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I. INTRODUCTION

In the ballistics of projectile-gun systems we encounter parameters
which are common to both exterior and interior ballistics. They are
associated with the launch of the projectile and define the final
projectile motion at release from the muzzle. Among these parameters,
projectile muzzle velocity is the most important and the easiest to
obtain experimentally. Its absolute value directly relates to propellant
performance, gun tube wear, and projectile range.

In this report we will briefly outline the experimental techniques
which are available for determining projectile muzzle velocity, describe
the radio frequency oscillator velocimeters which we have developed
and tested, show some representative examples of data sets which we
have obtained for the 40mm, 75mm and 105mm gun systems, concurrently
discuss the information reducible from the recorded data, and discuss
the advantages of the radio frequency oscillator technique over
conventional methods.

IT. MUZZLE VELOCITY MEASUREMENT TECHNIQUES

Various measurement techniques have been developed over the years
to determine the muzzle velocity of projectiles either directly or
indirectly. The most commonly used methods utilize

e velocity coils
light screens
break wires
photographic recordings

strain gauges

pressure gauges

e microwave interferometer/Doppler radar

Most of these methods are based on recording the time required for the
projectile to pass through two or more points of known distance. The
velocity is then computed as the quotient of distance divided by time.
The velocity, however, is really an averaged velocity between the two
points of reference. To obtain the true muzzle velocity, an extrapola-
tion from the location of measurement to the muzzle position is usually
necessary. Each of the aforementioned measurement techniques has its
advantages and disadvantages which are well known to this community.

In the first four methods, the transducing elements are arranged
downrange from the gun. They require accurate alignment with the firing
line as well as accurate distance measurements between the individual
transducers. Of these methods, the photographic techniques are the most
accurate ones; however, they are usually cumbersome and expensive.



In contrast to the first four methods, where the muzzle velocity of
the projectile relative to the ground is computed from the collected
data retroceding the projectile trajectory in time, the next two measure-
ment techniques - the strain and pressure gauge methods - approximate
the relative velocity between the projectile and the recoiling gun at
muzzle exit preceding the projectile trajectory in time. These two
techniques employ transducers which are mounted on/in the gun tube wall
near the muzzle. Again, accurate distance measurement between the
transducing elements is necessary. To obtain reasonably good estimates
for the muzzle velocity, one has to employ a complex data analysis
program which at the moment is not available for real time measurements.
Both measurement techniques can be used to trigger auxiliary instrumenta-
tion such as x-ray pulses and photographic equipment. Compared to the
first four methods, the strain and the pressure methods have the advantage
that they permit firings at all azimuth and elevation angles; however,
their accuracy is inadequate.

Microwave interferometry can be employed with the microwave probe
cither outside the gun or inserted into the muzzle end of the tube. The
first procedure is standard. Depending on the experimental arrangement,
we can monitor the motion of the projectile while traveling in-bore,
immediately after launch and downrange. The second procedure was
pioneered by the Epsilon Lambda Electronics Corp. at Batavia, Illinois,
for a 35mm air defense gun system. We intend to procure such a cannon
mounted system in the future, check it out in detail and compare it with
other velocity measuring methods. Currently, microwave radar mounted
on the gun is the most suitable field setup. However, this arrangement
permits us only to follow the free flight trajectory of projectiles.

In addition, the high cost of the radar equipment prohibits its use on
every gun.

During the last decade a muzzle velocity measurement system utilizirg
radio frequency oscillator techniques has been developed successfully.
We will now discuss this new measurement technique in more detail.

ITI. RADIO FREQUENCY OSCILLATOR INSTRUMENTATION
TO MEASURE PROJECTILE MUZZLE VELOCITY

The muzzle velocity measurement system consists of three basic units:
the sensor, the signal processor and the data processor (Figure 1). The
sensor, mounted on the muzzle of the gun, provides a pulse with amplitude
proportional to the geometric shape of the projectile. The signal process-
ing circuit amplifies the detected pulse and prepares it for data processing.

