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The Effect of a Case on Airblast Measurements. Part I: Friable
Inert Cases

In attempting to anticipate the effectiveness of a bomb or warhead,
it 1s important, among other things, to know the effect of the
casing on the airblast output of the weapon. Over the last several
years the Naval Ordnance Laboratory (NOL) has been engaged in
reexamining this problem. In a preceding report, NOLTR 70-66, "A
New Approach to Airblast from Cased Explosives," some new insights
were developed bascd on analysis of World War II and subsequent
data. In the present report NOL data taken in 1967-68 are presented
for charges encased in relatively thin inert frangible materials.
The small case mass increments used were intended to explore expected
alrblast yleld enhancement for light cased charges relative to bare
charges. Later reports will present data in hand on thicker cases,
frangible and ductible, reactive and nonreactive. The work was
performed under Task ORD-332-001/092-1/UF20-354-310.

This effort was accomplished with the assistance of many individuals
and groups. Among the most 1important was the work of Philllp Peckham
and his team who carried out the firing program. Kitty Cummings and
Charles Karmel assisted with the data reduction work. Of speclal
note i1s the assistance offered by the Non-Magnetic Materials Division
Ceramic Laboratory in preparing the casing material for Phase I, in
particular George #. Thomas and Roger E. Wilson. Finally, thanks is
due Leroy Lovett cof the Precision Grinding Shop, whose interest and
sk1l1ll transformed Phase I from a hope to a reality.

Mention of commercial firms or products 1s for product identification
only. No endorsement 1s intended or implied.

ROBERT WILLIAMSON Il
Captaln, USN
Commander
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THE EFFECT OF A CASE ON AIRBLAST MEASUREMENTS.
PART I: FRIABLE INERT CASES

INTRODUCTION

‘The purpose of this experimental study was to examine the effect
of the mass of a case on the alrblast yleld of a high explosive,
Data were derived from shock wave pressure histories obtained with
plezoelectric blast gages, A special effort was made to control
variatles that might make interpretation of resuits more complex
than necessary, 1In particular, a spherical charge shape was used
and only relatively inert substances were employed as case materialr.
(Glass was discarded because of the high cost gf securing uniform
spherical case thicknesses, Several ceramics and wall plaster were
finally used in the program, The use of frangible materials that
become finely subdivided and rapidly decelerate in air had an addi-
tional practical consequence for this part of the program--special

protection against fragment damage to gages, structures, and persmnel
was not required,

EXPERIMENTAL METHODS

1, CASED CHARGE FABRICATION, The effort reported here was
carried oUt In three phases (Table 1). The first phase called for
the use of cases whose thickness was as small as could be fabricated
(in the rarge of 0,010 inches),

Early connideration of glass as the case material foundered on
the difficulty of obtaining thin but uniform thicknesses at reasone
able cost, Mass product!  nlass spheres (used for Christmas tree
ornaments) are thin and have vy good sghericity but vary in t!1lcke-
ness by a factor ¢ two or more in a single glass sphere., QGrindiig
glass spheres to shape was prohibitively expensive for this program
because of the quantities 1avolved. The limited strength of plaster
of paris in thicknesses less thai. about 0,100 inches precluded the
use of that material in the first phase effort., Consultation with
comercial ceramic manufacturers indicated that a lower limit of
about 0,040 inch thick ceramic hemispheres was the best that such
sources could provide. For the type of material involved, these
would have weighed about 6% of the explosive filling weight--higher
than what was hoped for,

As a result, in-house capability for ceramice fabrication was
considered, A flame spray technique was adapted to produce 6,5" inside

diameter A1203 hemispheres that had sufficient strength not only for

¥ The word ceramic 1s used loosely here, since, in order to minimize
shape distortion, none of the lm§erial was heat treated,
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handling purposes but also for grinding to a uniform thickness dowyn
to 0.010 inches., In this method an aluminum hemispherical mandrel

is slowly rotated in front of a hand-held high-temperature spray gun
that automatically feeds a s0lid rod of the raw material into a hot
vaporizing flame, It takes about 10 minutes for 0.010 inches of
thickness to be deposited and thus was slow, tedious, and impractical
for thicknesses much above 0.030 inches, The shells that were
produced have as good sphericity as the mandrel but are of irregular
0.D. and, therefore, thickness, However, without heat curing (and the
almost certain risk of shape distortion) they have adequate

strength for machire grinding,

This was done in the NOL precision grinding shop with the shell
supported on tne same mandrel used for flame spraying., As a result
of an unusual speclal effort, shells were produced with thicknesses
of 0,010, 0,020, and 0,030 and a variation of no more than + ,001
inches for the greater part of the shell surface, Spheres With these
thicknesses weighed 1,8, 3.6, and 5.2%4 of the explosive filling
weight-.a very satisfactory gradation for the purposes of this
program,

The second phase involved the purchase of shells with thicknesses
0.04, 0.06, 0.08, and 0.10 inches from the Coors_Ceramic Corporatinm.
Cost considerations necessitated the use of available materials and
tooling, As a result, a different ceramic was used that consisted
of equel proportions of A1,0; and S10, with 1% of other ingredients,
These shells had a 6 inch %.B. (resugting in an explosive f1lling
weight of about 6 pounds instead of the 3 pounds used in all the other
cased charges fired in this program), The method of fabriecation
involved a curing process that resulted 4n shells that had greater
variation in shape and thickness than the first phase shells but
were tolerable for the purposes of these testa, The basic require-
ment was that varlation of individual case weights be no more than
0.004 inches or 20% of the thickness increment of 0.020 inches. For
the lerge majority of shells used this requirement was satisified.

