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Attorney Docket No. 79984

COIL VOLTAGE SENSING CIRCUITRY FOR SFZED MEASUREMENTS

STATEMENT OF GOVERNMENT INTEREST

The inventicn described herein may be manufactured and
used by or for the Government of the United States of America
fcr governmental purpcses without the payment of any royalties

thereon or therefor.

BACKGROUND OF THZ INVENTION

(1" Field of the Invention
This invention gererally relates to an underwater hizh
speed projectile speed sensing device for trhe adaptable high

sgeed underwater munition (AHSUM) prcject. More particulzarly,

e
(1]

tne invention relates to a sensing circuit Icr providing z

st

AU

~e output of wire coils used in ths testing of an
ur.derwater projectile.
(z, Description cf the Prior Art

The known Adaptable High Speed Underwatszr Munition
(£ZSUM) project reeded & method to sense the speed of
urderwater projectiles during the course of -heir test series,
ard particularly z calculation of the veloci=zy of a projectile
trzveling at high rates of speed in an undezwater firing
rarge,
Zome of the uriique azpects of testing an uinderwater

proiectile include the presence of a ~onducting medium anz
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highly variable projectile paths caused by the liquid medium.
Tt is also desirable to measure the projectile’s deceleration
toward the end of the range.

The following patents, for example, disclose various
tvres of voltage coils and velocity measuring systems, but do
not disclose a device for sensing projectile velocity using a
voltage coil and sensing circuilt according. to the aspects of
the present invention.

U.S. Patent No. 2,206,927 to Turnbull et al.;
U.S. Patent No. 3,127,768 to Mason;
U.S. Patent No. 3,659,201 to Vogelsang;
U.S. Patent No. 3,824,463 to Oehler;
U.S. Patent No. 4,845,690 o Oehler;
U.S. Patent No. 4,483,120 zo Cornett;
U.S. Patent No. 4,649,7S%6 ts Schmidt; and
-U.S. Patent No. 5,233,901 =3 Nilsson et al.
Specifically, the patent to Turrnzull et al discloses =z
cevice for detecting the emergence of a projectile from zzs
m.zzle of a gun barrel. More specifically, the device usszs
tre electric charge found in the powczr gasses and on the
mezzllic parts of guns for changing the electrical potenzizl
¢f devices therein or connected therezo, and securing desized
irdicia therefrom.
The patent rto Mason disclcses ar. electronic method f-rz
c¢n=zining velocity and pressure characteristics of firea::s
ari of bullets or shells fired therefrom. The bullet firszs

fzom a gun is directed through the coils of at least two




[o3Y

by
w

n
W

§
(€]

[N
[HN]

[\
L)

S}
=N

K
on

AN
™M

N
~

sensing members which have been connected tc a high frequency
oscillating circuit. A signal from the oscillating circuit is
transmitted to gate means and from the gate means to a
computer. A separate high frequency oscillating current is
applied to the computer while simultaneously obtaining an
amplified signal from a pressure transducer mounted on the
rifle to a second computer, whereby signals obtained from the
same rifle and the same explosion therefrom indicate velccity
and pressure factors of the rifle bullet as fired from the
rifle.

Vogelsang discloses an apparatus for measuring the muzzle
velocity of a projectile which has & measuring system at the
muzzle of the gun barrel. The measuring system has two

relatively spaced coils though which the prcjectile passes for

(i

irducing two signel pulses. Mezns &are provided for
ccmpensating for changes in the distance between the two coils
due to variations of temperature including & temperature-
decendent resistor and wherein the thermoelectric voltage
mezsured &cross the resistor is used zs a ccmpensating vcltage
ir. an electronic compensating circuit. The electronic
ccmpensating circuit has & phase-inverting stage tc which the

signal pulses are to be applied wherein the sutput of the

k.

b

se-inverting stage is connected t< the irzut of a modiZied

T

mono-stable multi-vibrator.
Oehler discloses & shot cluster velocity measuring
érparatus in which the <oils through which thne shot is to

sequentially pass are mounted in axially spaned relation znd
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are electrically connected as frequency determining elements
in a high frequency oscillator, the cutput of which is
frequency modulated as the shot cluster passes the coils. Aan
FM discriminator generates an amplitude varving signal
representative of the frequency modulation. A differentizating
and filtering circuit shapes the discriminator output which is

then amplified. The gain of a variakle gain amplifier is

W

automatically adjusted to equalize signal amgplitude, and

(M
47}

Schmitt trigger produces rectangular opulses. If the puls
out of the trigger are of sufficient duraticn they are ussd to
produce “start” and “stop” signals, indicating the passazes of
the center of mass of the projectile or prciectile cluster
through the first and second coils, respectively. These
signals are then used to control an interval timer which
displays the count as & measure of veloci;y.

