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ABSTRACT

The occurrence of high-{requency oscillations on the
pressure and strain oscillograms from guns using liquid
propellants or liquid projectiles was investigated by
recording the response of gauges under a variety of condi-
tions during scheduled tests of two guns. The data and
results ars rsported in detalil in order to provide back-
ground information for planning future investigations of
any of the phases which may warrant more intensive study.
It was demonstrated that the high-frequency disturbance in
the strain gauge signal is due only partisliy to strain
fluctuationes, with evidence that the remainder is due to
magnatic pickup. A fluctuating magnetic fieid was shown
to exist around the gun during firing. The potential of
various points on the surface of the gun also fluctuates
rapidly, but appears tc have little effect on the signal,

I+ is concluded that:

The origin of the high-frequency disturbances observed
1les in the violent agitation of the liquid contained
within the gun. This 2agitation i1a attributsd to the random
impingement -f the high-pressure combustion products on tie
gas<liauid interface,

The transmiassion of the disturbances toc Lhe gauge
positions occurs through the medium of elsstic waves in the
gun, initiated by the pnressures in the agitated liquid.,

The disturbance appearing in the signal from the gauge
consists of two components, one due to the direct effect of
mechanical strain asscciated with the elastic waves and the
other due to magnetic pickupe The magnetic field causing
the latter component is attributed to the magnetostrictive
effect of the elastic waves,
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FOREWORD

The work reported herein was conducted under the
Foundational Reseurch Program of the Naval Proving Ground,
under authority of reference (a). The project was initiated
in June 1953 under the title “"Investigatiorn of Magnetic
Effect on Stra” Gauge Response"™, This is the final report
on Foundational Research Project NFG-M-110ib-13.

These iests were conducted by Mr., W. A, Dennison and
#r. Po E. Wine, Jr. of the Armament Laboratories Division.

This rzport was reviewed dby:

¥. E. WEBB, Head, Instrumentation Branch
Armament Department

He S. OVERMAN, Head, Armament Laboratories Division
Armament Department

L. Co KLINGAMAN, Commander, USh
Armament Officer

R, H. LYDDANE, Assistant Director of Research

N. A. M. RIFFOLT, Director of Research
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INTRODUCTION

In firings of liquid propcllants in guns at the Naval
Proving Ground, oscillations cf very nigh frequency
(30,000 ¢ps and above) have been observed, superimposed on
cscillograms of chamber pressure and barrel strain. In
many cases these oscillations have been of sufficient
amplitude to preclude accurate determination of pressures
and strains., Transducers used in liquid propellant tectis
at the Naval Prcving Ground employ bonded wire strain
gauges as active elements; however, informal reports from
other activities using piezo-electric transducers indicate
that similar disturbances appear on oscillograms obtained
with these,

In recent firinge of a 5"/54 caliber gun, using water
slugs in place of a conventional projectile, pressure and
strain ogscillegrams contained high-frequency oscillations
very similar to those encountered in the liquid propellant
firings. The similarity of the oscillationsa under these
two different sets of conditions; and the fact that the
rhenomena were not present in either gun whern conventional
propellants and projectiles were used, tend to support the
hypothesis that the phenomena are directly associated with
the presence of liquid ir the gun, whether active, as
propellant, or inert, as water,

It is a reasonable, though speculative, hypothesis
that violent agitation of the liquid occurs during the
ignition and burning of the propellant, and that this
agitation manifests itself mechanically in the form c<f
rapidly-changing pressures at the adjacent metal surfaces,
Assuming that this is true, the mechanism by which pressure
fluctuations at the inner surface of a gun or gauge tubs
affect the response of a strain gauge located on the outer
surface is of interest.

Dirzct mechanical transmission, as strain, suggsstis
itself as one possibility. In the absence of resonance,
the strain at a point on the outer su-rface is influenced by
the distribution of innsr surface pressures over an appre-
ciable area, rather than at a point; thus highly localized

peaks at the inner surface should be attenuateds OCn the
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other hand, if the presesure variatio:~ occur at a frequency
which excites the tube or barrel st one of its natural
frequenciss, oscillations of the strain gauge trace may be
of a higher amplitude than that commensurate with the
oscillations of pressure within the tube, In neither case
would the oscillations observed bear any quantitative
relation to true pressures,

A gecond possibility is that of electromagnetic
coupling. The guns, being of steel, are nearly always
magnetized to A greater or lesser degree, either by stray
fields, by the eartht's magnetic field, or by firing magnet-
ized projectiles used in velocity measurements, It is
conceivable that rapidly fluctuating strains in the metal,
origirating as described above, could by magnetostriction
produce a high~-frequency alternating magnetic field which
excited the strain gauge circuit by induction.

