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3. PREPARATION FOR MEASUREMENTS.

3.1 Selection of instrumentation. Select the 1 - cria.: Irstrumentation from
the following two catsgories:

a. Crusher gages - wused primariiy when ounly 2% o+ Lwer pressure Is
required {sec Appendix A for description)
b, Electrical pressure transducers - used '+ ., press time and maximum

pressure data are required for weapon chambers or r- ail ,ystuas (see Appendix B
fer description)

3 3.2 Crusher Gages.

3.2.1 Cleanliness. This is very important to the reliable and precise perfor-
mance of these gages. The following specific procedures are .o be follcwed:

a. Scrub gage body in hot svap and water as necessary to remove salt
deposits.

b. Disassemule the gage and remove sphere for measurement.

¢. Assurec piston and springs are removed from the gaie body.

d. Place in cleaning trays with all components of each gage kept
together.

e. Soak in bore cleaner for at least 4 hours.

f. Place tray of gages in ultrasonic cleaner for at least 30 minutes.

g+ Change trichlornethane in ultrasonics c¢leaner whenever gages appear to
be insufficiently clean; recycle dirty gages.
; h. Clecan new gages received from supply in accordance with step f to remove
! packing oil and grease.

TRy T o ez - -

3.2.2 Assembly. ‘

a. Before assembly, identify and record the copper lot of spheres being
used.
ﬁ . b. Visually inspect each component to ensure that it is not defective,
f . e.g., gas wash, evidence of rust and/or heavy pitting. Set aside all suspect
! : gages and return to the appropri~te facility for survey, repair, or discard.
A . ¢. Be sure that the stanaurd rust—inhibiting oll usually used as a preser—-
ﬁ vative for long-term storage is entirely removed before the gage is used.
&» d. Assemble gage body, piston, spring, and washer. (Do not ‘nterchange
gage romponents with those from other gages.)
. ¢e. Ensure that ihe piston moves freely in the gage body cylinder and that
] . the washer is properly centered by using a brass or wooden dowel. Do not force i
piston movement.
f. lInspect ball spring, and replace as necessary.
. g. Center ball in cap, assemble to gage body, and torque as py icribed.
F h. Before using the gages, place them in a sealed container with an effi-~
! cient desiccant for at least 24 hours to remove al! traces of moisture from the !
gage interiors. Do not seal the gages with silicone grease until after removal ,
from the container. j
1

{ i. Put silicone grease in the end of the zage body where the piston is ex-
posed, ensuring that all air bubbles arc removed from the grease.

jo In preparing the gages for service, assemble them without applying any
{ lubricant to the components, except the piston opening which is sealed with the
' ’ silicone grease.

[ ] - -
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3.2.3 Taraging. Calibration of the gage is accomplished by compressing copper
spheres on a dynamic pressure generator at pressures ranging from 55,000 kPa
(8,000 psi) through 386,000 kPa (56,000 psi). The standard gage used as a
reference is a tourmaline piezcelectric transducer. Following calibration,
tarage (calibration) tables, which show chamber pressure as a function of the
remaining height of the spheres, are prepared, based on data acquired. Tarage
tables are also extrapolated to approximateiy 11,700 kPa (1,700 psi) and to
800,000 kPa (116,000 psi). Separate calibrations must be made for each lot of
sphares, and t.vage tables issued for each sizc of piston.

