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These results support the case-fragment-to-blast energy transfer
hypothesis discussed in NOLTR 70-66 and shed light, albeit
indirect, on detonation behavior near the surface of a bare charge
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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 is 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 based 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
airblast yield enhancement fcr 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 important was the work of Phillip Peckham
and his team who carried out the firing program. Kitty Cummings and
Charles Karmel assisted with the data reduction work. Of special
note Is the assistance offered by the Non-Magnetic Materials Division
Ceramic Laboratory in preparing the casing material for Phase I, in
particular George A. Thomas and Roger E. Wilson. Finally, thanks is
due Leroy Lovett of the Precision Grinding Shop, whose interest and
skill transformed Phase I from a hope to a reality.

Mention of commercial firins or products is for product identification
only. No endorsement is intended or implied.

ROBERT WILLIAMSON I1
Captain, 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 airblast yield of a high explosive.
Data were derived from shock wave pressure histories obtained with
piezoelectric blast gages. A special effort was made to control
vaiables that might make interpretation of results more complex
than necessary. In 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 if 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 perwznel
was not required.

EXPERIMENTAL METHODS

1. CASED CHARGE FABRICATION. The effort reported here was
carried out In three pnases (TaTIe 1). The first phase called for
the use of cases whose thickness was as small as could be fabricated
(in the range of 0.010 inches).

Early corbsideration of glass as the case material foundered on
the difficulty of obtainirig thin but uniform thicknesses at reason-
able cost. Mass producti- r-3anass spheres (used for Christmas tree
ornaments) are thin and havt v-..,y good sphericity but vary in tlick-
ness by a factor of two or more in a single glass sphere. Grind..l;g
glass spheres to shape was prohibitively expensive for this program
because of the quantities involved. The limited strength of plaster
of paris in thicknesses less that. about 0.100 inches precluded the
use of that material in the first phase effort. Consultation with
commercial 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 ceramicr fabrication was
'nonsidered. A flame spray technique was adapted to produce 6.5" inside
diameter Al 0 hemispheres that had sufficient strength not only for2 3
Se* Te word ceramic is used loosely here, since, in order to minimize

shape distortion, none of the mtaerial was heat treated.
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handling purposes but also for grinding to a uniform thickness doynto 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 solid 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
O.D. and, therefore, thickness. However, without heat curing (and the
almost certain risk of shape distortion) they have adequate
strength for machine grinding.

This wae done in the NOL precision grinding shop with the shellsupported on tre same mandrel used for flame spraying. As a result
of an unusual special effort, shells were produced with thicknesses
of 0.010, 0.020, and 0.030 and a variation of no more than + .001inches for the greater part of the shell surface. Spheres With these
thicknesses weighed 1.8, 3.6, and 5.2% 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 CorDoratirn.
Cost considerations necessitated the use of available materials and
tooling. As a result, a different ceramic was used that consisted
of equal proportions of AlTO• an SiO, with 1% of other ingredients.
These shells had a 6 inch I.D. (resulting in an explosive filling
weight of about 6 pounds instead of the 3 pounds used in all the other
cased charges fired in this program). The method of fabrication
involved a curing process that resulted in shells that had greater
variation in shape and thickness than the first phase shells butwere tolerable for the purposes of these tests. The basic require-
ment was that variation of individual case weights be no more than
0.004 inches or 20% of the thickness increment of 0.020 inches. For
the large majority of shells used this requirement was satisified.

Because of the difference in material and prcdiuction method,
density for the Coors shells was lot-er than the NOL ceramic shells.
This in turn, fortuitously resulted in the Coors 0.040 Inch shelland the NOL 0.030 inch shell having about the same percentage weight
of their respective explosive fillings--a useful overlap for compari-son purposes. The largest case weight as a percent of explosive
filling weight produced by this method was about 114.