Variations in electrostatic potential of the metal
adjacent tc the gauge, with respzect tc instrument ground,
can, under certain conditions, mcdify the true strain
signal. Electrostatic coupling is, therefore, a third
possible avenue for the production of osciliations,

The otjective of this investigation was to determine,
by means of exploratory tests, the conditions of occurrence
of the high-freguency oscillations., Qualitative observa-
tions under a wide variety of conditions were desired in
order to provide a background for possible future experi-
ments of s specific nature. Certain tests were particularly
dirscted toward observing the relative importance of the
three means of transmission discussed above.

DESCRIPTION OF MATERIAL

The data for this investigation were obtained during
regularly scheduled firings of two guns: a 4Omm gun which
was fired with both liquid ané solid propellants in
connection with the development ¢f z liguid-propellant
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round, and a 5"/54 caliber gun which was fired with slugs
of water in place of a conventional precjectile, in connec-
tion with the development of a 3pecial operational test
procednure, A detailed description of the two guns follows:

a, L4Omm Gur: This gun is a Mk A Mod 1 4Omm barrel
(#1493L), assembled ir a six-pounder mount. The gun used
a hydrazine-type liquid propellant and fired a Mk 2 40mm
projectils., The gun was drilled to accommodate two pressure
gauges at three and ten inches from the breech face., Typical
records containing rapid oscillation may be seen in Figure 1.
Typical barrel strain records are presented in Figure 2,
Percussion primers were used in firing the gun for these
tests, Further detalils conrcerning the liquid propellant
program may be had from reference (b).

b, /54 Caliber Water-Shot Gun: The program was
fired using a Mk 16 Mod O barrel (#14751). The powder type
and the charge weight were varied throughout the program to
suit operational test requirements. The projectile was
simulated by an equal or greater weight of water encased in
wax~impregnated cylindrical cartons, Typical records show-
ing high-frequency oscillations of the strain gauge traces
appear in Figure 3, Further details concerning the water
shot program may be obtained {rom reference (cg.

CESCRIPTION OF TEST EQUIFMENT

Both guns were equipped with similar instrumentation
consisting of wire resistance strsin gauges for strain
measurements on the barrel, and dynamic pressure gauges for
pressure-vime msasurements, The pressure gauges employed,
as active elements, wire resistance gauges similar to those
used for strain recording.

In recording the pressures and strains, conventional
recording circuits were used., A basic circuit is shown in
Figure 4. In these circuits, the gauge was connected as
the acilive arm of a Wheatcicne hw*“*b, the output of which

was amplified by a d¢-c anmplifier and recorded on 4

cathode~-ray oscillcgraph: In addition; certain gauges
were connected to thc 2mplifier either dircciiy or inrougn
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WIRE STRAIN GAGEJL_
= GUN

N
P

ok
.
CALIBRATING i’ﬂ‘ VEE ATSTONE D-C
SWI'fCH BRIDGR l AMPLIFIER
EARTH GND.

4. INTERCONNECTIONS

/ 12575
T e .

===

b. AMPLIFIER INPUT

¥IGURE L = CONVENTIONAL STRAIN RECORDING CIRCUIT
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an unenergized bridege in order to separate the signal due
to strain from that due tc other disturbances., Coils used
for magnetic pickup were fed directly to the amplifier
input terminals. PFurther details of the instrumentation

peculiar to specific tests are discussed in the section on
PROCEDURE,

De-ails of the cables, amplifiers and recording equip-
ment ar= as follows:

ae Cables: Two-conductor shielded. Shield normally
grounded at laboratory and floating at gun. In certain
tests later discussed, this grounding procedure was reversed
to avoid ground loops or reduce undesired pickup.

b, Amplifiers:
Type: Direct coupled.

Frequency Response: Flat 0-~30,000 cps.
Down 3 db at 100,000 cps.