g

ST AT T

3.2.4 Installation.

a. Placement of gages in the chamber area and uniformity of gage location
; is of utmost importance in acquiring reliable, precise peak pressure measure—
: ments. For bagged, separate-loading propelling charges, the internal crusher '
{ gages (see Figure 1) should be placed in the cusp formed by the interszction of
% the propelling charge outside surface and the cannon chamber inside surface. One
gage is placed on ecither side of the charge as far rearward as possible
(preferably at the 10 and 2 o'clock positions), with the piston facing the muz-
Zle. The gages should not be placed under the charge since this raises the base
- end of the charge and alters the normal allgnment between the axis of the charge
and the primer hole in the breech. The gages cthould not be placed behind the
charge since this may change the normal standeff between the base of the charge
and the breech face.
b. Gages for cased azmmunition, both fixed and semifixed, should be placed
in the bottom of the cartridge case, with the piston facing the mouth of the
case, before the propellant Is loaded. When possible, secure the gages to the
primer tube to prevent their shifting or exiting the tube. When using gages con-
ditioned to extreme temperatures, simultaneously condition the gages with the
propellant charges, and fire the rounds within 5 minutes after removing the
propellant charges and gages from the packing container. This will minimiz- the i
effect of ambient temperature on gage temperature. NOTE: Never leave -ru.her
gages in a shell casc¢ during vibration, rough-handling, loose cargo, or - up
\ tests because of safety reasons and because the gages may break up some oY “*he
‘ propeilant grains or damage the primer.
€. Mount the external crusher gage (see Figure 2) on the weapon by thread-
Iing It Into a tapped hole in the chamber wall. The bottom of the hole is vented
into the chambe: . !
d. For greater precision and reliability, use at least two crusher gages on '
all rounds requiving maximum pressure measurements. !
e. Record the temperature at which pressure gages are stored, conditioned,
or exposed before firing. These gage temperatures are essential in determining
pressure corrections from correctioi tables {available from the Commuander, US ,
Army Aberdeen Proving Ground, Maryland 21005). i
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3.3 Electrical Transducers.

3.3.1 Cleznliness. These gages generally do not require a detailed cleaning
process; however, after each firing cycle, the silicone grease must be c¢leaned

from the gage and new silicone grease or silicone-mica mixture repacked at the
sensing element.

3.3.2 Assembly. Procedures do not apply to commercially manufactured quartz
transducers due to their self-contained welded diaphragm construction.
Tourmaline gages occasionally are damaged during testing and therefore must be
caretully inspected to determine any damaged points. Particular attention should
be directed to APG tourmaline gages used in high pressure (340,000 kPa [50,000

psi] and above) chamber firings due to the tendency of the ground band to
fracture.

3.3.3 Transducer Calibration.

a. After stocing in desiccant to remove the moisture, calibrate the trans-
ducers as follows:

(1) Install the pressure transducer in the dead weight tester. Connact
the electrical output lead from the transducer to a charge amplifier, and connect
the charge amplifier output to a device for measuring short-duration peak volt—
age. The amplifier should have a band width exceeding 20 kHz and linearity less
than 0.2% full scale.

(2) When pressure from the dead weight tester is applied to or .,~leased
from the transducer, a charge is developed across the two faces of the crystal
element. This charge is fed into the charge amplifier where it is converted to
voltage and indicated on the reading/recording system.

(3) The desired pressure is applied to the transducer and the charge
amplifier is then shorted by momentarily depressing the ground buttun on the
charge amplitier. The pressure Is then quickly released from the transducer by a
release valve having a release time in the order of 15 to 20 milliseconds, and
the output is read and recorded. When design constraints permit, make sure the
quick release valve is as close to the transducer as practical, so that fluid In-
ertia and flow will not cause a delay in pressure reduction. To provide greater
precision and accuracy, at least three measurements are taken at each pressure
level. An average of t(he rcadings is to be used.

(4) The numb.r of calibration steps and the values of the increments
are determined by the test requirements. Normally, five to <en points are
measured (10 or 20% increments or at Increments of 69,000 kPa [10,000 psi] for a
340,000-kPa [50,000-psi]| transducer).

(5) The above gage calibration should be traceable to the Natiornal
Bureau of Standards, Washington, D.C.

b. After <calibrating the piezo transducers, store themn in desiccators un-—

til they are to be used if they are subject to moisture problems. Strain resis—

tance transducers arc sealed by the manufacturer, and present no moisture
problems.

3.3.4 Installation.

2. Generally, the piezoelectric pressure gages should be situated at the

extreme ends cf the weapon chamber space available to the propelling charge.

5
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] This will put one gage in the breech face and the other in the sidewall of the
chamber just behind the base of the projectile. Experience has shown that this
] placement will genecally prevent blockage of the gage hoie with part; of the
) charge components, thus ensuring that correct values of initial negative pressure