In the final phase, shells of non-fibrous gypsun wall plaster
were fabricated at NOL usang 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-piece
mahogany wood mold that was machined to progressively larger size
after each set of shells of a required thickness was completed. Itwas necessary to spray an appropriate freeing compou:n on the woodetimold surface before each casting. Shell thicknesses of 1.10O,
0.200, 0.300, v.4OO, and 0.500 were produced by this technique. The
plaster or 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
nonuniformity in weignt progression from one shell thickness to the
next. However, this is of no apparent importance. Figure 1 shows

* casings typical 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 hemispheres. 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 beyond 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, 50% TNT and 50% PETN. Its sensitivity is adequate to
allow direct initiation with a detonator, in this case an "Engineerts
Special".

2. INSTRUMENTATION AND FIELD ARRANGEMENTS. The data of this
report were obtaine-a rrom recormings or tne pressure history of the
shock wave at various distances from the charge. Means similar

to those of references (1a)and (Ib) were used to record and analvze the
data obtained. Twelve channels of piezoelectric 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-diameter 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 anoscilloscope as a spot deflection. Permanent recording is done on
* 35mm film strips mounted on rotating drums that provide a relatively

lorZg time base. A system response check and amplitude calibration
is accomplished by means of an integral square step method,reference (I).
A time base calibration signal of one kHz was provided by a square
step generator. The timing pulse is 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 80 psi. For each distance
records 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 that might
affect comparative results mainly within each of the several phases;

3
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they also provided a comparison with the accepted standard airblast
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 film. Since
at high shock pressures, the natural resonant frequency of the gage
sensing element was superposed on the shock decay the resulting trace
required interpretation to determine the 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 considered 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 locations did not correct the problem,
it was assumed to be associated 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 it passed the nearest gages.

Consider two limiting situations. In one, a case becomes so
finely pulverized at the time of detonation that it very quickly
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 essentially unobserved.

In the other, a case produces fragments large enough to be
projected eventuElly out ahead of the gas expansion (permanently
so far as blast n,•easuremnts 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 is reached the fragments
themselves are just being overtaken by the main shock. Their bow
shock pressure disturbances, positive and negative, instead of
being well ahead are recorded nearly coincidentally with the main
shock. Such interactions would be recorded as grossly abnormal
pressure histories. This probably Is the correct explanation of
the anomalous records.



NOLTH 74-62

As to why this 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
fragm.3nts, whereas the ceramic used In Phase II could likely have
produced a distribution of fragment sizes large enough to have a
substantially different aerodynamic behavior.

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

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

The methods used in this study to determine positive 1Impulse
involves the use of the integrated form of a modified Friedlander
equation due to Thornhili (P~ppeniix A). The excellent agreement
described in reference (3) between recorded pressure-time curves
and the equation shape was confirmed by us in a pilot comparison
between impulse determined by this r'ethod and by the planimeter
using Phase III data for one distance.

All raw data are included in Aopendix B. These data were vrocessed
by computer using a Basic Language program for calculating means and
precision indices, and rejecting widely dev~ant data In accordance
with Chauvenet's criteria, reference (4). All means so calculated for
peak pressure are collected in Table Zand for rositive inrulse 'n
.6able 4a. Since Phase !I tests were conducted with nomr~nal 6 lbI
charges and since direct nr"essure comoa.risons were to be made with
the nominal 8 lb standard bare charge it% wa nacessary to. scale up.
the Phase 11 pressure neans for the cased charges. '.*his was done in
accordance witlh the exuression

whe re nIs the alire vý Iac ditac as I~~ r~te~m~

s tndard perto 14t .cur e .e ence I!) v, r. eak pr 4 *Suire 13
we ifht o c hgare ar d sbs cript, n icatqs test dat.

The~iehodof ~:~t.nwia tn Act~nrnre rtý7k rmvssure And lnp41so
Mean. vnlue's fr the taseýd clhsr#es ~et w~lt %7:lut-3 f~or th are

cares t te sr~e~ncs. :at:C -and '.atle Lt e-e Whe

t the bare charr d~ta. :.n to ndan ený -,'1Cer,.t troends
Crand rneang were tanalonni h~or ontaZ and ;rc rs

exploslv,- uea.
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Overall, the horizontal grand means show a shift from positive
to negative as the case mass increases. For pressure the spread is
from a high of +6.5% to a low of -4.9%; for impulse +5.2% to -9.4%
Figura 4 is a plot of all the pressure grand means versus SIX that
shows the overall pattern more vividly.

