
the weapon barrel. The coils are applied to current sources, so that a
magnetic field results in the region of each coil and an induced voltage
may be reamnofd other things, the duration of flight, the firing distance, and the point

of impact position are a function of the VO velocity. The precise knowledge
of the muzzle velocity VO is, however, particularly important in connection
with programmable projectiles, since the point of time of the transmission of
a programming code to a projectile for the purpose of achieving the desired
weapon effect is a function of the muzzle velocity V0. The muzzle velocity VO

is also a function of the weight and the temperature of the propeliant charge.

A theoretical muzzle velocity VO(theor) may be calculated using a computer if
all data relevant in this regard which concerns the weapon and/or the
weapon barrel and the projectile to be fired is known. In reality, the muzzle
velocity VO almost always deviates from the theoretically calculated muzzle
velocity VO(theor), among other things because both the weapon and/or the
weapon barrel and the projectile do not correspond precisely with the data
upon which the calculation is based. In particular, the VO velocity is reduced
as a result of the wear of the weapon barrel. It is therefore necessary to
measure the actual muzzle velocity in each case upon firing in order to
possibly correct the azimuth and elevation of the weapon barrel in regard to
the target to be combated and/or to program the projectile or at least the
following projectiles appropriately.



upon passage of the projectile. Wile a projectile flies through the region
of the coils, the magnetic field is disturbed and the readabl e voltage
changes as a function of the position of the projectile inrelation to the
coils. This previously known doubl e-coil device for VO neasurenent has
several disadvantages, of which the nost inportant are to be cited briefly
in the followi ng. The device has a co@paratively high weight and a | arge
volune due to the arrangenent of two coils. The outlay for additional
devices is also relatively |arge because of the arrangenent of two coils,
si nce an &ndesestslevidesrans meﬁhw%c@@smqwm oor mgepudng the patudh&Onore, the
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the coils, the magnetic field is disturbed and the readable voltage changes as

a function of the position of the projectile in relation to the coils.

This previously known double-coil device for VO measurement has several
disadvantages, of which the most important are to be cited briefly in the
following. The device has a comparatively high weight and a large volume
due to the arrangement of two coils. The outlay for additional devices is also
relatively large because of the arrangement of two coils, since an analysis
channel is necessary for each coil. Furthermore, the device must have a
specific length for a precise VO measurement, since the distance of the coils
is determined by, among other things, the length of the particular projectile
to be fired. Therefore, if long projectiles, such as subcaliber shells, are also
to be fired from a weapon barrel, the coils are to be spaced further from one
another, the second coil in particular being spaced far from the weapon
barrel muzzle. The coils may be damaged easily in any case, and the danger
of damaging the coils increases the further they are spaced from the weapon
barrel. If one intends to fire subcaliber ammunition, complex constructive
measures must be taken in order to prevent damage to the coils by the sabot
components, which detach from the actual projectile directly after firing. If

only short projectiles are to be fired, a long measurement baseline is not



A device for performng a VO neasurenent, in which only one single coil is
used instead of two coils, is knowmn from Patent Application GB-2 200 215.

This coil is positioned directly in front of the muzzle cross-section.
Therefore, it is around and/or on the weapon barrel and has a current
applied to it, so that a magnetic field arises in the region of the coil.
As in the double-coil device described above, an induced vol tage which

changes over tinme is read off as the projectile passes through the coil.

hi i, . I
dovi e ar SEbarTuSR e RRF Tray BF PLePoBlR R RIAAUED shial defUI e
wei ght, t lemed@mgher.oHodavegein mlﬁt@eﬁéﬁl’madiéngeredrlmrtaaedae taid ealls it er f er ence
of nultlple coils |saﬁa vented, and only one analysi nnel is necessary.

A
R R e R R R e i S A IV S i

field thrqugh r\é@mhaﬁdmuw@tée/éht beedi®V 98 rhéasuteRidnt D6 ket iechveapon barrel .
Furthernore, very high tenperatures up to 600C arise on the weapon barrel

in m)dernWﬁme@dﬁﬂ@rﬁmmpkﬁ%rﬁﬂp@@@usn&de of copper, as are preferably
used, may not be used in an arrangenent on the weapon barrel, since they
are onIy usabl e at tenperatures up to approximately 250C. It is a further
di sadvant dgéemitetfhii pedorraingea®iOt mehswremerd, imyheth enlfyi aledsioflet ¢l isoi | i s

nas & readbed Ganap o, s R RS Faret bR BN GRE IO 2151 t ue anc

t he anal ysiits ebil Ugbsitiofiedralrectigirgfraht o the Muzel sesssection! h?hrenefbee,
devi ce for erfor t he VO nmeasur enent r&ﬁhch al so has g % one coil, is
glsa §9 tedkng

known fr o f@r@yn?@ldfgbonfﬁg WeRARON; lRarr af @ GHEESNE R %lly to
t he weaponnhbggrihgndtid flélH ér%éSQHQHSC#e{;l@ntJTQhWQ%ﬂOrhspﬁfﬂ’@ dodmeldoil close to

the exit cross-section of the projectile, when viewed in the direction
device described above, an induced voltage which changes over time is read
off as the projectile passes through the coil. Using this single-coil device,
certain disadvantages of the double-coil device are avoided, particularly its
relatively large dimensions and weight, the danger of damage is practically
eliminated, mutual interference of multiple coils is prevented, and only one
analysis channel is necessary. However, this device has the disadvantage
that in this case the magnetic field through which the projectile moves is
disturbed by the weapon barrel. Furthermore, very high temperatures up to
600°C arise on the weapon barrel in modern weapons. Coils having windings
made of copper, as are preferably used, may not be used in an arrangement
on the weapon barrel, since they are only usable at temperatures up to
approximately 250°C. It is a further disadvantage of this arrangement that
the magnetic field of the coil is disturbed and damped by the weapon barrel.
Such an arrangement therefore has a reduced sensitivity. The induced
voltage has a smaller amplitude and the analysis of such a "smail” signal is
imprecise.