\
|
|
gradient are recorded. The variation 'n the projectile seating distance and | Y
length of boattail in the various projectile families while in the rest position l
make selection of one forward gage position a compromise. For exampie, locating |
the forward pressure port at 95.8 cm (37.7 inches) from the rear face of the ! ]
155-mm M199 tube places the port forward from the base and over the boattail for . y
X the MA83 projectile. g
3 b. Mountirg the gage is very Important {if accurate, oprecise pressure 1

measurements are to be obtainzd. Determine :he exact position at the breech
where the gage will be mounted. Driiling and tapping are not to be done by hand
but should be performed in such a manner to ensure a cirrect, precise orientation |
and scating of the gage. All drilling and tapping procedures are to follow ap-
plicable appropriate ASTM standards. Following drilling and tapping, clean the
mounting cavity with degreaser spray, and inspcet the gage seating surface for
burrs, scratches, or other damage that would affect sealing. Rejec: damaged
gages. Clean the gage threads and apply a light coat of grease. Chack the mica- ,
siiicone packing and asbestos disc on the APG tourmaline gige. Seat gages care-
fully to avoid misthreading., Tighten to a tcrque of 95 +7 newton meters (70 +5
pound-force feet). Follow the manufacturer's recommendations for installing com-
mercial gages.

L

—
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& ¢. For cannon chamber pressure measurements, use two pressure transducers

¥ to measure pressure~time histories at each end of the chamber to detect pressure *

¥ abnormalities described in Appendix B. !
g‘ d. Use a suitable low~rotse coaxia! cabie to connect the transducer output .
% to the signal conditioning and recording equipment. (Figure 3 shows a typical .

instrumentation setup.) Be sure that ringnuts on all cable cnnnectars are tight
to ensure good comnuction.,

The sign7s{-conditioning equipment should consist of amplifiers meeting the fol-
lowing .an.mum specifications:

el

it

(1) Charge amplifier:
Band width: -3 dB at 80 kHz
Linearity: 0.i% full scale

e o

(2) DC amplifier, wideband differentia' instrumentation:
Band width: -3 dB at 100 kHz 1
Common mode rejection: 120 dB
Input impedance: 10 M- :
Linearity: 0.1% full scale i

¢. Performa fizid calibration of the electrical measuring system to ensure l
3 the validity of the relationship of pressure to electrical output using the known
charge or resistance methods. l

f. Protect the Installed transducers and cable connections against inclem~ |
ent weather because moisture within the transducer or connector affects its |
electrical characteristics,

-
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Figure 3, Typiczl instrumentation setup.

{
4. MEASUREMENT CONTROLS. i 1

& a. Assemble and disassembie each type of crusher gage according to the ap- ‘ ?
propriate SO? to ensure the reliability and reproducibility of the crusher gage |
pressure measurements. :

b. Calibrate electrical transducers in accordznce with paragraph 3.3.3
before and after each test. Depending upon the type of gage and measurement to
be made, additional calibrations may be required at intermediate intervals during
the test to maintain measurement reliability. These intervals should be based on
calibration history and field experience.

c. Handle calibrated transducers carefully t¢ avoid incurring damage that
might change the catibration factor,

- TR T L

5. PRESSURE MEASUREMENT, Fire the weapon to obtain pressure measurements as
prescribed by the pavticular fiving program and perform the following after~fire
procedures according to the type of instrumentation used.

TR T

5.1 Crusher Gages.

a. Retrievs the internal crusher gages from inside the weapon or the ground
in front of the weapon, or remove the externally mounted gages, as applicable.

¥ 7
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€

Do not use bare hands to handle the gages after firing since the gage body
bzcomes hot and may be covered with corrosive residue.

b. When a gage is retrieved, immediately scrub it with clean water and wipe
it complietely dry before returning it to the gage room for disassembly. If not
cleaned with water, gages may be icmm sed in bore cleaner to prevent corrosion
before beirg returned to the gage room. |f gages are opened at the firing posi-
tion to make ressure readings, they should be partially reassembled as scon as
possible and coated with bore cleaner. Gage components exposed to air too long
after a firing tend to rust rapidly.

¢. When a gage is opened, inspect the closing threads, closing plugs, ball,
piston and cylinder for evidence of gas leakage and erosio~r. (Leaks and erosion
that occur in a gage may not greatly affect recorded pressure for a particular
round, but the accumulated damage over a2 number of rounds may ruin primary gage
components. When a leak occurs, there is always evidence in the form of a
propellant residue within the gage housing.)