Voltage Gain: 30,000 nominal,

Iaput Impedance: 100,000 ohms.

Ouﬁputz Direct to C-R tube deflection
plates:

Drift: 0.5 mve equivalent input

signel over 5-minute period.
5 mv. equivalent input signal
over 30-minute period.

ce Oscilloscopes:

Type: 4L-chanmel with separate spot
position controls for all
channels.

C~R Tube: Four-gun with deflection plates,
independently operated within a

gsingls envelope. 5% flat-face

with short persistence blue
(P-11) phosphor.

CONFIDENTIAL 4
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Sweep Circuit: None, Equivalent linear sweep
is provided by relative motion
of the recording mediunm,

iming Circuit: Internal pulse circuit super-
imposes timing Wspikes™ on all
traces, May be driven by aii
external frequency standard, at
operator?s choice,

d, Rescording Camera: 60" circumference rotating
drum with adjustable speed
to 18CC rpm.

e, Strain Gauges: Baldwin SR-4 Type A-14 used for
all tests except as noted under
WPROCEDURE".,
PROCEGURE

Tests on the 5%/54 Gun: Three series of special tests
were conducted on the 5#/54 caliber gun firing water slugs,.
These comprised four rounds to investigate the presence of
a potential difference between different points on the gun
and mount and its effect. if any, on the strain gauge
signal; four rounds to check certain arbitrary variations
in the strain gauge system, as described later; and two
rounds to investigate the existence of a varying magnetic
field near the gauge locations (a conventional projectile
was fired on the second round of this series for comparison).
On all of the watsr-ghot firings, these special data wcre
obtained concurrently with recordings of case pressure and
strains, typical oscillograms of which appear in Figure 3.
Details of the tssts were as follows:

CONFIDENTIAL 5
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a. Electric Potential Tesis:

Teet 1:

Purpose - To record potential difference during
firing between a point on the barrel 160" from the muzzle
and the base of the mount,

Channel 1 - Hecord of potential vs. time
Channel 2 - Reference line

Diagram - Figure 5a

Record - Figure 6 (T1)

Remarks - Instrument ground at base of mount,
Test 2:

Purpose - To obtain simultaneous recordings of
potential bLetween the base of the mount and a point on the
barrel 160" from the mugzle, and of the response of an
unbonded strain gauge on the barrel 160" from the muzzle,

Channel 1 - Record of poiential vs., time
Channel 2 - Record from strain gauge

Record - Figure 6 (T2)

Remarks - Instrument ground at base of mount,
Test 3:

Purpose - To record potential difference between
two adjacent points on the barrel (Separation of points 1%0).

Channel 1 - Record of potential vs. time

Channel 2 - Reference line

Diagram - Figure 5b

Record - Figure 6 (T3)

Remarks - Instrument ground adjacent to pointe

of measurement;

Copper leads used at points of
measurement.,
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EMBEDDED
CABLE LEAD \
st

| o 9 __]! '.'\.r.U_ﬂ
T
i
iﬁ éQUIPlEN’I'" GROUND
D-C
AMPLIFIER

a, CONNECTIONS FOR TEST 1

EMBEDDED
CABLE LEADS
| R 1) |
EQUIPMENT GND! {f / |
i
D-C
AMPLIFIER

b. CONNECTIONS F(R TEST 3

FIGURE 5 - POTENTIAL TEST CONNBCTIONS
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Test 4

Purpose - To duplicate Test 3, using steel leads,
ia order to determine whether the contact between dissimilar
m=atals at pointe of measurement affects results.

ﬂ\w

£

AR

Record - Figure 6 (TL)

Remarks - Same as Test 3 except that steel
(music wire) leads were used.

b, Strain Gauge Tests:s
Test 5:

Purpose - To record for reference the high-frequency
oaeillation from a normally energized; unbonded A-l4 strain
gauge 160" from the muzzle, and to observs the effect of
locating the instrumsent ground adjacent to the gauge.

Channel 1
Channel 2

Strain gauge trace

Reference line

Diagram - Same as Figure la except that ground
point was on gun, adjacent to gauge

Record - Figure 7, (T5)

Test 6

rurpose - To vecord the high-fregquency oscillation
from an unenergized, unbonded A-1lL strain gauge 160" from

the muzzle.