of the weapon barrel |ongitudinal axis. The internal dianeter of the coil is
| arger than the internal dianeter of the weapon barrel, so that the

ot herwi se continuous cylindrical inner surface of the weapon barrel is
interrupted by an air gap at the location of the coil. The projectile to be
fired has a ferromagnetic ring arounddits circunference. The axial |ength
of the air gap and/or of the ferromagnetic ring forns the neasurenent

baseline. The curve of the change of the nagnetic field of the coil is
measur ed. Fﬂ\ﬂhéﬂﬂﬁ)ref@Hé@l&@gﬁﬁﬁeﬁorm"ﬁg}twmafsbf@h@h Wwhhrfigo ags of the coil
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avai | abl e, so that a novel so used
ferromagnetlc ring passes through the region of the c0|l and/or the airgap, a
short circuit results in the magnetic circuit, the field strength increases, and
therefore a pulse-like current change may be detected. Since the
measurement baseline and/or the ferromagnetic ring has only a small
dimension in the axial direction, the pulse-like change is of a short duration.
This device for performing the VO measurement is bound to the barrel, and
the measurement method performed with it may only be implemented if

special projectiles, specifically those having ferromagnetic rings, are used.

It is thus the object of the present invention to suggest a device for performing
the VO measurement, using which the disadvantages of the known single-coil

and double-coil devices are avoided.

This object is achieved according to the present invention for the device by
the features of Claim 1. Preferred refinements and advantageous details are

defined by the dependent claims.



anal yzing the data provided by the coil. The coil does not press against the
out si de of the weapon barrel, but rather is positioned after the nuzzle
cross-section of the weapon barrel, viewed in the novenent direction of the
projectile. The tenperatures are so |low there that coils having copper

wi ndi ngs may be used. The positioning @f the coil after the nuzzle
cross-section also has the advantage that the nagnetic field 1is not

i nfluenced by the barrel. The frequency of the corresponding signal is

t heref or eTﬁgBdeﬁcfuqu%&%tiﬁ]%%r{aﬁ !féétﬂtr@,rﬁirt&?@iv e e Bﬁ\?el t éé/ lfrerdhe novel

devi ce having only one coil is significan shorter than nown
doubl e- coifforaé¢hé keswnastabible-dod deviresatascebedatiprgl i thathnby onghigataut | ay f or

further devices is reduced in _co y hy I Si only one
Ll vl s St e et T tht Do erBANLE Wik dodE e Bhf b Bofrier” SRREICT Y P
coils is oreaty yne ethdgtedoil ardaeaiteble0sd thatd nbeelpnstHodoisedsaused fal ati vel y
| arge distapce fromthe mwggggrel muzzl e. The novel nethod is such that

no measur RENENGLS fafe prov §<h the device. The device is therefore

also well suitable for relatively long projectiles, for subcaliber shells,
for exanple. The precision of the novel nethod is, with appropriately high
manuf act umhBgoilslassi natress agpinspiie gutsidg of theweapen bankel phulckatiel use.

I nsignifig ' é i et el d

gener at ed??@lasr{g{;ﬁ'&g%%fg@gm@g%gﬁasﬁf%&gﬁa (J{?ﬁggg\?eoﬁtdg’gtl i es, R’m% l%on their
part for mtphanzweneent difectiarhef Vi@ prejeuilendhe, temperaturey srelisbflew thewn one

anot her b Li.ttle. A muzzle brake acts afte he proj.ecti | eaves t he
meapon bafvd cisiing coPBarn RGP e SR8 5 M Rt " ey
cause a sfter posinilhe ofosstdectioRassy Rae fhe adyastlagprtbdt tesimagnetic field

is not influenced by the barrel. The frequency of the corresponding signal is

therefore smaller and better results are achieved in the analysis.

The novel device having only one coil is signhificantly shorter than the known
double-coil devices, and it is also correspondingly lighter. The outlay for
further devices is reduced in comparison to the related art, since only one
analysis channel is necessary for the analysis. The danger of damaging the
coils is greatly reduced, since no coil must be positioned at a relatively large

distance from the weapon barrel muzzie.

The novel method is such that no measurement baseline is necessary on the
device. The device is therefore also well suitable for relatively long

projectiles, for subcaliber shells, for example.