(1) To trace a leakage path to its source, note whether the closing plug
surfaces, piston, or piston vent walis are blackened.
(2) Record any evidence of gas leakage in the pressure data tabulations.

d. Rcomove the piston and crusher spheres from the gage bodiss. 1t is im-
perative that ihe individual gage components be kept together for reassembly in
the same gage housing. For thorough cleaning, the piston must bc completely
removed from the gage. Lack of proper cleaning is one of the most common causes
of gage problems.,

(1) Before measuring a used crusher sphere, wipe the compression sur-
taces lightly on surface of a sheet of hard-finish paper to remove dirt.

{2) Examine the compression surfaces to ensure that they are flat. When
the gage is subjected to pressure exceeding its design limits, a ridge may be
formed around the compression surface and may thus prevent obtainment of an ac-
curate measurement.

(3) Examine the brass sleeve for the anvil plug used iu T13, T14, and
T15 gages to be certain that it is properly seated and not deformed. Deformed or
loose sleeves should be replaced.

¢. Measure the compressed heights of the copper spheres at 21° C (70° F)
and enter them in the gage record by gage number. For this measurement, use a
micrometer with the smallest scale interval no larger than 0.0025 nm (0.0001 in-
ch) and with anvils of sufficient surface area to completely include the end
faces of any compressed sphere being measured.

5.2 Electrical Transducers.

a. Never disassemble transducers in the field or allow unauthorized person-
nel to disassamble them.

b. Gage secals for commercial piezoelectric gages should always be replaced
when the gage is removed.

c. Renew the materials used to protect the transducer's pressure-sensing
element from therma! transients (asbestos disc, silicone grease, luting compound,
modeling clay, etc.) at sufficient intervals to prevent damage to the transducers
and avoid errors in pressure data. Base these intervals on the design of the
transducer and field experience.

Ty

i

b n e A ——— .




.
%

P

7
;

TOP 3-2-810 21 )anuary 1982
d. Retain transducer output records for data reduction.

6. DATA REDUCTICN AND PRESENTATION.

6.1 Crusher Gages.

a. After testing and removal, measuring the deformation of the copper
sphere is a very important and exacting operation. Follow the ensuing procedure
carefully:

(1) Make sure the copper is at approximately 21° C.

(2) Exercise the electronic micrometer several times to minimize drift
by sliding the spindle the full length of travel. Or, if a mechanical micrometer
is used, be sure that the rachet type is used.

(3) Make sure the anvil and spindle mating surfaces are clean by wiping,
using hard white paper. This is accomplished by clesing the spindle against the
anvil and paper and pulling the paper through the anvil and spindle several
times.

{4) Clean carbon from the sphere by wiping on hard white naper before
measurement.

(5) Make sure the micrometer is zeroed before measurement.

(6) Check measurement against proper tarage tables to acquire pressure
reading.

(7) Set aside gages and spheres having pressure differences exceeding 5%
variation between gage pairs for further evaluation and confirmation of findings.
NOTE: AIll temperature-conditioned gages not used as originally scueduted should
be disassembled and recleaned before use.

b. For each round fired for chamber pressure measurement, use the measured
height of the crusher gage sphere (corrected for temperature, if applicable) to
determine the chamber pressure from the appropriate tarage table (see Appendix
A).

¢. Before placement and firing, enter the round and gage numbers on the
test director's field data shect, together with the other variables of the
specific test. After flring, remove the gages and store in racks for measure-
ment. Data to be recorded in the pressure gage measurements are:

(1) Test director's name
(2) Weapon number
{3) Date of firing test
(4) Model number and serial number of copper crusher gage
{(5) Round number
(6) Copper crusher gage lot number
(7) Conditioning temperature
(8) Individual gage data:
Copper sphere measurements
Temperzture correction, if appropriate
(9) Measured chamber pressure

6.2 Flectrical Transducers,

a. At the instant of firing and ignition, the buildup of chamber pressure
is registered on the transducer sensing element. The sensing element transduces
the pressure into electrical signals that are recorded along with calibration
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data. Subsequent data-reduction programs can compare pressure history output to
calibration data to obtain true pressures.

b. The pressure output may take the form of a2 graphical plot and/or a
numerical printout. Visual examination can be made of the plot histories to as-

certain any questionable data. The following output-type print

format may be
used to present the pressure data:

Chamber Pressure, kPa
(Miltliseconds) Pos 1 Pos 2

Differential Pressure, kPa
Pos N 2-1 N-1 N-2

———

0.0
0.05
0.10
0.15
0.20
0.25
etc.
25.0

The Jditferential pressure column can be examined to determine if there is an ini-
tia. negative differential pressure resulting between the
vurnti g and the time of maximum chamber pressure.
ferentiai pressure measurements,

start of propellant
When using two gages for dif-

take care toc ensure that the two gage systems
are both linear and uniform before sumnmation in the differential ampliifier.

