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‘0OC180- SG Si ngapur Device and nethod for determnining the nuzzle velocity of
a projectile The present invention relates to a nmethod for determ ning the
muzzle velocity of a projectile according to Claim1l and a nethod for
determning the nuzzle velocity of a projectile according to C aim15. The
priority of Swiss Patent Application 2003 0961/03 of May 28, 2003 is
claimed. 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.
- 15.04. 2004/ che 2 In the franework of the present description, the term
weapon barrel is to be understood to nean both cannons and rocket
| aunchi ng 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 least partially self-propelled. Ballistic
projectiles are understood as typical shells which detonate upon inpact,
as well as settable and/or pra ? ble shells_ _which detonate in flight,
for exanple. The projectiles r%}' ROPALEAVAS AGzed and/or fin-stabilized,
mlezhngﬁl be i npl eﬁfﬁifreﬁstﬁa%geet@smtﬂ-s%osah‘i&hS/ﬁSW.&erlaﬁdprl rTHryhslhlelsl s
de miltiple secondary shells with them or as practice shel
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
vel ocity. The precise know edge
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Device and method for determining the muzzle velocity of a projectile

The present invention relates to a method for determining the muzzle
velocity of a projectile according to Claim 1 and a method for determining the
muzzle velocity of a projectile according to Claim 15.

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.



of the muzzle velocity VO is, however, particularly inportant in connection
‘With' programabl e prOJectlles since the point of tinme of the transm ssion
of a progranm ng code to a projectile for the purpose of achieving the
desired 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
propel | antisqfaas@r/cHe t heoretical nuzzle velocity VQ(theor) may be

calcul ated using a conputer if all data relevant in this regard which
concerns the weapon and/or the weapon barrel and the projectile to be
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af ter t hepexdticecshetis taetid arond ahdenankeapon barrel. These coils and/ or
their nmutual distance forma neasurenent baseline. The coils are generally
positioned at | east approximately concentrically to the longitudinal axis

of the weap@dhdafHeelthingaehd Batdtionnéefight, WediMicdistance) ERWRe danger than
t he cal i ber of the weapon
of impact position are a function of the V0 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 VO. The muzzle velocity VO

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

A theoretical muzzle velocity VO({theor) may be caiculated 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.



barrel. The coils are applied to current sources, so that a nmagnetic field
'results In the region of each coil and an |nduced vol tage nay be read off
upon passage of the projectile. Wiile a projectile flies through the region
of the coils, the nmagnetic field is disturbed and the readabl e voltage
changes as a function of the position of the projectile in relation to the
coi | s. Thiis gar®oagekel y known doubl e-cokl device for VO neasurenent has
several disadvantages, of which the nost inportant are to be cited briefly
in the follow ng. The device has a conparatively high weight and a | arge
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preci se gngrpﬁgnq;p igld ds distybed 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




measurenent require a conplex apparatus. A device for performng a VO

‘measurenent, in which only one single coil is wused instead of two coils,
is known from Patent Application GB-2 200 215. This coil is positioned
directly in front of the nuzzle cross-section. Therefore, it is around

and/ or on the weapon barrel and has a current applied to it, so that a
magneti c fiselabdyafgRs in the region of sthe coil. As in the double-coil

devi ce descri bed above, an induced voltage which changes over tinme is read
off as the projectile passes through the coil. Using this single-coi
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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 "small" signal is

imprecise.




of the weapon barrel |ongitudinal axis. The internal dianeter of the coi

is larger than the internal diameter 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 around its circunference. The axial

| engt h of 15he. Alga/@@p and/or of the ferromagnetic ring forns the

measur enent basellne The curve of the change of the nmagnetic field of the
coil is neasured. As the ferromagnetic ring passes through the region of
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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 and a
method 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 and for the method by the features of Claim 15.
Preferred refinements and advantageous details are defined by the particular
dependent claims.



anal yzing the data provided by the coil. The coil does not press agai nst
the outside of the weapon barrel, but rather 1is positioned after the
nmuzzl e cross-section of the weapon barrel, viewed in the novenent
direction of the projectile. The tenperatures are so lowthere that coils
havi ng copper w ndings may be used. The positioning of the coil after the
muzzl e crasp4sEmiareie al so has the advagtage that the magnetic field is not
i nfluenced by the barrel. The frequency of the corresponding signal is
therefore smaller and better results are achieved in the analysis. The
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therefore smaller and better results are achieved in the analysis.

