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FO EWORD

This report was prepared by Aerojet-General Corporation, Downey
California, on Air Force Contract AF 04(611)-10919, which supports
- the USAF Solid Propellant Hazards Study Program (Project
‘SOPHY). Project 63A00201. The period covered by thu report is
i Scptember 1966 through 30° November 1966. ‘
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1. INTRODUCTION

This yuasterly roport is the fifth of a series of reports partially ful-
filling Contract AF 04(611)-10919, Large Solid-Fropellant Boosters
Explosive Hazards Study Program. The purpose of this program is to
SR _gain additional knowledge and to develop new techniques for analyzing
B % ‘the explosive hazdrd and dnmage potential of large solid-propellant
e rocket motors.

v ’J‘he objectives of this program are: (1)to determine the influence of

- ! .grain shape on propellant detonability and sensitivity, (2) to determine
the critical diameter of a typical solid-composite rocket-motor
propellant, (3) to determine what changes a solld-propellant grain

i might undergu when expobed to operational mishaps, and (4) to develop

v methods to. simulate and characterize these Changes

."summv s

N

TR,

S A correlat:lon haa been ma.de to determine the valichty of applying the
} - modified Jones detonation model in developing the Aerojet model for
B R crit'ical d.iametez is a function of RDX .content. The results indicate
Co " . that. complate cox‘relatmn will require analyses of detonation velocity -
AR v diam,qbter data from more than one adulterated propellant forrulation.
> “ /Theus data are not yet available, but they will be acquired from the
| ‘1ca.xd-gap wnaitivity tests that will be conducted under this program,

The nbnormal detonauuon beha.vior of ahock initiated hqllow cylindeical
g u.mplma appears to be caused by deflagrative erolion of the inner
... surface of the samples, ‘owing to the h.wh—velomty jet that is formed in
‘ the perfara,txon by Mach 1nteraction of the shock waves produced by the
e datunating ma,terial iy : :

Wt

L The criticnl geometrles of solid triangular columns and ret.tangulax
ulabu are 95% and 94% of the critical diameter, respectively.

’I’M’s ,pneudocritical geometries of circular-core and cross-core hollow
cylinders both are 88% of the critical diameter,

o S The ‘Hugoniot of AAB-SZZS (7.1% RDX) adulterated propellant is P =
N S 62.75 p='+ 27.38 p. The correct Hugoniot for AAB-3189 is I =
B 47.80 uz + 52.18 u. This correction of the Hugoniot reported in
SOPHY 1 is facilitited by an improvement in the method by which the
" data are reduced.
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radiusg, which is used in the detonation mndel. The new exprc.amon will
handle hot-spot initiation sites of any type, number, and wize.

Peak overpregsure data from the 72-in.-diameter critical-diameter
test (CD-96) and the 60-in. ~-diameter critical-diameter test (CD-98)
have been corrected. Their final values are reported.

Progress in the synthesis and analysis of porous and cracked propellant
is discussed, Varlous processing parameters are evaluated regarding

their influence on the quahty of porous propellant.

THEORY OF URITICAL GEOMETRY

3.1 TECHNICAL DISCUSSION - PHASE 1 SUBTASKS

3,110 Variance and Mean, Critical Cvec»metxy

(Su.bta.sk 3,2, l*)

 The tests spectﬁcally designated for thia erubtask were Completed
earlier in the yvear. The analyses of their results were reported

in the preceding quarterly report (Reference 2). The statistical estimate

 of the mean critical dlameter was 2. 66 in., for an adulterated AP-

PBAN propellant that contains 9.2 % by weight RDX (Aervjet formulation

AAB-3189), Data from SOPHY I, Contract AF 04(611)-9945, and SOFHMY II

Contract AF 04(611)-10919, were combined to yield this value of the

mean critical diameter. The average statdard deviation of the data
" was 0.08 in., which contained the within-batch standard deviation of

0.04 in. and the between-batch standard deviation of 0. 07 ih;

Since AAB-3189 is used in several subtasks of this -program, additional
critical-dlameter data are avallable from the batch-control tests,
which were performed with samples from each propellant batch. For
example, in the critical geometry subtask (Phase 2, Subtask 3. 3.2} the
accuracy of the theory is estlmated by compaving the critical geometry
of each of several shapes with the critical dilameter of the propellant

#Subtask number corre.ponds to the paragraph number in the program

plan (Reference 1), which locates the description of that particular
series of tests,

TR TR
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used. It is necessary, therefore, to obtain an estimate of the critical
diameter from each batch. More precisely, it rnust be assured that
the propellant does not significantly differ from prior batches of the
same formuiation. To estabiish ihis, in vaci batch thers arc included
eight solid-cylindrical batch-control samples of which two in each
batch have nominal dlameters of 2. 56, 2.63, 2.69, and 2,75 in.

Propellant Batch 4EH-108, which included triangular samples for the
critical geometry subtask and hollow cylinders for the. Jettmg phenomena
study (Subtask 3.2.4), had a critical diameter of 2. 73 in.  This valus

is consistent with the estimates derived from the previous data. Com-
bining the results of the Batch 4EH-108 tests with all previous data
changes the estimated mean critical diameter of AAB-3189 to 2. 69 in.,

but does not affect the estimate of the standard deviation of 0. 08 in,

"Batches 4EH- 109 and -110 c.ontained samples for the crithal geometry

subtask (rectangular Cross- section and hollow cylinders).. The results
of the batch-control tests from batches were negative; i.e., mno
detonation occurred in samples of up to 2. 75 in. nominal diameter.
These batches differ significantly from all previously tested batches of

- AAB-3189. The ¢ritical diameters of these two batches were found by

testing larger diameter samples, which were prepared by turning down

’ several samples that were originally destined for use in Subtask

. 1.% The. critical diameter of Batch 4EH-109 was foundto be
between 2.95 and 3,00 in. ‘The critical diameter of Batch 4FH 110 was
between 2. 90 and 2. 95 in, .

Careful study of the batch mixing records does not show cause¢ for the
anomalous behavior of these batches. .Since the samples cast were
destined for use in the critical geometry subtask, they were allowed

to qualify for testing because the test results could be compared to the
individual critical diameters of these batches and they did not need to be
compared directly with data obtained from other AAB 3189 tests. ‘

The reaults of the batch-control tests for Batches 4EH 108 -109, and

-110 are shown in Table 1,

*These samples had already been cast when the decision was made to
not perform this subtask, because of the positive results of
Subtask 3, 2.3 (Section 3.1, 3). Therefore their alteration does not
affect the SOPHY Il program.
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Table 1. Batch-Control Tests, AAE-3189 Propellant.
Ratch Diametar Tast i
No. (in. ) Result No.
4EH-108 2. 55 Ne¢ Go 3.2.1.175
4EH-108 2. 54 No-Go | 3.2.1.176
4EH-108 2,62 No-Go | 3.2. 1L 177
4EH-108 2. 62 No-Go . | 3.2.1.178
' 4EH-108 2. 67 No-Go | 3.2.1.179
4EH-108 | 2. 67 - No-Go | 3.2.1.-180
4EH-108 2.73 Go 3,2.1, 181
4EH-108 2,74 No-Go | 3.2.1,182
| 4EH-109 2.73 - No-Go | 3.2.1,183
| 4EH-109 | 2.73 No-Go | 3.2.1.184"
4EH-109 2. 80 No-Go 3.2.1.187"
4EH-109" 2.90 No-Go | 3.2.1.188
4EH-109 | 2.95 'No-Go -~ [.3.2. 1, 191
'4EH-109 | 3.00 Go | 3.2.1,192
' 4EH-110 2.73 No.Go. | 3.2.1.185
4EH-110 2.73 . No-Go | 3.2.1.186
4EH-110 2.90 . | NoGo | 3.2.1.189
4EH-110 2.95 Go ‘3.2, 1. 190




0977-01(05)QF
Page 5

3.1.2 Mean Critical Diameter and Variance
(Subtask 3.2.2)

Critical diameter determinations for AAB-3225, which is an AP-PBAN
propellant adulterated with 7. 1 % by weighi RDX, exhibiied a variaiion
similar to that found with AAB-~3189 (Section 3.1.1}). The critical
‘diameters of Batches 4EH-44 was 5. 21 in., 4EH-107 was 5.25 in.,
and 4EH-84 was 6. 36 in. The average densities of these batches were
1.735, 1.724, and 1,729 gm/cc, respectively. No indication of mixing
or casting differences between batches was discovered. Since the
density data do not correlate with the critical-diameter data, the

o difﬁculty has not been resolved. However, because of the agreemeii

. between Batches 4EH 44 and -107, it was concluded that Batch 4EH-84
was not representative of the AAB-3225 formulation,

- The use of this type of propellant in the verification tests (Subtask 3.3.3)
.and in the eenlitivity tests (Subtask 3. 3. 5) will provide further data by
which the true critical diameter may be chosen. The verification tests
include batch-control samples. . The sensitivity tests include samples
‘of 6-in. diameters and larger. : . we |

3.1.3 Detonation Veloc:.ty as a Funcnon of sze
(Subta.sk 3. 2. 3) ‘

The Jones theory‘(Reference 3), originally developed t‘o describe the

; nonldeal detonation behavior of explosives, was needed in the develop-
‘ment of the SOPHY detonation model to describe the variation in critical
diameter of an RDX-adulterated composite propellant with changes in
RDX content (Reference 4). The experimental data wsed to guide the
development of the model were obtained in tests with samples having
diametera nearly the same as the critical diameters. Data are needed
regarding the variation of detonatmn velocity for different shapes over
a large range of sizes to teat the ‘ability of the Jones theory and the
model to describe the nonideal detonation behavior of compaosite pro-
pe¢llants. These data also wilil be used to deteiﬂmine the relaticnship
between detonation velocity, reaction- zone thxckness, and size as a
function of sample shape,

NN NN SE- NN N R R

Detonation‘-velocity and conductance-zone measurements for AAB-3189
propellant were reported in Reference 2. It was stated that the thick-
ness of the highly ionized region following the shock wave in composite
propellant may be greater than the reaction zone itself. Since the probe
instiumentation was providing data on the thickness of this conductance
zone, no actual measure of the reaction-zone thickness was achieved if

this interpretation is correct.

i
,g
l



V2t s = i R A v s s s Sl i i s 0 e I, e L m e e o

0977-0 1(05)QP
Page 6

An alternative method to evaluate the use of the modified Jones theory

P NPT BN
Alvuives unuy tnc wowonaticn .:lc:it“-- re-aliva Aata A aiviar of

calculations have been made to judge the correlation between measured
and nredicted diameters as functions of detonation velocity. The

analysis is applied to two shapes: the circular cylinders and the gquare -
columns. ‘ ‘