Because of the difference in material and preduction method,
density for the Coors shells was lower than the NOL ceramic shells,
This in turn, fortuitously resulted in the Ccors 0.040 inch shell
and the NOL 0,030 inch shell having about the same percentage welight
of their respective explosive £111ings..a useful overlap for compari.
son purposes, The largest case weight as a percent of explosive
£111ing weight produced by this method was about 14%,

In the final phase, shells of non-fibrous gypsum wall plaster
were fabricated at NOL using as the inner form the same 6.5 inch
diameter aluminum mandrels employed in fabricating the NOL thin
ceramic shells of the first phase. The outer form was a two-plece
mahogany wood :o1d that was machined to progressively larger size
after each set of shells of a required thickness was completed, It
was necessary to spray an appropriate freeing compourd on the wooden
mold surface before each casting. £hell thicknesses of 0,100,
0.200, 0,300, ©.400, and 0.500 were produced by this technique., The
plaster of paris shells were of lower density than both previously

2
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described materials, and covered a weight range from about 8 to 33%
of the explosive filling weight. During manufacture, poor control
of the plaster mix resulted in unwanted variations in density and 3
nonuniformity in welgnt progression from one shell thickness to the 4
next. However, thls 1s of no apparent importance. Figure 1 shows 2
casings typlcal of those used in each phase of this effort.

Preparation of the charges for field use involved casting the
explosive melt directly into the casing hemlspheres, After cooling,
the hemispheres were paired and bonded with adhesive, For detonator
access, a 1/4 inch diameter hole extending from the surface to apoint
1/4 inch beyord the center of the charge was cast into the explosive,
The bare charges used in the program were cast as monolithic spheres
and drilled for detonator access, The high explosive used throughout
was Pentolite, 504 TNT and 50% PETN. Its sensitivity is adequate to
allow d%rect initiation with a2 detonator, in this case an "Engineer's
Special”,

2, INSTRUMENTATION AND FIELD ARRANGEMENTS., The data of this
report were obtalfied Irom recordings ol the pressure history of the
shock wave at various distances from the charge, Means similar

to those of references (la) and (1b) were used to record and analvze the

data obtained. Twelve channels of plezoelectric airblast instrumenta-
tion were used, The transducers were Atlantic Research LC 33 units
with lead zirconate titanate sensing elements, r=ference (2), These
elements are 1/4 inch long and 1/2 inch in diameter mounted coaxial
to and at mid-length along a cylinder of high length-to-dismeter ratio,
This arrangement minimizes the disturbance to the airflow and its
pressure at the sensing element,

A signal generated by a gage is processed and displayed on an
oscillosccpe as a spot deflection., Permanent recording is done on
35mm film strips mounted on rotating drums that provide a relatively
lorng time base, A system response check and amplitude calibration
is accomplished by means of an integral square step method, reference (1).
A time base calibration signal of one kHz was provided by a square
step generator. The timing pulse 18 coupled into the signal channel
and appears superimposed on the signal trace,

The charge and gages were arrayed in a plane 12 feet from the
ground in order to avoid ground reflected shocks during the time of
interest. Five distances were chosen; 7, 9, 12, 17, and 29 feet to
encompass a pressure range from about 4 to éo psi. For each distance
reconly were obtained from 2 or 3 gages located on as many different
radials, Charges were suspended in fishnet material weighing a few
grams with the intent of minimizing the amount of combustible extra-
neous mass in proximity to the charge, Figure 2 shows the field array.

A group of bare pentolite charges was fired with each of the
three groups of cased charges, These served as a control on potential
unsuspected instrumentation and environmental variables thati might
affect compara*tive results mainly within each of the several phases;

3
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they also provided a comparison with the accepted standard alrblast
output of pentolite. Firing took place over a period of 15 months

at the NOL Airblast Facility, Stump Neck, Maryland as follows:

Phase One - 2 October to 17 November 1967
Phase Two - 9 February to 7 March 1968
Phase Three - 11 November to 31 December 1968

3. DATA REDUCTION. Measurements were made on each pressure-
time record as traced from a magnified projection of the fllm. Since
at hlgh shock pressures, the natural resonant frequency of the gage
sensing element was superposed on the shock decay the resulting trace
required interpretation to determine tke correct peak amplitude of
the shock. Figure 3 illustrates the type of records obtained.

