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X1, FURTHER DEVELOPMENT OF TEST PROCEDURES

by

Thoves B. Heathcote
C- Ro Ni“ane“er

ABSTRACT: Four explosives pressed to three densities and boostered
with truncated cones of pressed pentolite were used to continue a study
t0 determine optimum density and boostering for underwvater evaluation
of small charges. The study showed that HBEX~1, T™NP/Al/Wax (55/40/5),
and esmonium perchlorate/TNT/AL (45/20/35) gave a substantially grester
output at 85-90% Theoretical Maximum Density than previously obtained.

' Pentolite charges pressed to three densities gave the same results as

cagt charges; it 1z recommended as & standard. Tie procedures used
here are recommended for small charges. '
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- COMPARISON OF THY UNDFEWATER POWER OF EXPLOSIVES IN SMALL CHARGES

g XI. FURTHER DEVELOPMENT OF TEST PRUCEDURES o

The vork deseribed in this report is part of the Naval Ordnance Laboreatory's
continuing program of investigation of the underuater performsnce of
explosive mixtures, under ORD Tank No. ORD-033-211/092-1/FO03-08-11,
3 Work Unit ¢. This study was made 83 a continuation of the effort to
find a better charge preparation technique and a bettor boostering sys-
tem, so that inexpensive, rapid, suall charge tests would assuredly give
the same output per unit welght as large charges.
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Captain, USN
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COMPARISON OF THE UNDERWATER POWER OF EXPLOSIVES
IN SMALL, CHARGES

XI. FURTHER DEVELOPMENT OF TEST PROCEDURES

1. INTRODUCTION

Evaluation of the underwater explosive power of new compositions
usually siarts with fi-ings of one-pound charges. In these initial tests,
measurenents are made by diephragm geges that provide a comparative meas-
ure of shock wave énergy; and bubble energy 1s found from bubble psriods.
It is essential that two conditions be carefully adhered to if such tests
sre to provide wmeaningful data: (1) Primary and cccom:ry standard
cherzes must give s consistent output from shot to shot and from test
to test. (2) initistion of experimental cowposiilous should be mdeguate
%0 ensure that the steady-state reaction (detomation) occurs in the
entire charge.

Frequent failure to achieve full undervater power was suggested by
an inconsistent output observed for small HPX~1 charges tused as secondsiy
standards over a mus )er of years (Ref. a)* and failure of sowme small
charges to scale to large charge values (Ref. b). As a consequence,
wethods des d to lmmrove the reliability of the underwvater tesis were
recomended (Ref. b). ‘These involved the use of pressed charges of
90-98% Theoretical Maximum Density and full- jiameter conical boosters.
Tests vere conducted to investigate the ef?acts of these changes (Ref. c).
The "full potentisl performance” was resliz:d for HBX-1l charges and for
an AP/THP/ALl mixture; however, the data ver: not adequate to demonstrate
a charge size effect for the other mixture teated.

The work reported here ves done as a contimuatiom of the work of
reference (c). First, the range of pressed charge densitles was extended
down to 854 THMD to see if there might be an optimum density for the insen-
sitive explosives tested. Becomd, some additional data for the charge
size effect study was obtalned with 1l-1b charges.

2. EXPERIMENTAL DETAILS

2.1 CHARGES
same compositions were used for this test as in reference (c).

They were 1ite: PETN/rEr (50/50); HBX-1: RDX/TET/Al/Wax
(4o/38/11/5), THL/A1/Max (ss/u05s), andAP/TNE/AL (45/20/35). Densities
of about 85, 90, and 95% theoretical maximum density (TMD) were fired
for each charge type.

¥ References are listed on page 6.
#* apmonium perchlorate

" S ——— .
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Most of the charmzes were isostatically vressed by nersonnesl of +he
Chemical Engineering Division at the Naval Ordnance Laboratory. The
charges were right cylinders having length-to-dismeter ratios of from
1:1 %c 1.7:). Eight chorges of cach density weve [ived; {our of euch
had 30 g- and four had 100 gm boosters consisting of truncated cones .
of press.J pentolite (Ref. c). Additionally, a limited nuimber of charges
had inset cylindrical boosters and a few charges were cast [or comparison
with previous results. The pressed charges and boosters were waterproofed
vith a light layer of acrylic spray enamel. , : . .