Considering the tabular data in greater detail, Phase I with an
SIX limited to about 5% shows grand mean pressure increases averawing
nearly 5% relative to bare charge values. Phase !I data with a
broader SIX ranging to 14% also shows a consistant pressure increase
for the grand means. Howeier, Phase II results suggest a decreasing
trend. Phase III data with the broadest range for SIX that overlaps
the other data are consistant with the trends Just noted. Here again
low SIX valuer vive increased pressure but is SIX extends beyond 10%
to 33% relative pressures dron.

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

* DISCUSSIOU AND COUCLrUSIC2I'S

In these soherical charge testz with a sIngle exolosive,
pentolite, surrounded by three different types of f6,nely fragmenting
ceramic materials that were consider-d inert, neak shock pressure
and positive inpulse decreased only when the shell-to-exricslve (SIX)
weight ratio exceeded the range 15-"0%. Even then the extent of the
decrease for SIX = 37) the maximum covered in these tests, was
only about 5' for peak pressure and about 10% for pos~tIve Impulse.
For light shells uv *o a'out SIX - 10%, a small increase In" blast
parameters, on the order of 5%, hi revealed unequ,.voc.lly by a
matsIve amount of data. In an earlIer analyttc report, reference (6),
these results alok- v*%h other data provide the basis fo;- a new
hypothesis regarding the general role of I case as It affects air-
blast. I. Figure 5 we have superposed the results On a plot from
reference (A) of varlojo curves used to correct for case effects.
Fano's orIg.nal equatslon suggevts as rudh as 'a o wer yield than
our data. Hlowever, Flsher's ce-mtielaatto f ?'arr'"s
method to W."de rangte of actual ý"oet data ar reerent
wqth oar 14ts fr $IX Valuees In theý range 20-141. Farlier data

doev not exIst A1 n the rSnme much below S/X %01 for which our data
h0w5 an Incr'else In yield over bare c' rge y1eld.

The results re•-orted here ar swiflcant I several other
respect-L.

a. The concept (treated In cýý£niderab-e detail In re-ferece f))
of frartent kIietlc energy transfer to the tlRst is reraly
suppcrted by the results. That Is, tht klnetlc Vsnergst In•.till!'
zr-arted to the case rass ultintatety influences the blast. There-fore the •niti erer~y �artItIt-n betwae- the exPlosive vmass and

ease mass :annot be the sole basil for estimatIng the case influence
on blast as Fano's treatment suggested.

6
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b. The small but statistically significant enhance. f.r
thin casings tends to support the idea frequently sugge,.sL,
that some blast yield loss may occur due to spalling and e u3equent
detonation failure short of the surface of v' bare charge. The
relatively small amount of added mass next to the surfac- a Thown by
our experiments apparently is enough to increase yield a& t1 I
demonstrate that such an effect probably occurs.

c. The correlation of our data for frangble¢ c;,--r.c mattrial
with Fisher's curve for steel suggests that at let-.C for this
SIX range particle size and shape may not be as i, zrtant as other
parameters.

I-.+
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DISTANCES ARE FROM CENTE R 0OF
CHARGE TO MIDPOINT OF GAGEf
SENSOR IN A PLANE 12 EET FROMI
THE GROUND PLANE.

29'29

17' 17' 17'

12' 12'

91/

9' 9't

7' 7'

CHARGE

FIG. ~'GAGL -CHARGE FIELD ARRAY
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PHASE I PHASE III

T= 0. 03' SHOT 274 T = 0. 40" SHOT 401

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

PHASE II

BARE SHOT 308 T= 0. 06 SHOT 307

RECORDS ARE NEARLY SMOOTH RECORDS 14,(OW VARIOUS PERTURBATIONS
AND "CLAS"ICAL" 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 8LB PENTOLITE
SPHERES-PAIRED GAGES AT 7 AND 9 FEET.