The novel device having only one coil is significantly 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 greatiy reduced, since no coil must be positioned at a relatively large
distance from the weapon barrel muzzle.

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




the follow ng on the basis of exenplary enbodinments 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 barrel in three different positions
and/ or at mshoepoegemential points in tizre, 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

i nvention wrﬁtlguunknewshnimsml Movemente pisarthiat Mxgdtatsiet a eiipépesiiovi efe
accordlng t he BLes 5 I nvention, the analysis of the variables provided

t he c&h? TPEIHY H‘P@&I Provided-anal og way, shown as a circuit di agram

and Figure 4 shovvs a second exenpl ary enbodi nent of the device according

to the pr tlon t he ﬁnal ¥5|s of the variables provided by the
coi | bel BN BFHEaVaNGIoesI AT he Bioearl ISUGRIAN M|Lbe AePEHbaR I AetatBUr e 3.

An enbodi WR&FolRfwihh®rPfRSEsdis bf]éﬁ@rwpmyaémbémefnw%a%twfreﬁehéné@wod
accordi ng to the present invention will be described wth reference to

Figure 1thedrawi@e 1, a device 10 for determning the VO velocity of a
projectile 1 upon eX|t|ng a weapon barrel 11 is shown. The device 10
includes a coil 12, which has a wi nding, and which is positioned around a
| ongi t udi rAurgxdi s 1shaws 5. \@daRP0BaTRENBViDG a teviow apoordbw teethelgrasent he

crbod ment, i nel udeSentgh ngrﬂhvﬂ%e KRetnsbey FBHEE 18 o%provi ded in
order to inpress a constant current in the wi ndi ng
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 VO 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



of the coil 12. The current |, which flows through the wi nding of the coil
‘12, "generates a magnetic field Hin the surroundings of the coil 12. This
magnetic field His disturbed, and thus changed, as the projectile 1 passes
through the coil 12. Using an appropriate analysis, as will be derived in
the following, a reliable and precise statenent may be made about the VO
vel ocity fisma tdm/edest ur bance and/ or clgange of the nmagnetic 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 determ ned as
fol l ows: Wfthe weddod tddrel ].-]l\rrFthd\l'er_lﬁc[h df €hd exit.hahkokimdirag of\thenedThee of the
turns of the nd| of tﬁ%a di st ance coveregﬁgﬁai he shel |

in the fi &g %ﬂ“[t 'mﬁﬂ 'z'l“é'%'émm PRy MOLE LYMSa %o as VO

vel ocity, d[eKﬂc%]IS ishrovRein erdiet b impPdds §@a§n§tan( ddrrdhel1 in the GhiRNIag over
time dcldx_is propartional to the change of magnetic field strength

dH(x) / dx, Shtie Kol y2 bENGI YRR} Fre\ﬁh'észﬂ%é degléme V\agdmsmf&mg ilt¥2:t he aid
of the |a‘ﬁeﬁfer§b9ta ﬁq@engaaﬁétd HYk h&SAroundir df)th(e?c)onlf'z 04yg004/ che 9 I n

n
t he fornmula: di aneter of the projectile ?q[rr] pQ i'nducti on const ant
[Hm= Vsm@qqetlcpf,ield géysn@gmrbe@,yand thus changed as the projectile 1 passes

through the coil 12. Using an appropriate analysis, 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:

Ue)=-nNI2 _ N4 __\dP,
dt dx dt dx (1)

In the formula:

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

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 s 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:

4@ _DG'-z . dH(x)
dx 4 #O- dx (2)