Charnel 1 - Strain gauge time
Channel 2 - Reference line
Diagram - Figure 8 :
Record - Figure 7 (T6)
CONFIDENTIAL 7
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Test 7:

Purposs ~ To observe effect of physical separaticn
of the gauge from the metal of the gun,

Channsl 1 = Strain gauge trace

Channel 2 Reference line

Diagram - Figure 8
Record - Figure 7 (T7)

Remarks - Identical with Test 6 except that
gauge was separated from contact with
guin by a OJ¥005 mica slieste.

Test 8:

= Purpose - To determine the practicabilitiy of
cancellation of the undesired signal by using a second
strain gauge in an adjacent arm of the Wheatstone bridge.

Channel 1 - Net output of the gauges
Channel 2 - Reference line
Record - Figure 7 (T8)

Remerks - Two gaugss, orisuted tangentially and
longitudinally, resrectively, were
connected as adlacent arms of the
Wheatstone bridgse. With this connection
the signal should he proportional to
the difference between tangential and
axial strain, and any superimposed
signals due to magnetic of electrostatic
pickup should cancel, if in phase,
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I
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FIG. 8 - UNENERGIZED GAGE CONNECTION

WIRE STRAIN GAGE

To D-C Amplifiers

FIG. 9 - MAGNETIC PICKUPS
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c» Magnetic Field Tests:
Test_9:
Purpoz=s - To compare ths high-frequency components

of the strain gaugs signali with those from magnetic pickup
ccils around the gune.

MR Y (T 4] Y

2 ey e R S

Chanrel 1 - Output of conventional chronograph
coil suspended around barrel at 100"
from muzzle. Coil consists of 200
turns No., 22 coppstr wire on 24"
diameter wooden form.

Channel 2 Output of a coil wound around the .

barrel over a foam rubber base at 160"
from muzzle, Coil consists of ten
turns No. 22 copper wire (approximate
diameter 12%0).

Channel 3 - Strain gauge trace, unbonded A-l4 gauge
in conventional bridge, located adjacent
to ccil 160" from muzzle.

Reference line

L

Channel 4
Diagram - Figure 9
Record - Figure 10 (T9).

Purpose - To duplicate Test 9 using a conventional
projectile instead of a water slug, as a basis of comparison,

Channeli 1 = Chronograph coil
Channel 2 - Ten-turn coil
Channel 3 - Strain gauge trace
Channel 4

B s WD ESRISI Mo g 9 VR Y MR g o e

Refererice line
Diagram - Figure 9
Record - Figure 10 (T1Q)
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Tests on the /;,Omm Gun: A series of four rounds was
fired to compare the response of individuzl strain gauges
in a rosette pattern, one of the gauges being tangentially
oriented, another longitudinal, and the third at 45 degrees.
Simultaneously, the response of a fourth gauge, which was
covered with a soft steel magnetic shield, was rocorded.
The first round of this series was fired with solid propel-
lant for the purpose of comparison., Following this series,
a test was conducted to investigate, on the same round, the
response of bonded versus unbonded gauges, the effect of
wrapping the shielded signal lead around the barrel, the
magnetic pickup frcem a coil around the barrel, and the
effect of changes in shaps and sigze of strain gauge grids.
Finally, the test of rosette gauges was repeated because
the earlier teasts had not produced high-frequency oscilla-~
tions of sufficient magnitude for evaluation. Alsc on the
final test, exploratory variations in bridge gain and
amplifier gain were made in order to observe their effect
on the amplitude of the high-frequency oscillations. Detaile
of these tests were as follows:

Test 11l:

Purpose - To record for reference the signals from
the rosette gauges and the magnetically shielded gauge
during firing of a solid propellant round in ths 4O0mm liguid
propellant gun.

Channel 1 -~ Longitudinal gauge in rosette

Channel 2 - 45~degree gauge in rosette

Channel 3 - Tangential gauge in rosette

Channel 4 - Steel-covered gauge

Channel 5§ ~ Refersnce llne

Record - Figure 11 (T11)

Remarks -~ Rosette location - 2940 from mugzle,
Covered gauge loeation - 36%0 from
muzzle,

Al)l gauges bonded tc barrele.
All gauges unensrgized.
CONFIDENTTAL 10
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Test 1l2:

Purpose - To repeat Test 11l using hydrazine-type
liquid propellant for comparison,

Channel 1-5 - Same as above

‘Record

Remarks

Test 13:

~ Figure 11 (T12)

- Conditions same as above except that

a liquid propeiiant was used instead
of so0lid propellant.