The sensor is a single loop inductance coil which has been manufac-
tured from a printed circuit board and mounted on the front end of the
gun tube. The sensor coil is an electronic component of a radio frequency
oscillator circuit. Figure 2 shows a cross-sectional view of the sensor
coil assembly which is rigidly attached to the muzzle. This configuraticn
was used for the M68 tank gun to mount the sensor on the muzzle without
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drilling holes into the gun tube. Naturally, several other arrangements
are possible. In the case of the 75mm smoothbore ARES gun, for example,
we screwed the sensor coil assembly onto the muzzle, Treplacing the muzzle
brake. For the 40mm smoothbore cannon, we bolted the front collar
directly to the tube. Currently, we are in the process of embedding

the sensor coils in a ceramic layer which is sprayed onto the muzzle
face, thus minimizing the parasitic weight which could adversely affect
tube vibration. Probably this approach may be the most appropriate one

for field deployment to monitor the muzzle velocity of large and medium
caliber gun systems.

SENSOR

&;ﬁ SIGNAL DATA

—~»dPROCESSING PROCESSING

SENSOR 7 MULTIPLE SENSOR __|
INPUTS POSSIBLE

Figure 1. Basic Block Diagram of the Muzzle Velocity Measurement System
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Figure 2. Cross-Sectional View of Sensor Coil Assembly Rigidly Attached
to the Muzzle



An expanded view of the sensor coil arrangement is shown in Figure
3. Its components are the guard ring, sensor coil, and teflon seal.

GUARD RING TEFLON SEAL
SENS0OR COIL GUN_TUBE

1000

Figure 3. Sensor Coil Arrangement

The sensor coil consists of an inductance coil etched on a single clad
printed circuit board. The inductance coil is insulated and separated
from the muzzle face by the thickness of the board. A second ring
consisting of an unetched single clad circuit board forms a shield
(guard ring) and is mounted in front of the sensor coil. Both pieces of
circuit board are bonded with epoxy to the front face of the collar and
securely held to the muzzle by the mounting collar. To prevent high
pressure gas from leaking between the muzzle face and the sensor coil
ring, a teflon seal had to be inserted. The rest of the oscillator
circuit is housed in a small box mounted on the collar assembly.

Electronically, the oscillator is a conventional Hartley-type
oscillator. A schematic diagram of the most recent version of the radio
frequency oscillator will be presented later when we discuss its application
to the 40mm gun. The utilization of this Hartley-type oscillator for
monitoring the projectile exit from the muzzle is based on the recording
and evaluation of changes in the electric current of the oscillator
which are caused by the interaction of the electromagnetic field of the
inductance coil with the transient in-bore environment consisting of
the moving projectile and the gas flow which surrounds it. Electronically,
this coupling causes an impedance transformation between the active device
and its load. Generally, the load may be due to

e the electromagnetic field induced in the projectile surface by
the electromagnetic field of the oscillator (eddy currents),
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e the change of the dielectric constant and the permeability of
the fluid dynamic medium enclosed by the active inductance coil,

e the electric current produced by the flow of the ionized gases,

e the relative motion between the active inductance coil and the
metallic mount surfaces, causing a change in the inductive
coupling,

e increase of the electron density at the muzzle face, and

e changes in the coil diameter due to pressure loading.