H: magnetic field strength [A/n]; For H(x), the Biot-Savart |aw | eads to:
'H(x) = IDZNI1lz 31z 8 x2 +[DJ In the fornmula: D: dianeter of the coil 12
[mM 1: current through the coil 12 [A] (3) If the equation (3) is
differentiated for x, the change of the magnetic field strength follows as
a function of x: -512 dH(x)ID2Nx3 x2+ D 2 dx 8 [2] (4) The follow ng

expr essi omsfparagobgheel ati onship for the induced voltage U(t) during the
passage of the projectile 1 through the coil 12 results fromthe equations
(1), (2), and (4): z zr 2]-5/2 UYt) =VKDark ID x-3 X2+[ 2D_ (5)

15. 04. 2004 ehefdtndla: this formul a: Ko vol tage reducti on because of the eddy

currents: fid st gt BPehOBRaRie (e Provectite 1
HO: induction constant [H/m = Vs/Am];
Hr:  permeability;
H: magnetic field strength [A/m];

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

8-[1:2 +|:§] :|
(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:

—5/2

i 19, 0 0]
dx 3 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):

2 272 2772
U(t)=VKD(j E#O_”ng x-3|:x2+|:§j|:|

(5)



The meani ng of the equations derived above will now be explained with
reference to Figure 2. The equation (4) is particularly decisive for
explaining the voltage curve U(t): If x = 0: The projectile 1 is |ocated,
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

di rectionisioa,2doe/awentral cross-sectiom of the coil 12 and the voltage
U(t) induced in the coil 12 is zero. This is the case at timnet =ta. If x
<0: The projectile 1 is located, viewed in the novenent direction, left of
the m ddIretlit folraul@oi | 12 and plunges into the coil 12 at velocity VO. The

i nduced oltage, U(t) jncreases continuoysly with increasi X and reaches
a maxi nu}/?f val gcél_tag;q]éecim%pg BpES OE h%%eai‘( \F/Errgagﬁ Ar3Rg 'ﬂ&ggé‘oi'é'ﬂ@ passage
at  x = 0, whesf tHepivjedtfietlile 1 is located in the mddle of the coil 12.

If x > 0: The projectile 1 is located to the right of the mddle of the
coil 12 and the induced voltage U(t) falls continuously with increasing X

and r eachghe #nedHifg B the @yUBtiomd dERPed bBLEE Will Row 5@&§§|an&%&|& out of the
coil 12, the induced voltage U(t) increases aqal n and #or oaches 0 V at

| arge val [Rfgrasiceo Figurecdr Vdegrauaiion (fus sartiaiiery ecistve feaexplaieiabcul at ed

appr oxi mag ¥ siiv@ 4§, equation (5). In the above observation, the eddy
currents {glago ll"(yféup(q:?n the mantle of the projectile 1 during the

passage of the projectile 1 through the coil 12, and which generate a
counter fiwmld swere not taken into consideration. This counter field
attenuates The original field and 15.04.2004/che 11 reduces the anplitude
of the i niﬂhe@dojeotiteagés ldceled, rviewned oothe frivvefiterd dicdctiage in thedlodddlen i s

taken int Or Oengtl)lp‘fﬁ Id?or {:hré ct:eh%raeiq:rggsl ggcthSr? olbéﬁet gl%Jé/&{ltle%.blles P\<newed
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 V0. 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.

If x> 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




The variable K and/or here the factor Kis referred to as a correl at

'vari abl e

and may be determ ned experinentally and/or using a conput

according to the present invention. Each projectile type has a diff
correlation variable Kwhich is characteristic to it, or, in other words,

i on
er
erent

the correlation variable K characterizes the projectile type. If which
projectil eslopoughki red is known befgrehand, a statenent about the VO
velocity of the projectile 1 may then be nmade on the basis of the induced
voltage U(t). The derivation of the VO velocity is explained in the

fol | owi lrlgll'_ezdl'l.tcesa:helﬂrﬂﬁl&alﬁbe)f‘fﬁbVr&ilﬂ%k:it\mltafgléel)dt?ﬂgtlﬁb il azdﬁrrﬂy vbitaig;e )
interva | sured, startin roma start p ) Q in Figure
at whi oh [FRHCHORIF RkRI Tisp coReide o {9y g Vaiebledhn as t he

anpl i t udeThé vatiaBld KEHAIEer Nortel @@eral:J(dr)K fbav%fé@éé ft@%sté@oﬁ('élalﬂi%n vakiapide time