The precision of the novel method is, with appropriately high manufacturing
precision of all parts, sufficient for any practical use. Insignificant
inaccuracies may be caused in that the magnetic field generated is not
completely constant, and the projectiles, which on their part form parameters
for the VO measurement, may always differ from one another by a little. A

muzzle brake acts after the projectile leaves the weapon barrel, through



Detail s and advant ages of the present invention will be described in detai
in the following on the basis of exenplary enbodi nents and with reference
to the drawing. Figure 1 shows a weapon barrel having a device according to
the present invention, in a sinplified, schematic illustration; Figure 2
shows, in the left half of the figure, _three partial figures, each having a
projectile upon exiting the weapon bar? inthree different positions

and/ or at t hree sequential points in time, and, in the right half of the

figure, (‘:'fh ?Hru;ﬁ%n8wn tAidal f’r?oqfé{r@};c@ arisdfikt R‘Pae/o d}s'er?§9b'%9 RgitRassage of

the proje rough 'a coi dévice ac e present
i nvent i onth&ingeasirdmenosiynal pravdtieéxenpl ary enbodi nent of the device
according to the present invention, the analysis of the variables provided
by the coil being perforned in an anal og way, shown as a circuit diagram

and Fi gur ©etandane advareRyed xaaRrasehtanbestiorenill bé deaeribled ircgetticarding to
the present invention, the analysis of the variables provi ded %tthe coi |

bei ng perﬁb?rﬁ%’dpvﬂ'ﬂ@lqrhmeyba$'ﬁ°fﬁée@@ﬂﬁqum%‘i'mﬁt%ﬁngsw'th refergifets. An
enbodi mentn0 ﬁ‘m‘ resent invention and the function of the nethod
accordi ng to t ;gpesent invention will be described with reference to
Figure . In Figure 1, a device 10 for determ ning the VO velocity of a
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| ongi tudi nal axis 11nv]en$|onoﬁn arwnma@uhrsdhamalc illastratiome regi on of the exit.
The wi nding of the coil 12
Figure 2 shows, in the left half of the figure, three partial figures, each

having a projectile upon exiting the weapon barrel in three

different positions and/or at three sequential points in time,

and, in the right half of the figure, the curve of the voltage as a

function of time during passage of the projectile through a coil

of the device according to the present invention;

Figure 3 shows a first exemplary embodiment of the device according to
the present invention, the analysis of the variables provided by
the coil being performed in an analog way, shown as a circuit

diagram; and

Figure 4 shows a second exemplary embodiment of the device according
to the present invention, the analysis of the variables provided
by the coil being performed digitally, in the same illustration as

in Figure 3.

An embodiment of the present invention and the function of the method
according to the present invention will be described with reference to Figure
1. In Figure 1, a device 10 for determining the V0 velocity of a projectile 1
upon exiting a weapon barrel 11 is shown. The device 10 includes a coil 12,

which has a winding, and which is positioned around a longitudinal axis 11.1



may, dependi ng on the enbodi nent, include one or nore turns. A supply

device 15 is provided in order to inpress a constant current |I in the

wi nding of the coil 12. The current I, which flows through the w nding of
the coil 12, generates a magnetic field Hin the surroundings of the coi

12. This magnetic field His disturbe%, and thus changed, as the projectile
1 passes through the coil 12. Using amnm appropriate analysis, as wll be
derived in the following, a reliable and precise statenment nay be nade
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of the la Bi ot and Savart t he
formul a: Dborougharhs eqil b2. tHemgra;] appropeiate pnplysis, as will be derived in the

following, a reliable and precise statement may be made about the VO

velocity from the disturbance and/or change of the magnetic field H.

The projectile 1 induces a voltage U(t) in the winding of the coil 12 as it
passes through the coil 12. This induced voltage U(t) may be determined as
follows:

U(t)z_Ndﬁ=_N£@ilx_=_Nﬁ‘@V0
t dx dt dx (1)

In the formula:

N: number of the turns of the winding of the coil 12 [-1;

X: distance covered by the shell in the firing direction [m];
VO0: muzzle velocity, also referred to as VO velocity, [m/s];

O magnetic flux [volt sec.].

The flux change over time 4®/dx is proportional to the change of the
magnetic field strength dH(x)/dx, which may be determined approximatively
as follows with the aid of the law of Biot and Savart:

a0 DG2 dH (x)
2 E 0 i =
a4 dx (2)



pO: induction constant [HHm= Vs/Am; pr: pernmeability; H nagnetic field
strength [A/m; For H(x), the Biot-Savart |aw |leads to: H(x) I1D2 N 8.1rxz
+1r 3/2 L~J]3(3) Inthe formula: D: dianeter of the coil 12 [n] I:
current through the coil 12 [A] If the equation (3) is differentiated for X,
t he change of the magnetic field streﬁgth follows as a function of x: 5/2
dux)-1 8 Nx 31x2+[Djz (4) The follow ng expression for the relationship for
the induced voltage U(t) during the passage of the projectile 1 through the

coil 12 r the -equations (1), (2), and (4): 2Z z z z siz
U(t):VKm?igll]égf%h@-Q]B [x2 + 1 DJ J L LLL (5) 10 In this fornmula: K voltage
r educt i onDi@&cadi=eneter bhéhegdyjectiler eftnd; ari sing in the housing

p0:  induction constant [H/m = Vs/Am];

gr:  permeability;

H: magnetic field strength [A/m];

For H(x), the Biot-Savart law leads to:
I-D*-N

Ei-{)c2 +[§] }
(3)

In the formula:
D: diameter of the coil 12 [m]
I: current through the coil 12 [A]

H(x)=

If the equation (3) is differentiated for x, the change of the magnetic field

strength follows as a function of x:

2 P -5/2
dH(x) _I-D*N ., [D
dx 8 2

(4)

The following expression for the relationship for the induced voltage U(t)
during the passage of the projectile 1 through the coil 12 results from the
equations (1), (2), and (4):

) 2x72 2 -5/2
U(t)=VKDi”,uO-,w1D8N x-3{x2+{§—}}
(5)



of the projectile 1 The neaning of the equations derived above will now be
explained wwth reference to Figure 2. The equation (4) is particularly
decisive for explaining the voltage curve U(t): If x = 0: The projectile 1
is located, viewed in the novenent direction, in the mddle of the coil 12
and/or the central cross-section of the projectile 1 lies, viewed in the
novenent direction, in the central crods-section of the coil 12 and the
voltage U(t) induced in the coil 12 is zero. This is the case at tine t =
ta. [|fx< :t%h? Prgkectile 1 is located, viewed in the novenment direction
left of tH& i'dd"8%f the coil 12 and plunges into the coil 12 at velocity
V0. The i Rducedoltagd teafiftidhthedanse efisies edanicurments byisingtih thedredsigng x and
reaches a nmaxi pum val ue, The voltage U(t) then falls again and has a zero
passage at x o B€ QRCYIRE projectile 1 is located in the middl e of the
coil 12. If x > 0: The projectile 1 is |located to the right of the m ddle of
the coil 12 and the induced voltage UY(t) falls continuously with increasing
x and readhesneaning ¢f fueeqaptiens derived appuve #dll inow e ﬁﬁp@snerctjmther out of the

coil 12, i C epbt %t j.n . i ; Qﬁfbl Sing Vv at
| ar ge val tég‘sér%r#&%é ﬁQ’HPé CU?I\%EE %46 HJQ ﬁﬁgi)ggt'\%%%lgé%e ttg r?ay Eag l(? | cul at ed
appr oxi mathe gbjyageisurvg Wete: equation (5). In the above observation, the eddy
currents which build up in the mantle of the projectile 1 during the
passage of the projectile 1 through the coil 12, and which generate a
counter fifkes owere not taken into consideration. This counter field
attenuates, the or i,?i nal field and 11 . ] ] .

The projectile 1 is located, viewed in the movement direction, in the middle

of the coil 12 and/or the central cross-section of the projectile 1 lies, viewed

in the movement direction, in the central cross-section of the coil 12 and the

voltage U(t) induced in the coil 12 is zero. This is the case at time t = ta.

If x <0:

The projectile 1 is located, viewed in the movement direction, left of the
middle of the coil 12 and plunges into the coil 12 at velocity VO. The induced
voltage U(t) increases continuously with increasing x and reaches a
maximum value. The voltage U(t) then falls again and has a zero passage at

x = 0, when the projectile 1 is located in the middle of the coil 12.

Ifx > 0:

The projectile 1 is located to the right of the middle of the coil 12 and the
induced voltage U(t) falls continuously with increasing x and reaches a
minimum value. If the projectile 1 moves further out of the coil 12, the

induced voltage U(t) increases again and approaches 0 V at large values of x.

The curve of the induced voltage U(t) may be calculated approximatively
using the equation (5). In the above observation, the eddy currents which
build up in the mantle of the projectile 1 during the passage of the projectile
1 through the coil 12, and which generate a counter field, were not taken

into consideration. This counter field attenuates the original field and



reduces the anplitude of the induced voltage Ut) in the coil 12. This
voltage reduction is taken into consideration in the equation (5) by the
variable K.  The variable K and/or here the factor Kis referred to as a
correlation variable and nmay be determ ned experinentally and/or using a
conputer according to the present invention. Each projectile type has a
different correlation variable K whicht is characteristic to it, or, in

ot her words, the correlation variable K characterizes the projectile type.

I which ﬂc@g%h%%ﬁéﬁﬁdé%fthé?rgddlc%ga \}}ﬁ?&‘@!’%etz&g% Bhendy 13 SHAL BRAbe 20Ut

t he VOve cit rojectrle on~t he basis”of the
i nduced voédlaglenusltaakeﬁl'hﬁodmnsrdaratmn ‘m‘tl’tehequaﬂbm(eﬂ)om tlye varieklel i ned in the

fol | owi ng calcul ate t he VQ vel ocit t I th of a Jayt i nterval
T2 o nokas valebl kAt Fetine Ttk polalfred Hiahd ol i @izt "whi o
the anpl bhddeapbetditeirmmeaaskpepini@dalllahl/cr ddilg aASoripaterakcdbin@i®! i t ude

at the induced voltage U(t) has reached the value -Ul, the tine neasurenent

i s st oppetNe RFRSEBE Heentione Fain W%"@W%&é&@l jfferemd)coarriatian) apply for

det er m ni i > x1.31X1
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L (7) variablgiX coaracterizeszthelprojecti® type. If wh|'ch prOJect||e type is fired is
known beforehand, a statement about the VO velocity of the projectile 1 may
then be made on the basis of the induced voltage U(t). The derivation of the

VO velocity is explained in the following.

To calculate the VO velocity, the length of a delay time interval TZ is
measured, starting from a start point P1 shown in Figure 2, at which the
amplitude of the induced voltage U(t) = +U1l. As soon as the amplitude at
the induced voltage U(t) has reached the value -U1, the time measurement
is stopped.