Probably, there are other contributions. Since we are primarily interested
in monitoring the projectile exit from the muzzle and, specifically, in
determining the muzzle velocity, we would like to suppress all contributions
but the first one. The physical process which underlies the first source
can be described as follows: the varying electromagnetic field radiated
from the active inductance coil produces localized eddy currents in the
metallic surface of the projectile when it moves through the coil. The
eddy currents, in turn, generate an electromagnetic field which couples
back into the active inductance coil. The closer the metallic shell of
the projectile is to the inductance coil, the stronger is the induced
secondary field and the effect of its recoupling to the inductance coil.
The variation in the oscillator impedance causes an increase or decrease
of the operating frequency of the oscillator which can be recorded. This
frequency modulation was the basis for a measurement device developed by
Mr. G. Schultze at ISL*. However, with the proper selection of oscillator
circuit parameters, the change in impedance can be kept such that the
frequency shift is minimized and the amplitude modulation is maximized

for obtaining the signature of the projectile exit. This technique of
amplitude modulation was selected by Mr. J. Q. Schmidt?. It provided

a simple and inexpensive means of proving the validity of the concept.

The pro and con of frequency modulation versus amplitude modulation, how-
ever, still needs to be thoroughly examined to optimally exploit this
technique for the characterization of projectile launch.

Apart from the initial development efforts which go back to the mid
1970's, we have used the radio frequency oscillator velocimeter on
three different cannon systems. We encountered difficulties with each
one. We have learned from them and improved the technique constantly.
We believe that we have now debugged the instrumentation so that it can
be readily adapted to any gun system. Let us now describe our

Ig, Schultze, "Telemetrische V_-Messungen", Colloquium on Ballistic

Measurement Techniques; held 9t the Institut Franco-Allemand De Recherches
De Saint-Louis, 6 and 7 June 1973; ISL Report 14/73.

2. Q. Sehmidt, "A Radio Frequency Oscillator Technique for Measuring

Projectile Muzzle Veloeity', USARRADCOM, Ballistic Research Laboratory,
Aberdeen Proving Ground, MD; Technical Report ARBRL-TR-02158, April
1979. (AD #B038926L)
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experience with this instrumentation as it was applied to the three
different gun systems.

IV. APPLICATION OF THE RADIO FREQUENCY OSCILLATOR VELOCIMETER

We gained our first true experience when we used the radio frequency
oscillator velocimeter as an integral part of the 105mm M68 tank cannon
firing program (fall and winter 1977) in which we investigated the causes
of the erratic flight of the M392 projectile. In this investigation,
we used the output pulse from the oscillator to provide an accurate
muzzle exit time, monitor projectile integrity, determine the projectile
velocity, and trigger and control auxiliary equipment. Before we conducted
the firing program, we checked out the velocimeter instrumentation in the
laboratory by moving representative projectiles through the active
inductance coil attached to a hollow steel cylinder. The output waveforms
obtained are shown in Figure 4.
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Figure 4. OQOutput Waveforms of a 105mm Proof Slug and an M392 Projectile

Since the amplitude of the oscillator current is modulated as a
function of the contour of the metallic shell of the projectile, any
discontinuity in the projectile contour can be chosen as a geometric
reference point. By correlating the passage time of the reference points
with their spatial displacements, one can determine the muzzle exit
velocity of the projectile

= As/At,
12



where As is the projectile reference length and At its passage time
through the inductance coil.

When we actually fired the proof slug, the recorded output waveforms
were similar to those obtained during the laboratory simulation (Figure 5).

AMPLITUDE ( volts)

i | L | | | 1 | | |

47.5 48.5 49.5 50.5 51.5 52.5
TIME (ms)

Figure 5. Example of the Signature of the Gas Flow and Projectile Motion
Through the Inductance Coil

However, the signal base was no longer constant. It had been modified

by the contribution of other physical processes. In addition, we observed
that most rounds exited the muzzle cocked, which changed the signal
profile (Figure 6). This impeded a reproducible electronic velocity
determination in real time. Therefore, we analyzed the signals manually
to obtain estimates of the muzzle exit velocity, v, for the fired rounds.
We compared these values with velocities, vy, which we had obtained from
microwave interferometry recordings immediately after projectile emergence
from the muzzle blast. Generally, the velocities from the radio frequency
oscillator instrumentation were 1 to 18 m/sec higher. The estimated

error in our relatively crude analysis was * 10 m/sec or less than 0.7%.