measurenent i s stopped. Therefore, the fallow.ng uations (6
apply f or 20187 'C%gseﬁm'”eﬁrﬁi‘%ﬂmer&takly an W%ﬂg BWPFBP 2r agqorgling
X uo [-2

addi ti on:

théiré%eﬁ@)n\% t@nz Es}éﬁgar@gé’ctﬁen}ﬁ@ﬁ)aé' b-difeferltccorrefation 22 + |

x2-x1 +Ul=
variable K which is characterlstlc to it, or, in other words, the correlation

variable K characterizes the projectile type. If which projectile 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
V0 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) = +Ul. 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-K-DG Zﬂo'!ﬂ'%&-xl-3{xlz+[§}} -Ul=0

4
(6)
DG -« I-D*.N? pT "
Vo-K- 2 ,uO-er-xZG x22+[5:| +L/1=0
(7)
In addition:
V0=x2—x1

TZ (8)

and (7)
+ D va
n



15. 04. 2004/ che 12 The desired values of VO x|, and x2 result fromthe
'system of equations of the three equations (6), (7), and (8). This

t heoretical derivation will 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 pulse U(t) is induced, as shown in Figure 2. The
duration @6.oulm®oaxpkt age pulse U(t) isxcorrelated 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 statenent about the VO vel ocity, two points P1, P2 of the

vol tage puy] se, U(t eterm e tinme inter Z fraom point
b1 to pol {1 Besired \Rhias df ik s Wl St Ty Sestemppbpeeatans o | 5
cal cul at eghd fm@eté@@.ahbﬁg (5% ¢Ar ¥Ad (8% In this calculation, the cor reI ation

variable K, which is specific to the projectile type flred I's taken into
consideration. The tine interval TZ is a function of, anong other things,

the foll O‘Fh@GthebFlaftldé?HEhOQtlcY@WMﬁHBﬁSbe apbl?élzgfd”'trlre eierhbfa 'ePhissditdemt 1

di aneter DG of the projectile 1; - material and corrp05|t|on (e.qg.,
per meabi | Pt §igprgs dfandhé projectile 1; - coil current |; - construction of
the coil 12; - arrangenent of the coil 12 in relation to weapon barrel 11.

A first exenplary enbodi nent of a suitable analysis device 16 is shown in
Fi gure 3. AFHike iprbjestiteat ipassashtheugh $lod emagrieticlfiad i dflhtgzrmﬂ 1Pedails of the

Cboosnone $50de BYRR ) IReBPLT i Sdiih EPE3. RSBy BB L obe
voltage pulse U(t) is correlated with the VO velocity and the Iength 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 pr) 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,



sel ected. In the exenplary enbodi nent shown, a supply device 15,

'15. 04. 2004/ che 13 inplemented as a constant current source, powers the coi
12, which is additionally identified with L here, using a constant coi
current |I. For this purpose, a supply voltage V1 is applied to the supply
devi ce and/or constant current source 15. On one side of the coil w nding
12.1, theijspdueed;del tage U(t) is read off using a suitable decoupling 13.
The decoupling 13 may be formed, for exanple, by a resistor R and/or a
coil L1 having a network nade of different partial elenents. The voltage

U(t) is frdpleenentded\dscecoiatanteashesouwricd powererr @il 02, which,iswhi ch
i nsformer and/ or an a for

i ncl ud i nce f npl e.
Fur t her - coNbRBAE ATy TEASB B 6y PESA & RORREant FOILFAEENt b F0r LEB ¢ he
signal U blrpdsel aepipp/ eoltJdEVQ% Bpblisd & dhe E&ﬁﬁIEQfevﬁéEnW%Bh%n%' gnal

preparation device is fed to two con‘garators .
enbodi menfUERBWAOUrFREL .| PEtonssia oitae coi wingipgpkd-ds theinduggdvalfade(t) to a

first ref Gt?ﬂg%é{@'oﬁa@ﬁn&% ﬁl‘&bﬁé‘ﬁeé&fp‘?’ﬁg f?”?ﬁé%‘ﬁ%&t&ﬁﬂiﬁwg?‘m(‘rﬂ %es the

voltage u to a second reference vo exanpl e,
ref erence qrmEzChgeseaar@ptﬂ dvved resishoetR anddorya ¢oil kkhavingna netww rrm!es U= 0.