Purpose - To record the high-freguency components
frem an energized tangential gauge for comparison with the
sigral from the same gauge unenergized obtained on the
previous round, and with the signals from other unenergized
gauges obtained simultaneously,

Channel
Channel
Channel
Channel
Channel
Record

Remarks

CCNFIDENTIAL

1l

2

(¥)

LS T

Tangential gauge in rosette (energized)
Lh5-degres gauge in rosetfe

Longitudinal gauge in rosette
Steel-covered gauge

Reference line

Figure 11 (T13)

Gauge locations same as Tests 1l and 1l2.

All gauges bonded to barrel.
Gauges unenergized except as noted,

11
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Test_1L:

Purpose - To repeat test 12 with the longitudinal
rosette gauge energized,

Channel 1 - Longitudinai gauge in rosette
(snergized)

Channel 2 - L45-degree gauge in rosette

Channel 3 - Tangential gauge in rosette

Channel 4 - Steel-covered gauge

Channel 5 - Reference line

Racord - Figure 11 (T14)

Remarks -~ Gauge locations same as Tests il-i3.
All gauges bcnded tc barrel,

Cauges unenergizsd sxcept 28 noted.

Test 15:

Purposes -~ (a) To compare response of bonded
versus unbonded gauges.

(b) To determine the effect of wrapping
signal lead around barrel.

{¢) To observe ths output of a magnetic
pickup coil around the barrel.

(&) Tc compare asignals from strain
gaugas of varying shapes and dimensions,

Ckannel 1 - Reference line

Channel 2 - Unbonded tangential A-14 gauge 18"
from muzzle

Channel 3 - Bonded tangential A-14 gauge 18" from
mugzzls
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Channel 4 - Same as above, except thatl the
shielded lead from the gauge was
wrapped three turns around the barrel

Channel 5 - Samc as Channel 3, except that
shielded lead was wrapped one turn
around the barrel

Channel 6 - Magnetic pickup coil = four turns of
Noe. 32 formvar-coated wire cementsd
to barrel 25975 from mugzle

Channel 7 - Bonded tangential A-2 2strain gauge
23%5 from muzzle

Channel 8 - Bonded tangential C-1 sirain gauge
2290 from muzzle

Channel 9 -~ Bonded tangential A-l4 strain gauge
{control) 2290 from muzzle

Channel 10 - Reference line

Record - Figure 12 (T15)

Remarks - None of the gauges were energized.
Test 1lé:

Purpcses - {(a) Te obtain further data from the
unensrgiged rosette and steel-shielded gauges under the
conditions of test 12 (required to verify the almost
complete abtsence of high-frequency oscillations previously

ob8ETVEd ) e

(b) Tc compzre the resporse of two
bonded tangsntial strain gauges energized at different
levels.

{c) To obtain additional data on the
output of a magnetic pickup ceil arcund the barrel,
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Channel Tangential gaugs in rosetts

()
!

Channel - h5-dagree gauge in rosetta

Channei - Longitudinal gauge in rosette

Channel

2
3
Channel 4, - Steel-covered gauge
5 - Reference line
6

Crhannel - Energized tangential strain gauge 16%0
from muzzle., Amplifier gain reduced
to 60% (approximately 15,000 voltage
gain)., Bridge current increased to

yield came overall gain as Channel 7

Chanunel 7 ~ Energized tangentizl strain gauge 16%0
from muzzle. Amplifier gain 100%
{approximately 24,000 voltage gain)

Channel 8 - Unenergized tangential strain gauge
1840 from muzzle. (For comparison
with Channel 1.)