II
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TABLE 1

TEST CILARGE SPECIFICATION,

CASE EXPLOSIVEI WT RATIO
SThickness2 Material Density Weight Weight 100 S/X

T(in) (g/cm3) S (b) X (Ib) (%)

PHASE ONE 88.5o0
0.01 A12 03  3.21 0.150 8.47 1.8
0,02 " 3.05 0.298 8.36 3.6
0.03 3.23 0.442 8.44 5.2

PHASE TWO

8.503
0.04 A1203 /SiO.2 (50/50) 2.14 0.361 6.42 5.6
0.06 it 2.18 0.546 6.30 8.7
0.08 " 2.20 0.706 6.24 11.3
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
0.5 .89 1.90 8.48 22.4
0.5 1.02 2.81 8.41 33.4

.1. Pentollte: PETN/TNT, 50/50
2. Nominal

3. Bare Charge, Control Standard

/it
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TABLE 2

MEAN PEL. PPRESSURE (PSI) - ALL PHASES

R(Ft) 7 9 12 17 29
PHASE I

T (in).
0.0 (Bare) 77.39 4L1.28 20.62 9.95 3.92
0.01 85.74 46.19 21.04 9.87 4.03
0.02 79.23 43.46 20.96 0o.o6 3.87
0.03 84.08 46.12 21.67 10.05 4.17

PHASE II *

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
o0o6 66.6 43.3 21.0 10.20 4.02
0.08 73.7 41.3 2o.8 10.0 4.11
0.1 67.8 43.7 21.2 9.86 3.87

PHASE III

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 19.6i 9.76 3.85
0.3 75.18 36.80 19.42 9.74 3.83
0,, 70.82 39.99 18.94 9.72 3.62
0.5 72.42 36.98 19.14 9.47 3.60

*Raw 6 lb charge data (Appendix B) scaled to 8 lb
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TABLE 3

RELATIVE PEAK PRESSURE
(% CHANGE FROM BARE CHARGE VALUE)

GRAND
R(Ft) 12 17 29 MEAN

- s

PHASE I

T:in

10.8 11.8 2.1 -0.8 2.8 5.3 1.8
0,02 2.3 5.5 1L.6 1.1 -1.3 1.8 3.6
0.03 8.7 11.7 5.0 1.0 6.3 6.5 5.2

M~EAN 7.3 9.7 2.9 0.4 2.6

PHASE II

0.04 .8 9.0 -1.9 6.9 1.0 3.8 5.6
0.06 -1B.0 1.7 -. 6.2 2.8 2,2 8.7
O.-3.8 -. 8 4. 5.1 0.9 11.3
0.1 816.5* 2.7 -1.8 2.6 -1.0 06 14.2

MEAN -12.9 2.6 -2.1 5.0 20

PHASE III

0.1 3.8 1.0 P.2 1.4 2.0 3.3 7.8
0.2 3.8 5.4 2 o.6 -1.8 2.1 13.4

S -216 -8.8 1..6 .4 -2.3 -2.2 20.3
0 78 -1.0 -0.8, 0.2 7.7 .4 22.4

0.5 -5.8 -S.4 0.2 -2.4 -82.9 33.4

MEAN -1.6 -2.4 2.4 0.0 -3.6

*Excluded frcgn horizontal means (See Date Rleductioni)

PHEEIll
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TABLE
r POSITIVE IMPULSE M- Ef"SE MI

R(Ft) 7 9 12 17

a. MEAM VALUES (PSI-MSEC)

T(If)

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. REIATIVE VALUES (%) GRAND

MEAN

0.1 -6.3 4.9 3.2 -0.5 14.9 3.2 7.8

0.2 -2.8 6.2 11.5 2.7 6.8 4.9 13.4

0.3 -10.3 -7.0 1o.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 DETERMINA'iON USING THORNHILL'S
MODIFIED FRIEDLANDER EQUATION