All of the materinls for eamch compusition were mixed at cme time to
achieve uniformity rrom charge to charge. Most of the charges weished
454 gm including the pentolite boosters. Pertinent charge data -ure
recorded in Table 1. ‘ ' '

Pentolite PRTN/TND (50/50). In reference (c), four weights of cast _
pentelite charges vere used as the primary stendards. Fresged pontolite /
charges whose densities were between 93% and 965 ™D gave undervater . o
power the same as that for the cast charges; i.e., showing that there
vas no initiation problem with cast pentolite. Oince 1t appears that L ;
other explosives may require lower. densities than 954 TMD to produce o
full undervater pover, pressed pentolite charges with denzities of 45 {
and 90% TMD were fired on these tests. Four weights (227, 300, L5k, and S
600 gm) of pressed pentolite charges of 95% TMD were used as the primary y
standards. One veight of vacuum cast charges was aslso fired for compari~
son with previous results. '

HBX~1, RDX/TNT/AL/Wax (4O 8(1‘7[%‘!. The fesults of reference (¢)
indicated that the apparent chronological decline in the shock wave energy ' .
of HBX-1 (Ref. a) was the result of poor initiation and not a decline in g
the underwater power of HBX-=1l. Additional tests of charges with lower
dengities vere required to determine this conclusively. Charges were
pressed to 85, 90, 95, and 98 percent ™D and boostered with conical

pressed pentolite boosters. Four additional charges were pressed to

98% ™D; 30 gm and 100 gm cast cylindrical bousters vere used on these '
charges. Pressed conival boosters of 30 and 100 gm were also used to
booster 4 cast charges of HEX~l.' . :

TRI/AL/Wax (55/40/5). Previous underwater experiments with this
difficult=to-initiate composition had shown both a bhooster slze effect
and failure of 1l-lb charges to scale to charges of larger size. In '
reference (c), it is shown that analogcus results were obtained for the .
30 and 100 gm boosters, if the boosters were truncated cones of pressed
pentolite. However, the shock power remained significantly less than
that expected frow adequately boostered, larger charges. By including
charges pressed to 85, 90, and 95 percent TMD (and ‘with conical boosters),
it was hoped that ve could determine wvhether the charges had been
inadequately boostered or if this wixture showed a charge- size effect.

I .
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%P@M‘Al gug(go§QE), Undervater explosion data obtained in the
past for cy rica oostered 1-1b cast charges of this highly elumi~
nized mixture revealed what was thought to be a charge size effect (Ref. b).
Test results reported in reference (c) show that conically boostered

chavges of this composition presssd €0 034 TMD pave an anergy output
improved to the extent that the existence of a charge size effect vas
doubtful. It is believed that inadequate initiation was responsible

for failure of l-1b charges to scale to large charge values. Additicnai
charges were fired in the recent program to increase confidence in the
results of reference (c). The charges were pressed to U5, 90, and 95
percent TMD and utilized pressed conical boosters. (It should he noted
thet N126 ammonium perchlorate (average particle size less than 45 wicim)
g used in charges for these tests. For charges fired earliexr (Ref. c),
APN119 (200 micron aversge size) was used.

2.2 BQUIPMENT AND TEST FROCEDURE,
Four ges of type were fired. All charges were initiated

with U. 8. Army Engineers Special Electric detomators.

FPour dlaphrsen gages vere used i each shot to obtain "relative <hock
wvave energies” (Wna's). The charges were suspended centrslly in an 8-1t
diaxeter steel ring vith the e and e oriextation beivg ideitical
t0 that described in reference (d). Two 1/2-in dlameter piezoelectric

.gages vere used to obtain bubble periods from vhich relative bubble

énergies (x3; were calculited. A probe similar to ome reported in
reference (e) was used to mwosmuin'e the size of the gas dubbles produced
by the explosions. The results. o Jhese measuraments are raported in
Appendix A. The shots vere fired from the KL barge st a O~ft depth in

from 18 to 25 't of wmter.