Channel 9 - Magnetic pickup coil four turns of
formvar-coated wire cemented to barrel
25%5 from muzzle

Figure 13 (T16)

o

®
o

(3}

]

[
}

RES. LTS _AND DISCUSSION

The results of the tests described in
section were as follows:

thes preceding

i, High freguency oscillations were found to be
present in the signala from unenergiged stra;n gauges on
both gups. This effect is shown in the oscillograns of
Test Nec, & for ths 5/54 gun firing water slugs, and Test
No. 15 for the 4Omm liquid propellant gun (Figure 7, T-6
and Fignre 12, T-15), It also appeers in +he oscillograms

CONFIDENTIAL 14
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fron unenergized gauges used in Tests Yos. 12, 13, 14 and
16, The vresencs of these oscillations in the signals from
gauges which =re not energized indicates that direct
mechanical strain is not solely responsitle for the disturb-
ance. The fact that the amplituds of the disturbance was
only slightly greater when the gauge was snergized (compare
osciliograms of Tests 5 and 6) indicates that disturvances
which are indepengent of strain form a significant part of
the total signal, The effective impedance of the input
circuit was 500 chms in both types of tests. No decrease
in the amplitude of oscillation was observed when the
system ground was made at the gun,; by comparison with prior
tests in which the ground was madz in ths laboratory.

be Rapidly fluctuating potsntijal differences were
found to _exist between gg]ecte nts on the g ZEE Eun and
mount, but these showed poor currelatinon with fluctuations
of the atgain gaugs_signal. Tests No, 1 to 4, inclusive,
were devoted to the potent1a1 tests, the oscillograms of
which appear in rigure 5, The "channel 19 traces of the
first two tests show the potential between the mount and a
point on the barrel., The potentvial due to the firing
currant can be clearly distinguished as a series of pulses,
cach foliowcd by a smooth decay in the region marked “firing
key duration®, Rapid fiuctuations of the traces commsncs
about one millisecond vefore breaking of the firing contacts,
and continue, with diminishing amplitude, to the end of the
reccrds The corresponding strain gauge trace is shown on
Channel 2 of record No, T2, Although the high-Preguency
oscillations on this trace commenced at the same time as the
potential oscillations, the wave form agppiars considerably
different in character so that no dircsct correlation is
possible, beyond the fact that the time of commencement of
the fluctuations was the same. Record T2 does demonst*ate,
however, that a_properly grounded sirain gauge circuit is
almost completely insemnsitive tc variations of pctential
alone., This follows from the fact that tho large potential
pulses appearing on Channel 1 during firing cirsuit closure
are barely perceptible oii Channel 2, Records T3 and T4
show that fluctuatinz; potential differences exist tetween
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two points one inch apart on the barrei. Since similar
traces were cbtained on these test, using copper and iron
ieads, respectively, the pessibility that any part of the
disturbance could have resulted from contact potential
setween the steel gun and copper leads was ruled out,

ce Phyvsizel oqg;;atlon of the strain gauge from the
face of the gun by means of a_0%005 mica spacer reduced

thno amplitude of high-frequency ‘equency oscillations appreciablys
This 1s illustrated by a comparison of records 76 and T7,

Figure 8, The strain gauge cannot, of course, record trus
strain when installed in this manner; however, this resulu
may have significance in the light e’ the resulits of a
later test (sub-paragraph g. below) from which it appears
that the thickness of the coat of zement nged Lc bond “he

gauge to the surface may be a factor in reducing undesired
ogeillation of the trace,

d. The attempt to reduce the amplitude of the high-
frequency oscillations by connecting twe geuges so that

inphase components would cancel one another was unsuccessful,
Referring to Figure 7, Record T8, the oscillogram shows that

instead of being reduced, the amplitude of the oscillation
was roughly doubled by comparison with the contrel test,
Record T5, This result indicates that the disturbances on
the two gaunges wsre cut of pnase by an appreciable margin,
and suggests cither that the disturvbance causing the
oscillationa varies in phase over short distances of the
order of one inch (the distance between gauge centers) or

that it varics with directicn. The two gauges used in this

test were oriented 90 degrees apart so that the system would

be sensitive tc directional effects., Further experiments
are necessary to establich which of these two effecte pro-
dominates. During Tests No, 1l-14, inclusive; the signals
from three strain gauges nriented tangentially and at 45°
and 90° from the first, respectively, were recorded simunl-

taneously in an attempt to obtain more data on directional

CONFIDENTIAL 16
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effect, However, because of the low level of thec oscil-
lator, disturbance on all of these tests, the results
were Iinconclusive, These oscillograms are reproduced in
Figure 11 as follows:

Test No, Channels
11 1-3 inecl.
12 1-3 incl.
13 2 2nd 3
14 1l and 3

No concrete 2xplanaticn has yet been offered for the
absence of disturbances on certain rounds fired under condi-
tions which have, in past firings, produced disturbances, as
was the case in these tests, It is hoped that observations
made on routine firings in the future may shed further light
on this phsncmenon,

e Solenoid coil tests demonstrated that a rapidl
fiuctuating magnetic field existe around the barrels during

firings of liquid propsllantis or water slugs. The frequency
and wave fcrm of signals from the coils were simiiar to those
of the disturbances observed on the strain gauge traces, but
larger in amplitude. Conventional chronograph coils wexe
not capable of reproducing high-frequency oscillation hecause
6f their high L-R-C constant. Coils consisting of a few
turns of wire wound around the barrel were satisfactory. A
control rcound, using a conveational projectile with solid
propellant, also showed a fluctuating magnstic fileld, but the
freguencies cof fluctuation were appreciably lower, These
data were obtained on Tests No. 9, 10, 15 and 16, Oscillo-
grams appear on Figure 10 (T9 and T105, Figure 12 (T15,
Channel 6), and Figure 13 (T16, Channel 9).

fo Tests 13 and 14 demonstrated that the high-frequency
disturbance undesr jnvestigation appsars, in part, in the
form of mechanical strain, For reasons 2e8 =ty undetermined,
the disturbance wz2c completely absent from the unensrgized
channels on these tests, and appsared only when the gauges
were energized so as to indicate strain, iHowever, examiua-
tion of the tangential strain (T13, Channel 1) and the axial
strain (Tl4, Channel 1) shows that the component of disturhb-
aiics appoaring as strain is =mall and does not seriously
effect the readability of the strain-time records. The
frequency of the disturbances on these tests was 31,000 cpse.
approximately the same as previcusly observed.
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8e The amplitude of the disturbamce on an unbonded
strain 9auge was found to be appreciabiy greater than on a
bonded gauge Two adjacent gauges were used con Test 15
under identical conditions with the exceptic~ that one was
bonded to the gun with a coat of nitrocellulose coment, and
the other was tigntly taped in contact with the gun. Refer-
ting to Figure 12, Channel 2 shows the sign2l from the
uhbonded geuge, end Channel 3 that from the bonded gauge.
The maximum peak-to-peak amplitudes were 2,1 mv. and G.45 mv.,
respectively, a ratio of approximately five tc ovne,

he, Tests of several gauges of different rhysical
dimensions showed smuil differences in the ampiitude of high-
freguency oscillation. The thres gauges used for dimensional
checks during Test 15 were tested under identical conditions
on the same round. Results were as follows:

Active Element
' Net Max. Amplitude

l
| Channeil Gauge Resistance Lcop Length Width Area  of Disturbance

. (Fige 12) Type Ohms L/w» in, in, in.® MV. peak-to-peak
; 7 A-9 300 192 6 1/32  .187 0.7

. 8 c-1 500 27 1 3/16 094 1.7
. 9 A-14 500 67 3/8 9/32  .053 045

* Loop L/W is the ratio of length to width of individual loops in the
active element,

-vT phnlir

|

‘ The efficiency of a gauge as ar inductive pickurp
i =y ~ e = P s . 2- - - i

. snould decrease with increasing values of L;w, and should

increase with increasing values of the net area cof the

active element. If both of these relations are roughly
proportional, the ratio

R = Area
L/W

should provide an index of the disturbance amplitude to be
expected from magnetic pickup. This was found to be the
case, within the limits of precision imposed by variables

in gauge design and other factors. The C-1 gauge, for which

R is greatest (2.4,8 x 10 3), produced maximum disturbance.

The A-9 and A-14 gauges (R = 0,97 x ].O'-3 and 0.,80 x ].O-3
respectively) fcllowed in descending order,
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i. The effectiveness of a soft steel magnetic shield
over the gauge, as a means of reducing magnetic pickup, was
not confirmed because of the low level of disturbance
encountered on the rounds where this shieid was tested.
Furthermore, the effeciiveness of a high versus a low ratio

of bridge gain tc amplirfier galn was not confirmed for the
same reasorn.