The referSg@\ﬁfe\ﬁ%ﬁgéﬁﬁal @Péﬁwemv‘eﬁ?ervol?alg}byé@‘{?ﬁd E({]Sraee% c/grues  (e.g., +UL

and -U2). I'ses ot her™ vari e Sortelated with the
time intereasuradsignalptepafatiovilé. la wiiohéutudes aT |moeelanemta1ay15fosrrmnd/ or

circuit EP r r for. .exanpl e.
Duri ng thg%@ﬁa ygrﬁ'@hﬁ% f§ eﬁ%&i)ee gﬁ“ﬂSg '?‘pSP ?eta}%@b8|p£§‘r"td§évo S

t hen est ahkres hedrdemtd ﬂldaerbttﬁa sgnél vy, ftolrlman'mlerwale dutpatdignatufyrafel ati on
variable K. In Fi i fied curve of voltage U(t r timet is
brven on HifsmaasHEEd Sofal reberBum SEdcE iR R RLovS comperatord 48'Sheti on Ka' i n
the posi }ém mo&Hea@euboﬂm@rﬂ: shdwrEl Thedisstodsingarato=16 2 c@ffafessigeond curve
section

voltage u?t) to a first reference voltage 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., +Ul 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 correlation 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



negative voltage range. The voltage increases fromO V the further the
‘projectile 1 penetrates into the magnetic field of the coil 12. The voltage
U(t) then reaches a nmaxi num and subsequently falls again until the zero
passage. The time of the zero passage is identified with t =ta. Fromtine
t =1to on, the voltage falls further and reaches a m nimum Wen the

15. 04. 200450he20b4/4pe0j ectile 1 exits tfye magnetic field of the coil 12, the
i nduced voltage U(t) is again reduced to O V. The tine at which the

i nduced voltage U(t) again reaches the value O is identified with tb. The

curve U(t preiaouve 1 Bxits etk enagriesicCedd of ties kol i1Q, EIQ! irluzR@Gioitage @) Retil e
type, it bei ngeg ‘ﬁi that this is a strongly schematic curve. The two
Rdedycey &

poi nts P?9&] 0 Yedhedimeiat whigh & %I‘ﬁﬂltcegh‘(ﬁlﬁglehlé(tb@igﬁt” Pl is fixed

in the risddh@shhanalued is k&nft;f@gtwﬁwwe section K2 and the point P2 is
fixed in the rising branch of the second curve section K2. In this

exanple, the two points Pl and P2 are placed symetrically in relation to

the i nduc?ﬁ?:(:gt%@lgﬁt) dhofn in ﬁéﬁﬂ%z is ch&n@%}ensﬂﬁ‘oﬁ ﬁ&lf@pr%n%?tﬁ%har €

preferably such a wa region e greatest
i ncrease btfpg, Hntebeiug\m)teﬂttmat g éea pmonuty sanenhatid cunve. Tne progobitag t he

second depi Gl ¥2 o0 kD S Heul Lo AR SIS, BESSML R L9fed AapER M@ Of

t he sl ope. peC| Ica € pol and are se the steep
regi on of rising wranck oEJ(th& firsthaurive mection &2varld the paint P2 idéixedrinited nore

Phe-curvernidd angh a7 SiF shtond B Saehip e, L RuSsampiEnbitrib Rl o o

sui tabl e BmdnﬂSPZSaﬁke}tla@:edls*Jrr&heMﬂtalm1n relgtioe t4.thé irdicddavditagy, ienNf source
15 suppl i 6@ { i@b 12 with a constant <coil current I. For this purpose,
a supply s )age I's applied to the constant current source 15. The

I nduced voltage U(t) is read off. The

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



voltage U(t) is fed to a device for neasured signal preparation, which
includes an anplifier 16.1 and/or an inpedance transfornmer in the

enbodi ment shown. Further conponents may al so be provided here, in order
to filter the signal Ut), for exanple. The anplifier 16.1 provides an
anplified signal u(t), which is converted by an anal og-digital converter
16. 4 int esastigpujale signal. The digitgd signal is fed via a bus 17 to a
processing device 16.7, such as a conmputer. The processing device 16.7
obtains information about the type of the projectile 1 fired froma nenory