In Phase II, the closest gages produced a very high percentage
of records that were grossly abnormal in appearance (Figure 3). Even
those in the group that were consldered readable in the usual sense
gave average values for peak pressure that were inconsistant with the
data at all other distances for the phase and with data at the same
distance from the other phases.

The reason for the difficulty was not established. Since
exchanging gages with other locatlons did not correct the problem,
1t was assumed to be assoclated with processes external to the gage.
One possibility might involve aerodynamic interaction of case frag-
ments with the blast wave at the time of gage encounter. The mass
and size of fragments resulting from the case material of the second
phase may have been such as to maximize irregularity in the blast
wave at the time 1t passed the nearest gages.

Consider two limiting situations. In one, a case beccmes SO
finely pulverized at the time of detonation that it very qulckly
becomes undifferentiable from the gas of the explosion. Velocity
and thermal equilibrium exists between particles and gas when the
gages are passed by the blast. The gage will respond to the gas
pressure, but the particles go essentlally unobserved.

In the other, a case produces fragments large enough to be
projected eventuzlly out ahead of the gas expansion (permanently
so far as blast neasuremnts are concerned). We might expect gages
to first record disturbances from the bow waves of fragments
moving through undisturbed air. Eventually the main shock comes
along reinforced by energy from the preshocked air (due to the
bow wave disturbances having become substantially well distributed).

Now consider a third case that produces fragments intermediate
in size compared with the above. These get ahead of the main gas
expansion but by the time the first gage 1s reached the fragments
themselves are just being overtaken by the main shock. Thelr bow
shock pressure disturbances, positive and negative, instead of
being well ahead are recorded nearly colncidentally with the main
shock. Such interactions would be recorded as grossly abnormal
pressure histories. This probably 1s the correct explanation of
the ariomalous records. I
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As to why thils occurred only in Phase II one must consider the
materials involved. Both the thin material of Phase I and the
plaster of paris of Phase III most probably produced powder-like
fragmants, whereas the ceramic used in Phase II could likely have
produced a distributlon of fragment sizes large enough to have a
substantially different aerodynamic behavior.

Although all readable data are included in this report, data
for R = 7 feet, Phase II was not included in the flnal evaluation
(see Table 3).

Positive impulse was determined for Phase III as representative
of the program since its data overlapped the other results not only
in S/X*but in all significant peak pressure trends.

The methods used in thils study to determine positive impulse
involves the use of the integrated form of a modified Friedlander
equation due to Thornhili (Appendix A). The excellent agreement
described in reference (3) between recorded pressure-time curves
and the equaticn shape was confirmed by us in a pilot comparison
between impulse determined by this rethod and by the planimeter
using Phase III data for one distance.

All raw dataare Included in Appendix B. These data were processed
py computer using a Baslc Language program for calculating means and
precision indices, and rejecting widely deviant data in accordance
with Chauvenet's criteria, reference (4). All means so calculated fer
peak pressure are collected in Table 2 and for positive impulse in
Table'&a. Since Phase II tests were conducted with rnominal 6 ib

rges and since direct pressure comparisons were to he made with
tve nominal € 1lb standard bare charge it was nacessarvy te scale up
the Phase II pressure means for the case* charges. This was done in
accordance with the expression

where n 1s the slope 3t each dlutanve ss derived frost the zomblliad
standard pentolite curve, relerence {(8), P i3 pesi pressure, W is
welght of charge, and subseript T indicates test data.
BESULTS

The methdd of evalustion was to dorpare resi rressure and ismpulss
sean values for the ¢ased chirges directly with values For the hare
charges 3% the sarme distances. Tatlie I and Table &b glve the
comparative dats 1n the Torm of pergent increage or derreise relative
to the bare charge ditza. In order to convenlently ntaerve trends
grand Means were taren zliong horizontal and wertlesl celutns.
ag/y = 2hEis Nelph x 1007

expaosi ve welgi..
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Dverall, the horizontal grand means sheow a shift from positive
to negative as the case mass Increases. Por pressure the spread 1s
from a high of +6.5% tc a low of ~4.9%; for impulse *5.2% to ~9.4%
Figurz 4 1s a plot of all th2 pressure grand means versus S/X that
shows the overall pattern more vividly.

Considering the tabular data in greater detall, Phase I with an
S/X limited to about 5% shows grand mean pressure increases averaging
nearly 5% relative to bare charge values. Phase II data with a
broader S/X ranging to 149 also shows a consistant pressure increase
for the grand means. Howerer, Phase II results sugpest a decreasing
trend. Phase III data with the broadest range for S/X that overlaps
the other data are consistant with the trends just noted. Here agailn
low S/X valuers give increased pressure tut as S/X extends beyond 10%
to 33% relative pressures droo.

The statistical valididity of these results is good
in the light of the fact that the average cf all sigmas of the mean
for peak pressure was $1.8% and for positive impulse £3.1%.