Je No significant ir. _re2ase in the recorded disturbance
was observed when the sigrsl lead was wrapped one time
around the barrel, as compared with a lead brought directly
out; however, thrze turns of the signal lead produced a
small but readily discernible difference. (Compare channels
3 and 4, Figure 12,)

2200 e was as
-

On the basis of the tests reported, it is concluded
t)\a#

-
LG U e

The origin of the high-frequency disturbance observed
iie=s in the violent agitation of the liquid contained within
the gun, This agitation is attributcd to the random
impingement of the high-pressure combustion products on
the gas-liquid interface,

The transmission of the disturbances to the gauge

rositions occurs through the medium of elastic waves in the
gun, initiosted by ths prossusrss in the agitevsd liquide.

The disturbance appearing in the signal from the gauge
consists of two components, one due to the direct effect of
mechanical strain associated with tnhe elastic waves, and the
other due to magnetic pickup., The magnetic field causing
vhe latter component is attributed to the magnetostrictive
effect of the elastic wavese.

BUORD ltr Rex-PMG:mdn/NP9 of 29 June 1953
NPG Conf Report No, 1200 of 13 November 1953
NPG Report No. 1175 of 30 September 1953
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Subject: An Investigation of High-Frequency Fluctuations
of Strain Gauge Signals Associated with the
Presence of Liquids in Guns by J., Henderson,
Armament Department, U. S. Naval Proving Ground,
Dahlgren, Virginia 25 June 1954

ABSTRACT

The occurrence of high-frequency omscillations on the
pressure and strain oscillograms from gmns using liquid
propellants or liquid projectiles was imvestigated by
recording the response of gauges under a variety of condi-
tions during scheduled tests of two guns, The data and
results are reported in uetail in order to provide back-
ground information for planning future Investigations of
any of the phases which may warrant mors intensive study.
It was demonstrated that the high-frequenecy disturbance in
the atrain gauge signal is due only partially to strain
fluctuations, with evidence that the remainder is due to
magnetic pickupe A fluctuating magnetic field was shown
to exist around the gun during firing. The potential of
varicus pointe on the surface of the gun also fluctuates
rapidly, but appears to have little effect on the signal,

It is concluded that:

The origin of the high-frequency disturbances observed
lies in the violent agitation of the limuid contained
within the gun, This agitation is attributed to the random
impingement of the high-pressure combustion prcducts on the
gas-ligquid interface,

The transmission of the disturbances to the gauge
positions occcurs through the medium of elastis waves in the
gun, initiated by the pressures in the agitated liquid,

The disturbancc appearing ia the signal from the gauge
consiste of two components, one due to the direct effect of
rechanical strain assoclated with the slastic waves and the
other due to magnetic pickupe. The magnetic field causing
the lstiter componeant is attributed to the magnetostrictive
effect of the elastic waves,
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Subject: An Investigation of High-Frequen:zy Fluctuations
of Strain Gauge Signals Associated with the
Fresence of Ligquids in Guns by J. Henderson,
Armament Department, U. S Naval Proving Ground,
Dahligrenu, Virginia 25 June 1954

ABSTRACT

The ceccurrence of high-frequency oscillations on the
pressure and strain oscillograms from guns using liquid
propellants or liquid projectiles wes investigated by
recording the response of gauges under a variety of condi-
tions during sclieduled tests of two guns. The data and
results are reported in detail in order to provide back-
ground information for plauning future investigations of
any of the phases which may warrant more intensive study.
It was demonstrated that the high-frequency disturbance in
the strain gauge signal is due only partially to strain
fluctuations, with evidence that the remainder is due to
magnetic pickup. A fluctuating magnetic field was showun
to exist around the gun during firing. The potential of
various points on the surface of the gun alesoc fiuctuates
rapidly, but appears to have little effect cn the signal,

It is concluded that:

The origin of the high-frequency disturbances observed
lies in the violent agitation of the liquid contained
within the gun. This agitation is attributed to the random
impingemeant of the high-pressure combustion producis on thne
gas-liquid interface,

The transemission of the disturbances t< the gauge
positions occurs through the medium of elastic waves in the :
gun, initiated by the pressures in the aglitated liquid,

The disturbance appearing in the signal from the gaugs
consistz of two components, one due to the direct effsst of
mechanical strain associated with the elastic waves and the
other due to magnetic pickupes The magnetic field causing !
the latter component 1is attributed to the magnetostrictivs L
effect of the elastic waves.
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