¢. Ueon removal of the gage,
uure specified in 3.3.3.
in the initial

recalibrate it in accordance with the proce-
The pressure ranges are to be the same as those covered
calibration of the gage before usage in the weapon. This is to

verify that the sensitivity of the gage has not changed. Following calibration
and cleaning, the gage is again ready for usec.

Recommended changes of this publication should be forwarded
to Commander, US Army Test and Evaluation Command, ATTN:
DRSTE-AD-M, Aberdeen Proving Ground, Md. 21005. Technical
information may be obtiined from the preparing activity:
Commander, US Army Aberdeen Proving Ground, ATTN:
STEAP-MT-M, Aberdeen Proving Grourd, Md. 21005. Additional
copies are available from the Defense Technical! Information
Center, Cameron Station, Alexandria, Va. 22314, This docu-

ment is identified by the accession numoer (AD No.) printed
on the first page.
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APPENCIX A
CRUSHER GAGES

Peak chamber pressures are usually measured with a mechanical crusher gage that
consists of a housing, a piston, a crushable element (sphere), and an anvil. The
piston of the gage is exposed to the wezvon chamber. The chamber pressure moves
the piston which compresses and slightly flattens th.. crusher sphere permanently.
Chamber pressure as a function of the final height of the crusher sphere is ob-
tained by entering 2 tarage (calibration) table that lists chamber pressure that |
corresponds to a measured decrease in crusher sphere hecight as a result of
firing. This table is prepared {or each lot of crusher spheres by subjecting
samples of the spheres to a representative range of deforming "oads using dypamic
pressure generators (Appendix C) that simulate firing conditions. Four
czlibrated tourmaiine piezoelectric pressure transducers are used to monitor and
record the prescure transients developed in the fluid chamber of the generators.
The average load (average pressure of the tourmaline transducers times the
crusher gage piston area) is plotted against the final height of the crusher
spheres to form a curve from which a tarage table is computed. .

Crusher gages may be of the internal or external! type (see Figures 1 and 2). The
internal type is used for proof testing production weapons since these weapons
cannot be drilled and tapped to accept external crusher gages or electrical pres-
sure transducers. (Inturnal gages are also used for production and developmental
testing of anmmunition.) Both types of crusher gages are available in various
sizes and pressure ranges (Table A-1). Materials other than copper may be used
for the crusher spheres to expand their measurement ranges: aluminum to extend
the lower limits and ingot iron to extend the upper limits.

Table A-1
Approximate Range of Pressure Measurement of Crusher Gages
Copper Alumi num Ingot lron !
Piston Spheres Spheres Spheres !
Gage Area, Type Usable Range Usable Range Usable Range !
Mode | {sq cm) (kPa) (kPa) (kPa) ?
i
T18 .645 Internal  13,789.6 to  5,515.8 to !
T13 .645 External 131,001.2 53,090 '
T17 .43 Internal 20,684.4 to 8,273.76 to
137,896 75,842.8 :
i
T19 .215 Internal 41,368.8 to 16,547.5 to 86,185 to :
T14 .215 External 399,898 .4 158,580.4 503,320.4%
M11(T20) .108 Internal 82,737.6 to 172,370 to '
T15 .108 External 482,636 _ 1,006,640.82 |
ypper limits extrapolated from laboratory tests that do nct exceed 482,636 kPa

(70,000 psi).
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APPENDIX B
ELECTRICAL TRANSDUCERS

Pressure versus time data for interior ballistic studies of weapon systems are
obtained using electrical pressure transducers such as the piezoelectric or
styain resistance typc. Piezoelectric pressure tiansducers employ the properties
of tourmaline, quartz, 2nd similar crystals to generate a charge proportional to
an avnplied pressure, whereas the strain resistance pressure transducers use ap-
plied pressure to vary the electrical resistance of a bridge circuit that becomes
unbalanced to produce a signal proportional to the applied pressure. The signals
produced by these transducers are amplified and recorded on magnetic tz-: along ,
with a timing signal on a second channel. A time-expanded plot of ths p:essure- !
time data is obtained by playing back the recorded signals at a reduced speed to

a galvanometer oscillograph. The analog tape may also be digitized for computer
processing. The types of transducers most frequently used are described below.