Therefore, the following two equations (6) and (7) apply for determining x1
and x2.

~5/2

2 N2 N2 2
vo.x.2C ”ﬂo-wl—l—)g—ly—-ﬂ-{xlz{gu ~U1=0

4
(6)
DG* -7 I-D*-N? T
V0-K- 7 yo-/zr——g—-xzs x22+[7} +U1=0
(7)
In addition:
V0=x2—x1

17 (8)



12 The desired values of VO xl, and x2 result fromthe system of equations
of the three equations (6), (7), and (8). This theoretical derivation wll
now be applied to the exenplary enbodi nent of Figures 1 and 2. As the
projectile 1 passes through the magnetic field H of the coil 12, a voltage
pul se U(t) is induced, as shown in Figure 2. The duration of the voltage
pulse Ut) is correlated with the VO vél ocity and the length L of the
projectile 1. An analysis device 16 is provided, which reads off the voltage
pul se U(t) on the winding. In order to now be able to make a statenent

about the VO velocity, two points P1, P2 of the voltage pulse Ut) are

pr edet er nTihnedesined vhkriesiofe/0,ntigraral xJ Fedulofropothd syRtetroofpequetidP® ofs

determ ne he VO vel oci f th ojectile 1 is calculated fromthe tine
i nterval &f T\rﬁeteﬂi“@t'ea? é%]i/a(%oﬁngt(gg correlation variable K, which is

specific to the projectile type fired, is taken into consideration. The
time interval TZ is a function of, anmong other things, the foll ow ng

i nfl uenci 'ﬁ@'S\FQ?P%ICébdeE'W%M‘ powrbe ﬁépltﬁ%}%ﬂﬁ exenplary gmbR4iglenbG of t he

proj ecti '&ﬁgureﬁta‘?\'a'?l and conposition (e.g., perneability pr) of the
projectile 17 - coil current |I; - construction of the coil 12; -

arr angenent of the coil 12 in relation to weapon barrel 11. A f| rst
e o e R RRA ! pRe B SRR AT OSSR e
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voltage pulse U(t) is correlated with the VO velocity and the length L of the

projectile 1. An analysis device 16 is provided, which reads off the voltage

pulse U(t) on the winding. In order to now be able to make a statement

about the VO velocity, two points P1, P2 of the voltage pulse U(t) are

predetermined and the time interval TZ from point P1 to point P2 is

determined. The VO velocity of the projectile 1 is calculated from the time

interval TZ. In this calculation, the correlation variable K, which is specific to

the projectile type fired, is taken into consideration.

The time interval TZ is a function of, among other things, the following
influencing variables:

- length L of the projectile 1;

- diameter DG of the projectile 1;

- material and composition (e.g., permeability ur) of the projectile 1;
- coil current I;

- construction of the coil 12;

- arrangement of the coil 12 in relation to weapon barrel 11.

A first exemplary embodiment of a suitable analysis device 16 is shown in
Figure 3. The illustration shows a schematic block diagram. Details of the
block diagram, such as the selection and dimensioning of the concrete
components, are a function of the embodiment of the present invention

selected. In the exemplary embodiment shown, a supply device 15,



conponents, are a function of the enbodi nrent of the present invention
selected. In the exenplary enbodi nent shown, a supply device 15, 13

i npl emented as a constant current source, powers the coil 12, which is
additionally identified with L here, using a constant coil current |. For
this purpose, a supply voltage Vi islgpplied to the supply device and/or
constant current source 15. On one side of the coil wnding 12.1, the

i nduced voltage U(t) is read off using a suitable decoupling 13. The

decoupl i N etéIIgm'@?\\feé)gs afa#rggg?t éLR'Fe {:é‘acfd%r@ tﬁg%oﬁt]%" vﬁn@ﬁ% or a coil LI

havi ng a network na fere enents e voltage U(t) is
fed to a amj,{tloealfyordennlﬁadume‘dLsheye,ahsnpgeqaeara;ltammccﬂlﬁcdrremml cRor this udes an
i npedance_transforner, and/or . an anplifje for ex | e. Further nponent s
- ai oo BUPRREy? aUBPYaNEedd T & BBad i Tre Bbnf SRl and7et 9Bl "Exanpi o.
The out le@ursemn@luruétﬂs obn dnlessiti@ as i€ dois Wadihg preparad indocdé woltagés fed to
two conparators 16.2 and 16.3 in the enbodi nent shown, The first conparator

16. 2 conpdfteds ferd Offdsﬂ'?ﬂgé syiteble decoupiingl 3 of e SREQURING: 4341 PENd t he
second CORPA{AL Por é)@arﬁplec‘#gT@Fé's?ﬁbpﬁ r?H/B?%ecdi'l(lrl) hb¢ing aSﬁEWkrr%Séence
voltage -Ul. Th this ‘exa e reference voltages are placed

symret ri c@tﬁ differentr partial elren"neﬂtshé"heavaltsags Ht) is fEseta efdevimedervol t ages may,

however, u#e%vﬁﬂgélml%bglsgtl vai cﬁ & mcleie%?ﬁmpeyg%e t gﬁsf:{;ynepm SE€s,

ot her varla corre at’e terv my be fed
via a conaedt/toir@m érﬁptnﬁberarﬁonaemmeles Bidher camponentsl ragy @lsdlBe peogded an FPGA;