== = -— 1

The AerOJet 'detonation model (Reference 4) is expres sed by

12 /s
3k (_&Q’.‘)[(G) -1]0
SRR i SN S N1 AV 71 SR

| B[l -(n/ni)z] 1/2

o

R =" 4
£
-3
o
e
(4 ]

d = charge dia‘r‘n‘eter‘

)
oy
(13

“the constant in the J ones expreuion. left unspecified
in the Aerojet model ‘ y

d“ = ‘avgrage‘ RDX particle di‘ameter
G = a corxstant, unapecified

h f = wt fra.ction RDX -

e = e‘quivalent‘wt f‘ra‘.‘ction‘RDX for other iniﬁiation ’ai\i:es“
- D"\H‘= detonation irelocit& o
B = linea.r burning rate of ammonium perchlorate (AP)

‘ Di ‘ ideal detonation velocity

‘ The AP burning rate can be expressed as a function of T c’ the surface
temperature of the regressing AP, by ‘

B = 2.1 10"“'1\i exp (-21, 500/T ) | )

and T by

8 ,
T, = 1824 + 18, 4 Py D% - 0.137 poZ p* - (3)

e e e e e i
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where p, is the AP bulk denaity Thus d can be related uniquely to D

{if dR DX ana 1 are iixed. Iu ihis o222, E4uwatian 1 can be written
4- Kz | (4)
| where . | |
BT | “dj_ REVEERT |
K - 514 KJI/Z ( ,zD'x)_ (f'?,c) | -1 | )
and’ | | L 't
- glf) = “ > 172 (6)

| B[l - (D/Dy )2

‘Thercfore with D d data, and an estimate of Di it is pos sible to com-

- pute g{f) from Equations 2, 3, and b.. If the detonation model is
.. "spplicable to nonideal detonation. a plot of d vs g(f) should produce a
1 straight line with slope K . ‘ ‘

" The inqlicnted correlation was. carried out for A.AB 3189 propellant

using data obuined under this subtask- (reported in Reference 2) for -
both circular cylinders and square columns. A computer program

‘c;rridh out the computations of Eqmtions 2, 3, and 6 and determined

Kby twp mathods (1) by calculating the best value (denoted K.) from
" the critical dimension and the critical detonation velocity estxmates,
¢ and (Z) by computing the least-squares best fit, denotedk from all the

- data. Equation 4 could poasibly be fit best with an additive constant,
80 a third value of K V(denoted K*) was calculated for a fit to_

7& = K* g(f)+‘c~? - S   .(7)‘

2 where C* 15 the ﬂnite intercept

' The renultn of these calcula.txons are shown in Table 2, The ''residual

variance' estimates give a measure of how well the ""best" values of K
actually fit the data. Table 2 reveals that the fit of Equation 7 is
considerably superior to that of Equation 4. Although there are no
residuval variance estimates for Equation 4 using the critical values, a
plot of g(f) v d (and s, the side of the square columns) using K, yields a
poor fit to the data. It may be assumed, therefore, that the best
correlation of the nonideal detonation data ior AAB-3189 is represented
by Equation 7. '

[ [ —
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Table 2. Correlation of Aerojet Detonztion Mod ai in tha NnAnidfzg Ranminn,
for AAB-3189 Propellant,

SQUARE COLUMNS

: ‘ Residual
. ~ Slope | Interciept IVariance
Equation \ (in.) {tm.}) (in.#)
R AT .
s = K g (f) K=3,03x10 .- 5. 31

8.08x10 % |-a | | ...

VS‘C:H= Kgc(f) . K

18.8 x 10”4 | C»

552 00092

s =K g) +Cx | K=

; CIRCULAR CYLINDZRY
. \ | B Residual
‘ | -  Slope = Interc ept | Variance
: - Equation | . (in.) vy in ) (in.)
E 4=K gy ] K=1L2x 1‘.0"“4 m— 2. 01
E A=K g ) ok =smsxiot |oo || L.
d =K. gl K =873 | PR R L
d=Keg(f)+C* {Ke=233x10"% Jcr=y, 87  0.197

WEy Ty T T

R T | ——

Lo -

: S - e T R - -
o | .. -
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Since this correlation differs from the assumed form (Equation 4),
Aorsjst modal ia veed

it is desirable to determine its eiieci when ind Acrsjst

to fit the critical diameter vs wt fractio.n RDX data generated on

Contraci AF G4{611)-7945 (Bcferanca4) At critical conditions,

Equation 7 becomies

d, = K*g () + Cx ‘ (8)

o waev,ox”-.,‘lincé it was shown that dc‘ is lincarl{ dependent on (1/f + c)1/3
"(Rétex‘encé‘ 4) K* or C* may depend on (L/f+c) /3
the. general case, ' ‘

Therefore, in

| K% = K*I(FT:) ‘ +K*2 (9)
L LM : | |
C* = 9#1 (fTE) +“c;tz - : ‘ ‘(10) o

“wher'e”!“(* .‘K*Z. C*l, and C*_ are éonntanﬁ- ihdependent of (1/£+¢)1/3,

2

S\iﬁl‘titﬁt‘:mg”l:‘du;tibﬂt‘) and 10'into Equation 8 gives, ifter“.ffearranging.. ‘
= | K% g - C% -—1— . # ) * :
e[ () [ o] o

: ”‘Com‘bining Equa.tions 1 and 6, at the Erltical c‘és‘e. ‘gives

B

. 172 L |
R S fgnz{’sl/s 1
¢c‘ 14 KJ ( 2 ~ 3c(f,](f+ c)

1/2 fd B
R S (,Z “em] \

1/3

‘(“12) -
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For Equations 11 and 12 to be compatible the fallowing muat he true

- 3 /2 {d BNY 173 )
R g ) FU¥ =R, \ / G0 (13)
1/2 fa, L | a
% * = e— —— ] o . .
K*, g_(f) + C*, ==K, ( 3 .)’gc.(f) o (14)

Since Ky, dgpx, and G are constants, Equations 9, 10, 13, and 14

. state that K*;, K%,, C*|, and C*, depend only on g {f). However, since
it was found that g.(f) is itself a constant mdependent of {f (Reference 4),
the equations require that K¥}, K¥%,, C*|, and C¥; be constants also
independent of £. To determine if équat:om 13 and 14 are satisfied, it
‘is necessary to specify all these constants. However examination of
Equations 9 and 10 shows that this cannot be done until other values of

L K* and C* are determined at othe. f's : o

It may be concluded that the correlatxon found with Equa.tmn 7 is not

ircconsistent with the Aerojet detonation model if the comipatibility -

conditions are met. ‘When additional D vs d data become available Irom "

the tests in Subtask 3.3.5 a correlation can be attempted and new

values of K* and C* can be determined. With this information and the

data in Table 2, Equations 9 and 10 can be used to solve. explicitly. for ‘

K=, K%, C%;,'and C*¥,. These values can then be substituted into Equa-
‘tions 13 and 14 to test compatxbllity. The values of the right-hand sides of

Equation 13.and 14 and 6f g.(f) are known from the prior d.-vs-{ studies.

- It should be noted that" Equ.atiom 13 and 14 must be satisfied for values :

‘of the constants determined from any pair of K%, C* data and must
‘therefore hold for all RDX contents from 0 < fx 0. 10 if the Aerojet

model u to be generauy valid for nonideal detanation

As noted above, the data in Table 2 show that the best correlation for

solid squares is represented by Equation 7. Since de and s differ.

comparison of the results for cylinders and squares can be made by

dividing Equation 7 (with the appropriate constants) by d. and s,

respectively. This leads to

-§~= 8.63x 104 g() - 1.81 (15)
) |
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for cvlinders, and
s -4
<= T.8R % 10 alf) - 1.41 (i6)

C

‘, for solid squares. ‘

- Although these equations are now on an equivalent basis, and the res-
-pective constants are ci.ier to each other than those in Table 2, it still
is believed that significant differences beiwsen them do exist. Thus, it
appears that even if Equation | is valid, for the same reasons

discussed with. respect to cylinders, the Jones theory cannot be applied
directly to golid squares unless a value of Ky different from that deter-

. mined for cylinders, is used in Equation 1. However, as D vs s data
" for propellant other than AAB- 3189 became available, a more definitive
' . determination of the applicability of the Jones theory to solid squares

will be possible.

- 3;,1 4 Jetting Phenomena Study (Subtask 3 2. 4)

o Streak-camera ob-ervatxonl of previoul cntxcal geometry tests of
~‘hollow cylindrical uamplea showed that an abrupt cessation of an .
i apparently steady detonation occurs at somb point along the length of
~the sample (Reference 4). The location of this point appeared to be
‘determined by the web thickness of the grain, when the results obta:.ned
for only one propellant formulation were analyzed. Since it is

obsérved that a high-velocity jet is produced in the core of an end-

- initiated hollow cylinder, the relponsxbihty for the anomalous behavior
~ of hollow cylindrical samples may be ascribed to effects caused by the .
‘ Jetting phenomenon. ‘Therefore,this subtask consists. of a series of tests

designed to investigate the manner in whi&.h jetting affects the deto. |

nation reaction of hollow cylinders. These tesis include studies of the

‘effect of core diameter (ID), and uample length and web th1ckness on:

the. beluwior of hollow cylindeu

3.1.4.1 Effect of Core Diameter"

Hollow -a.mples. cast from AAB-3189 propellant, havmg web thickness

equal to 1.4 in. were prepared in several sizes in which only the ID
varied. Core diameters of 0.06, 0.12, 0.25, 0.50, 0.80, 1.5, and
3.0 in. were chosen. All sample lengths were four times the OD, The
samples were instrumented with four sets of ionization probes in circuit
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with four rasteroscillographs to obtain distance-~time data on the
reactive shock wave and the jet, Three Bets of probes placed 1n the
propellant gather the data at radial positions 1/4-, 1/2-, and 3/4-web
in from the outside of the sampies. The {vuith set of probes meniters
the travel of the jet along the charge axis. Figure 1 shows the test
setup.