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

tP'Po t "'= (I - )e
0 •

p instantaneous pressure

PO - ambient pressure

P = Peak pressure

t = instantaneous time

= positive duration time

Reference (3) shows the greatly Improved accuracy of a modified
form of this equation,

t

P-o t S-(P-p

• time conatant or t at P or .37c e

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

r- - 2.3095
0,D

I - positive Itimulse

AP = (P-po) peak overpressure

and I 0.65 AP 'Cc.

A-1
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From reference (7), page 9,. Equation 3.5,we have 2.3095 T
Therefore, we may also calculate the positive phase duration direefly
from the measured time constant. The time constant Itself is readiily
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.
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iAP~r.0Ix B

RAW DATA FOR PEAK PPREMUIE AIM POSITIVE IMPULSE

PFAK PRESSURE (PSI) - PHASE I

7 9 12 17 29

a. BARE CHARGE, CONTROL STANDARD

SHOT Y
266 73.68 41.83 20.67 10.23 3.77

'73.66 38.q4 21.22 9.89 3.95
3Y31 9.66

268 78.84 4-.13: 21.93 9.68 3.
80.77 43.14 20.91 9.08 4.01

42.54 10.14
273 78.59 42.22 11.93 9.64 3.78

79.89 42.43 19.27 9.44 3.88
10.55

275 74.72 40.54 21.73 10.94 4.03
78.98 40.57 20.32 10.31 4.03

9.84

b. T 0.01 INCHESO S/X 1.89

272 836 43.50 19.616 9.91 4.03
85.7 •4.34 20.56 10.-23 4.0w41.29 9.8o

276 P 11 45 .Ro 20.33 9.22 3.99
7f.90 409.13 17.70 9.82 4.23.51 •= ••.40 10.63

290 81.42 90. 4 2". 77 9 go . 07
. 09 23. % 9.49 4.07

281 1.54 pO.93 19,.70 9.33 3.97,
.:- 2.1•6i 9.6, 3.99
46.22 10.26

2-81 96.33 46.91 23.11 9.P6 4.09
44.30 1o.5p 4.05
45.27 10.00

* Data rejgected ky Chauvetts carterla

B-i
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APPENDIX B

PEAK PRESSURE (PSI) - PHASE I (Continued)

RF 7 912 17 29

a. T 0.02 INCHES, S/IX - 3.6.

SHOT #
S65.64 42.05 18.24 10.26 3.51

82.44 41.61 21.16 3.9542.05
.270 76.79 37.60 21.76 9.92

$0.46 41.16 22.51
49.30

277 80.93 58.78* 21.S2 9.82
77.10 49.63 24.41 9.95 3.:7

44.40 10.58
278 85.32 36.31 19.53 10.01 4.12

41.21 22.12 9.80 4.08
282 85. - 143.92 19.47 8.46* 3.76

109.186 44.27 18.53 9.67 3.70
44.42 10.23

d. T 0.03 NGiS, S/X -5.2

267 81.02 4c.56 21.35 9.P F.8
79.46 45. 9 21.4 9.92 3,.97

41.81 10.13
274 6.69 43.11 22.08 10.59 4.63

87.47 43.36 10.73 4.13
43.35 10.42

279 85.78 54.52 22.94 9.36 4.24
Liq9.O 24.94 106.4 4.15

-. t,

283 90.00 20.60 9.93 3.90
4E.99 21.57 10.06 3.87
46.o5 10.02

" Data rejected by Chauvenetw' criteria
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APPENDIX B

PEAK PRESSURE (PSI) - pHASE II

R(F_) 7 9 12 17 29

a. BARE CHARGE, CONTROL STANDARD

SHOT #
S41.08 21.73 10.05 3.9643.31 21.68 10.81 3.92

42.18 9.11
291 80.20 40.14 20.35 9.45 4.06*79.47 42.30 19.31 9.29 3.90

2 43.02 8.6o
303 83.8 38.86 24. oo 8.82 3.8980.86 50.42 15.83* 9.74 3.91
308 68.00 48.77 9.84