16.5 or 1fobd a2eqistehandfritable. aTHie ghfetmatiandé proviadd €ia dltoBnkestidy mation is
provi ded e _of the curve | yi ng for

t he currewpa%azgﬁon i%gtglo?§|5%c”f‘fer H&S ﬁ]‘ﬁﬁ%f omec?‘ffﬁe%tfp‘f%‘éc%ﬁltﬁg% P1 and P2

may be trgpsdThhd €le poskion ofthegRsstsel H8Y iPeemif be trhREMAXEITES ene The
correlation varjable K nmay also be provided via the connection 16.6. The

pr ocessi nBrEFFIEG deyice %ﬁgn fO'Ej@l‘%’F‘Hi%e'Eh@ gerrelation; variahle K may=a1sp basi ng t he
correl ati gryW@éd 3 &é%orme%ﬂontl%eﬁ Sro¥8d éﬁléva\f@ﬂic 7%fgnprojectile 1

fromthe I nfornmati on. processi ng ﬁew ce 1 recelve information
about thedpte@m@@s tfee tlsrwelntwab§2fandedlsmgaﬁ#@rmrr@iatlomdrarlableaKnaksorrput er or

a measur Rl ASK (8ocihE §8dF 8 droidclfs RITASAthel MESRELGR, Lhe projectile 1

itself is use as t nmeasur e ase ine. Separate coils, which are
positioned at a di stance to one another and thus form a neasurenent

basel i ne, & AEs to make
2 srart - sT08 PPt B8 EG 57 M ischNs g ATl P ot e, 2 1
| onger netebedirgd ttdnshsittad fashvan traare compliber pr 8 seadsurament idewidehat there
are no longer two coils which may nmutually i nfluence one another. Since,
according to the present invention, one operates with only one coil, as

not ed abomecordhy teetra pregbnt hﬂ/en‘d@'ﬂfﬁﬂﬁpﬂgé@cﬂé 1dRYIER Lsedsagthd | cant I y
shorter than in revb %
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 c¢oil, as noted above, the length of the
V0 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.




achi evenents of the object. It is a further advantage of the present
invention, as al so noted above, that one nanages to make the VO

measur enent using only one nmeasurenent channel. A device having only one
coil is less susceptible to breakdown. 15.04.2004/che Patent Cainms Wat
Is clained is: 16 1. A device (10) for determining the nuzzle velocity (VO

of a proj aetgs ®o4fdl upon exiting a wegpon barrel (11), having a coil (12),
which is positioned around a |ongitudinal axis (11.1) of the weapon barrel

(11) in the region before the exit, a supply device (15) for inpressing a
current (Patent ¢lhensoil (12), in order to generate a magnetic field (H),
an anal ysis device (16), which i. reads off a voltage pulse (Ut)) on the
coil (12), which is induced during the passage of the projectile (1)

t hrough st B @inee ki el d of the coil (12) and whose duration is
correlated with the nuzzle velocity (VO and the length (L) of the
projectile (1), H detects two predeterm ned points (Pl, P2) of the voltage

pul se (1)) . hidevidet f¥oReRRnkidThd PEEKAeIdd) (L degBrdjaeriio. poi nt s

(P1, P2), "and 1v ates t eve ocit rojectile (1)
fromthe tine {h:epemexiting)a weapon barrel (11), having

- a coil (12), which is positioned around a longitudinal axis (11.1)
of the weapon barrel {11) in the region before the exit,
- a supply device (15) for impressing a current (I) in the coil (12},
in 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
puise (U(t)),
iii. determines the time interval (TZ) between the two points
(P1, P2), and
iv. calculates the muzzle velocity (V0) of the projectile (1)
from the time interval (TZ),

2. The device (10) according to Claim 1,
characterized in that 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 Claim1, characterized in that the analysis
device (16) includes a conparator circuit (16.2, 16.3), which, upon
detection of a first point (Pl) of the two predeterm ned points (Pl, P2),
outputs a first pulse, and, upon detection of the second point (P2) of the
two predeterm ned points (Pl, P2), outputs a second pulse, the tine
interval (5404 zomayerponding to the durmation between the first pulse and
t he second pul se and the pulses preferably being TTL signals.