e e —————————— e =l

Bl1. Tourraline Pressure Transducers. Tourmaline piezoelectric pressure trans-
ducers (Figure B-1) are often used when pressure-time data are required in the
ballistic testing of cannon, The transducers in use at Aberdeen Proving Ground
are two sizes: 3.81 cm (1.5 in) long by 2.54 c¢cm in diameter, and approximately
10 cm (4 in) long by 2.86 ¢m {1.125 in) in diameter. They have a relatively high
natural frequency, a short response time, and a capacity great.r than 689,000 kPa
(100,000 psiY. The sensing element consists of a Z-cvut tourmaline crystal placed
in a suitable steel body. The cavity that surrounds the sensing element is com
aleteiy filled with a silicone grease. Tourmaline c¢rystals, unlike quartz crys~
tals, are isostatically sensitive to pressure. This iscstatic sensitivity is an
advantage because it eliminates the need for a piston (or similar mechanism for
the dapplication of pressure to certain crystal faces); the pressure is transmit-
ted by the silicone grease directly to the tourmaline sensing element. ,

The pressure traussducers in use at Yuma Proving Ground alse use the tourmaline
crystal; howevsr, due to a unique assembly procedure involving encapsulation of |
the crystal, the transducer is much more rugged and can be adapted to a wider
variety of arplications, inciuding small arms weapons in which miniaturization of |
the transducer is required. Figure B-2 shuws one of these transducers (Model T8)
which is used in larger weapons. The external dimensions are the same as the APG
gage shown in Figure B-1. The pressure transducer (Part No. 7, Fig. B-2) in the
model TR gage assemb!. can be electrically insulated from the weapon, which
reduces ground loop problems. This gage a.sembiy also has a needle valve (Part
No. 5, Fig. B-2) which makes it possible to replenish the grease around the
pressurc-sensing eiement without having to reiove the gage from the weapon, and
no other thermal shielding materials are required. Another type of YPG tour-
maline pressure transducer (Mode! S50E and 100E) is shown in Figure B-3. This
fransducer is consid rably smaller than model T8, and was originally designed for
use in the snaller weapons such as the 30nm gun shown. The assembiy In Figure
B-3 also includes &+ needle vaive for replenishing the grease arocund the pressure-
sencing element. It it not, however, an integral part of the transducer.

For cannon chamber pressure measurements, two pressure transducers are used to
measure the pressure-time histories at different locations within the chamber
(Figure B-4) so as to detect pressure abnormalities. Pressurec is measured at
each end of the chamber and i7 possible 2t the middlie. With norma!l propellant
burning, the instantaneJus pressure gradient in the chamber is always positive;
i.e., the pressure at the breech end is greater than the pressure farther
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forward, particularly just behind the projectile. 'f pressure waves are
generated during propellant burning, reversais in this gradient (i.e., pressure
at the projectile base greater than at the breech) may apperar. These reverse

pressure gradients arc due to localized imp
which iniroduce wave fronts or oscillations

differential is great enough, a dangerous condition exists that could cause the

breech to blow out., Low amplitude pressure

absolute values of muzzle velocity and chamber pressure and can affect muzzle

velocity reproducibility.

L
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roper lignition and propellant burning
within the chamber. I1f the reverse

waves can cause small chapges in the

}/////CONNECTOR

GAGE bODY

MOUNTING THREAD COLUMN d
MICA INSULATOR

EXTERNAL SEAL
ASBESTOS DISC

PRESSURE

Figure -1, Cross-sect

(tourmaline) pressure transducer (external! type)

For a quick-look capability, transducer
amplifier and recorded on magnetic tape.

linear, it is important that the transducers selected have matching or similar
calibration factors. For i precise quantification of ths pressure differential
magnitude within the chambzr, a digital computer is used to process each trans—
ducer output chanrel indspendently and calculate the instantaneous differences ‘

between the transducer outputs (relative

time (Figure B-5). Megaivive difference values indicite reverse pressure

gradients (-4 P). For each test vonditi
di fferential (-AP) is determined for ea

deviations for all the rownds fired are computed. Fuor purposes of these
calculations, a zero value i5 used for - P when a round dies not show a negative |
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ion of piezoelectric

outputs are fed to a differential
Since tourmaline transducers are not

to the breech enc) at common points in

on, the maximum instantaneous negative
¢h round, and the average and standard
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pressure gradient. A more d%tailed discussion of negative differential pressure
is contained in TOP 4-2-504.