field pro rannabl e S Lch may be
anal og or €gi'? Qrge'ﬁ‘?ef%%’l t(.l?@l ?' %}%Jna%g ff)ﬁgﬁa@bo?%bHﬁgfpégpu%ﬁ'gf‘hlevﬁggh of the
time int efhéahwe'SZu@@ids@h@l mbée&taid évivaid fll ® tvo t@nﬁagatbas 26.28aRd npl i fied
curve of volta over tinme t |sglven ontherl%
6.3 in he em odiment shown. The first comparator 16.2 compares the

voltage u(t) to a first reference voitage U1l and the second comparator 16.3

compares the voltage u(t) to a second reference voltage -Ul. In this

example, the reference voltages are placed symmetrically in relation to the

axis U = 0. The reference voltages may, however, also have different values

(e.g., +U1l and -U2).

Two TTL pulses, or other variables, which are correlated with the time
interval TZ, may be fed via a connection 17 to an analysis and/or circuit logic
18 (e.g., an FPGA; field programmable array), for example. During the
analysis, which may be analog or digital, the velocity VO is then established

on the basis of the time interval TZ and the correiation variable K.

In Figure 2, a simplified curve of voltage U(t) over time t is given on the right
side. The voltage curve has a first curve section K1 in the positive voltage
range, a zero passage at t = ta, and a second curve section K2 in the
negative voltage range. The voltage increases from 0 V the further the
projectile 1 penetrates into the magnetic field of the coil 12. The voltage
U(t) then reaches a maximum and subsequently falls again until the zero
passage. The time of the zero passage is identified with t = ta. From time t

= ta on, the voltage falls further and reaches a minimum. When the



side. The voltage curve has a first curve section KI in the positive voltage
range, a zero passage at t = ta, and a second curve section K2 in the
negati ve voltage range. The voltage increases fromO V the further the
projectile 1 penetrates into the nmagnetic field of the coil 12. The voltage
U(t) then reaches a maxi num and subsequently falls again until the zero
passage. The tinme of the zero passagelﬂs identified witht =ta. Fromtine t
= to on, the voltage falls further and reaches a m ninum Wen the 14

projectile 1 exits the magnetic figl f the il .12, the indu vol t age
o) Fs Rglcis cmisbaneanashete i ot e sl che Rt reritelbAss Sidade LDy
agai n  reaphesediRdidl 08, 0Thé tinseat whiedthd autéd veege W(veagkin) shown in
Figure 2 is characteristic for a specific projectile type, 1t being noted

that thi sepshes Hie valge\P isdHendfied Wetliyle. The two points Pl and P2 are
fixed, and in the exanple shown the point Pl is fixed in the rising branch
of the first curve section K2 and the point P2 is fixed in the rising
branch ofTheheuryeddi)i scowndn Séaurechiskcharaeteristie ferxaspeeifictpfejectite poi nts Pl

d P2 | i - i ] i nd . , i.e.,
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Pl and PZighng bseh@rbethd SecondecurVe8Bcti®kan If tHidiexsmble thetvo pdigts i me
interval TZ may be determned nore precisely than if the points lay in the

regi ons dtl 8Rd PRuareenlered symmgtrienlly teelation &0 B insiicpdyodiaigghi-esl ope. A
further qg@jml__ar_w(@ﬂt_)odi ment of a suitable analysis device is shown in

The points P1 and P2 are preferably fixed in such a way that they lie in the
region of the greatest increase of the curve U(t). These points may be found
by producing the second derivative of the curve U(t) and thus searching for
the maxima of the slope. Specifically, if the points P1 and P2 are selected in
the steep region of the curve U(t), the time interval TZ may be determined
more precisely than if the points lay in the regions of the curve U(t) in which

the curve had only a slight slope.

A further exemplary embodiment of a suitable analysis device is shown in
Figure 4. A constant current source 15 supplies the coil 12 with a constant
coil current I. For this purpose, a supply voltage V2 is applied to the
constant current source 15. The induced voltage U(t) is read off. The
voltage U(t) is fed to a device for measured signal preparation, which
includes an amplifier 16.1 and/or an impedance transformer in the
embodiment shown. Further components may also be provided here, in
order to filter the signal U(t), for example. The amplifier 16.1 provides an
amplified signal u(t), which is converted by an analog-digital converter 16.4
into a digital signal. The digital signal is fed via a bus 17 to a processing
device 16.7, such as a computer. The processing device 16.7 obtains

information about the type of the projectile 1 fired from a memory 16.5 or



Figure 4. A constant current source 15 supplies the coil 12 with a constant
coil current |I. For this purpose, a supply voltage V2 is applied to the
constant current source 15. The induced voltage U(t) is read off. The
voltage U(t) is fed to a device for measured signal preparation, which
includes an anplifier 16.1 and/or an inpedance transformer in the

enbodi nent shown. Further conponents al so be provided here, in order to
filter the signal Ut), for exanple. The anplifier 16.1 provi des an