15. 04. 2004/ che 17 3. The device (10) according to Caim2, characterized in
that the conparator circuit (16.2, 16.3), upon detecting the first point
(P1) of the two predeterm ned points (P11, P2), perforns a conparison to
the voltage anplitude of a first threshold value (Ul) and, upon detecting
t he secong. poi Whe (dé%)ceof1tthrecbitting 6 €kgirerm ned points (P1, P2), perfornms a

conparison to the voltage | i tude of a secon reshold value (-Ul). 4.
The device (105:;‘1%'@65?%3%9‘%%%@? RPPgFater leﬁ‘éﬂFgéég’rilﬁeggfi YPQhat the supply
device (15) ingktdeinganeditst point (PYY bEtHe 6AY PE&etermiHt® SEMELEP

according to Caim1, characterized in that the apalysis device él
i ncl udes an anREEEIAE @ €AMPateniv ke the veltageampltudapf a firsiethyeshalde pul se

(U1)) and conygi (1)1 uhdbunging Secdha JR fe] seulellp according Lo

G aim 4, characterized _ e analysis device (] i ncludes a digital
processi ng devpredgtesnined peintsh(PdetPddt performs aocopnparisasy o Weaveitaga s ( PL,

P2) of the vol Lagspil 5Fa(ddthad thbeshBR VALEY-GP).r espondi ng digital

4, The device {(10) according to Claim 1 or 2,
characterized in that the supply device (15) includes a constant

current source.,

5. 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.

6. 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.




val ues through a conparison with stored, predeterm ned val ues.

"15. 04. 2004/ che 18 7. The device (10) accordl ng to Caiml, characterized in
that the anal ysis device (16) includes tine neasurenent neans (16.7), in
order to be able to determne the tine interval (TZ) of the two points
(P1, P2). 8. The device (10) according to one of Cains 1 through 7,

char act er iygqd sghaydiet the curve of thegoltage pulse (U(t)) and the
position of the predeterm ned points (P1, P2) are a function of the type
of the projectile (1) and are preferably predetermned in a menory (16.5),
in a regi gter, The device (cni;latco&lmg'lﬂ@m@pﬁ ¢e (10) according to Caims8,
characterized in that the analysis devic recejives |information about
the projectile® Hagaq:qu@g ‘Pitlhé8¥|?‘? Qﬁ@'l’fﬂst%}"qerbrﬁ )ANERARS tBBut er or from a

measur ement demé‘aﬁ-‘,uréfﬂenﬂ'hféa@l%\/(%e?)( Wbr@érct@ftﬂé HBIettQ; aaer@inChid fifnel
~through 9, <characterized in he vol ta)ge pul se (U(t)) has a first

curve section IntRyal (EZEQFB"%F\M@WHQ}S (BhdP&)-second curve section (K2), the
zero crossing being correlated with the tine (t =ta), at which the
projectile (1) is located centrally in the coil (12). 11. The device (10)
according to C aim 10, characterized in that the first point (P1l) of the

two predeterm Qﬁgtdheg'%egg?ag%%orf@ tﬂ( %E%%ft&?h gg\kﬁpbp 9he first curve

section (Pl) an pol n det erm ned points
(P1, P2) is inchémacteregdon tbiat tﬂimcsmeomfctheumrtagsqmlse)(lu(ﬂ?mand15e04 2004/ che

19 12. The devbgse tlgloc}f tﬁgcp%getegmme pomgs (IH] ePﬁraer(;’eez?I {‘unr%tft:)nac')f'ﬁ’e type
of the projectile (1) and are preferably predetermined in a memory
(16.5), in a register, or in a table.

9. The device (10) according to Claim 8,
characterized in that the analysis device (16) receives information
about the projectile (1) to be fired transmitted from a main computer
or from a measurement device.

10. The device (10) according to one of Claims 1 through 9,
characterized in that the voltage pulse (U(t)) has a first curve section
(K1), a zero crossing, and a second curve section (K2), the zero
crossing being correlated with the time (t = ta), at which the projectile
(1) is located centrally in the coil (12).