The error

§v/v = 8s/As + St/At

13
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Figure 6. Comparison of 105mm Proof Slugs Exiting a Gun Tube Aligned
and Misaligned

mainly was due to the difficulties in associating the proper time points
with the passage of the reference length, &s. The two velocities are
related by

V= v ¥ (vM-Av) 5

where vg is the recoil velocity of the cannon, and Av is the velocity
which the projectile acquires during its trajectory through the muzzle

blast. Using the mean of the velocity differences, V-Vy , we obtain

V-vy = Vp - Av = 9.2 m/sec.
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For some rounds we recorded the recoil velocity of the cannon. We found
that the recoil velocity was about 12 m/sec, resulting in a velocity
difference

Av VR VW = 2.8 m/sec.

This value has the right sign and order of magnitude. Therefore, we
initiated the development of a computerized analysis program with the
aim to determine more accurately from the signals the time points which
are associated with the passage of the reference points and to extract
certain characteristic parameters of the total time series.

Firing the M392 projectiles, we encountered difficulties in deter-
mining their muzzle velocities from the recorded signals. Figures 7a
and 7b show representative examples of the output waveform.

We were surprised by the magnitude of the signal amplitude associated
with the passage of the sabot bucket. It was so large that the contour
of the sabot did not reveal itself as well as in the case of the proof
slug, making it extremely difficult to determine the time points which
are associated with the passage of discontinuities in the projectile

2000 . T

1500

1000

COUNTS

500

-500 1 L ! A
50.8 50.8 81.0 81.2 51.4 5.6

TIME (MSEC)

Figure 7a. Example of a Signature for the M392 Projectile
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Figure 7b. Example of a Signature for the M392 Projectile

contour without an elaborate curve-fitting and pattern recogniticn
procedure. In addition, the signals occasionally exceeded the range of
the amplifier and the recording equipment, causing a temporary signal
blackout. To avoid this type of trouble, we decided to employ nonlinear
signal amplification in an active feedback mechanism instead of the linear
signal amplification.

This nonlinear signal amplification was then incorporated into the
electronic circuitry of the radio frequency oscillator velocimeter built
for the 75mm smoothbore ARES gun systemT. In this test, the sensor coil
assembly was screwed onto the muzzle. To permit real time velocity
measurement, the signal wave generated in the signal processing elect-
ronics was directly fed into a time counter. The time series of the raw
signal and the square wave were also recorded on analog magnetic tape
for a more detailed analysis at a later date. A representative time
series of the first six rounds fired through the sensor coil assembly
is shown in Figure 8. We observe a ramp like signal rise, followed by
an abrupt drop and lowering of the baseline containing the velocity
pulse of interest. The signal (Figure 9) outlines very well the actual
contour of the projectile. It yields a reference time At = 55.5 £ 0.5
usec and a muzzle exit velocity v = 989 * 12 m/sec, compared to At = 57.3
usec and v = 958 m/sec as obtained from the square wave pulse. The

+This system features a "soft-recoil' mode of operation.
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Figure 8. Time Series for the 75mm HE(TP) Projectile, Rd. No. 4

reference length of this projectile was quite short, As = 54.9 * .25mm.
The first velocity compares favorably with the velocity v = 987 m/sec
obtained from velocity coils set up down range. The square wave veloci-
ties of the first six rounds were scattered within 3% about the velocities
obtained from the raw signals. Because of the magnitude of the ramp
signal, adjustment of the triggering level for the square wave pulse was
critical and affected its duration.