B2. Conmercial Quartz Pressure Transducers. These transducers are frequently
used for ballistic pressure measurement. They are typically 1.9 cm (.75 in) long
by 0.95 ¢m {(0.375 in) in diameter, with capacities ranging to 827 mPa (120 kpsi}.
Seme versions have intzrnal impedance converters providing a lew impedan-
ce/voltage output, rather than the convenvional high impedance charge output. 3

B3. Strain_ Resistance Pressure Transducers. Strain resistance pressyre trans—
ducers such as the CEC* pressure transducer (Figure B-6) and the BRL minihat gage
(Figures %-7, B-8, and 8-9) are gencrally used in ballistic tests of rocket
motors and for measuring the transient pressures praduced in recoil and counter-
recoil systems. The sensing element of the CEC-type transducer is a strain-gaged
tube whose active end is covered by a catenary diaphragm. Two strain gage wind-
inge one longitudinal and the other circumferential, arc¢ bonded to the tube.
When pressure is applied to the outside of the diaphragm, the sirain tube is com-
pressed along its axis and expanded around its circumference. This decreases the
length of the longitudinal winding, thus decreasing its resistance, and increases
the length of the circumferential winding, thus increasing its resistance. The
windings form two legs of a Wheatstone bridge circult. Since both windings are
at about the same temperature due to intimate mechanical contact, resistance
changes caused by temperature variations are essentialiy canceled.

CONNECTOR
—\ " THREADS

RETAINER
BODY
GAGE ~
BODY
COOLING AIR
N ““GUIDE TUBE
NS ' COOLING AIR
3 VENT
\ %
\Jl '\
'
sTRaN 7 CATENARY DIAPHRAGM
GENERATING PRESSURE RECEIVER

Figure B-6. Cross-section of a typical
sirain resistance wire transducer

*Term derived from the original manufacturer, and commonly used to distinguish
this transducer from other types of strain resistance transducers.
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The minihat is the latest product of more than 40 years of pressure transducer
' development and experimentation at BRL. The gage, known as the ®"hat" due to its
resembling a derby, (eatures a strain sensing clement inside a cylindrical
cavity. Pressure on the outside of the structure results in strain on the inner
surface. For a given pressure, thare is greater strain on the inner surface than
on the outer. Therefore, It is possibie to make a smafler, higher frequency gage
with the sensing element on the inside of a cy!linder. The hoop strain is
measured by suitably mounted foil-type strain gages. The hat gage is mounted in-
side cartridge cases and on spindles of large caliber weapons. The minihat gage
was developed to achieve the miniaturization required for use in small arms and
for downbore gages in the walls of large caliber guns. In the minihat gags, the
principle of externally appiied pressure measured as strain on the inner wall of 1
a hollow structure is maintained, but the cylindrical shape is replaced with a

hollow conical member with a constant wall ratio aiong the sensing area. ' 1

T ek e il

The originators of the thick wall conica! sensing element concept felt that by 1
anafogy with thick wall cylinder theory, given a constant wall ratio and a fixed ‘
external pressure on the outer surface of the cone, there should be 2 constant 5
hoop strain along the inner cane surface. A change in the external pressure will
result in a proportional change in hoop strain at the -inner surface. By contour- -i
- ing a strain patch so as to follow paralle!l hoop strain contours along the Inner
surface (Figure B~8), a well-behaved gage of reasonable linearity characteristics |
should be achieved, The minihat transducer has been used successfuily for more |
than 15 years. Output and response characteristics (!'inearity and hysteresis)
are at least as good as the best commercial ballistic pressure transducers., The '
modified minihat gage (Figure B-9) |is designed for pressure in the 1000-mPa

(145-kpsi) range.,
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Figure B-7 Schematic of minihat pressure gage before modification for
145K psi (1000-MPa) use (pressure loading, P, indicated). -