A l-in,-thick Plexiglas plate is placed between the Composition B
booster and the propellant acceptor. The Plexiglas attenuates the
velocity of the'shock wave entering the acceptor. This allows better
resolution of the initial behavior of the reactive shock wave in thi pro-
pellant by preventing its being masked by the normal attenuation o? a
highly overboostered initiating wave in the acceptor, which would occur
if the booster charge were placed directly on the propellant sample,
The. Plex1g1as barrier also prevents the booster shock wave from,,
forming a jet in the hollow. acceptor before the propellam detonation
reaction produces its jet. The 1-in. thick atténuator ‘does not redm,e

. the shock pressure below the minimum, level reqmred to imtmte

* detonation in these samples.‘ ‘ ‘ e

It

. The specxﬁc purpose of these telts was to determine t'he mﬂuence of' the

| ID on the location of the point along the' charge length where detonation
‘ceases. It is of interest to learn whether a. minimum coxre diameter -

exists below which the jet has no effect on the propellant behavior, and

whether a maximum core diameter of reasonable pf‘oportionm e:d.st;
" .above which the jet has no effect on the. propella.nt behavior. The’ S-m.

L ID (the maximum core size tested) is not ‘the larges;t that wx“u be tenied o

in this program In' the venhcatmn tests (Subtask 3.3, % Mmplel
‘ with 6-in. ID are 1nc1uded whmh Wlh perrmt further evalua.s,x\\a.m‘oi the
,effect of core slze S . = - REia R

’ The dxsta.nce-dvs-time data were re.duced for plottmg the dntona.tiaw :
velocity vs. dutanoe along the sdmple at each radial duta.nce into tbe
sample.‘ SR ‘ ‘ ) O

N
. o
I i

Figure 2 is a plot, of the data obtained at the 1/4-web depth. Only =~ .

-straight lines were used to connect the individual data pomtl. bebuuwva' E
to.have fit the data to smooth curves would have made it moxe” difficult
to isolate the data of any one sample size from the others, " From

these data it is evident that regardiess of the size of the 1D, the
detonation began £ fade after 7 in. of travel in the samples.

SN . .
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— COMP, B.CONICAL BOOSTER

PLEXIGLAS PLATE

HOLLOW.CY LINDRICAL SAMPLE
(AAB-INY PROPELLANT)

PROBES AND PROBE WIRES

TQ MIXER BOX

_;1‘ 1“ v
i ‘
" YO MIXER RDX

‘ '\ PERFORATED WITNESS PLATE
T SUPPORT BLOCKS

i : ARy

Figure 1.

Jetting Phenomena Test Setup.
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The results obtained at 1/2-web depth are shown in Figure 3 and are
consistent with the preceding. The data indicate that irom ibe uiddic of
the web toward the outer surface of the hollow samples, the detonation

wave front is perpendicular te the chasye axis until rapid fading hegins.

The data obtained at the 3/4-web depth (Figure 4) are much more
erratic than those from locations more removed from the inner surface.
They also show no correlation with core size, but do indicate that
fading begms somewhat sooner at thm position, i.e., at 5to 6 in,

The jet-velacity data (Figure 5) show some oscillatory behavior. More
important, ’there"is evidently a correlation between the size of the
perforation and the velocity of the jet. It was observed that highcr jet
velocities occurred at smaller core sizes. This would be expected

- because the Mach interaction that produces the jet would be greatest

when the core size is minimum.

. Some experurental di.ffmculty in probe placement, with the O 06-in.-1D

samples, prevented jet-velocity data from being ‘obtained beyond the
4-in. distance. Probes further down the charge indicated low
velocities more typical of the values obtained within the web, and these
were assumed to have been owzng to failure to reach the small core

~ with the probes.

F rOm these ‘tests, it is concluded that the abortion 6I sustained detonatxori
ve16c1ty is independent of core size over the 50= fold range from 0 06-in.
.0~ in ID,

3.1.4.2  Effect of Length

. To determine wheiﬁér the abortion of asteady-state detonation is caused

by an end-effect mechanism, it is necessary to test samples that vary
in length In the series of tests described in Section 3. 1. 4. I, sa_mples
having lengths equal to 4 times the OD were used. Since the web thick-
ness was held constant, the OD varied in the same increments as the
ID, and the lengths, therefore, varied over a two-fold range., Since no
correlation was found between the location of the2 fadeout point and the
ID, it follows that no correlation existed with the sample lengths either,
However, a series of tests was planned explicitly to investigate the
length effect using samples of identical cross-section {4, 50-in. OD by
1. 50«in, ID).

B UV RN RS SR ST SV U b i = ca - _W
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Four sample lengths were tested 18 in. (4 x OD), 22. 5% in. (5 x OD),

Lo X I X4 ~ - ) ' falal) L add
M1 ASle \V A vu”auu _Ju FY T \u A NS2Eg,y F 8 p.l.uuc 1.ua|..|. u..lucul.a.u.un wa D

limited to two depths: one set inserted to 1/4-web thickness, the other
to 3/4-wah thickneas. Plﬁviglna war naad tn attennate the hanater

'shock wave, for the same reasons discussed in Section 3.4.1.1

| :‘Figore 6 shows the d‘a‘ta obtained from the outer set of probes, reduced
' to detonation velocity vs distance along the sample. It is evident from

these data that the sudden fading of the detonation velocity is not

' cuased by an end effect. The fading begins after approximately 24 in.,

and it is therefore not observed in the two smaller lengths. It should

be noted in comparing the results for the 1.5-in. web to those obtained
. with the 1, 4-in. web, that the 0. 1-in. increase in web thickness

exténds the distance along the sample, through which a sustained

. .detonation velocity occurs, from 7 to 24 in. This shows proof that, fora
‘ given material, the web size is the principal mﬂuence on the duration
. of a sustained detonation velocity, as judged by veloc;ty data obtained

near the outer. surface of hollow samples.,

'Figure 7 revy als the: extraordinary‘detonation-velooity data obtained
from the inner set of probes. The velocities increased to near

7. 5mm/psec at the 24-in. distance. -Again, the behavior of the deto-

‘nation near the inner surface of hollow cylinders is. seen to differ

‘significa.ntly from that near the outer surface. ‘The outer portion of
the web behaves more normally until the point 1s reached where the

\ detonation fades. Since the inner portion is- relatively more erratic,
it is clear that a true steady- utate sustained detonation occurs for

only a short distance and this "detonation" is in iact a transient

- phenomenon. :

- 3.1.4.3 Effect of Web Thickness

Two samples of AAB-3189 propellant were tested that measured 8-in.
OD by 1. 5-in. 1D by 32-in. long. These were fired under the same
conditions ' and with the same type of instrumentation as that shown in
Figure 1. The data from the two tests were self-consistent. Figure 8
shows the velocity-vs-distance record of these tests and illustrates the
behavior of detonation velocity in a hollow cylinder that has a web thick-
ness (3. 25 in. ) that is much larger than the predicted pseudocritical web

- thickness (1.3 i;‘i. )o %

*See Section 3. 1, 4. 4 for a discussion of the critical geomefry of hollow
cylinders, and the definition of ' pseudocritical."
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| |

Thranghnut the entira samnle length the velocity of the wave over the
outer half of the web remains constant (2. 8 mm/usec). At the 3/4-
web depth, thc same veloci y is maintained for 10 in. and then the
velocity increases very rapidly te reach an aventual maximum of
9.5 mm/usec. The jet velocity increases to between 9. 6 and

9.5 mm/yuec after 12 5 in.

2 onen B =}

Detonation of propellant at 9, 5 mm/psec is difficult to accept. Since
. this velocity agrees with the jet veiocity, an alternative explanation
for the high velocity registered by the 3/4-web probes can be postulated,
Assume that the jet front causes ignition of propellant at the inner
surface as it proceeda down the perforation. This is reasonable,
because of the high temperature and high pressure characteristics of
the jet. Assume further that, because of the high pressure in the
perforation behind the jet front, the propellant will burn at a fast rate.
It follows that, at a sufficient distance down the aample, .enough time
would elapse between the passage of the high -velocity igniting jet front
. and the arrival of the lower velocity reactive wave in the propellant to
perm:lt the burning propellant surface to reach the inner probes before
_ the reactive wave in the propellant. Since the probes are triggered by -
~ shorting through a highly ionized medium, they could be triggered when
the burning surface reaches them. The apparent velociiy deduced
. from the inner (3/4-web) prcbes, from that point on, should be identical
_to the jet velocity, because the vector describing the regression of the
burning inner ‘surface in the longxtudmal direction is equal to the
velocity vector of the jet in the same direction (as summg a constant
rad1a1 burning- -rate vector).

-
L

—

As suming this hypothesis to be true, the point where the burning sur~.
face first triggered the 3/4-web probes had been ignited 45 psec earlier
" by the jet front. For 0.8 in. of propéllant to burn in 45 usec requires
T8 an average burning rate of 0.45 mm/usec. No propellant burning-
o ‘ rate data have been measured near this rate. Extrapolation of the
o l : ammonium perchlorate burning-rate expressions developed in Refer-
ence 5 yields an estimate of the pressure required to cause hurning at
0.45 mm/usec. This pressure estimate is between 5 and 100 kbar,

[ B

E _ using these equations respectively:

. B = 0.70 sinh (1.59 x 10”4 P) (17)
- and

{ B =20xl0o7p? (18)
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where B is the burning rate (in./sec) at pressure P (psig). Since

t:“.-..-.o-:.... 1'1 £low thw Jado hndbam mb bhn L b nh e mtvarn mevnm - 4 emmmner

— ] s a TeYM VeAN WMINTIE MWW RN S e VAl LAAmAAA VA WN L MeA W wwelm ) hie Aoy =

inferred that the required pressure is nearer the 5-kbar level. No
measurement of the static preusure within a cylindrical jet cavity
exists, so there is no way tc determine the probability that such high
burning rates are possible,

3.1.4. 4 Conclusions

Based on the reported findings of the jetting phenomena test series, the
following conclusions are made. - By all considerations, these con-
clusions are subject to revision and correction pending further study of
this complex problem. ‘

‘ a. Core dxameter does not affect the abnormal behavior of the

detouatiOn wave. in hollow cylindrical samples. .

b‘. The abniormal behavior of the detonation wave is not caused
‘by an end- effect mechamsm ‘

c. The principal cause for abnormal uehavior ef the detona.tion
' process in hollow cylindrical samplers is the web thickness;
‘speciﬁcally, the size of the web that exceeds a pseudo-
‘critical value, which is deﬁned as that size below which no
‘tranmtory sustamment occurs. ‘

d.  The ‘mechanism that causes abnormal quenching of the deto-
- nation process consists of a radial burning, directed outward
from the inner surface, which prdcgeda” at a high rate and
reduces the web size to below the pseudocritical value,

" The last conclusion expres sés the present interprefdtion of the test

results, which does not consider any other perturbation to steady-state
behavior than the high burning rate process. If such a process can