DISCUSSTON AND CONCLUSICNS

In these spherical charge testc with a single exvloslve,
pentolite, surrounded by three different types of finely fragmenting
ceramic materials that were consider~d inert, peait shock pressure
and positive impulse deeressed only when the shell-to-explcsive (S/X)
welght ratio exceeded the range 15-:0%. Even then the extent of the
decraase for S/% = 337, the maximum covered in these tests, was
only about 5% for peak presgsure and about 10% for positive irmpulse.
Por light shells up *o ahout S/X = 10%, a small increase in blast
parareters, on the order »f 5%, is revealed unequivocally by a
massive amount of data. In an earller analytic report, reference (%},
these results alo~g v, h other data provide the basls for & new
hypothesis regayding the general role of 2 case as it affects alr-
bhiast. I= Flgure 5 we have supsrposed the results on 3 plot from
raference (f) of various curves usad to correct for case effects.
Fano's original egquatlon suzgests 28 much as a 2%% lower yleld than
our data. Howsver, Fisher's semi-empiricazl adaptation of Fane's
method 0 § wide range of actual Lord dasa is In excellent amreesent
wieh gur results for 37X vslues in the range 20-35%. Farller data
dgen not exist in the range much below 5/7% = 20¥% for which our data
shows an incresse in yleld over bare ¢ arge yleld.

The results repopted here are significant in several other
respecis.

2. The concept (Sreated in considerable detall In reference {633
of fractent Minstic ensrgy transfer te the Ydlast is gererally
susperieé by the resulis. That is, the Kinstlc shergy initiiﬁiy
imnartad to the case mass ultimately iInfluences the blast. There-
re%e the taitial energy partititlon bhelwaen the o2xplosive mass aﬁd
case mass canhot be the sole hasis for estimating the case influence
on blast as Fance's ireatment suggested.
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b, The small but svatistically significant enhance - ~t for
thin casings tends to support the idea rrequently suggest. ¢
that some blast yield loss may occur due tc spalling and ~aaeguent
detonatlon failure short of the surface of & bare charge. The
relatively small amount of added mass next to the surfac¢s &z shown by
our experiments apparently is enough to increase yield a1 thus
demonstrate that such an elfect probably occurs.
itle coramic mateprial
ler " for this

¢. The corrzliation of our data for frang .
E » grtant as other

24
with Fisher's curve for steel suggests that at
S/X range particle size and shape may not he =3
parameters.

1
e
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0.03" THICK) REATY OO0 I
EXPLOSIVE CASTING

By SHUCA ALUMINA SHELL
MATERIALS REPRESENTATIVE OF CASINGS USED IN EACH OF THE THREE PHASES

SHELL

FIG. 1

E GPINDING

ALUMIN
BET




DISTANCES ARE FROM CENTER OF
CHARGE TO MIDPOINT OF GAGE
SENSOR IN A PLANE 12 FEET FROM
THE GROUND PLANE.

FIG. Y GAGLE-CHARGE FIELD ARRAY
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PHASE | PHASE 11

T=0.03" SHOT 274 T=0,40" SHOT 401

- A - \

v———¥——l“~ St ""-——----ﬁ-‘

T —_—
..

.___\__-a_m - .

RECORD QUALITY IS GENERALLY GOOD. OCCASIONAL RECORDS
WERE DISTURBED ON OTHER SHOTS.

PHASE N
BARE SHOT 308 T=0,05" SHOT 307
“‘"\"_ R
___.,‘_\\,__.v—-—,_ F, \"“\*H___,_
AN e
_____\\.___,—* . N
- — \;»““"""‘w""—— N —~
RECORDS ARE NEARLY SMOOQTH RECORDS SHOW VARIOUS PERTURBATIONS
AND "CLASTICAL" IN SHAPE, SOME WITH PRECURSORS POSSIBLY FROM
INDICATES QUALITY OBTAINABLE, FRAGMENT BOW SHOCKS. THESE INDICATE

DEGREE AND VARIETY OF DISTURBANCES.
NOT ALL WERE DISTURBED ON OTHER SHOTS.

FIG. 3 SHOCK PRESSURE HISTORIES FROM 818 PENTOLITE
SPHERES - PAIRED GAGES AT 7 AND 9 FEET.
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© PHASE |
Q PHASE I
4 PHASE NI
i
—
3

5/X %
RELATIVE PEAK PRESSURE VS CASE WEIGHT RATIO (5/X)

4
FIG, 4
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0] DATA FROM THIS PROGRAM
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[ 0.6 0.4 0.2 0