3. RESUUTS AND DISCUSSION

The relative shock wave and bubble energles vere computed from the
experimental dats on the IBM 7090. All values were obtained relative to
Jressed pentolite (95% TMD), as cutlined in reference (d). Values are
shown, on an equal weight basis, in Table 1.

Pentolite Charges. Table 1 shows the results of the tests with cast
and pressed pemtolite. The Wpa's for the pressed charges varied from
0.98 to 1.00; the RBE's varied from 0.99 to 1.0l. The Wpy for the cast
pestolite relative to the pressed standard was 0.99; the RBE was 1.00.
These suall differences are not statistically significant. Hemce, there
is no substantial ciienge in pentolite output for charges pressed +o
densities over a range most likely to be of practical interest iu future
work and no significant difference between presged and cast pemtolite
charges. .

As discussed ia reference (c), pressed mixtures are recommenled for
two reasons: (1) pressed charges can be reproduced more reliably than
cast, and (2) pressed charges have the advantage of greater shock
sensitivity than cast.

3
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3 HBX-1. The results for the HBX-1 charges are also shown in Teble 1.
: Wpia's and RBE's for charges pressed to 85 and 90% TMD are in good agree-
Tent WiTh The Nignest exisving vaiues fur HABA-i \Kei. i). : I

The results for the pressed charges with conical boosters are showm
in Figwre 1 along with the volues for pressed charges with cylindrical
boosters given in Table 1 and reference (c). It is apparent that the
charges with conical boogters gave consistently greater output than those
with cylindrical boosters.

The Wpy's for 85 and 905 TMD ere equal, but the REE's still shovw a
slight increase with decreasing density. Charges vith smaller d-nsities
(804 and T5% T™D) should be fired to determine if this apparent trend is
real.

Analyses of all existing HBEX-1 data indicate thet inadejuate initistion
has been the xreason for the low values for HBX~1 and that the full under- ;.
vater pover can be obtained by the use of higher porosity (85 to 90% T™MD) ’
acceptors boostered with conical pressed pentolite boosters. The best i g
values of Wpy and REE for HEX-1 ere l.15 and 1.48, respectively.

THT/ALl/Wax 40/5). Wnpa's in Table 1 and Pigure 2 for & ¢ e
density of é‘fm ggé ™D e ae:%in.llv duplicate those in reference (cg.
There is considerable scatter among the RBE’s for the cherges pressed
at 95% TMD. The large variations in the Wp,'s aud particularly the REZ
indicate that tols mixture is very ditficnf% to initiate even in pressed
charges. '

Values of Wpy and RBE for large charges of this mixture vere esztimated
to be 0.68 and 1.98 respectively. The Wpg for the 85% TMD charges was
0.72 waich is slightly above the estimated value. tThe REE for the 85%
™D charges is significantly greater than that for the 90§ THD charges,
but even so does not reach the estimated value of 1.99. The values obtained
for this mixtwre indicate that it is a very difficult uixture to injtiate
80 there is probably no real charge size effect. Additional charges at
80% and 75% T™D, and possibly smaller values, should be tested to doter- .
mine whether the large chearge values can be duplicated. ,

APM[AJ. (45/20/35). The Wpa's and RBE's shown in Table 1 and Figure
3 shov no density effect for the pressed churges with conical boosters ;
over the range of densities studied. There are no significant differences i
among the six values obtained on the present tests for either Wpy or REE.

The Wna's obtained on these tests are higher than any cbserved
m-evio\ulyDSor 1, 10, 30, or 50=-1b charges of this mixturs (Ref. c). ,
However, the RBE's for the same charges are sowevhat lower than those !
obtained in references (c) and (g). The particle size of the AP in the ?
present series wis less than 45 microns, wuch sualler than that used
previously (200 microus). This change appesrs to have affected the shock
sensitivity of this wixture and also resuited in a change in the energy
partition.

v
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4. SUMMAKY AND CONCIUSIONS

L. Yevuum~cast pentolite and pentolite pressed to 84 and 90% TMD showed
no significant differences in wa or RBE.

2. HBX~1 pressed to 85 or 90% TMD boostered with pressed conical pento=
lite boosters gave Wpy's and RBE's equal to the highest values previously
obtained for 1-1b charges. Charges pressed to ™D = 95% gave lower values.