- continue unabated, clearly no classically supercritical hollow cylinder

is possible. However, the duration of high preasure at a fixed distance
down the sample must certainly be finite, because the jet slug must have
finite length. Therefore it i possible that a hollow-core sarnple could
be made having a web sufficiently larger than the pseudocritical size
to remain supercritical after the limited burning process has consumed
a portion of the inner web surface.
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The entire jetting problem is not well enough understood in its basic
fundamentals to allow further gpeculation about this and othcer possi-
bilities. The primary questior that remains unanswered is how a jet,

~ traveling at about twice the velocity of a detonationreaction in the
‘web of a Loilow sampie,continues to receive energy from that reaction
despite the continuously in-reasing separation of the two fronts. If

" the jet velocity exceeds the detonation-wave velo-ity, steady-state

- conditions would ‘be impossible in hollow~core samples. This fact

alone ruleu out discussion of critical size and guporeritical gize, when
ﬂ lpeakmg of the hollow cylmder. These terms need to be modified,

by using the prefix ''pseudo.” 'I‘hus, pseudocritical geometry is

~ defined as the minimum geometry in which detonation can be sustained

n 0.7 for a minimal distance, and pseudosupercritical geometry is de-

fined as any geometry larger than the pseudocritical geometry. This
convention has been adopted in Section 3. 2. 1.3, where the critical
- geometry subtask corsiders hollow cylinders, . ‘

T T PSRRI R I

" 3.2 TECHNICAL DISCUSSION - PHASE 2 SUBTASKS

-

3‘.‘2‘.‘1 | Critic\&l‘beom\etry ('Subta‘sk“VB. 3.2)

e - 3,2, 1 l qulateral Trxangle

AAB- 3189 propellant from Baich 4EH-108 was cast into 30 equila-

= T K R ==

. teral triangular cross-section columns for testin: to determine the
b ~ critical geometry of this shape. Five samples were to be cast at each
. | of the fcllowing nominal sizes: . 4. 05, 4,15, 4,25, 4.35, 4.45, and
I ! 4. 55-in, Modxﬁcatmnh to the molds before the casting took place
t 1°3 raised each of the sets of dimensions by approx:mately 0.20 in.,

: -~ v‘whzch produced A series of samplcs ran; sing from 4, 25- to 4, 75~in,
R All the columns had a length-to-side ratio of 4.

% — By the theory of critital geometry for the equiiateral triangular

; : column

e

- e

H : @ {19)
. Tc {3—" {

where ¢ is the critical geometry and b, is the critical length of a
side of the triangle.




¥

R R

RS IEN e DU e e Bk I e e TR

0977-01(05)QP
Page 26

From the results of 21 tests performed with these samples (Table 3

and Figure 9) the maxirmnum likelihood estimate of the mean critical
side is 4. 50-in. The critical geometry, by Equation 19, is 2. 60 in.
Batch-control tests showed the critical diameter of Batch 4EH-108 to

be equa¢ to 2.73 in. Further analyses of these results andthose obtained
W1th the other shapes is given in Section 3.2. 1. 4.

3 2 1 2 Rectangle
1 .

Ao

Elghtei-. critical-geometry tests were conducted using rectangular
‘cross-—sectmn samples. The samples were cast from AAB-3189 pro-
pellant in Batch 4EH-110, which had a critical diameter of 2. 92 in.
8.in all the crltlcal—geometry tests of sclid shapes, the explosive
é; ' ooster cr% ss—sectmn was 1dent1cal to that of the acceptor.
1 3 :
Smce the rictangle is a two-parameter shape. for these tests it was
~decided to keep the thickness constant and vary only the width of the
) samp“les? The critical geometry is less sensitive to inc remental changes
+, in width than it is to the same changes in thickness. Thls is evident
by 1nspect1 on of the deﬁmng equation:

— (20)
w-’f-t,‘

Where w is the Wldth and 1: is the thickness of the rectangle. Since t

i was chosen to be 1 75 -in., Equation 20 may be written

3.5w,
v.= T | (21)
1,75+ w :
for th:Ls paljti~cular sex_'ies of iestsi‘
, 1,
The test results are g1ven in Table 4. The maximum likelihood esti-
mates of the mean critical width and the standard deviation are 6.31
and 0.26 in., respectively. By Equation 21, the cr1t1ca1 geometry
for these recta.ngles is .2.74 in.

3 . o
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I Table 3. Test Results, Subtask 3. 3. 2,
Equilateral Triangles.
l Triangle Side v Average
Standard Result Detonation
I Mean Deviation Density of Velocity
(in,) (in. ) (gm/cc) Test {mm/psec) Test No ‘
' 4,25 0. 061 1,732 No-go - 3.3.2.2 _'
4, 35 0. 027 1,733 No-go .- 5,3.2.3
4, 35 0.047: 1. 730 Mo-go - 3.3.2.8
l 4, 35 0. 049 1,729 No-go -~ 3.3.2.9
4, 37 0.036 1.731 No-go -- 3.3.2,10
4. 38 0.030 1.729 No-go ~- 3.3.2. 11
[ 4. 47 0. 043 1.730 Neo-go - 3.3.2.12
4. 48 0.039 1, 732 No-go | - 3.3.2.13
4. 49 0.038 1.730 No-go L m- 3.3.2. 4
l 4. 50 0. 060 1,734 Go : 4, 24 3.3.2.1
4, 50 0. 069 1.731 Go 4. 25 3.3.2.5
4.50 0. 054 1. 731 No-go - 3.3.2.15
[ : 4.54 1. 038 L. 729 Go 4, 32 3.3.2.6
4. 54 0.032 | 1.728 Go 4.26 3.3.2.16 |
: 4.56 0.045 | 1,731 Go 4.30 3.3.2.17
' [ 4, 56 0.061 . 1.730 Go 4. 29 3.3.2. 14
4. 64 0.045% 1. 728 Go 4, 34 3.3.2. 21
4.67 0.054 | 1.730 Go - - 4.31 3.3.2.20
[ 4. 67 0. 065 . L, 727 Go . . ‘ 4,32 3.3.2. 18
4.70 0. 070 1. 729 Go 'No data 3.3.2. 19
l 4.75 0,052 1.729. - Go 4, 41 3.3.2.17
|
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HUMBER OF GO’S

‘NUMBER OF NO GO'S
[~ 3
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Waz-Bel=t ‘ ) . .SIDE OF TRIANGLE (IN.)

Figure 9. Go - No Go Results, Batch 4EH~]108 Tquilateral Triangles,
AAB-3189,
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o ’ Table 4. Test Results for Rectangular Slabs (AAB-3189)
R 1. 75 in. Thick by 11. 75 in. Long.
R «1 E
T Average
e Deztonation
8 ﬁ ‘ Width Velocity
¥ {in.) Result - {mm/pgec) Test No.
4 ﬂ 5,00 |  No-go -- 3.3,2.78
. 5. 75% + - No-go: -- 3.3.2.11
5.76  ~ . No-go -- 3.3.2.49
E- 5.875 |  No-go -- 3.3.2.50
5.875 No-go -- 3.3,2.51
- 6.00 . No-go - 3,.3.2.48
[ 6. 00 No-go - 3.3.2.42
| § & ; 6. G0 Go 4.19 3.3.2.37
i 6.125 | No-go - 3.3,2.46
[} ﬁ i 6. 125 No-go -- 3.3.2.47
| & 6. 25 | No-go. - 3.3,2:45
S . 6.50 Go - 4, 38 3.3.2.44
E | 7. 00 "Go. . 4. 24 3.3.2.43
- ‘7.7 0} Go. | 4. 29 3,3,2.41
g 9.00 | Go Tl 4029 3.3.2.38
E . 9.50. . | ‘Go 413 3.3.2.40° *
o 10,00 | Go 4,26 3.3.2.39
- 11.75 |  Go . 4,31 3.3.2.35
*Sample length = 23,5 in.

* Average density = 1,726 gm/“cc
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!‘ 3.2.1.3 Hollow Cylinders
Csitical=-gousiay tosio nave been conducked on circular-core and
i cross-core hollow cylinders. A series of tests for both of these -
fhapes was perfarmad ueing perforations of twe differont sizcs, N

-:'._'7 Variation of the sample sizes within each set was controlled by the . B
. ﬂ OD of the samples,

The interpretation of the critical-geometry tests for hollow cylinders ;
is different from that employed for all other shapes tested. The dis- . = i
cussion of jetting phenomena (Section 3. 1. 4) explains the reasons for
8 this difference. Since the critical-geometry theory was developed

' as a tirst-order approximation that did not consider interactions,

to evaluate the theory &s it stands requires determination of the
pseudocritical geometry for hollow cylinders. The definition of this
term previously given is the minimum geometry below which no
sustained detonation can occur over a f1mte d1stanLe.

= ==
o s et

‘ Determmatxon of the pseudocntxcal 8ize is a.ccomphshed by reducmg
distance-vs-time data obtained from probes placed in the samples toa
depth equal to 1/2-web thickness,  The distance over which a sus-

- tainad detonation occurs is determined from the data - for those sizes in
which this behavior is observed. An estimation of the pseudocritical
size could be made from the assembled data.on propagation distance ' |
vs sample size by as summg a linear relationship and extrapolating
& best-fit line'to zero propagation d1stance. Considering the diffi«
culty involved in obtaining an accurate propagation distance estxma.te.

“‘however. and noting the high senslthty of propagation distance to ‘
web size (Section 3, 1. 4.2), it is more ‘proper to consider that the i

- size at which propagaticen occurs for approxxmately two web t}nck-‘ :
nesses is a reasona.ble est1mute of the pseudocntxcal sxze. -

© et e o

The resgults’ of the mrcular -corc tests are shOWn in Table 5. The
. eritical d:ameter of Batch 4EH-109 material from which these were
cast is 2,92-in. By the critical- -geometry theory, the pseudocrmcal
~ peometry of a circular-core hollow cylinder is equal to the differ-
ence between the OD and the ID of the pseudocritical sample.

For the 1. 5-in.-ID samples, the pseudocritical size is 4, 12 in. OD,
which corresponds to a pseudocritical geometry of 2, 62 in. The
pseudocritical size of the 3-in,-ID samples is 5, 62 in. QD, which also
yields 2. 62 in. as the pseudocritical geometry.
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Table 5. Test Results, Subtask 3. 3.2, Circular-Core

E‘ Hollow Cylinders AAB-3189.