75888 38.24 19.67 10.04 3.8175.88 44.45 19.91 8.36 3.89316 80.46 43.31 10.73
42.93 24.02 9.29 3.92
34.19 22.05 10.12 3.97
45.34 9.95

b. T - 0.04 INCHES, S/X - 5.6,

294 74.42" 37.88 15.89 9.36 3.38
56.28 39.83 14.87 8.41 3.446.66*

297 63.o6 35.19 15.50 8.25 3.29
59.49 8.30 3.28

311 55.21 33.59 18.72 8.6831645.81 335 8727.4o 3.52
64.81 8.26 3.22314 59.71 37.02 17.44 8.45 3.8159.98 19.30 8.25 3.69

8.36318 57.30 36.72 18.42 7.99 3.1561.55 39.79 10.56* 8.56 4.15*
8.41

* Data rejected by Chauvenetis criteria

B-3



NOLTR 74-62

APPENDIX B
PEAK PRESSURE (PSI) - MASE Il (Cont'd)

R(Ft) 7 9 12 17 29
c. T = 0.06, S/X 8.7%

SHOT #
287 47.52 33.42 16.74 7.42 3.45

38.81 19.09 7.94 3.21289 68.66 30.96 17.99 8.51 3.68
18.39 8.68 3.627.91293 60.49 38.61 19.00 9.4o 3.20

37.07 15.62 8.87 3.18
8.512963 16.42 8.28 3 388.13 3.65304 47•00 32.15 16.68 8.46 3.50

31.99 16.78 8.85 3.66
7.94307 37.50 15.20 8.02 3.42

9.90* 8.58 3.578.02309 40.04 29.84 16.71 8.85 3.47
37.64 15.56 8.66 3.3234.19 -8319 51.93 17.88 ý.26 3.50

16.64 8.25 3.55
9.05

d. T = 0.08, s/x = 11.3%
288 64.37 40.31 19.05 8.68 3.67
290 58.74 31.71 15.78 8. 47 3.5405674 33714 7.64 3.5956.97 33.14 7.88 3.338.20
295 63.08 31.54 14.47 8.52 3.4141.29 8.01 3.33

32.:49221 15ý6735299 81.36 32,49 1 420 3.23
60.o4 17.54 8.18 3.09

7.97* Data rejected by Chauvenet's criteria

B-4

- .i . -,



NOLTR 74-62

APPENDIX B

PEAK PRESSURE (PSI) - PHASE II (Contd)

R(Ft) 7. 9 12 17 29

d. T 0.08, S/X 11-.3 (Conttd)

SHOT#

300 61.95 27.16 18.54 7.50 3.38
14.66 31 3.15S•.:46

305 51.72 36.04 18.92 8.60 3.52,
29.32 8.73 3.87

8.48312 48.68 35.52 6.38* 3.45
9.28 3.25
8.89

e. T =0.10, SA= 14.2%

286 49.73 33.26 17.19 8.07 3.•47
31.49 7.80 3.01292 49.42 38.37 10.714 .48 3.33
36.57 18.114 7.94 3.1939.*42