anplified,signal [ LS verted. . hy.an - di qi verter
ToPa || e 5ohPR T pelidr andfAk RAbikd SRR VRPLTEGRY (€Pr By s FohRctfH Sl (°T
p[)ocessi ng6.f6de‘17|he:ehé|6e t't)Sf tiselchrvasU &) @@?Mr?]@lfor fﬁwcun—eme;sl rsijergilﬂdzﬁe:e 16.7
obtains jnfornmation about the type of t projectile 1 fi roma menory
o o oy LB RS PadRan e BE palns Al et BaRnel e s Remittd FEths oul ded vl n a
connect ' OProckBsifig df@chSD@P? & e%ilﬁp!é_‘.”‘ﬂ@e %ﬁr)ela@ibrh! Vdridblé & miahealsaibeent
projectile type fired and the position of the points Pl and P2 nay be

transmtt BEPMded M@ ther eiesting 16e6i dboermoressing dexigapli®’/ @ correl ation

vari abl e : I O\ j i cessing
devi ce 1659@%(‘3’#9 eetbg?nrﬁOI Hgés{htg Egzﬁn?éh?mggﬁ&gﬁﬁ'%gg%?raﬁg Pir%ﬁt E{gecor relation
vari abl e ¥e alugoele vdiecituyplof thelprojectilevOfafmtthe ipfosinationte 1 fromt he

i nformation. The processing device 16.7 nay receive information about the
projectile type to be fired transmtted froma main conputer or a

measur enefhe gevias8ing dedos doynmay tdreiver ias@niationveindutothe progeqtieofgd i le 1
itself is uge(?__ as .t he ,meeasurerrent .baseline. Separate coils, which are

posi t i onefP BE fixed)teansmitted Jrog R Maie CABIPURIHCE A TReIH AMENESY I e nent
baseline, and which the projectile flies through one after another to nake

a start-stop tine neasurenent according to the barrier principle, are no
| onger ne@Ecxding to the present invention, the projectile 1 itself is used as the

measurement baseline. Separate coils, which are positioned at a distance to
one another and thus form a measurement baseline, and which the projectile
flies through one after another to make a start-stop time measurement

according to the barrier principle, are no longer necessary.

It is an advantage of the present invention that there are no longer two coils
which may mutually influence one another. Since, according to the present

invention, one operates with only one coil, as noted above, the length of the
VO measurement device is significantly shorter than in previous

achievements of the object.
It is a further advantage of the present invention, as also noted above, that
one manages to make the VO measurement using only one measurement

channel.

A device having only one coil is less susceptible to breakdown.



It is an advantage of the present invention that there are no |onger two
coils which may nutually influence one another. Since, according to the
present invention, one operates with only one coil, as noted above, the

| ength of the VO neasurenent device is significantly shorter than in
previ ous achi evenents of the object. 1t16 s a further advant age of the
present invention, as also noted above, that one manages to nake the VO
measur enent using only one neasurenent channel. A device having only one
coil is |ess ﬁu_sce tible to breakdowmn. 16 Wat is clained is: 1. A device
(10) fVNakiSeHAMEhF: t he nuzzle velocity (VO of a projectile (1) upon
exiting a weapon barrel (11), having a coil (12), which is positioned around
a longitudinal axis (11.1) of the weapon barrel (1?:‘L) in the region before
the exilt, aAsdeyky (d6yiferd¢tesniniog thepmesiengelaciEvVanof@ prajgctilee( i |

(12), in order ta.genera ' ' (H), an analysis device (16),
which i. red®ONPft Q%WFQE%RF?[%?%;?PE&%%Q the coil (12), which is

i nduced duri-ng t hecqipesagaviEh idipositiopedtarbandla Idriyiudihalt deis (Taghedfc fiel d
of the coil (12) and whose duraé|o>n, :s@‘le correlated wth the muzzle velocity
(VO and the | engh@ waapaosr barrak(Ihlonde; Tegion pefere theeeXitt s t wo

e ) nee Do e e B (P FfPLiig o AUhaR (Hhhe el utftfr m nes
order to generate a magnetic field (H),
- an analysis device (16), which
i. reads off a voltage pulse (U(t)) on the coil (12), which is
induced during the passage of the projectile (1) through the
magnetic field of the coil (12) and whose duration is
correlated with the muzzle velocity (V0) and the length (L) of
the projectile (1),
ii. detects two predetermined points (P1, P2) of the voltage
pulse (U(t)),
iii. determines the time interval (TZ) between the two paints
(P1, P2), and
iv. calculates the muzzle velocity (VO) of the projectile (1) from
the time interval (TZ), wherein
the analysis device (16) includes a comparator circuit (16.2, 16.3), which,
upon detection of a first point (P1) of the two predetermined points (P1,
P2), outputs a first pulse, and, upon detection of the second point (P2) of
the two predetermined points (P1, P2), outputs a second pulse, the time
interval (TZ) corresponding to the duration between the first pulse and the

second pulse and the pulses preferably being TTL signals.