To achieve a more reliable reference time for the real time velocity
measurement, we had to reduce the height of the ramp. By studying the
coil mounting arrangement and carrying out some laboratory experiments,
we were able to pinpoint the source of the ramp: the screw-on mounting
arrangement allowed a relative motion between the active inductance coil
and the metallic surfaces which sandwiched it. During the ramp phase
the muzzle was apparently moving forward into the muzzle device which
was held back by inertia, thus decreasing the relative distance and
increasing the strength of coupling. When the muzzle face started
abruptly moving backward due to the arrival of stress waves associated
with the recoil of the cannon, the separation distance increased, causing

17
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Figure 9. Recorded Profile for the 75mm HE(TP) Projectile, Rd. No. 4

a sudden decrease of the coupling strength and the observed drop in the
signal amplitude. Because the standard deviations of the mean ramp rise
time and the mean time duration from the ramp end to the projectile exit
are less than 4% for the data ensemble, we can exclude random processes
and must look for physical processes characteristic for the early part
of the in-bore ballistic cycle as a source. The remedy for reducing the
ramp signal was straightforward: tighten up the mounting. This severe
mounting effect suggests that the radio frequency oscillator velocimeter
could actually be used to monitor wave phenomena in a gun tube, if we
design the coil mounting arrangement correspondingly.

When we tightened up the coil mounting, we got an acceptable base-
line modulation (Figure 10) yielding a square wave pulse (Figure 11),
the time duration of which generally was less than 1% of that obtained
by the raw signal (Figure 12). In particular, we obtained for this
round having a reference length of 111.9mm:

At=108.6 * ,6usec, v=1031 * 6m/sec ... from the raw signal
At=109.1 Usec, v=1026 m/sec ... from the square wave pulse
v=1031 m/sec ... from the velocity coils

18



RRES HIMAG 75MM ROUND: 13 PLOT: 6

VELOCITY (PULSE)
PROJECTILE TYPE HE(RRI FF) 23/MRY/78

000
7604
7204
680 i
6484 i
so04

560 Al

AMPLITUDE (CDUNTS)

5291

489

2 H 8
TIME (MS)

Figure 10. Time Series for the 75mm HE Projectile, Rd..No. 13
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Figure 11. Time interval Pulse (Square Wave) for the 75mm HE Projectile,
Rd. No. 13
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Figure 12. Recorded Profile for the 75mm HE Projectile, Rd. No. 13

In addition to the 105mm and 75mm gun systems, we used the radio
frequency oscillator velocimeter technique in a 40mm experimental smooth-
bore gun. Most of the recent improvements in reducing unwanted contribu-
tions to the signal derive from its application to this gun system. In
this firing program, the projectile velocity at muzzle exit varies from
200 to 1800 m/sec, permitting us to evaluate the instrumentation over a
broad velocity range.

Break wires and in-bore microwave interferometry were also used to
record the projectile velocities, providing a means for comparing resul<s.
A rigorous comparison has not been carried out yet, partly because the
projectile reference length may be modified during the projectile seating
process in the chamber. Besides the almost standard 60 Hz ground wire
problems which took considerable time to eliminate, we encountered only
a relatively small baseline modulation which could be traced back to the
passage of the compressed gas in front of and behind the projectile. An
illustration is given in Figure 13.
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Figure 13. Velocity Pulse and Muzzle Pressure for 40mm Test Slug, Rd.
No. 61
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We included the pressure record taken at 25 mm from the muzzle for
purposes of comparison. Analysis shows that the dip in the baseline in
front of the velocity pulse is connected with the arrival and passage

of the shockwave and the compressed gases behind it. We have also observed

this baseline modulation in the data sets for the other two gun systems;
however, not as clearly as in these firings. The velocity pulse for this
round is given in Figure 14.
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Figure 14. Recorded Profile for the 40mm Test Slug, Rd. No. 61

For purposes of comparison we obtained the following velocities for this
round:

v=1341 * 10m/sec ... from the raw pulse,
v=1333 m/sec ... from the square wave pulse, and
v=1369 m/sec ... from the break wire.