3. Pressed charges of HBX-1 with conical pressed pentolite boosters gave
a greater output than with cylindrical pressed pentolite boosters.

4. The more porous (85% TMD) 1-1b charges of TNT/Al/Wax with conical
pressed pentolite boosters gave Ww's in agreement with the values pre-
dicted from large charge resulis for this mixture. The RBE's, although
8till considersbly lover than estimated for the large charges, vwere wuch
higher than those obtained on previous l-lb tests. Figwre 2 shows that
RBE has not reached a mwaximum value; Wp; bas, or nearly has.

5. Wpd's aud Rui's were independent of porosity (for TMD betveen 84 and
92%) for the AP/TNT/AL mixture tested. Howover, there were significant
differences between the values reported herein for charges with fine

(< 45 micron) AP compared with the coarger {200 micron) AP used previously.

5. RECOMMENDATIONS

1. The first three mejor recomendations outlined in reference {c) for
changing the test procsdure for i~1b chearges shonld be advpted vhenever
possible. Thege are: (a) "Use mreesed pentolite as the primary standard,
(b) “Use presscd pentolite truncated comical boosters, (c) “when possible,
in teating nev mteriels, use Jressed test charges at two porosities

(e.g., 85% and 90f '™MD) and examine results for s porosity effect in
analogy to the way 30 g and 100 g boosters are used to detect s booster
eﬂeda "

2. Conduct tests on effect of density st 30% ™MD and less for HEX-1 and
THT /AL Wax (55/40/5).

3. Pire 10-1b (or larger) charges of HBEX-1 and TNI'/Al/Wax for cowpearison
with the 1-1b results.

k. Conduct tests om effect of particls size ou smmonium perchlorete
meﬂv
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CHARGE PREPARATION

! X PRESSED; 30pom CONICAL BOOSTER; THIS REPORT
& PRESSED; 30gm CONICAL BOOSTER; REF (C)

© PRESSED; 100gm CONICAL BOOSTER; THIS REPORY
V PRESSED; 100gm CONICAL BOOSTER; REF (C)

@ PRESSED; CYLINDRICAL BOOSTER; THIS REPOKT
A PRESSED; CYLINDRICAL BOOSTER; REF (C)

FIG. 1 THE EFFECT OF CHARGE DENSITY ON THE UNDERWATER POWER
. OF SMALL HBX~1 CYLINDERS
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FIG. 2 THE EFFECT OF CHARGE DENSITY ON THE UNDERWATER
. POWER OF SMALL CYLINDERS OF TNT/Al AVAX; 55/40/5
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APPENDIX A

MEASUREMENT OF MAXTMUM EBUBBLE RADIUS

A.l BACKGROUND

For many years the ratio of the cube of the bubble period coefficlents
(K) has been used as a measure of the relative bubble energies (RBE) of
two explosives. H. G. Snay of this Laboratory has pointed out on several
occagions that the relative bubble energy for highly aluminized mixtures
should be determined frow the cube of the maximum bubble radius coefficient
(J) in place of the bubble period coefficient. Ratios of J3 (for highly
aluminized mixtures relative to pentolite) are expected to be somewhat
sugller than K3 for the same mixtures.

SRR S S A AR I FEMIECN FAs

One attempt to build and use a bubble probe for the measurement of
the maximm bubble radius was successful in 1957. However, the probe
could not be used conveniently on a mass production program such as the
1-1b diaphragm gage tests.

Probes for weasuring the naximum radius of the explosion bubble were
developed by Phillips and Scott (Ref. e). On the tests reported in the
main body of this report, one of their bubble probes was used successfully
on this 1-1b firing program; i.e., a wmass production test. The results
obtained are given in this Appendix.

A.2 EXPERIMENTAL TECHNIQUE AND RECORD ANALYSIS

For these tests, a terlon separated probe was ripidly mounted sbout
27 inches from the center of the charge. The output of the probe was
fed through cable to an oscilloscope. The vertical and horizontal sweep
of the spot were recorded on a Polaroid Land cauera (Ref. ¢).