2. The device (10) according to Claim 1,
characterized in that the comparator circuit (16.2, 16.3), upon detecting
the first point (P1) of the two predetermined points (P1, P2), performs a
comparison to the voltage amplitude of a first threshold value (U1) and,
upon detecting the second point (P2) of the two predetermined points (P1,



(P1, P2), and iv. calculates the nmuzzle velocity (VO of the projectile (1)
from the tinme interval (TZ), wherein the analysis device (16) includes a
conparator circuit (16.2, 16.3), which, upon detection of a first point
(P1) of the two predetermined points (Pl P2), outputs a first pulse, and,
upon detection of the second point (P2) 7 the two predeterm ned points
(P1, P2), outputs a second pulse, the tine interval (TZ) corresponding to

t he duration t e es
brof er abl y Dot CRL TS gsarirst fEAL okt 2BRARNLSR 2 Seliy e Rl
characteri zedalus (tba). the conparator circuit (16 2, 16.3), upon detecting
the first point (P1) of the two predeterm ned poi nts (P1, P2), perforns a
conparison to the voltage anplitude of a first threshold value (Ul) and,
upon detecting the second point (P2) of the two predeterm ned points (P1, 17
P2), perfornms a conparison to the voltage anplitude of a second threshold
val ue (3.U1) .Tﬁie déhieedé@)@ecolwr)g dodoaindgot 3, Claim 1 or 2, characterized in

that the sup devj c | ude GO rent spurce. 4. The
dovi ce ( 10) CRABHE HEaD tBPLHTR SUPER-Jefer FoLinis icoREAtEiTant | devi ce
(16) includegppeanal og-digital converter (16.4) to sanple the voltage
pulse (U(t)) and convert it into digital values. 5. The device (10)
according to Claim4, characterized in that the anal ysis device (16)
includes a digital processing

4, The device (10) according to Claim 1,
characterized in that the analysis device (16) includes an analog-digital
converter (16.4) to sample the voltage pulse (U(t)) and convert it into

digital values.

5. The device (10) according to Claim 4,
characterized in that the analysis device (16) includes a digital processing
device (16.7), which detects the two predetermined points (P1, P2) of the
voltage pulse (U(t)) by analyzing corresponding digital values through a

comparison with stored, predetermined values.

6. The device (10) according to Claim 1,
characterized in that the analysis device (16) includes time measurement
means (16.7), in order to be able to determine the time interval (TZ) of
the two points (P1, P2).

7. The device (10) according to one of Claims 1 through 6,
characterized in that the curve of the voltage pulse (U(t)) and the position
of the predetermined points (P1, P2) are a function of the type of the
projectile (1) and are preferably predetermined in a memory (16.5), in a

register, or in a table.



device (16.7), which detects the two predeterm ned points (P11, P2) of the
vol tage pulse (U(t)) by analyzing corresponding digital values through a
conparison with stored, predeterm ned values. 6. The device (10) according
to Caim1, characterized in that the analysis device (16) includes tine
measurenent neans (16.7), in order toe able to deternmine the time
interval (TZ) of the two points (P1, P2). 7. The device (10) according to

one of ,d ai ] P in that the curve of the voltage
pul se FU(t)ﬁSn]cht‘}t?‘f?gE%@s?ﬁ%ﬁ%g@ teLée'Frﬁ?’edet erm ned points (P1, P2) are a

function of chheactgpsedin thet therapaysisdevide (Eedrenedy gy effermabtign @beddt er m ned
ina nmenory (16.5), , n@g registgr, or j%‘éf table. 18 8. ghe dc?vi ce (10)
accor di ng t hePEpiectile Chiatoake £red SERNS LR MPAL aJRAIN SPTPYEST B TTCMB)3

recei ves i nfolqmtioR aRRNice.the projectile (1) to be fired transmtted from
a main conputer or froma neasurenent device. 9. The device (10) according
to one of Cains 1 through 8, characterized in that the vol tage pul se

(U(t)) has a first curve section (K1), a zero crossing, and a second curve
section (K2), the zero crossing being correlated with the tinme (t =ta), at

whi ch ghe pragefdvides(1d) ad®rdinectt 68 EMaiatd ¥ thRotdie 8zoi | (12). 10. The
device (10) according to daim9, characterized in that the first point (P1)
of the two phedstenizachidthsdithesvoliaoe ppse (Ut hase firsyreryeoseation fi r st

gglr \I’/]te Ss(egai ?@E%,Pall%evszgﬁc%g%r@%ﬁ%gg Cs)g@?rb\cﬁ;tcuﬁ\?)ezge&goﬁ PR2§ W S & 8elBELhged
, being correlated with the time (t = ta), at which the projectile (1) is

located centrally in the coil (12).

10. The device (10) according to Claim 9,
characterized in that the first point (P1) of the two predetermined points
(P1, P2) is in the region of the first curve section (P1) and the second
point (P2) of the two predetermined points (P1, P2) is in the region of the

second curve section (P2).

11. The device (10) according to one of the preceding claims,
characterized in that the voltage pulse (U(t)) has a curve which is a
function of the coil diameter (D), the dimensions (L, DG) of the projectile

(1), the permeability (ur) of the projectile (1), and the current (I).

12. The device (10) according to one of the preceding claims,
characterized in that there is a predeterminable correlation variable (K)
between the muzzle velocity of the projectile (1) and the time interval
(TZ) of the two points (P1, P2), which is used in the calculation of the

muzzle velocity (VO).

13. The device (10) according to one of the preceding claims,



second curve section (P2). 11. The.device (10) according to one of the
preceding clainms, characterized in that the voltage pulse (Ut)) has a
curve which is a function of the coil diameter (D), the dinmensions (L, DG
of the projectile (1), the perneabilit% (pr) of the projectile (1), and the
current (1). 12. The device (10) according to one of the preceding clains,
characterized in that there is a predeterm nable correlation variable (K

bet ween t he : [ heGEHs | ' -9t er val
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