SHELL OR CASE WEIGHT §
EXPLOSIVE WEIGHT  *

FISHER

BRL CURVES USED TO ESTIMATE WEAPON BLAST (REF.6)
FANO

FIG. § AIRBLAST EQUIVALENT WEIGHY, W' /W, FOR CASED RELATIVE TO
BARE CHARGES BASED ON PEAK SHOCK PRESSURE.
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TABLE 1
TEST CHARGE SPECIFICATIONS
’ CASE EXPLOSIVEl WT RATTO
'Thickness®  Material  Densit Wel Weight 100 S/X
7(1n) (&/om3) ?w) X (1b) (%)
PHASE ONE 3
8,50
0.01 A1,0, 3,21 0.150 84T 1.8 |
0,02 " 3.05 0.298 8.36 3.6
0.03 " 3.23 0. 442 8,44 5,2
PHASE T
8.50°
0,08  Al1,05/510,(50/50) 2,14 0.361 6,42 5.6
0.06 . 2,18 0.546 6. 30 8.7
0,08 " 2,20 0,706 6,24 11.%
0.10 " 2,20 0.872 6.13 14,2
PHASE THREE ‘
8,443
0.1 Plaster of Paris 1,34 0.652 8.39 7.8
0,2 " 1,18 1,12 8.34 13.4
0.3 " 1.10 1.71 8.42 20.3
o.a " Q89 1.90 8.“8 22.“
0.5 " 1,02 2.8 8,41 33.4
i ¢) | -
e i. Pentolite: PETN/INT, 50/50
3. Bare Charge, Control Standard
/4
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TABLE 2
MEAN PEL:. PRESSURE (PSI) - ALL PHASES

R(Ft) T S iz RYA 29
PHASE I
T(in
0,0 (Bare) 77.39 41,28 20,62 9. % 3.92
0,01 35,74 46,19 21,04 9,87 4,03
0,02 79.23 43,46 20,96 10,06 3,87
0.03 84,08 46,12 21,67 10,05 4,17
PHASE IT *
0.0 (Bare) 80,12 42,57 21,41 9,61 3.91
0,04 74,9 46,4 21,0 10,28 3.95
0,06 66,6 43,3 21,0 10,20 4,02
0,08 73.g 41,3 20,8 10.0 4,11
0.1 67. 43,7 21,2 9,86 3.87
PHASE ITII
0,0 (Bare) 76.80 40,36 19,10 9,70 3.92
0.1 79.72 40.75 20,66 9,84 4,00
0,2 79.72 42,56 19,67 9,76 3.85
0.3 75.18 36.80 19,42 9,Th 3.83
0.1 70,82 39.95 18,94 9.72 3.62
0.5 72,82 36,98 19,14 Q.47 3.60

*Raw 6 lh charge data (Appendix B) scaled to 8 1b

(&
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RELATIVE PEAK PRESSURE
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TABLE A
POSITIVE IMPULSE - PHASE II1 L
R(Ft) A 2 12 1l 23 R

a. MEAN VALUES (PS1-MSEC)
T(In)

0.0 33,68 23,03 16,68  13.14 7,44
(Bare)

0.1 31,56 24,16 17.21 13,07 8.55
0.2 32.75 24,46 18,60 13.51 7.95
0.3 30.20 21,42 18,45  13.38 8.28
0.4 30.42 22,71 15.64 13,35 6.90
0.5 26,84 19,38 16.18 12,40 7.17

b. RELATIVE VALUES (%) ggﬁgn /% (&)
0.1  -6.3 4.9 3.2 =05 14,9 3.2 7.8
0.2 -2.8 6.2 11.5 2.7 6.8 b9  13.4
0.3 -10.3  -7.0  10.6 1.7 11.3 1.3 20.3
0.4  -9.6 -1.4 6.2 1.6 7.3 4,6 22,4
0.5 -20.3  -15.9 -3.0 5.5  -3.6 -9.7  33.4
MEAN  -9.9 2.6 3.2 0.0 4,4
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APPENDIX A

POSITIVE IMPULSE DETERMINATION USING THORNHILL'S
MODIFIED FRIEDLANDER EQUATION

The Friedlander form for the pressure-time wave shape of a
blast wave 1is

t
p-po t - e
Dl ~=)Ye <

!‘po ( 1)

p = instantaneous pressure
Py = ambient pressure

P = Peak pressure

t = instantaneous time

t = positive duration time

Reference (32 shows the greatly improved accuracy of a modified
form of this equation, _ :

t
P-P, . -
ey > - ﬁ. «3T¢
“pd (1 0 TQ) e .
)

c, = time constant or t at — 2. or .3TaP

As discussed in reference (3), page 5 and refevence (7), page 9,
this equation impiies that

o5, 2.30% e

I = positive impulse

AP = (P-po) peak overpressure

and I7<0,658P rve

A-1
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From reference (7), page 9, Equation 3,5,we have v = 2,3095 ¢ ,
Therefore, we may also calculate the positive phase duration direcﬁly
from the measured time constant. The time constant itself 1s readily
found with a Gerber adjustable scale, The advantages of this method are
that the time, tedium,and error potential of planimeter readings are
eliminated, and the effort required becomes comparable to that of a
peak pressure determination, ‘