11. The device (10) according to Claim 10,
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).



characterized in that the voltage pulse (U(t)) has a curve which is a
function of the coil dianmeter (D), the dinensions (L, DG of the
projectile (1), the perneability (pr) of the projectile (1), and the
current (1). 13. 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 gauzgblagcheel ocity of the projegectile (1) and the time interval
(TZ) of the two points (P1, P2), which is used in the «calculation of the
nmuzzl e velocity (VO . 14. The device (10) according to one of the preceding
claims, characterized in that the anal ysis device (16) includes neans

(16.7), gorﬁir to be Ieto erform ual i zation cal cul ati on between
the muzzHt Eldﬁy' % ¢ RBe; ttE?* RECqAiRg claNSeach new type of

the projectil eclﬁé-r)actérﬁzedAnrfﬂbha% f/euta@l@bers@(m f)? He3& H&%'@h%ﬂh@%l ty of a
projectile (1) upon EXItIq:ﬂ a weapon barrel a coil &%12) bei ng

posi ti oned ar ofHitetign ofdhgi (ﬂ'ﬁ@let%rxﬁ'%) G'iqdif)"eﬁﬁoﬂﬁé'—:v@@b tharrel (11) in
t he regi on of i ¢t feeding a
current (1) inpm3 @éc% 1%%%%5%@52@'-??3%6%& Qall@ql@agﬁg{tﬁg field (H),
- nmovi ng the peejrest (1e (1) t hrough the magnetic field (H) of the coil
(12), - reading off a voltage pulse (Ut)), which is induced during the
passage of the projectile (1) through the nmagnetic field (H) of

15. 04. 2004/ che 20 the coil (12) and whose duration is correlated with the

nuzzl e V?B.OCi 1'I'Me %\e/(\??cea(q%)tart]:gor ng?Eo ogl‘)of%etprrleeceoorir?é ¢ atlﬁwlse (1,
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 (V0).

14. The device (10) according to one of the preceding claims,
characterized in that the analysis device (16) includes means (16.7),
in order to be able to perform an equalization calculation between the
muzzle velocity (V0) and the time interval (TZ) for each new type of
the projectile (1).

15. A method for determining the muzzle velocity of a projectile (1) upon
exiting a weapon barrel (11), a coil (12) being positioned around a
longitudinal axis (11.1) of the weapon barrel (11) in the region of the
exit, and the following steps being executed:

- feeding a current (I) into the coil (12) in order to generate a
magnetic field (H),

- moving the projectile (1) through the magnetic field (M) of the
coil (12),

- reading off a voltage pulse (U(t)), which is induced during the
passage of the projectile (1) through the magnetic field (H) of




determning the tine interval (TZ) between two points (P1, P2) of the

‘vol tage pulse (U(t)), the points (P1, P2) being predeternined, providing a
correlation variable (K), which is characteristic for the type of the
projectile (1), - determining the nuzzle velocity (VO of the projectile
(1) using the correlation variable (K) and the tinme interval (TZ). 16. The
met hod acgergdizmafheC ai m 15, charactejg zed in that the type of the
projectile (1) is recognized automatically or input nmanually. 17. The

met hod according to Caim15 or 16, characterized in that, before

establishing the titme édit er2)adnd Wbpse doeatior st @grelatddswithYhk)mukge subj ect ed
to an anal og-digit a'!/elggirt]}/?\rlai gI[!]d the length (L) of the projectile (1),
- determining the time interval (TZ) between two points (P1, P2)
of the voltage pulse (U(t)), the points (P1, P2) being
predetermined,
- providing a correlation variable (K), which is characteristic for
the type of the projectile (1),
- determining the muzzle velocity (V0) of the projectile (1) using

the correlation variable (K) and the time interval (TZ).

16. The method according to Claim 15,
characterized in that the type of the projectile (1) is recognized

automatically or input manually.

17. The method according to Claim 15 or 16,
characterized in that, before establishing the time interval (TZ), the
voltage pulse (U(t)) is subjected to an analog-digital conversion.