Figure B-8 Photograph of strain patch
used in minihat gage.
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Figure B~9 Schematic of minihat gage modified for 145K psi’
(1000-MPa) use (pressure loading, P, indicated).
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APPENDIX C
DYNAMIC PRESSURE GENERATORS*

Cl. Drop Wsight Pressure Generator. This consists of a dual track 2.44 m (8 ft)
high, a movable carriage, and a hydraulic chamber at the base of the dual track.
This machine is mounted on a solid concrete base 86.4 cm (34 in) deep by 101.6 cm
(40 in) wide by 88.2 om (35 in) high. Of the total height (88.9 cm), 45.7 cm (18
in) are below floor feve! and 43.2 cm (17 in) are above. The falling mass, which
consists of a suitable carriage and weights, can be varied from 2.72 to 29.48 kg
(6 to 65 Ib).

The hydraulic system consists of a cylindrically shaped fluid chamber that con-
tains a piston vent and close-fitting piston. The fluid chamber contains 10
equally spaced tapped holes located radially around its outer circumference in a
plane normal to the direction of piston motion. The chamber can acconmodate any
combination of 10 electrical pressure transducers and mechanical crusher gages.

The movable carriage has been provided with several safety features to prevent
the carriage's accidentally falling. 1t also has a device that stops the car-

riage after it has rebound upward from the clramber, thus preventing it from |

striking the chamber piston again.

The drop-weight pressure generator provides s:zni-sinusoidal pressure pulses of
variable amplitudes from 3,400 to 137,000 kPa {500 to 20,000 psi) at pulse widths
of 1 to 12 milliseconds.

C2. Hydrodynamic Pressure Generator. This consists essentially of two major
elements, the energy source and the high-pressure hydraulic system. The energy
source consists of a controlled air reservoir, a horizontal acceleration tube,
and a large mass or slug driven in the acceleration tube. The high-pressure
hydraulic system consists of an oil-filled chamber containing a piston vent and a
close-fitting piston. Three different chamber geometries are used to provide
ranges of pressure amplitude from 97,000 to 507,000 kPa (14,000 to 75,000 psi)
and pulse widths of 3.25, 6.6, and 25 milliseconds.

Each of the three chambers can accommodate four external electrical pressure
transducers and four to six US internal-type crusher gages that ave exposed
simultaneously to the same pressure transients. This permits direct comparisons
of the gages and further permits observation of the ability of electrical pres—
sure transducers to trace and reproduce the developed pressure transients.

C3. Dynamic Pressure Generating System. This consists of a pressure vessel
about 0.035 cu m {1.25 cu ft) in volume desighed to take reservoir pressure to
10,342.2 kPa (1,500 psi), a 3.7-m (12-ft) barrel with a 5.08-cm (2-in) bore, a
high pressure cap, and a 38.1-cm (15-in) -long free piston. The system is
operated using nitrogen gas as both thes driving force behind the piston and as
the compressible fluid for generating pressures between 60 and 120 Kpsi at a
pulse width of about 3 millisesonds.

The high pressure end cap wili accommodate two APG-type piezoeclectric tourmaline
gages and two crusher gages of either the M1 or 720 configuration. Both types
of gages are exposed simultaneously to the same pressure; thus, direct com-
parisons are made. Pressure-time information is cbtained through zutomatic
processing of the electrical signals received from the piezoelectric gages.

c-1

- -

e e

I

;
.
|

LT L i, e c DO N R oot v 0 = TP - g e e C TR I Y o SN j i




. — - T —

¥
:
b
|
4

~

TOP 3-2-810 21 )January 1982 .

APPENDIX D
REFERENCES

1. Calibration Procedures for Proving Ground Instrumentation: Part I, Report
DPS-1864; Part 11, Report DPS-2352, Aberdeen Proving Ground, Maryland.

2. Special Study of EC Aluminum and Ingot lron Pressure Spheres for Use in

Mechanical Crusher Gages, John R. Vigliante, TECOM Project No. 9-Q0-001-000-002,
Aberdeen Proving Ground, Md., Report APG-MT-3764.

3. Test Operations Procedure (TOP) 4-2-504, Safety Evaluaiion ~ Artillery,
Mortar, and Recoilless Rifle Atmuaition, 1 April 1979,

I

P

e b ——