The patent to Cornett discloses z muzz.e velocimeter

[N

heving a pair of sensors positioned edjacent to the path I a
projectile containing magnetic materizl whersin each of ths
sensors includes a permanent magﬁet rhaving z wire coil wound
thereon. The meagnets provide magnetic fields which are
disturbed by magnetic materials in & passing projectile
causing each of the sensor coils to develop signal pulses.
The distance between the senscr coils and the amount of tire
between the sensor coil pulses are used to <zlculate the
velocity of the passing projectile. In an zlternate
ernodiment a single senzor coil is uzed to sense the leading

ard rtailing edge: of a rassing projextile arr _=
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velocity calculated by using projectile length and passing
time of the projectile.

The patent to Schmidt disclecses a method and apparatus
for setting a preojectile fuse during muzzle exit. A
transmitted coil concentrically mounted to the gun muzzle is
utilized both to sense the presence cf the projectile at :the
gun muzzle and to inductively transmit a radio frequency
signal having a duration proporticnal to the fuse time delay
value to a receiver coil disposed on the prcjectile. The
transmitter coil is energized from a radio fregquency
oscillator before the crrojectile is fired. 2s the font end of
the projectile begins to emerge from the gur muzzle, its
presence is detected kv & change in the transmitter coil
impedance, and the transmitter coil is autcmatically de-
energized. The receiver coil is spaced frem the front ernd of
the projectile sc that it is not inductivelw, coupled to tre
transmitter coil, the transmitter coil is res-energized frecm
the oscillator for a time period prcportionzl to the fuse time
delay value to be set, then again de-znergizsd until the
projectile has completely emerged freom the gun muzzle. Tns
signal received by the receiver coil is prccessed by circuitry
within the projectile to set the fuse time delay value.

The patent to Nilsson et al. discloses an apparatus Zor
determining the rcoll angle of a rotating prciectile shell,
missile or the like as it leaves the harrel or launch tub=
which includes & magnetized part with a kncwn polarizaticr

direction provided in the projectile, and tw. pairs of
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windings mounted at the very front ¢f the muzzle bell of the
barrel in such a way that a voltage is induced in the windings
when the projectile passes the mouth, and ar evaluation unit
is designed to calculate, based on the voltage signals, the
roll angle position of the projectile upon firing.

However, the prior art does not teach a velocity
measurement system specifically adapted to measure the

velocity of a high speed underwater projectile.

SUMMARY OF THE INVENTICN

Therefore it is an object of this invention to provide a
device for sensing projectile velocity.

Another object of this invention is tc rrovide a device
for sensing projectile velocity in an underwater environment.

Still another object of this invention is to provide a
device for sensing projectile velocity in ar underwater
environment which allcws a wide range of mcvement by the
projectile.

A still further object of the inventiocr is to provide
circuitry which is an accurate and inexpensive method to
measure the velccity cf a projectile under the water.

Yet another object of this invention is to provide a
device for sensing projectile velocity in ar underwater
environment which is simple to manufacture and easy to use.

In zccordanze with one aspect c¢f this invention, there is
provided a device for sensing projectile velszity in an

underwater environment. The device includez z plurality of

N
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evenly spaced voltage colil members pesitioned in a path of the
projectile. Each voltage coil member includes a support
member having an opening therein, a voltage coil surrounding
the opening of the support member, and a sensing member
ccrrespondingly connected to each voltage coil. The sensing
member includes means for outputting a signal responsive to
the passage of the projectile through the voltage coil merber,
and a logic arrangement for determining a difference betwean
passage of the projectile between adjacent ones of the
plurality of voltage coil members, thereby determining a

velocity of the projectile.