: Propagation Detonation

S ID oD Distance Velocity

o l {in. )} {in.) (in.) (mm/usec) Test No.
B ‘ L5 4.25 13 4.29 3.3,2.28
Ml a : 4,25 17 4.32 3.3.2.69
' 4.12 2.5 4,23 3.3.2.29
b | 4.12 4 4,28 3.3.2.70
1 - ‘4. 00 0 .- 3.3.2.30
g ] z 4.00 0 ‘- 3.3.2.71
T | 3.88 0 - 3.3, 2. 31

| 3.88 6 -- 3.3.2.72
. a ‘ 3,75 .0 -- 3,3.2, 32
& . 3,75 0 -—- 3.3, 2,73
- - 1 362 0 -- - 3,3.2,33
E 1.5 3.62 0. -- 3.3.2.74
rr 3.0 5.75 7 4,23 S3.3.2.22
[: 3.0 5.75 B.5 4,28 - 3.3,2.56
oo 5,62 4.5 4,22 3.3.2.23
[_ . 5.62 5 4,25 3.3.2, 75
T4 5.50 0 -- 3.3.2.24"
F . 5.50 0. -- 3.3.2.55
- l: : 5.38 -0 .- 3.3.2.25
N " 5. 38 0 - 3.3.2.54
o 5,25 0 -- 3.3.2.26
¥ E . 5. 25, 0 -- 3.3.2.36
g 5.25 0 -- 3.3 2.53
25 T \ 5. 12 0 -- 3.3.2.27

[ 3.0 5.12 0 -- 3.3.2.52

I

L




The results of tests that involved c¢ross-core pg
in Table 6. The cross-shape perforation is cor
arms of equal dimensions, By the critical-geo

(on)c‘ - 200"

g =
C

(op), + 12.4

where ¢  is the pseudocritical gecinetry and (OJ
outer diameter of a sample perforated by a "sc“
the width (and length) of each arm is equal to 4}

When < equals 0.5 in., the pseudocritical OD il
Equation 22, gives a pseudocritical geometry ol
1.0 in., the pseudocritical OD is 5.50 in., whi
of 2, 56 in. for the pseudocritical geometry.

3.2.1.4 Conclusions

A summary of the analyzed critical-geometry r
Table 7, which shows the calculated critical an
geometrxes for square, triangular, and rectané
hollow-core cylindrical shapes, compared with
of the batches from whxch the samples were cal

Two attempts to find a correlatxon between the;
critical geometry for all shapes are shown in

between critical diameter and critical geometr
correlation among the shapes. ‘Correlation in
does not have a strong physical justification eit

The ratio of critical geometry to critical diamd
is more uniform and represents a plausible me
the critical-geometry data. Since'all the tests
AAB-3189 propellant, any attempt to make gen
garding the critical-geometry theory would be |
verification tests (Subtask 3, 3.3) using AAB-32
provide data that will facilitate the determinati
tion method.

0977-01{05)QP
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rforations are shown
nposed of four square
metry theory,

(22)

p) is the pseudocritical
1are°‘ cross of which
a constant.

5 4,12 in., which (by
2,56 in. For A" equal to
h also yields a value

esults is given in

d pseudocritical
ular columns, and
the critical dxameters

it

cnncal dxametm and
'‘able 7. The difference

t does not provide a good -
ierms of differences ‘

Jher.

ntel' for each shape

‘a.ns of correlating *

iin this subtask used
Mu:al conclusions re-
h»remature. The

125 propellant will

bn of a proper correla-

W it s Ll |
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Table 6. Test Resuits, Subtask 3.3.2, Cross-Core
Hollow Cylinders AAR-3189.

-
(I b
i R
R
(o3 Rl
y

p

Width
and Froupagation Datonation
LengthA®*| OD Distance Velocity
(in,) (in.) {in.) {mm/psec) Test No.
0.5 4. 25 - 8.5 4. 33 3,3.2.66
| 4.12 8 4.23 3.3.2. 64
4. 00 0 - 3.3.2.63
3.88 0 -- 3.3.2.67
| 3.5 0 -- 3.3.2.65
0.5 3,62 0 -- 3.3.2.68
1.0 5.75 " 8.5 4.35 3.3.2.62
| 5.62 . 8.5 4.28 3.3.2.61
1 5.50 6 4,29 3.3.2.60
5. 38 0 -- 3.3.2,34
5.25 0 - 3.3.2,58
1.0 1512 0 - 3.3.2.57
LR
~ - = e Rt A = LT O

ey
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— Table 7. Critical and Pseudocritical Geometrins for ﬁ
ﬁ l Various Shapes, AAB-3189. #
‘f I Batch |
%" Critical Critical
Geometry, Diameter,
O dC
Shape (in.) {(in.) d_-0¢ o /de

Square 2.49 2.71 0, 22 0.92

Equilateral

Triangle 2.60 2.73 0.13 0.95

Rectangle 2.74 2.92 0.18 0.94

Circular-Core o

| Hollow Cylinder 2, 62% S 29T 0. 35 0.88°
Cross-Core , ‘ : ‘ :
Hollow Cylinder 2. 56% 2.92 - 0,36 0. 88

Mean (ac/d) = 0. 92
Standard Deviation = 0, 03

*¥Pseudoc riﬁcal geﬁmeti‘y ‘
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The jetting phenomenon, which perturbs the detonation of hollow
cylinders in the sizes used in this test prosram, has been discussed
fection 3. 4.y, To make any conclusions for a large, full-scale
rocket motor hiving a core size of 2 to 3 ft is still 4 tenuvus proposi=
tion hacause there hag been 1o expedlmvuial work performed to es-
tablish the length of time it would take for a jet to form or if it would
form at all in a core of this size. Should the jet be sufficiently de-
layed, or nonexistent, in a large-corc grain, there mipht exist a true
critical size. In other words, the introduction of the '"pseudocritical”
concept to the critical-geometry theory may be necessary only when
describing the behavior of relatively small ID prains. This important
point strongly suggests the necd for large-scale critical-geometry tests
to resolve the questions regarding applicability of the theory to large
motor systems.

e

0 3.2,2 Verification of Theory (Subta‘sk 3.3.3)

The purpose of this subtask is to determine the appl1cab1l1ty of the cri-
tical geometry theory to a materzal different from AAB-3189., The pro-
pellant to be used is AAB-3225, which has 7. 1% RDX substituted for an
. equal we:ght. of ammeonium perchlorate. The sample shapes to be tested
o ‘ " are square columns and perforated cylinders; the latter to include two

A ‘ -~ sizes of circular cores and two sizes of“‘c‘xfoss-cores.

The molds are at the Sacramento Plant awaltmg the casting operation.
-Sizes were selected according to a stanstzcal desi:n that will place

all the testing at approximately +3 standard deviations from the esti-
mated mean critical geometry, w}'urh is predicted by multiplying

the critical diameter of AAB-3225 by the ratio of critical - eometry to
critical diameter détermined from the AAB«3189 tests (Table 7). The
sample sizes are given in Table 8. If tha theory is correct, the larger
samples of any set should all be supercritical (or pseudosupercritical
in the case of the hollow samples) and the smaller samples of each

set should be subcritical. The present schedule calls for testing these
samples in January 1967.

o

3.2.3 Initiation Pressure vs Pulse Width {(Subtask 3, 3. 4)

A calculation was made to estimate the velocily and thickness of an
aluminum plate that would be sufficient to initiate detonation in a 4-in. -
diameter sample of AAB~3189 propellant. Based on this calculation,
preliminary tests will be conducted with 1/E-in, ~thick and 1/4-in.-thick
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aRe alum:num plates projected to 3500 fps. This set of cond itions should
preduce, in both cases, a 49. 1 kbar shock pressure in the propellant.
The pulse widths should be 4.0 mmfor the 1/8-in. plate and 8.0 mm
for the 1/4-in. plate. The event will be photographed using the 100 kv
X-ray facility available at Aerojet's Chino Hills Ordnance Laboratory.

B S e e, ams gt

W

g

3.2.4 Initiation Pfessure vs Diameter (Subtask 3. 3. 5)
: ; .i
vThroug‘h a’ redn-ectzén of the technical effort, this subtask has been
. ‘enlarged - to consistiof tests to determine the initiation criteria for
AAB-3189 (9‘ 2% RDX), AAB-3225 (7. 1% RDX), and AAB-3267
- {5% RDX) propellants. The objective is to use these data to estimate
the initiation crxtermn for unadulterated propellant (ANB-3226).

wmwﬂ_ L oy

it ot s e RS

Sensitivity investiga%ions were conducted under AF 04(611)-9945 with
- AAB-3189 propellant to a diameter of 6 in. (Reference 4). From

r o _this study, the Hugomot of AAB-3189 is available. The Hugoniots

x of the other two formulations must be determined in the current
program. Also req :lired are additional data on the attenuation of a
shock wave in large Plexiglas columns. These two efforts, plus the
card-gap sensitivity tests themselves, comprise this subtask.

im0

3.2.4.1 Hugoniot Determination

PR T T

;i?\{\ The method used to determine the Hugoniot of propellant is identical

% { to that descflbed in Reference 4. Thz charge is prepared by alter-

E nately st§ck§ng 1/4-in.-thick by l-in.-diameter Plexiglas discs and

0. 08-in. thk by l-in.-diameter propellant wafers to form a column

°  approxi tely 1-1/2-in. high. The column is shocked with a Compo-

© sition'B hndncal booster, 1in. in diameter by 2 in. high. The
column 1jn':ackl1ghted with an Argon bomb and the event is recorded
on a Beckman and Whitley streak camera. From the streak record,
veloc:ihef' 'the Plexiglas are determined at each Plexiglas-
propella'  interface.® Average velocities in the propellant are de-
terminedgb idividing the propellant thickness by the time difference
between theimoment the shock enters the wafer and the moment it
emerges at $he propellant-Plexiglas interface.

!
j

Myl
el

S e SO

* The custt }m n 1dent1fy1nn mterfaces is to first name the material
i : from W}n'h~ e shock passes, and second name the material into which

the shoc f'is“'transmiktted.
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Theistreak record thus furnishes daté, {rom which the incident-shock
velotity U, in Ple)%lglas and the averare transmitted shock velocity
U, in propcl ant are calculated.
% ; ']:he;‘.iollowing Hugoniot of Plexigla.s, used in the subsequent calcu- :
1 o létiops, was reportzed in Reference 6: . : '
. : H . ’ b
P = 5.51U%F - 14.03U | | (23)

‘mm/psec. This equation can be wr1tten‘
0 { i

P = 30.25u+21.56 p? o S (24)
i f Lo
where p is the partgcle velocity in mm/p.éec by using the relationships:

P = 10p_ Upandp, = 1.188 gm/cm>.