NOLTR 75~62

APFENDIX 3
RAW DATA FOR PEAK PRESSURE AND POSITIVE IMPULSE

PFAK PRESSURE (PSIY) - PHASE I

R(Ft) 7 9 12 17 29

a. BARE CHARGE, CONTROL STANDARD

SHOT #

266 73.63 43,83 20,67 10.23 3.77
"73.66 33.94 21,22 9,89 3.9

37.31 9.66
268 78.84 8,.35 21,03 9,68 3,902
80.77 43.14 20,91 9,08 4,01

42,54 10.14
273 783.59 b2, 02 18,93 9.64 3.78
79.89 42,43 19,27 g.ug 3.88

10.5

275 74,72 40,54 21.73 10,98 4,03
78.98 40,57 20,32 10.32 4,03

9.84

b, T = 0,01 INCHES, 5/X = 1.5

272 83,76 43.50 19.65 9.9 4,03
85,67 48,34 20,56 10,23 4,00

. 41,29 9.80

' - 8140 10.43
280 81,42 50,45 22,77 G.fD b,07
45,09 23.5%5 G.49 8,07

: R

2381 9.5 b5 23 19,70 9,33 3.97
58,37 42,26 21,61 g, 5 3.99

6,22 10.25
284 G5,33 b&,01 23.11 9,66 5,00
45,30 10,588 4,05

45,27 10,00

* Data rejected by Chauvenet's epriteria

B-1
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APPENDIX B
PEAK PRESSURE (PSI) - PHASE I (Continued)
R(Ft) 1 3 12
¢. T = 0,02 INCHES, S/X = 3.6%
SHOT #
269 65.64 42,05 18,24
82.44 41,01 21,16
z‘gaos
270 76.79 37.60 21,76
80.46 41,15 22,51
49,30
277 80.93 58,78+ 21,82
77.10 49,63 24 41
: b4, 80
278 85.32 36.31 19.53
h8,21 22,12
282 85.12 43,92 19,47
109. 18 b, 27 18,53
b4 42
d, T = 0,03 INCHES, 53/X = 5.2¢
267 81.02 8G.56 21.35
79.46 45,88 21,45
41.8
274 86,69 43.11 22,08
81,47 83,36
, 43.35 e
279 85.73 54,52 22,84
4o, 80 24,54
50-05 '
283 50,00 20,60
&, co 21,57
£6.05

# Dats rejected by Chauvenet's criteria
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P RSN

APPENDIX B
PEAK PRESSURE (PSI) - PHASE IT

b=
)
[
N®
I

S 12 17 29

2. BARE CHARGE, CONTROL STANDARD

SHOT #
43,31 21,6 10.81 3,92
42,18 9.11 "
201 80,20 40,14 20.35 0.45 4,06
T9.47 42,30 19.31 9.29 3.90
43,02 8.60
303 83.82 38,86 24,00 8.82 3.89
80.86 50,42 15,83 9. T4 3.91
" 48,77 9.84
308 68,00 38,24 19,67 10,04 3.81
75.88 Ly, 45 19,91 8.36 3.89
43,31 10.73
316 80,46 42,93 24,02 9.29 3.92
45,34 9.95
b, T = 0,04 INCHES, S/X = 5.6
204 74, 42" 37.88 15,89 9.36 3,38
56.28 39.83 14,87 2.4, 3,44
297 63,06 35.19 15,50 8.25 3.29
59.49 g.gg 3.28
311 55.21 33.59 18.72 T.40 3.52
64,81 8.26 3,22
314 59.71 37.02 17.44 8.45 3.81
59,98 19.30 g.gg 3.69
318 57.30 36,72 18.42, 7,99 3.15,
61,55 39.79 10.56 g.z? 4,15

¥ Data rejJected by Chauvenet's criteria

B-3
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APPENDIX B
PEAK PRESSURE (PSI) - PHASE IT (Cont1d)

R(Ft) I 2 iz 17 29
¢ T = 0,06, S/X = 8,7%

SHOT #
287 47,52 33.42 16,74 T.42 3.45
, 38,81 19,09 7.94 3.21
289 68,66 30,96 17.99 8.51 3.68
18,39 8.68 3.62
7.91
293 60,49 38.61 19,00 9.540 3.20
37.07 15,62 g.87 3.18
51
294 16,42 8.28 3.38
8.13 3.65
304 47,00 32,15 16,68 8.46 3.50
31.99 16,78 8.82 3.66
7.9 |
307 37.50 15,20 8.02 3,42 |
9.90% g.gg 357 j
309 40,04 29,84 16.71 8.85 3,47
37.64 15,56 8.66 3.32
34,19 5.80
319 51.93 30,20 17.88 .26 3,50
16,64 8.25 3.55
9.05
do T = 0008, S/X = 1103%
288 64,37 40.31 19,05 8.68 3.67
15,78 8.47 3.54
290 58,74 31.71 7.64 3.59
56,97 33.14 g.gg 3.33
295 63.08 31,54 14,47 8.52 3,41
41,29 8,01 3.33
* 32,49 g.35
299 81,36 22,17 15,46 8,20 3.23
60,04 17.54 8.18 3.09
7.97
* Dava rejected by Chauvenet's criteria
B-4 2
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APPENDIX B
PEAK PRESSURE (PSI) - PHASE II (Cont'd)