BRIEF DESCRIPTION OF THE DREWINGS

The appended claims particularly point out and distinctly
c.zim the subject matter of this invention. The various
cciects, advantages and novel fezatures of this invention will
be more fully apparent from & reading of the following
dezailed description in conjunction with the accompanying
drzwings in which like reference numerals rsfer to like Ezzts,
ard in which:

FIG. 1 is a graph of a sample vcltage curve according to
& preferred embcdiment of the present inverntion;

FIG. 2 is & plan 7iew of & series of 7sltage coils
according to the preferred embodiment of the present
irvention; and

FIG. 3 is & diagrammatic view of the circuitry used :ir.

tre preferred emhndiment of the invertion.
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DESCRIFTION OF THE PREFERRED EMBODIMENT

In general, the present inventicon is directed to a device
for sensing a speed of an underwater projectile during
underwater testing in the Adaptable High Speed Underwater
Munition (AHSUM) project.

The testing utilizes both a series of voltage coils as
shown in FIG. 2 and a sensing device used in connection with
the series of voltage coils as shown more particularly in FIG.
3.

Referring first to FIG. 2, there is shown a plurality of
wire coil members 10. This series oZ coils 10 each have an
irside diemeter, for example, of eichteen inches. This
CGlameter is necessary because the prciectile 14 path may
deilect by nine inches over the lencth of the range. Each
ccil 10 is mounted to & steel plate Zrame 12 having &n orening
fcrmed therein such that the coil 145 znd frame 12 assembly are
evenly spaced in the path of an underwater projectile 14 Zired
from a gun 30. The projectile 14 of this invention contzains a
magnet for purposes of interacting with the wire coil 10.
Wr.le non-magnetic prcjectiles are tzught in the prior arct,
the coils used therein must be much cioser to the projectile
&s compared to that of the present irvention. Nearness <o the

rojectile is undesirakble in an underwater range because
fiight of the projectiie is less pre<ictable. Accordingly,
ir~eraction of an electromagnetic type is utilized in the

fFresent inventicr to enable suitable <distancing of the

v
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projectile from the coils of the support while increasing
detection at required distances.

The opening of the frame 12 mav be of any shape suitiable
for a clean passage of the projectile 14, however, a circular
orening was utilized in actual testing of the device. The
stesl frame 12 is not only used as & fastening surface for the
wire coil 10, but as a barricade to rrotect the surrounding
facility and personnel in the event the proiectile 14
deflection 1s greater than anticipated.

The wire coil 10 produces a bipolar voltage drop wavsiorm
wren a projectile 14 having & magnet passes through the ccil

1C. The amplituce of the voltage weveform depends on the

O
Fh

strength of the magnet in the projectile 14, the distancs

th

[{}

projectile 14 from the coil 10, znd the speed that the
prciectile 14 is traveling thrcough the coil 10. & graph cZ &

vclzage drop is srown in FIG. 1. Each wire coil 10 is ingzus

th

tc 2z similar one of the contrcl circuic 15 ¢f FIG. 3.
With regard to the arrangement shown ir FIG. 1, the

device for sensing projectile velocity prefsrably utilizes &

[\}}

plirality of wire coils 10 set up alcng the full length <f
firing range. It is then possible t2 measurs the time
difference between consecutive coil wzveforms (between
ccrsecutive peaks of the same polarizy) on zan oscillosccpe or
hizn speed data ezquisition system 47 in or<der to calculaze
projectile velocity.

. ~

More specifically, a simple diesram is zhown in FIG. 2

3 -r

stinuing a series ~f five wire <oils 17, all spaced a

o
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predetermined distance D apart. Coils 10 are joined to
control circuitry 15. By shooting the proijectile 14 threcugh a
series of wire ccils 10, the test engineers can measure the
time interval between consecutive screens 1C in order to
measure velocity of the projectile 14. The data acquisition
system 40 joined to the control circuitry 1% records the trim
(T1, T2 ...) when projectile 14 passes each coil 10. The
velocity of the projectile 14 is ultimately Zound by measuring
the time (T2 - Tl) to travel the distance D rtetween two
ccnsecutive wire coils 10.

Referring now more specifically to the diagram of FIG. 3,
there is shown the control circuitry 15 fcr use in the present
irvention. The controcl circuitry 15 processss the state cf
the wire coils 10.

The first pcrtion c¢f the control circuiz 15 contains &
vcltege ccmparatcr 20, for example arn LP36ZZ voltage

ive

[s1
ct

Cccmparator manufactured by National Sesmiconfictor. A neg

irgut of the comparator 20 is connected to simple

\ll

pctentiometer voltage divider 22 that providss a referencs
vc_tage at which an output of the comsarator 20 will change
state. The voltage divider 22 is joined tc z power source 23.
Trne positive input of the comparator 20 is ~onnected to cre
lezd of the voltage ccil 10. The other coil lead 26 is

cocnnected to sense circuit ground.