The maximum bubble radii, , and the bubdble periocds were read
directly from the Polaroid prin 5%. Values of these measurements are
listed in Table A-1 along with the pertinent shot data for each shot.
Bubble radius coefficients (J) and bubble period coefficients (K) were
calculated by the wethod outlined in reference (d). Values of the radius
coefficlent, the geriod coefficient, ratios of J/K and REE's (determined
for both g3 and K ) are shown in Table A-2. The bubble period coefficients
are the same values used in the main body of the report to calculate the
RBE’'s. The RBE's are also shown in Figure A-l.

L e e S T

o

e

A.3 BUBBLE PERIOD AND RADIUS COEFFICIENT

mhe radius coeffliclents for the four weights of pentolite pressed
40 95% TMD show a gradual decrease from a value of 13.1 for the 0.5~1b
charge to a value of 12.2 for the 1.32-1b charge. The value of 12.6 for

* mimle periods recorded on rotating drum cameras gave essentially the
gsanie values as those recorded on the Polaroid Land cameras.

S PR A LS S I e
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the 1.0-1b charge 15 the samc as that generally accepted (Ref. h). The
values for the charges pressed to 8§5 and 90% TMD and for the cast pento-
lite charges are in good agreement with that for the 1.0-1lb churge pressed
to 95% TMD.

The period coefficlients are essentially the same for all of the
pentolite charges. The ratio of J/K for the pentolite charges vary from
2,78 to 2.94. These values are in good agreement with previous results.

The ratio of J/K (2.72 to 2.80) for the HBX-1 charges is slightly
less than that for pentolite. The values of J obtained herein are
slightly lower than the mccepted value of l4.i. The ratios of J/K for
the TNI'/Al/Wax mixtures are nearly the same as those for HBX-1; the
values for the AP/PNT/AL mixture are much lower than those for the other
explosives.

A.4t REIATIVE BUBBLE ERERGIES

Ratios of J3 and K3 (relative to pentolite) are shown in Figure A.l
as a function of % TMD. The J3 are generally sgaller han the K3; for
HBX-1 and TNP/Al/Wax, the differences between J° and K’ become larger
with decreasing density; i.e., the charges which detonated high order,
give larger differences between RBE's detez;mi.ned by the radius and period
constants., In general, lower values fur J- were predicted; however, the
large difference for AP/TNT/ALl is much greater than expected.

) e
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TABLE A-l

BUBBLE PERIODS AND MAXIMUM BUBRLE RADII
(A1l shots fired at 9-ft depth)

1 O st et s e . e+ i e e o x = e =

Explosive Shot % Total Booster Water Bubble Bubble
No. ™™D Chg. Wb. Wt. Depth  Peripd Radius

. (ws)  (Bs) (Pr) (sECc) (FT)

Pentolite B-3384 95 0,500 - 4.5 - -
"3"“% 95 0.500 - 2600 0.2 2.97

-3416 95 0.500 -- 26.0 0.142  3.00

-3476 95° 0.500 - 26.5 0.145 - 2.99

Pentolite B-3392 95 0.661L - 26.0 0.158 3.28
=3426 95 - 0,661, == ' 19.0 0.154h  3.23

-3452 9% 0.661 - 26.0 0.158 3.25

~348k 95 0.661 - 25.5 0.158  3.28

Pentolite B~ 3377 95 1.00 L -om - -
-3&36 95 1.00 - 1.9 -0 00 175 5 . 57

-3460 95 1.00 - 26.0 0.178 3.63

-3501 95 - 1.00 -~ 25,75  0.1T8 3.68

Pentolite B=3400 95 1.32 - 25.0 0.191  3.82
3444 95 1.32 - 20.0 0.191 3.48

-3468 95 1.32 - 26.0 0.193  3.b8

- -3493 95 1.32 -- 25.0  0.192  3.89

Pen‘boli‘be 3'3381 90.2 1.00 - ll"os - -
-31‘-1.1- 90-2 10()0 - 26:0 0- .L76 5- )5

-341‘5 9002 looo - 2000 00177 3‘58

-3479  90.2 1.00 - 26.0 0.1T7T 2.59

Pentolite B'3382 &*02 looo - lh‘ts bk ) -'-v
3412 8h.2 1.00 - 26.0 0.17T6 3,57

-31‘11-9 814-.2 1.00 bt 2000 00178 3.53

-3480 8.2 1.00 - 26.0 0.178 3.62

Pentolite B"3383 98:6 1000 - luls - 3-1"“
(cast) =3413 98.6 1.00 - 26,0 O.L1f  3.61
-3450  94.6 1.00 - 20,0 0.176  3.56