A point on the P (u) propellant Hugoniot is obtained by solving these

two equatif
5 i
P 0,2 Ut H o | (25)
and.
P o= 2056 (2 - w? +30.25 (2, - w (26)
b 4 : 1

;
14
g
§
L
i
4
r
:
i
7
g‘
H
5
i
£
s

. Lo where,,.p )2 is thz density of the propellant and p; is the inciden
% . o partu:le Ve].O\..lt}' ih Plexiglas corresponding to U; F‘qua“on "€ is a
‘ "reflectlon” of the{P(un) Plexiglas Hugcniot about -;. ' ) ﬂ,.-_/_"“j—'”

3 P
oo A,

In the current program, the reflection operatisr- .+ =

» AAB-3189 Pr;opellant Hugoniot

¥ ‘.’ o R e
f tlcally, whereas under Contract AF 04{61it-223- ’ R .
| ! By g'raphmal reﬂectmn, the Hugoniot for AR -1 4% v-f';ga\ Wi oooa 0w Z
§ > 1 i ; . . i
| '? L P o= 33.27 b+ 4445 wl v . i
- or % j
. % IP = '{6. 694 U° - 12.913U0 i G A
f f | —
¢ 3
¥ i’ 0, :
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e e i,

By ma hemat1cal reﬂectmn, using the same data generated on SOPPY I,

the Hugor%ot for A!fB 3189 becomes:

1

f'*p='32 1sp+4730p2' i (29)
f o : !
P = 6.225U% - 11.613U ! (30)

The revised Hugoniot does not significantly alter the initiation cri-
téerion reported in Reference 4. Pressure valu s calculated with the
rev1sed Hugoniot differ from the reported data only in fractions of
one kilobar, '

b.  AAB-3225 Propéllant:‘Hugor;iot

e S o

Table J shows the values of U; and U, calculated from the streak
records of two Hugoniot tests, the corresponding shock pressure

and particle velocities calculated from the Plexiglas Hugoniot, and
the shock pressures and particle; veloc1t1es computed for AAB-3225 by
Hugoniot-reflection. The best- fit quadratic to the computed Hugoniot
points is:

p‘.

I

27.38 u + 62.75 u° (31)

or:

4.797 U2 - 7.5700 (32)

il

Equatlo“k 31 is shown graphically in Figure 10 with the data poinis
from hich the equatlon was derived.

; -3267 Propellant Hugoniot

s of the samples that will be tested Dy the card-gap techniques
(Sectfon{3. 2. 4.3) are much larger than any other samples that have
been e}ted this way. To determine the initiation criterion for each .
prop4 11dn. formulation by the card- -gap method, it is necessary that tl



Table 9,

Hugoniot Data for Test AAB-3225.
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| 1 B ]
Measured Calculated Measured Calculated
Uy P M4 U Pt Mt
(ram/psec) (kbar) (mm/usec) (mm/psec) (ktar) (mm/psec)
4,85 62 1. 07 5,08 75 0. 85
4. 66 54 0.98 4.14 61 0. 84
4,23 39 0.78 4. 17 46 0.64
3.84 27 0.60 3.29 30 0.53
3.63 22 0.50 3. 02 24 0. 45
3,30 14 0.35 2.71 15 0,31
3. 02 8 0.22 2,68 9 0.19
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P67 p? ¢ Ty

100

0 0.2 0.4 0.6 0.8

PrYY | 1 {mm/  SEC)

Figure 10,

1.0

Hugoniot for AAB-3225.
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incident shock pressure at the Plexiglasg-propellant interface be know.,
To gather the information requires either the direct measurement

2 e mddaeb o n1r\ﬂ<ﬁ} Frm ansah taat l}“r rhntnagranhic or electrical means)
or the determination of & shock velomty vs distance curve for each
size Plexiglas column, The former is an extremely difficult ex-
perimental task when performed. Therefore,attenuation data will be
pgathered from a stacked column of 1-in.-thick Plexiglas plates. The
stacked plates are required because of the unavailability and high cost
of solid rods at the diameters demanded by thie test series.

The photographic records from several teats with B-in,~gsquare plates
were consistently poor in cne respect. The shock wave location waas
abscured near each Plexiglas interface and in som=z cases there
appeared to be severe distortion caused by the laminar column.

Since the data were so inadequate for use in determining an attenuation
curve, ancther approuch hed to he initiated, This approach used
ionization probes to determine times-~of~ arrwal of the shock wav e

at various distances down the colurnn,

Initiolly, several arrival times were obtained from preliminary c rd-
gap tests in which the trigger probe was placed al the bouster-
Plexiglas interface and the next probe was placed at the Plexiglas-~
propellant interface. To obtain velocity-attenuation (ata over the
whole column, it is necessary to probc many interfi:es within the
¢olumn, ‘

Tests will soon be conducted in which sets of two 30-gage enamieled
copper wires will be placed at various interfaces within stacks of 8-in,
square, %-in. square, etc,, Plexiglas plates, These wire probes will

" be connected ' through a mixer box to a rasteroscillograph that will

record distance-time data, Preliminary evaluation of the use of thie
type of probe has proven it successful. It remains to be seen whether
a large nurnber of such probes will seriously perturb the shock wave
attenuation raie,

3.2,4,3 Card-Gap Sensitivity Tests

Molds have becn fabricated and the propellant and booster casting
schedules established to prepare samples for the extended effort

in this subtask, The minimum initiating shock pressure will be de-
termined for AAR-3189 proupellant at 10-in, and 12-in. diameter, to
extend the SOPHY I data nearer the ideal region, Fouxr AAB-3225 tests

Petod e ..
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each will be conducted at diameters of 6, 7, 8, 10, 12, and 24 in, The
AAB-3267 material (critical diameter equals approximately 10 in,)
will be tested only at 12-in. diameter and 42-in. diameter, In cach
moiics, the sordooan censiiivity will be determined out to a diameter
at least four timews the critical diameter,

3.2.8 Seneitivity of Unadulteratad Propellant (Subtask 3. 3, 6)

1t {8 the objective of this subtask to attempt to determine the minimum
shock pressure required to initiate unadulterated propellant by testing
subcritical samples, esach containing a resistance probe along its
axis. A full discusaion of the method was given in Reference 2.

The constant«current power supply has been checkad out. It has an excol-
lent response to rapidly changing loads. The resistance probes

have been received and inspuected. Samples containing axial probes

will be cast, in December, The first samples will be cast with AAB-3189,
since an estimate of the minimum initiating shock pressure already
exists for this propellant, These tests will evaluate the hypothesis

that the minitmum initiating pressure can be found in subcritical

testing.

LARGE CRITICAL-DIAMETER TESTS

4,1 GENERALIZED DETONATION MODEL

In the previously developed detonation model for RDX-adulterated
propellant (i\efe:fence 4}, all hot~spot initiation Hitey were assumed
to be contributed either 'by RDX particles or by otherinhcerent aites
such as voids, crystal defects, or heterogeneitics, For convenience,
the inherent sites were considered to be of the same density and
average size as the RDX particles. This assumption permitted
certain simplifications ia tho model siuce the expression for the
number of inherent siles could bo comnbined wiith that for the number
of RDX hot-spot sites into a gin: le term,

In reality, different types of hot-spot initlating sites may vary widely
with respect to averape size, density, and distribution) e.g., dense
RDOX partivlies and cast-in voids. To periit consideration of such
differences, the detonation tmodel his boen prencralized,
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The model,as reported in Reference 1w 0ol Lifective rain- ‘ J
burning radius R, by ] | ;
1 1 a [ i ] ‘
| s 1. “rox G y
o 3 . -
I (* o T U RDX ST/
" “RDX RDX:
! where . (33)
Nppyx = tht number of RDX particles § et unit mas. g
} N
! R = the number of other initiation|{ yirey per unit mase

ERDX = the average diameter of the Rl Py. particles
t

G = a constant ' c

o ey -

fRDX = the weight fraction RDX |

|

P = the density of the propellant

PRpx ° the RDX crystal density

Bl R

and : X
PRDK = the cquivalent weight f'rachun{ RDX to account for other
initiation sites. : h ‘
A generalized model has been developed, whict¥) in its final form statcs ; -
that | ¢
L d [ J G ;
o ‘ = T ——— -] (34)
2 L 2 . o A3 ‘ §
v nai/3 1/3
(X n;) | e Y
i i . q 3
PJ ]
where |
L = number of differcnt types ol hd -th‘put itintion sites .

o

1 = the nubuer of the j-th type o g

ites per unit mass

&

= the average of the L averaye s §lie diameters

je)
1§
&
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Ii = the welsht fraction of the j-th component
P = the density ol the j-th component
and
) .» £ v VAR, 4 i
a = lne avurage vl thé Cuoec of tho Lo averags diamaotewa

i

A recent paper written by Apin and Stesik in the Russian literature
{(Reference 7) describes the results of their investigation of the effect

‘that grit particles have on determining the critical diameter of an

explosive. The explosive was one that reacts by a grain-burning
mechanism, The results of their work are summarized by the
following expression, which they derived,

1 -
R, = \/2j——r——-.d 35
e o )1/3 (35)
ng t oy
w;le':e
ooy = numbexj of added grit particles per unit mass
aud ‘
ng = number of inlicrent hot-spot sites,

It can be readily seen that Equation 35 i8 exactly the same as the
luft-hand equation of Equation 34, Agreement with the Russian model
lends support to the molel developed ¢o the SOPHY proprum. It is
significant that the Russiang used inert additives to in rease the
number of hot-spot initiation sites, since this supports the COPHY
hypothesis that included among the inherent sites arce those due to
heterogenovitics (guch ag aluminum particles) in the composite
propellant, ‘

4,2 CORRECTIONS TO BLAST DATA FROM CD-96
AND CD-98

The final corrections to the blast data from the 72-in, diamater tost
(CGD=96) and the 60«in, diameter tost {CD-98) have been made. These
corrvections reflect the results of an intensive and thorough calibration

of the pressure transducery, amplifiers, recording systom, and play-
back system. The correctod pragsures arve approxi ately 8% lower,

in the near stations, and 5% higher, in the fay stations, than those re-
ported proviously us preliminary data.  Table 10 shows the final hlast
pressure data from both tests, Figures 11 and 12 show the overpressures
contributed by the propeliant in Tests CD-96 and CD-98, respectively,

oAb, e, R e e,
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I[ Table 10, Observed and Caleulated Side-On Overpressure and TNT
E Fquivalences in the 72-in, and the 6O«in. Critical Dinneter Tests,