R(Ft) z 2 12 17
d. T = 0,08, 5/X = 11,3% (Cont'd)

SHOT #

. T o e AL AL SRl e - . e 0 P
. M - p e AR A M Lty o S R S b A e S SR e R iy m i e e e U S e o R A S S N e S NN
N ’ i s o e i O e D e R St M R i e s s EA it S . T RR:
O = ot A e i, i et et oz I e R R B G g - b :
L BET $I AT o etz s . ) )

300

305

312

286
292

296

301
302

306

310
315

61.95
51.72

48,68

€.
49.73
49,42
45,84
55.20
49.75
64,00

56,66

61.83
51,06
51,26

27.16

36,04
29.32

35.52

18,54
14,66

18,92

T = 0,10, S/X = 14,29

33,26
31,49
38,37
36,57
39,52
28,77
35,26
37.02
31.71
47,97*
32,76
1,55

29.76
36.54

38.26
34,8
34.5
28,70

17.19

10, 74%
18,14

15,83
14,70

16.46

18.8
18,2

17,84
i7.01

18,27

19,93
17.19

* Data rejected by Chauvenett's criteria
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NOLTR T74-62

APPENDIX B
PEAK PRESSURE (PSI) - PHASE III
.‘ R(Ft) 1 3 12 ir 2
1 a, BARE CHARGE, CONTROL STANDARD
A SHOT #
I = 360 3.4 42,08 21,06 9.64 3.84
g B 1.1 43,31 19,06 9.36 3.78
41,46 9.48
| : 368 79.0 37,50 17.27 10,15 3.96
) 369 75.1 39,70 19.92 9.81 3.79
E 78.9 45,50 18,81 9.78 3.9
] 36.42 2.56
co 3 380 TT.4, 19,05 9.37 3.99
. 8.29 9.71
3 387 81.7 0.30 20.86 9.7 3.99
3 44,10 20,85 9.9 3.S5
. 390 93 90 27 .
4 300 70.4 35.70 17.95 9.72 3.99
4.3 40,40 17.73 9,67 3.95
38053 9‘92
b, T = 0,10 INCHES, S/X = 7.%%
362 46,20 20,01 10,06 4,03
42,10 19,34 9.52 3.99
32,04 10.08
365 80.2 40,80 20,86 10,05 3,99
81.4 42,60 23.41 9,67 3.95
45,25 9,65
371 76.8 40,20 20,66 10.20 4,12
50,00 23,00 10,37 4,07
43,90 10.13
374 T7.7 43,90 18,82 9.6 4,03
41,50 18,87 9.8 3.95
35.24 9.83
379 6,2 35.30 22.10 9.72 3.99
.0 35.40 19,48 9,40 3.93
37.90 9.45
+ Data rejected by Chauvenett!s criteria
B-6
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|
APPENDIX B i
PEAK PRESSURE (PSI) - PHASE IIT (Cont'd)
R(Ft) - S i2 iT 29
c. T = 0,20 INCHES, S/X = 13.4%
SHOT #
363 83.5 14, 40 19,82, 9.96 4,31%
79.5 41,00 21,59" %8 %o 4,11
366 19,73 9.7 3.92
81.9 40,60 190,72 9.76 3.28
44,52 9,63
375 TT.9 19,41 10, 42% 3.99 ~
79.0 44,00 19,69 9.80 3.91 f
43,23, 10.01
376 76.5 31,70% 19.33 9.60 3.63
40,14 19 8‘23 3.83 3
382 62.3" ) 19.41 9.2 3.78
" 19,34 9.68 3.78
35.94 9.45
d. T = 0.30 INCHES, S/X = 20.3 |
361 78.4 36,90 18.86 Q.64 3.99
73.1 18,78 10.41%
37.40 9.99 ;
367 19,86 9.26 ‘
_ 19,20 9.ho 3
36.57 9,45 E
377 54,5 35.80 18,42 9.76 3.99 ;
381 36.00 18,68 9,59 3.59 :
76,1 39.80 20,84 Q.70 3.76 j
83,27" 9.69
* Data rejected by Chauvenett!s criteria ‘
B-7 |
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APPENDIX B
PEAK PRESSURE (PSI) - PHASE III (cont1d)

R(Ft) 4 3 2 PYA 29
e, T = 0,40 INCHES, S/X = 22,4
SHOT #
393 67.0 37.20 9,67 3.6
62,2 44,90 9.71 3.61
.9
395 76.6 40,60 19,01 18.0 3.61
73.2 42,60 19,48 10,11 3.75"
39,08 9.48
401 7.9 E .10 18.67 9,64 3.66
77.9 0,70 18,31 g.;g 3.63
402 80.0 39.90 18,39 9,64 3,65
56,4 18,31 g.;g 3.59
403 62,6 36.50 19,11 9.27,  3.84*
79.1 19,26 .10 3.95%
.78
f. T = 0,50 INCHES, S/X = 33.4
396 79.4 39.90 19.25 9.49 3.61
53.& 38,40 19,29 9.72 3.57
39,08 9.48
397 37.00 19,25 3.63
42,90 19,15 9.72 3.57
25,74 9,42
398 78.1 33.50 18.00 9,63 3.63
43,10 18.86 9,25
35 085 9‘“ ' L 3
395 69.9 31.20 19,01 9.1 3.81
1157 19,29 3.32 3.59
500 66.3 33280 18,50 9.68 3,62
38.40 20,09 g.ﬁg 3.59