-~

Prior to the projectile 14 passirng throuigh the coil
the voltayge produszed by the coil 10 iz zerc, therefore the
cruaparator 20 outputs a low logical =zignal /% Yolts). While

15
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the projectile 14 magnet is passing through the coil 10, a
voltage signal similar to the trace shown in FIG. 1 is

produced. When the positive peak of the voltage signal

{1

exceeds the reference voltage, the comparatcr 20 outputs
legical high signal (5 Volts). The cutput signal of the
comparator 20 is input to a programmeble array logic device 32
{PAL). The PAL 32 contains discrete logic devices (not shown)
that can be programmed and reconfigured.

The signal from the comparator Z0 is sent to the clcck
input of & D-flip-flop 34 that is prcgrammec internally In the
PAZ 32. The D-input of the flip-flor 34 is rermanently
ccnnected to a predetermined voltage, such zs a logical hizh
vc_ztage (5 Volts). The purpose of the D-fliz-flop 34 is ¢
prcovide & latched logical high signal when z projectile rzsses

through the magnetic coil and prevent an cuzput of the Pzl 22

Q

frcm changing in the event of variaticns in woltage at ths

Hh

-
b

ccmparator output 20. 2n output of the -Zlop 34 frcm the

"y

W1}
n
}

PLZ 32 is sent through & buffer 36 such & 74LS244 bufiser

O

marufactured by Texas Instruments which prcvides the

[\})

prropriate drive current for the input of Zzta acquisiticn

%

O]

/szem 40 and alsc prcvides protecticn to the PRL 32 in trhe
evznt the output of the PAL 32 is shcrted.

The data acguisition system 40 iz joined to receive =z
lz=ched high signal fcr each of the <2il channels from the
buffer 3¢ output associated with each <coil 7. As the
projectile 14 paszes through successive coilz 10, the lat<ned
siznals will be rdelayed by the projectile’s <ravel time.

11
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As shown in FIG. 2, by subtracting the time between two
successive coils 10 of (T2-Tl', a velocity can be calculated
over a distance (D). This process is repeated over the length
cf the entire run of coils 10 in order to measure the
speed of the projectile from the muzzle of the gun 30 tc the
end of the test range.

The output of the latch remains high until a reset signal
is provided to the PAL 22 via an extesrnal reset pulse (5VDC)
te the D-flip-flop reset input that :is generated by the
activation of a manual switch 41. This reset is normallv hneld
low by a pull-down resistor.

The present invention allows for the measurement ard
calculation of the velocity c¢f a proectile traveling at =igh
rates of speed in an underwater firing rance. The use of
magnetic coils can be varied by utilizing ccils of differsnt
designs such as those cf a differen= number of turns, &
different diameter and so on. The ccmparatcr trigger carn :ce
ezsily modified to mee: these alternaze coil designs.

Still further, the use of & programmabls logic device 32
&l_.ows for easy implementation of design lcgic changes

ircluding cutput polarity and an addizion of digital filzesring

cizcuit board.
Finally, it is anticipated that the invention hereir will
have far reaching applications cther -han trhese of underwz-er

projectile testing projects.
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This invention has been disclosed in terms of certain
embodiments. It will be apparent that manyv modifications can
be made te the disclosed apparatus without Jdeparting from the
invention. Therefore, it is the intent
to cover all such variations and modificaticns as come wizhin

the true spirit and scope of this invention.
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Attorney Docket No. 79994

COIL VOLTAGE SENSING CIRCUITRY FOR SPEED MEASUREMENTS

ABSTRACT OF THE DISCLOSURE

A device for sensing projectile velocityv in an underwa:zer
environment is provided. The device includes a plurality cf
evenly sraced voltage coil members positioned in the path c¢f a

rocjectile. Each voltage coll member 1ncludes a support

frzme having an opening therein and & magnetic coil mounted on
the suppcrt frame, and a sensing member cornnected to each
surport frame. The sensing mempber includes means for
cutzutting a signal responsive to passage of the projectils
hrcugh the voltage coil memper, and & logic arrangement ZIcr

dezermining a difference between passage of the prcijectile
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bezween adjacent ones cf said p
mercers throughout the run thereof, thereby determining &

ve_ccity of the projectile.
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