296 45.814 28.77 15.83 7.11 .5694 3.58
55.20 35.26 14.70 7.75 3.33

37.02 7.59301 49.75 31.71 16.46 7.58 3.40
47.97* 9.08 3.17

302 64.00 32.76 18.87 7.96 3.54
41.55 18.28 9.01 3.538.92

306 56.66 29.76 17.84 8.32 3.15
36.54 17.01 8.25 3.31

9.29
310 61.83 38.26 18.27 •.74 3.39

51.06 34.87 .27 3.44315 51.26 34.58 19.93 8.32 3.18
28.70 17.19 8.05 3.28

8.76

* Data rejected by Chauvenet's criteria

B-5
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APPENDIX B

PEAK PRESSURE (PSI) - PHASE III

R(Ft) 7 9 12 i7 29

a. BARE CHARGE, CONTROL STANDARD

SHOT #

360 73.4 42.08 21.06 9.64 3.84
81.1 43.31 19.06 9.36 3.78

41.46 9.48
368 79.0 37.50 17.27 10.15 3.96

44.00 19.75 lO.05 3.95
38.90 9,82

369 75.1 39.70 19.92 9.81 3.79
78.9 45.50 18.81 9.78 3.91

36.42 9.,56
380 77.4 19.05 9.37 3.9991.l* 39.93 16.94 9.52

8.8.29 9.71
387 81.7 20.86 9.7 3.99

4.1io 20.85 9.93- 3 c5
39.93 9.27

300 70.4 35.70 17.95 9.72 3.99
74.3 40.40 17.73 9.67 3.95

38.53 9.92

b. T 0.10 INCIMS, S/X 7.8%

362 46.20 20.01 10.06 4.03
42.10 19.34 9.52 3.'9
32.0o4 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
41.90 10.13

374 77.7 43.90 18.t2 9.63 4.03
41.50 1p.87 9.84 3.95
35.24' 9.83

379 76,2 35.00 22.10 9.72 3.99
P6. 0 3 5.1 IM's 9.40 3.93

37.090 9.45
• Data rejected by Chauvenet's criteria
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APPENDIX B

PEAK PRESSURE (PSI) - PHASE III (Cont'd)

R(Ft) L 2 12 .17J
c. T = 0.20 INCHES, S/X 13.4%

SHOT #

363 83.5 44.40 19.82. 9.96 4.3179.5 41.00 21.59 10.10 4.11

366 19.73 9.72 3.92
81.9 40.60 19.72 9.76 3.58

44.52 9.63
375 77.9 19.41 10.42* 3•9979.0 44.00 19.69 9.80 3.91

43.23 10.01
376 76.5 31.70 19.59 9.60 3.63

19.84 9.80 3.64
34o,14 9.53

382 62.* 419.41 .9.42 3.78
35.94" 19.34 9.68 3.78

9.45

d. T = 0.30 INC=ES, S/X 20.3

361 78.4 36.90 19.86 9.64 3.99
73.1 18.78 1o.41*

337.40 9.99
367 19.86 9.?6

19.20 9. 036.7 9.45377 54.5 3F.Oi 18.42 9.5
35. 9.76 3.9919.69 997
37.95 9ý381 36.00 18.68 9.59 3.59

76.1 39.80 20.84 9.70 3.7643.27' 9.69

* Data rejected by Chauvenet's oriteria

B-7
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APPENDIX B
PEAK PRESSURE (PSI) - PHASE III (Contid)

n(t)7 9 12 17 29
e. T 0.40 INCHES, S/X =22.4

SHOT #
393 67.0 37.20 9.67 3.6162.2 414.90 9.71 3.619.9R
395 76.6 4o.60 19.01 10.04 3.6173.2 42.60 19.48 10.11 3.75*32.08 9.4801 71.9.67 9.64 3.6677.9 1o.70 1.31 9.76 3.63402 80.0 39.90 18.399:67 3.6

56.4 18.31 9.76 3.59
9.76403 62.6 36.50 19.11 9.276 3.8479.1 19.26 ?:10 3.95*

.78*
f. T 0.50 INCM SI/X - 33.4

396 .4 39.90 19.25 9.49 3.61R.4 38.40 19.29 9.72 3.5T39.08 9.48397 37.00 19.25 3.6342.90 19.15 9.72 3.5725.7:4 9.42398 78.1 33.50 19.00 9.63 3.63
43.10 1 .86 9.2535.85 93.1399 69.9 31.20 19.01 9§ 3.81*