* Data rejected by Chauvenetts eriteris

B.8
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APPENDIX B
POSITIVE IMPUISE (PSI-MSEC) - PHASE III
R(Pt) z g 12 7 29
a. BARE CHARGE, CONTROL STANDARD
SHOT .
360 43,66 23,25 11,64 6.85
37.90 20,25 15.39 T.55
22.31 11,68
368 30.89 20,40 14,68 14,67 8,25
23,94 16.79 14,52 Te39
69 33,1 53'23 16.59 ig'gﬁ 7.41
3 [ ] [ ] ® * [ ]
28.83 25 .14 21.58* 14,13 7.98
25,69 13.41
380 36,18 e 16.68 12,74 7.46
42,59 16,97 16.27 13.76
22,13 11.87
387 31,25 22,27 17.02 13.52 6.78
22,49 17.01 13.55 7.72
25.7 13.40
390 2g.9u 21,2 18,31 11,98 7.12
28.42 20,60 18.08 12,33 7.29
23.79 12,40
b. T =0,10 INC}IES, S/x = 70%
362 17.86 12,40 8,59
_ 18,01 12,08 8.48
365 30.60 32'33 17.73 i%'g' 8,48
27.68 24,26 23.87* 14,39 8.57
24,23 . 13.53
371 24,81 17.09* 21.07 11,70 8,40
28 48 17.60 14,10 e.30
28.50 12,92
374 40,95 23.51 16.80 13,10 8.75
21,52 156,04 17,63 8.57
23,96 12,05
379 32,39 21.36 17.85 12,39 8.81
32,90 21,36 14,90 11,59 8.02
22,55 12.05

¢ Data rejected by Chauvenet's criteria

B-9
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APPENDIX B
POSITIVE IMPULSE (PSI-MSEC) - FHASE III (Cont'd) |
R(Ft) 1 ] 12 17 29
¢, T = 0,20 INCHES, 3/X = 13,4%
SHOT #
363 22,64 19,38 13,98 9.52
22,65 19,27 13,74 9.33
18,86
366 20,12 13.25 8.66
34,81 22,43 17.60 13,28 7.92
28,38 14,74
375 34,43 23.10 13,29 6.78
31.57 23.19 20,09 13.33 7.97
29,40 13,62
376 33.82 21.56 18.32 12,24 6.67
15,17 11,65 6.64
23.88 14,58
382 29,13 18.15 13,22 8.35
14,80 13.17 7.70
25.97 12.85
d. T = 0,30 INCHES, S/X = 20,3
361 33.32 15,69 19,41 12,69 8.14
aa.gs 15, 96% 15,05
15,90 14,43
367 19,24 12,28
18,93 13.58
25,00 13,65
377 26,41 21.91 1R,01 14,94 8.31
, 17.58 12,28
22,58 12,28
381 19,28 18,26 13.04 R,.39
27.17 27.06 17.71 13,10 8.31
23.9 13.18

® Data rejected by Chauvenet's criteria
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APIENDIX B
POSITIVE IMPULSE (PUI-MSEC) - IHASE ITT (Cont1d)
R(Ft) I 2 12 P4 22
e, T = Onuo INCI{ES, S/X = 22.”’
SHOT # .
o 22,7° 20,55 13,15 6.75
28.55 20.90 12.38 7,04
12,66
395 32.56 25,88 17.78 13,65 6,91
32,98 24,62 14,0 1£,45 5.4
28,24 12.09
401 29,95 20,09 17.56 12,92 6.53
20,14 18,68 14,78 14,53 5.95
402 29,92 22.05 14.85 13.02 8,06 :
28.76 15,87 14,53 7.32
14,11
403 30,86 23.27 14,52 10,24 7.34
30,26 14,73 12,38 6.38
12,31
f. T = 0,50 INCHES, S/X = 33.4 ;
396 28,35 19,67 12,00 11.70 7.08 3
26,74 17.63 16,40 13,63 7.27 ;
27.3?' 10,48 |
397 20,48 18.00 6.49 ;
23,71 17.91 12,30 6.57 |
19,59 11,51 i
398 27.22 15.66 16,15 13,92 7.42 g
22,72 13.52 11,40 §
16,76 12,45
309 22,58 18,83 16,14 11,440 7.51
15,58 14,20 5,56
18,78 12,05
400 26,31 $0,30 15 .42 13,05 £,01
. 18,2% 14,59 12,05 7.41
12,02

SRR e A s A AR5

* Data rejected by Chauvenet:'z criteria
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