=331 98.6 1.00 -- 25.75 0.178 3,62

HBX-1 B-3393 9T.h 1.00 0.066 26,0 0.189 3.75
(cylindrical -3430 97.4 1.00 0.066 19.0 0.18% 3.69
booster) -3462.  97.4 1.00 0.066 25.0 0.189 3.75
-3491  97.4 1.00 0.066  25.0 0.187 3.73

A-3
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NOII'R 6T~17

TABLE A-1 (continued)

Explosive Shot % Total Booster Vater Pubble Bubble
No. TMD Chg. Wt. Wt. Depth  Period Radius

(s}  (mes)  (¥r)  (sec) .(FT)

KBX-1 B~3394  9T.k 1.00 0.220 26.0 0.186 3,71
(cylindrical ~3431 97.4  1.00 0.220 19.0 0.184 3,57
booster) C=3462  97.k4 1.00 0.220 25.0 - 3.68
=3492 97.4 1.00 0.220 25.0 (Tt -

ABX-1 B-3376 9.7 1.00 0.066 14.5 0.191 3.T4
-3k 97.T 1.00 0.066 26.0 0.184 3.T5

«3451 97.7 1.00 0.066 26.0 0.189  3.84

-3'482 9707 1.00 0.066 25.75 05187 3.80

HBX~-1 B-3385 97.7 1.00 0.220 14,5 0.188 3.68
=3415  97.7 1.00 0.220 26.0 0.193 3.86

-3453  97.7 1.00 0,220 26.0 0.191 3.88

-3483  97.7T 1.00 0.220 25.5 0.193  3.95

HBX-1 B-3386 95.8 1.00 0.066 4.5 0.194%  3.73
-3423  95.8 1.00 0.066 19.0 0.195 3.93

"3’*5!4' 95.8 1.00 0‘%6 2600 00199 )+-00

=385 95.8 1.00 0.066 25.25 0.200 4.01

HBX"]- 3’3387 95-8 1,00 0.220 lhoo . - -
-3k2k  95.8 1.00 0.220 19.0 0.192 3.78

=3455 95.8 1.00 0.220 26.0 0.19% 3.90

-3486 95.8  1.00 0.220 25.25  0.195 3.91

HEX-1. B-3388 90.3 1.00 0.066 14.0 0.192 3.79
3525  90.3 1.00 0.066 19.0 0.195 3.88

-3456  90.3 1.00 0.066 26.0 0.200 1.03

=37 90,3 1.00 0.066 25.0 0.200 3.99

HBX-1 B-3389 90.3 1.00 0.220 1k.0 0.193 3.79
~3427  90.3 1.00 0.220 19.0 0.189 3.83

-3457  90.3 1.00 0.220 26.0 0.195 3.91

~3488  90.3 1.0 0.220 25.0 0.197 3.9l

HBX~1. B-3390 45.2 1.00 0.066 14.0 0.190 3.73
3428 85,2 1.00 0.066 19.0 0.196 3.88

-31"58 8502 1-00 Ou(% 2600 01201 3.99

~3489 85.2 1.00 0.066 25.0 0.201L 3.98

-3459  85.2 1.C0 0.220 26.0 0.197T 3.91

-2k90 89,2 1.00 0.220 25.0 0.196 3.90

>
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TABLE A~1 (contimued)
PUBKSE PERIODE AND MAXIMUM BUBELE RADII

Pxplosive Shot % Total Booster Water Bubble Bubble
¥o. ™MD cb? . W Depth Period Radius

)  (es)  (vr)  (sEc)  (Fr)

X1 B-3395 97.7 1.00  0.066 26,0  0.198 3.93
(cast) -3432 97.7 1.0 0.066 19.0 0.198 3.90
-3463 97.7 1.0 0.066 25.0 0.201  3.99