Z3
"'l ; - TNT Fgquivalonec g ®
Doodial Dol Slde-gn Dvernrocanss ¥ Hreony Measured From Caleulatod !
f ) Distance Mensured Calculated Qyerprenwire Overpressarn f
§§ from Radial {psi) {pai) (%) %) x
ih ] Charygo Direction T2-1ri. 6HO=itn, el GO«in.  7é-in, 601, T2 win. 6h-in, 3\
) (1L} {o'clock) Toat Toat Tost Test Taat Tont Test Tust t
' w v,
HEY i .
‘fi 140 2 o 127 - - o 203 - - i
A : 6 Al it w - o o - -
3 10 o 128 - - L1 206 - -
250 2 50,0 30,6 - . 195 173 - . g
4 t 457 2w.2 - - 17t 128 - - ‘
‘ 10 4.5 23,4 - - 1o4 116 - - ‘
{u
I 3TH 2 ok o 20,2 10,7 " " 196 ;
g & L4 ki 19. 9 10.4 sl o 190 tat
i 10 ol Ll 19, 6 10.4 o "k 186 121
Ly 500 2 9,2 o lz - - 140 124 - -
} ' 6 o 7.04 - . " 162 - -
10 e 6,90 - - o 156 - -
X HU0 2 " " 6.86 4,11 oa " 154 103 [
6 e . 6,77 3,98 e " 151 9% -
: 10 ' o 6. 40 24 (1) (L) 13h Lio }p
‘ 700 2 4. 29 3.90 . - 159 159 - . £
§ 6 . e 3.3 - . i 144 - -
1, 10 5,41 3.99 - - 148 167 - -
1000 2 3, 08 2. 14 - - 11¢ 134 . -
Lty 6 3.03 2.1 . - 165 134 - -
i‘! i 10 L3 2 - - 178 167 . -
s 1500 2 LAl e . . 18 - . .
. 3] 1. 62 Ll - - 193 123 - Lo
N 10 Lo6h  we - - 152 . - -
$

% Moasured overpresasuros are dorived from Klatler transdocer measurementa.  The calenlated
) uverprassures are calculnted at mbdpoint distances botween Klatler trangducer stations {rom
l \ which time-of-arrival dats arc avallable, The calcilations axe pertfurined ualng an equation
4 devlved from the Runkine-Hugonlot equations: ‘

“n - %
r4 N

1 = 2 p {8 o ' ‘ .
[. in L v +YT a 2 0
4 LY !

[} =

whore P opeak ovel pressure on the shack front ?

ratio of specltic hentw foxr air

tout=nltn wimosphevic prossues

= yoloclty of shook fvont s
= gound velocity at temt site ‘

—~—
i)
o
T
o<
noomoH

o
h

! 1 ! [
B TNT ogquivalence is detevimined by dubtracting the weight of the booster fromn the theoretical
weight of TNT that would have given the measured (or calowlated) peak glde-un over pressures
i recorded in this table,  The difference 1s the weight of TN that corresponds to the pro- ..
l ' pelinvt woight, The vatio of these two, times 100, is the TNT equivalencse in peroent, N o

* No slde-on overpressure guage placed at this lucation,
st No dats, becanse of gavuge fadlure,
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CRITICAL DIAMETER TEST 96
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PROPELLANT WT (LR}

TNT BOOSTER WT (LB) 10700
" SITE AR TEMP (DEG F) 103
SITE BARO {IN. OF Hg) 27.34

TEST DAYE 28 JUL 66

J +W1_]Tfmf

l ' :
CRITICAL DIAMETER TEST 98
&0 IN. DIA X 240 IN, CYLIMDER
PROPELL ANT ANH 1224
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Tape 48

47800

OVERPRESSURES
CONTRIBUTED BY

THE SAMPLE
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T
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O & o'Ct.OCK
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Figure 12,
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PROPELLA;NT DEFECTS STUDY
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* addition, thlere hasjbeen an investigation of the relation between sub-

'i

5.1 SYNT;HESIS

Studies have continfied to be conducted on the effects of various para-
meters on the quality of porous propellant. The investipations during
this period have fodused on (1) premix and mixing-cycle sequence,
(2’” Cowles bissolv r speed, (3) optimum casting vacuum, (4) intro-
ddction of bi_lowing ger;lts, and (5) pressure-release techniques. In

i mix density] and solid density.

Prémix and Mi:élng-Cycle Sequence

The micropore content of the propellant was thought to be limited in
part by thosie steps in the mixing cycle that require blending DER into
the submix and adding aluminum to the submix tc form the premix.
These steps may cause breakage of the tiny bubbles that are formed
during the aeration step. Four batches were prepared aczcording to
the test plan given in Table 11.

Table 11. Test Plan - Premix or Mixing Cycle Study.

Premix or Mixing Techniques

{

1-1  Cowles dissolve all ingredients except?DER and oxidizer

Batch No. ’

-2 : Cowles dissolve all ingredients except oxidizer, * 3
1- » Cowles dissolve all ingredients except DER and oxidizer. '
Aerate in the mixer with nitrogen for 30 miu at
20 gas-flowmeter units.
1-4 Coéwles dissolve all ingredients except oxidizer. ™

Aerate in the mixer with nitrog 'n for 30 min at
20 gas-flowmeter units.

< A cocling bath was installed for Batches 1-2 and 1-4, which per- 1
mitted Cowles dissolving the catalyst into the binder with oniy a
few degrees rise in temperature. ]

{ ' —
&

Sk
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. troduced mto the premix or mixing techniques. The. po.g' g
;'was not increased aither by Cowles dissolving DER into. dw rer;:tr:

batch for determination of the percent pore volume.: :
the results of these analyses. It can be seen that there 3 R
ciable eﬂfect on the pore volume caused by any of the VAT ?s‘* % in-

in a "complete binder" technique, or by aerating the premm n ke -
mixer. : o » e

PRI
1

5:. 1.2 -;co'wles’Diss’olver Speed_&’
. i : 3

4Along vnth the "complete bmder" technique, in which all zngreo'm

except oxzdazer are added, another study was made of the effec:’ ef -
Cowles Dlssolver speed on the pore formation in the propellant.
Three batc‘ﬁes were cast: (1) Batch 2-1 was Cowles dissolved at

5400 rprhy; (2) Batch 2-2 at 3400 rpm; and (3) Batch 2-3 at 2000 rpic.

Drehmma results at the 2000-rpm level show incomplete dispersiiz
of 1ngredzents. Therefore, future work will be done at higher speeds %z

assure complete rrixing v der all conditions. Table 13 shows the L
results of th1s mvesugatwn. The percent porcs were found to mc"easT K
W1th mcreases in the Cowles dissolver speed. ‘

9,
¥

5
b

Tl e Y

5 l. 3 %Ca‘stlng-Vacuum Study

|,g ;,,
Castmg of la.rge sam‘ples cannot ‘be made free of large casting pores
when wbratlon alone is used. 'I'herefore. it is desirable to determine
the: h1ghest possible casting vacuum that will not destroy the micro-

. pores created in the propellant but will p¥event formation of casting

pores (herenjreferred to as macropores) The results shown in
13 mdlcate that a casting vacuum of 25—m. Hg does
destroy a lirgc percentage of these nncropores.

A subsequéht castm oi a batch prepared by aerating with nitrogen
through a infered- gt;’ s funnel fur 12 hr at ambient temperature,

was carri ut at 20-m. Hg. The percent pore volume was signifi-
cantly improved over, t at obtained «t 25-in. Hg vacuum, but the vacuum
is still too high. Cu#z d at 20-in.” Hg, the groPeMant had a 2. 8% pore
volume (at temperatures of 110°F and 135 F)and a 1, 8% pore volume
(at cure temge*ature of 150°F), compared to a 6. 0% pore volurne when
cured at 110 F under no vacuum.,
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Table 12. Eifect of Premix or Mixing Cycle Changes
on Propellant Pore Volume.

Batch Vacuum | Temp Density Volume

l: ‘ | Casting Cure | Propellant Pore
ﬁ No. (in. Hg) | (°F) ~ (gm/ml) (%)

A No vacuum 110 1.6382
i: 25 110 1. 6754

25 135 1, 6852
25 ‘ 150 " 1..6928

\ L T L ..
i )

1

[

s A mﬁow L

DN L,
SN~ W

coNR
O @ A

[ - ‘ 1=2° | No vacuum | 110 - 1. 6478

“ ‘ | 25 110 |+  1.6823
F“'”“ S Lo 25 135 1.7190
. | 25 150 o 1,7185

1-3 Np-vacudm o | 1,6477
o 25 {110 - | L7215

[ o ol s | m3s | 187

Soas.
- IRV

25 150 1.7199

. g 1-4 No vacuum | 110 -}  1.6396 ‘

g . | — 25 110 1.7188 . | = 0,

el | 258 435 | L7213 N
‘ i | 25 1 v 150 L7249 | 0.

wn
.
‘»

b0
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Table 13, Effect of Cowles Dissolver Speed on
Percentage of Pore Content

——ya

b {"Complete Binder" Method)

-} u Cowles

Dissolver Casting | Cure Fropellant Pore
‘ Speed Vacuum Temp Density Volume ,
| {; | (rpm) |  (in. Hg) (°F) | (gm/m]) | (%) |
.Y : ;
o . 5400 ~ No vacuum 110 L 1,6357 5.6
' E o L ‘ 25 | 110 S LTi29 1.1
\ | T 125 | 135 .| 1L, 7178 0.9
25 150 17304 0.1

‘.‘

.
YR

. 3400 .~ No vacuum |~ 110 = 1, 6362
o : 25 1 10 | L7263,
25 S | L7213
"25 Al 1800 | 1,7239

o cowm

u ‘ N 2000 1 No vacuum- 1o 1. 6413
2 25 - | om0 ol 17i8s

25 135 - 17238
25 150 7. | 17223
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More batches were cast of ANB-3226 proprllant, under casting-

vacuum conditions that varied from 10« to 29-in. Hg., The cured
samples were analysed for percent porc volume, and the percent of

total potential pore content was calculated using that achieved at the
ambient-pressure casting as the reference. Figure 13 shows the results

~"of this analysis. The data indicate that a vacuum of less than 10-in,

Hg will not affect the micropore content appreciably. However, it
‘was also noted at this low vacuum level that the macropores are not

removed. It is possible that vibration during casting would improve this
condition, '

'5.0.4  Blowing Agents

Several blowmg agents were used to produce ga., in the propellant,

" ‘for the purpose of increasing thé pore formation. These agents were -
of two types: those that vaporize eamly (chloroform, methyl chloro-

. form, and Freon-TF) and those that either react or deconipose to form

@ gas. {toluene dnsocyanate/water and hydroxylamine acid sulfate). The

first type of blowmg agent is more feasible since the blowing effect
can be controlled more readaly by the vacuum and temperature of the
rm.xmg, castmg. :md curmg operanong.