19.29 9.28 3.59
41 3 57 9.45066.3 3.80 18.50* 9.68 3.6238. 20.09' 9.45 3.59

9.42

'Data rejected by Chauvenetto crlter'la

B-8
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APPENDIX B

POSITIVE IMPULSE (PSI-NSEC) - PHASE III

7 9 12 17 29

a. BARE CHARGE, CONTROL STANDARD

SHOT *

360 43.66 23.25 11.64 6.85
37.90 20.25 15.39 7.55

22.91 n.68
368 30.89 20.?0 i4.68 14.67 8,25

23.94 16.79 14.52 7.39
24.80 13.02

369 33.19 23.62 16.59 13.34 7.41
28.81 25.14 21.58* 14.13 7.98

25.69 13.41
380 36.18 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.Z5 7.7225.7 13. o

390 23.94 21.2N 18.31 11.98 7.12
2 .42 20.60 18.08 12.33 7.29

23.91 12.40

b. T 0.10 INCHES, S/X 7.8%

362 17.86 12.40 8.591 .91 12.94 8.48
306025.87 11 5~365 306 2427 17.I 3 13.4 8.48

27.68 24.26 23.6? 14.39 8.57

24.23 13.53
371 24.81 17.09' 1.072 11.70 8.40

28. 4A 17.60 14.10 8.30
28.50 12.92

374 40-95 23.51 16.80 13.10 8.75
21.52 16.,04 V..63 8.57
P3.96 1r.o5

379 32.39 21.36 17.85 12.39 8.91
32.90 21 .36 14.90 11.59 8.02*

22.55 12.05

e Data rejected by Chauvenet s criteria
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APPENDIX B

POSITIVE IMPULSE (PSI-MSEC) - PHASE III (Cont d)

*R(Ft) 9 12 17 29

-. T -0.-20 INCHES, SIX =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
34.8 22.43 17.60

28.38 7.92
375 34.43 23.10 13.29 6.78

31.57 23.19 20.0,9 13.33 7.97
29.40 13.62376 33.82 21.56 18.32 12.24 6.67

15.17 11.66* 6.6423.88 14.58
382 29.13 18.15 13.52 8.35

14.80 13.17 7.70
25.97 12.85

d. T - 0.30 INCHES, S/X 20.3

361 3ý 15.69 19.41 12.69 8.14
2~6 15.96*

367 15.90 12.29
1.93358

377264125.00 N.65
377 26.41 21.91 1A.01 1.ga9 8.31

17.58 12.28
2?.58 12.28381 19.28 18.26 13.04 8.39

27.17 27.06 17.71 13.19 8.31
23.91 13.1:

Data rejected by Chauvenet's criteria

B-10



NOLTR 74-62

APPENDIX B

POSITIVE flPIA~ i\r.-MI -L C PHASE lit (Co't~d

7I R()) 7 12 17
S e. T = 0.40 INOILS, S/X 22•,44HOT 22. WP* p .5 , 113.'15 6.75

28.55 20.99 1?.38 7.0612 . 6
395 32.56 25. 8, 17-,71 13.65 6.9132.98 24.62 l.90 Ia.46 6.R6
401 18.2.0924129.95 P-0.0p 17.556 34.92 6.5320.124 19.68 14.78 14-53 59

2 29.92 22.05 13 8.06*28.76 15.87 14.53 7.3?i•.III
403 30.96 23.27 14.62 10.21* 7.3430.26 14.73 12.3£ 6.38

12.31

C. T 0.50 INcHust,sA 33.4
396 28.35 19.67 I.Soo 01.07 7.o626.7k 17.63 16,40 13.63 7.27

p7.57 '0..2397 20.44 18.00 6.49
23.T771111:ý9 6619.69 17.1 12.9 663 VQ ?7.22 15.66 16.15 13.9W 7.42
- .7^ 13.,53 11.A16.76 22.45399 3.58 -91883 16.16 11 .• 7.r

•.1.58 a1.20 6-.5
40o 29.31 20. 39 15 .42 13.99'.

-18.•i 2. 1.05 7.41
1t.02 bc

* Data .reject~ed hy Chauvenett3 criter-ia4
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