-3494  97.T 1.00 0.066 25.0 0.201  3.97

HEX-1 B-3396 97.T 1.00 0.220 26.0 0.196 3.90
(cast) <3433 97.7 1.00 0.20 19.0 0.196 3.86
"3“@" 9‘1'7 l-m 00220 26.0 001.95 3090 B

«3495 97.7 1.00 0.220 25.0 0.196 3.88

3.18

'm%n/uu -~ B=337T9 95.2 1.00  0.066 14.5 0.157
55/40/5 -3397 95.2 1.00 0.066 25.5 0.15%
-3434k  95.2 1.00 0.066 19.0 0.163
-3465 95.2 1.00 0.066 26.0 0.162

n%nywu B-3398 95.2 1.00 0.220 25.5 0.166
55/40/5 95.2 1.00 0.220 19,0 0.168

-%“ 95-2 l-m 0-220 26.0 00172
-3496 95.2 1.00 0.220 25.0 0.172

1..00 0.066 25.75 0.209

1.00 0.220 25.5 0.203
1.00 0.220 19.0 0.201
1.00 0.220 26.0 0.206
1.00 0.220 25.75 0.203

RIRS

B 3

-3500

'.l'!%k.y\hx B-3399 89.8 1.00 0.066 25.0 0.19k
55/40/5 -3437 89.8 1.00 0.066 19.0 o.ga
-3’56? 89.8 lcm 0.% 26-0 0-

' -397 69,8 1.00 0,066 26,0  0.204
leM/ihz B-34C1  89.8 1.00 0.220 25.0 0.200
55 l"O 5 "3"38 w-e low 01220 19.0 O.]Srh

‘3"’@ 89.8 1000 0&«220 2600 00201
'3!‘% 89.8 1.00 0,220 2600 0.199
TMr/Al/Wex  B~3402 85.1  1.00 0.066 25.0 0.206
55 /5“ "'3“‘39 8501 1.00 . 0.066 19—0 00205
/‘o -370 85.1 1.00 0.066 26.0 0.208
85.1
85.1
85
85
8s

A~5
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TABLE A=l (coptinued)

BUBBLE PERIODS AND MAXIMUM BUBBLE RADII

i Explosive Shot % Total Booster VWater Bubble Bubble
f)‘ No. ™D Chg. Wt. wt, Depth  Period Radlus
! (Ls)  (ws)  (Fr)  (sEc) (Fr)
! AP/THT/AL B~3380 92.3  1.00 0.066  14.5 0.216  3.83
i b5/20/35 -3kok 92,3 1.00 0.066  25.5 0.222 k.ot
§ =344 92.3 1.00 0.066 19.0 0.220 4.0
i =34T2  92.3 1.00 0.066  26.0 0.224  14.05
f AP/TNT/AL B-3405 92.3  1.00 0.220  25.5 0.215  3.95
' 45/20/35 =342 92,3  1.00 0.220 20.0 0.215  3.93
-3473  92.3 1.00 0.220 27.0 0.216  h.lz

AP/TNT /AL B-3406 90.9  1..00 0.066 26.0 0.221  4.03

45/20/35 -3443  90.9  1.00 0.066 20.0 0.222 4.0k
‘ -3474  90.9 1.00 0.066 26.75 0.22%  L.16
; -3502  90.9 1.00. 0.066 25.5 0.22k  L4.20
1 AP/TNT/AL B=3407 90.9  1.00 0.220 26.0 0.216 3.98
| 45/20/35 -345  90.9  1.00 0.220 20.0 0.21%  3.92 NG
ﬁ <3475  90.9 1.00 0.220 26.5 0.217 L.08 3u@§w
g AP/TND/AL  B-3409 BL.2  1.00  0.066 26.0  0.223 4.06 S i
j 45/20/35 - 36  Bh.2  1.00 0.066 26.0 0.222 3.96 a ‘w;Adk
i 3477 Bk.2 1,00 0.066 26.25  O.22h  L.22 1 ﬁ;@%ﬁ
: AP/TNI/AL  B-34i0 ‘B2 1.00  0.220 26.0  0.216  3.98 e
v 45/20/35 ~3447  Hh.2  L.O0 0.220  20.0 0.215  3.90 ; T
1 | |
| |
| |
‘ |
{i i
.
}
b
]
b
ﬁ A-6
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