Chloroform was mcorporated at 2 and 4% by we1ght of binder, and the ef-

fects on the pore content were determined from samples cast and cured

, under various conditions of temperature and pressure. The resulls
. are g:ven in- Table 14. A glight improveuent over the control (14. 9%

v8 13.4% pore. content) w1s observed when pz*opella.nt containing 4%
weight chloroform was cured at ]10°F under atmosphemc pressure,

. Curing at 150°F did not 1ncreaae ‘the pore content. Under vacuum, the
’ ‘poromty mcreaaed -

The ANB-3226 propellants contaimng F'reon-TF and methylchloroform
(at 4% weight of binder) were mixed in a gimilar fashion. The results
are shown in Table 15, Where indicated, the propellants were cured
at 110°F for 24 hr and 48 hr under atmospheric pressure prior to
vacuum cure, to prevent surface bubbling. Neither of these two agents
were as effective as chloroform in causing pore formation,

Neiihéi' toluene diisacyanate (’I‘DVI‘)/wate‘r nor hydroxylamine acid

sulfate were effective at the levels used: 0,05 and 0, 1% weight of pro-

-péllant for TDI/water; 0. 05, 0.1, and 0.2 meq hydroxylamine acid
~sulfate per gram of Paracril in the binder. The TDI/water combina-

tion forme carbon dioxide gas, and the hdyruxylamine acid sulfate
reacts with Paracril to generate nitrcgen decomposition products.

At the 0,2 meq/g level, the hydroxylamine acid sulfate shortened the
propellant pot life to the extent that the batch was uncastable,

S TR S § W
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Table 14, Effect of Chloroiurm on Pore Content,

Chloroform Cure | Casting Cure Pore
% by Wt of Temp Vacuum Vacuum [Volume
~ Binder (°F) (in. ¥g) | (in, Hg) (%)
0 (control) 110 None | None 13. 4
2 119 ~ Nonme None 14,1
o | a0 15 | None 9.7
150 | None None | 13.0
150 | 15 None | 5.9
4 o0 e  Nome . | Nonq | 14.9
o dlo s 16% 1 11,1
150 . |- Nome: | Nome - [ i4 I
150 - 15 | 1s% | 1i.8

~ *During the vacuum cure, the"‘pijqpellant surface rose and
‘bubbled over, . ‘ Co B ‘
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Effect of Freon-TF and Methylchloroform

on Pore Content, ™

56

Ingredient

Cure
Temp
(°F)

Casting
Vecuum
(in. Hpg)

Cure
Vacuum
(in. ‘Hg)

Pore

Volume

(%)

(Control)

‘Freo‘n-TF

Me.uuyl chlorcform

i

110

110
110
110

110

110

110

110

150

~None

None

None . '
- None |
" None " .

None
10
10

10

- None

None

5
"Gk

10

Nune

10%%

10 %k

5

“\13.4

130 |
10, 1 .
10,5

10,0

* 4% by weight of binder B ‘
“% After 24 hr at atmospheric pressure
¥ After 48°hr at atmospheric pressure .

FEH R gt L F
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5.1.5 Gas-Pressure Technique

ANB-3226 binder was subjected'to 3000 psig of nitrogen for periods
of 3 to 24 hr prior to propellant mixing, to dissolve nitrogen in the
binder. The results of.this effort, (Table 16), show that a pore
content -of 15.3% was obtained under these .conditions; i.e., 24 hr of
binder exposure to 3000 psig ritrogen, l5-in. Hg vacuum during both
cast and cure, and a cure temperature of 150°F. Propellant was &lso
mixed in the normal manner, then it was subjected to 3000 psig nitro-
gen for 16 hr pr;or to cure. The effact of this treatment was to in-

ERe .crease the pore ‘content of the cured - propellant to 11, 7~ 13. 6 compared
o with the 7 0~ 9 3% found in.the control.

51,6 . Comparxaon of Submxx Densxty to Sohd Dena:ty

I the measuramant of the submzx da wity before mzxmg could be cor-

- related with the wubseyqueut p.wepellant aohd densities, ‘a qua.hfx-.ation o

~criterion could be established prior to- xmxmg Submix densities were
determmed on five batches prior to mixing. . Subsequent mensurement
_of the solid densities of the propellants did’ not correlate with the sub-
‘mix denamcs found prior to mixing. These data are shown in Table 17,

This table alao indicates that no significant increase in percent pore

‘ volume is ach:eved hy the ohmmatxon of the alummum addmon atap. o |

‘\\

5.2 ANA LYSIS

” Varmus techmques to provide an accurate eatlmate of the. total ourfaoe
area of cracked propellant are being .evaluated, as the initial offort

toward developing methods for total characterization of such samples.
A method has been perfected for microscopically def.armmmg ‘the

percent pore volume and pore-diameter distribution in porous propel~-

lant. Data for this new analytical method will be reported in the sub-

' seguent reports. Progress in-the aurface -area. stud:ea is discussed in.
the following eubparagraphs.

5.2.1 MOidtul‘e-Aonxrpt\idn‘Techniqu.u

Measurements were made of the wat er vapor .equilibtium curves of

propellant samples propared with different total surface areas. Three

samplea were prepared from cubesz of propellant. Sample A wag com-

posed of cubes 2. 24 mm/side, having a specific area of 16.7 x 10"4m?/g,

-
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Table 16. Effect of Dissolved Nitrogen on que Content, .

o)
J0

Exposure Ti‘m.e at
3000 psig Nitrogen
‘ ‘(hr)

Cure .
. Temp
- (°F) ..

Casting
. Vacuum

0 (control)

poos

2

1 24

110

110
10
150

R

110

L 110 - ‘f
150 -

150

U

110
o150
e

110
C 1o
150

None
- 10
‘None

15

“None .
1 15

- None

" Nau~

150

None -

None
10
None

DU

(in. Hg) ~ (in. Hg)

None . .

Cure
“Vacuum’

PO N v -

© . ‘Pore
~ Volume

(%)

None

" None .
10

| Nome

L1e

Nons

: 10 of

None =~
one
. None
L1

“None ..

|"

Nape -
I T F |

13.4

14,
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' Table 17, ‘Ef‘f‘ect of Submix and Mi-xing Conditions dn“Pore'_"V,olume«."

‘‘‘‘

_Batch
. Na..

Submix "

|. “Density "

© {gm/ml)

. Cure:
‘-T*iemp ‘

1.

- Propellant |
. Density |
{gm/ml) -}

. Pore

Content

(%)

- Remarks .

i

vt st s

3 .“3‘{,‘" )

”fs,sﬁ‘W‘” :
o] eesa0s
08406 )

~| o.8515

0.9260

| o.sze0

©0,8475

10,9145

0. 8406

- 0.9260 - |
| 08475 |
0. 8475

Lo v0.9145 0

110

150

110
135,

1

135

S0

' 138

IS DTN
R
150 -

180

180

C | 1.6539
38

1. 6648

miwnsff%f;'"

1. 6488

16628 |
C16621

'1.6340
1, 6483

coNies23 b

11 64ar
L6s12

116309
T S ™ 5 5 S
A leser.

e
o N

o

b o7
o003

::h;#u_.i:‘,
R

.-

W
omm

. Low-density
" submix

- Control for
-new submix, -

.| exceptAlis
. |" added with
- .DER "

_ Sameas 3.4 |
-  new day of -

.mixing is in~
| volved'(control),

| High-density : 1 ,
" submix’

Same as 3;3‘ ma

except new .
submix and -

oy
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‘the samples in the weighing bottles to controlled atmospheres of 60%

. wap both rapid and reversible. The moisture-time cyrves are shown .
“in I"zgure l4. The three aamplcs can'be readxly dxstmguxshed by the
e 1mt:.a1 rate‘ of change or by the rate of a.pproach to. equxlibrmm.‘ a

e

. 5,‘2“.2 Gau Ch;omatography
- An attempt hc Qwen made to u.se propeuant samples ag a chromato- b

' -graphic column, ‘\ ‘The'cut samples are packed in glass. tubes 3-in.
-long x-1/2-in. iD.and plae.ed ina dry air stream. Controlled amounts

to amall leakx in the sy fitem where Tygén tubing and' rubber atoppern
“were employed A more permanent apparatuu i now. unde:r connt.xuctmn. .
E 5.‘,‘2.3‘ | Gas Adaorptxon R

‘:The su.rface»a.rea meannrementh of propellant by gae admrptmn rg-
"‘qmres an, appamatua that consmta of a gas burette, - lample contauner.

“to isolate the components .of the aystem. CGages are discharged by
... by rubber tubing to a- mercury reservoir. The. lampla is exposed 1o
_gas at pressure P, whxch i8 maintained by dalxvering gaa from. the

‘burette as adsorptmn occurs in the test c.e]l The amgunt ‘of gas

adsorbed at the, sample aurfa.ce is determinud by the total delwemé

cell, .and that which ocru.pxes the frae space ‘within the cell," The
"correction. factora are. determmed mdependently by making blank runa.

‘the aample.
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Sample B, 4,25 mm/side, had a specific area of 8. 1 x 1074 mé/g,.
Sample C, was composed of cubes 7. 63 mm/sxdc and had a specific
areaof6 5x104m /g. :

e T

‘ ‘The samplcs were weighed in covered wewhmg bottlca, usmg an . .

analytical balance. Wexght vs time curves were obtained by exposing -

relative humidity and 0% relative hurmdxty The moisture adsorption

PR

of water vapor are: mjected upntxeam of l:hp propellant. A moisture

detector. placed at the exit ‘end of the .sasn,ple tube, auppliea an electri-
cal output related to the water-vapor content of the air stream. I..ack

of reproducxbxhty was expeuenced. and the problem has' been traced -

i

liquid containerfar vapor dehvery, and 4 manifold with vacuum. atypcocks

maplm.ement froin. the a8 'burette, using a mercury column. comwcted

volume of gas ‘minus that quantny that is adsorbed on the' walls’ of the . Lo

usin‘_.; nitrogen w1th and’ wuhout the aamp]e, and Lwng water Withox
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The results from the first two samples that have been tested are
shiuwu in Figure I», The data scatter is mainly due to inability to
make the low-pressure measurements to the required degree of pre-
cision, It appcars thai ihis method can detect differences in surface
area, Difficulties with diffusion into the propellant, which had been

expected, have not materialized at the low relative humidities involved,

b
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