In our opinion, the baseline modulation associated with the exiting gas
flow is mainly due to an electric current in the muzzle face. It is

indirectly produced by the higher mobility of the free electrons compared
to the relatively low mobility of the positive ions in the hot gas flow,
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which permits an accumulation of negative charge in the conducting cannon.
Since all major baseline modulations which are adverse to real time
velocity measurements derive either from a relative motion between the
active inductance coil and the muzzle face or from the charge up of the
muzzle face, we concluded that we should be able to eliminate them by
using two active inductance coils in one plane and differencing the
signals. In that way we should eliminate or, at least, considerably
reduce contributions picked up by both inductance coils concurrently and
produce a signal which correlates only to the loads induced by the medium
passing through the inner inductance coil. We replaced the one coil
device by a double one and, indeed, we obtained the desired noise-reduced
baseline (Figure 15). The dip associated with the gas passage is reduced

to a negligible effect. The velocity pulse now stands out clearly on a
level baseline (Figure 16).
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Figure 15. Time Series for the 40mm Test Slug, Rd. No. 163
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TRAVELING CHRRGE PROGRAM ROUND: 163 PLOT: 5
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Figure 16. Recorded Profile for the 40mm Test Slug, Rd. No. 163

We obtained the following velocities for round No. 163, for instance:

v=1386 * 10m/sec ... from the raw signal,
v=1391 m/sec ... from the square wave pulse, and
v=1427 m/sec ... from the in-bore microwave interferometry.

V. RADIO FREQUENCY OSCILLATOR VELOCIMETER, DOUBLE INDUCTANCE COIL DESIGN

The new design consists of two single turn, concentric inductance
coils as shown in Figure 17. The double sensor coils are mounted in the
same manner as the original single sensor coil. The outputs of the two
coils are fed to a low gain differential amplifier which cancels all
extraneous signals common to both coils. The schematic of the differ-
ential sensor arrangement is shown in Figure 18. Although the primary
purpose of the differential sensor circuitry is the cancellation of all
signals extraneous to the velocity pulse, the new design provides several
other advantages over the original design:

e cancellation of the static DC offset resulting in improved
stability when DC is coupled to the signal processor,
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e decrease in sensitivity to temperature variation since any c¢hange
in the oscillator frequency or amplitude is reduced by the
differential action of the amplifier, and

e cancellation/suppression of effects due to the relative motion

between the active inductance coils and the muzzle face and the
electric charge up of the muzzle face.

OUTER COIL

=—INNER COIL

Figure 17. Double Inductance Coil Design

412y

HE-F8RT

e

Figure 18. Schematic Diagram of the Differential Sensor Circuitry
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Experience with earlier radio frequency oscillator velocimeter designs
suggested several changes in the basic configuration of the signal
processor. We found that under certain test firing conditions an isola-
tion amplifier was necessary to eliminate ground loops and, thereby,
reduce the common 60 Hz interference. When the gun is positioned more
than 50 m from the signal processor, however, the isolation amplifier
may not reduce the 60 Hz interference sufficiently. Since the
isolation amplifiers available had a maximum bandwidth of 100 kHz, a
unity gain differential amplifier was designed into the circuitry to
provide the necessary bandwidth and isolation. The amplifier providing
the gain for the signal is physically located at the muzzle. This
configuration guarantees the necessary reduction in noise and 60 Hz
interference and provides the clean signals which are required for the
generation of the square wave pulse.

To prevent the firing voltage or other transient signals from pre-
maturely triggering the logic circuits in the time interval counter, a
delay feature was incorporated in the signal processor. The delay
circuit can be controlled either by a sequence timer stage in the firing
sequence or by a built-in delay circuit activated by the firing voltage.

The original signal processing circuits were designed for projectiles
with contour discontinuities such that the output pulse, when processed,
had only a single or double-pulse signature. In addition, the projectile
velocity was limited to a velocity band. To provide the ability to
measure the velocity of projectiles with complex contour discontinuities
over a velocity range from 175 m/sec up to about 1800 m/sec or higher,
the logic part of the signal processor was redesigned. The block diagram
of the logic circuit currently being used is shown in Figure 19.
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——— - NAND ® TIME ®
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INVERTER MULT, out
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@ @ NAND DECADE RESEY
o—Z-1 COMPARATOR > @
i INVERTER COUNTER MULT.
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o ey [y

' a° @ |"-’
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Figure 19. Block Diagram of the Logic Circuit for the Signal Processor
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The logic circuit is quite simple, requiring only four integrated circuits.
Also shown are the waveforms at various points for a projectile signature
consisting of two major pulses. The output of the isolation amplifier
(A) is fed to a comparator which changes logic states at approximately
50% of peak amplitude of the signal. Trimming the triggering level
provides a means of calibrating the time duration measurements slightly.
The output signal of the comparator (B) is an inverted replica of the
incoming one with much faster rise and fall times. It is fed to a NAND
gate functioning as an inverter. One output signal from the inverter
(C) goes into a decade counter, the other one is coupled through a
second NAND gate which acts as a delay circuit to prevent false trigger-
ing. In the process, the signal is inverted back to its original
polarity (B). The leading edge of the first downward pulse triggers

the time interval multivibrator. This monostable multivibrator auto-
matically stays on for about 600 usec, if not reset. Its output holds
the decade counter reset at zero until the delay circuit is released

and the time interval multivibrator is triggered. When the signal
becomes negative, the decade counter is initiated. Each pulse counted
is fed to the four output leads in BCD form. Depending on the selector
switch setting, up to four pulses can be integrated into a time interval
pulse. For example, let's assume the selector switch is set for two
pulses. When the second pulse is counted, the output signal on line '"2"
triggers the "RESET'" multivibrator. The output of the "RESET" multi-
vibrator (D) resets the time interval multivibrator to terminate the
pulse and provide the final time interval pulse for its measurement.

The time interval pulse (E) is a single pulse. Its time duration is

the same as the passage time of the projectile at the sensor. The BCD
outputs provide a '"1,2,4,8" count. In order to count three pulses, the
output signals from "1" and "2" are fed to a NAND gate and inverter,
thus providing a three count. One could extend the procedure to cover
several individual pulses through the use of another IC.

The time interval pulse is used to gate a 10 MHz clock. The number
of clock pulses corresponding to its duration is counted and displayed
on a four digit LED readout. The time duration count is also fed to a
digital printer which records the time of passage. Automatic reset
signals are provided from the printer to record rapid fire as in the
case of the 75mm gun system. The time duration pulse is also amplified
to provide a reliable trigger pulse for the instrumentation to monitor
projectile parameters immediately after launch. For instance, we used
this pulse to control the timing of the x-ray pulses for the 40mm
traveling charge program.

In addition to the real time velocity measurement, we record the

original time series and the square wave pulse on an analog magnetic
tape for a more detailed analysis at a later date.
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VI. SUMMARY

There are other arrangements and configurations of coils which
could be applied. Some of these are currently being studied to determine
which would be the most applicable to axial and angular displacement
measurements.

There is one area which has been addressed only on the side until
now but should be followed up: the radio frequency oscillator technique
could also be utilized to retrieve projectile-cannon interface processes.
To what extent, we don't know yet.

Based on our latest experience, we believe that the radio frequency
oscillator velocimeter has been refined to a point where it can be
reliably applied to the real time measurement of the projectile velocity
at muzzle exit in the field as well as in the laboratory.

The radio frequency oscillator velocimeter has several advantages
over any one of the other velocity measurement systems previously
described:

e It provides real time velocity measurements,

e It is inexpensive,

e It does not require projectiles to be modified

e There are no restrictions on azimuth and elevation firing angles,

e It can be used on rapid-fire weapon systems,

e It requires only a minimal amount of calibration,

e It can be directly integrated into computer programs for online
data processing, and

e It can be easily coupled to auxiliary circuitry such as x-ray
units.
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